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ABBREVIATIONS

ACFM actual cubic feet per minute

cc (ml) cubic centimeter (milliliter)
DSCFM standard cubic foot of dry gas per minute
DSML dry standard milliliter

DEG-F (°F) degrees Fahrenheit

DIA. diameter

FT/SEC feet per second

g gram

GPM gallons per minute

GR/ACF grains per actual cubic foot
GR/DSCF grains per dry standard cubic foot
g/dscm grams per dry standard cubic meter
HP ' horsepower

HRS hours

IN. inches

IN.HG. inches of mercury

IN.WC. inches of water

LB pound

LB/DSCF pounds per dry standard cubic foot
LB/HR pounds per hour

LB/10¢BTU pounds per million British Thermal Units heat input
LB/MMBTU *  pounds per million British Thermal Units heat input
LTPD long tons per day

MW megawatt

mg/DSCM milligrams per dry standard cubic meter
microns (um) micrometer

MIN. minutes

ng . nanograms

ohm-cm ohm-centimeter

PM particulate matter

PPH pounds per hour

PPM parts per million

ppmC parts per million carbon

ppm,d parts per million, dry

ppm,w parts per million, wet

ppt parts per trillion

PSI pounds per square inch

SQ.FT. square feet

ug micrograms

v/v percent by volume

w/w percent by weight

Standard conditions are defined as 68 ©F (20 °C) and 29.92 IN. of mer-
cury pressure.
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I INTRODUCTION

1.1 General

During the period of March 21 - 26, 1988, Interpoll
Laboratories conducted the high load air emission compliance
test on the Northern States Power (NSP) Red Wing Station No.
2 Boiler which was converted from coal to CRDF-firing. The
list of determinations performed were those specified by the
Minnesota Pollution Control Agency (MPCA). On-site testing
was performed by R. Rosenthal, J. Buresh, T. Johnson, C.
Mosser, T. Hogan and D. Smith under the direction of Dr. P.
Lonnes. Coordination between testing activities and plant
operation was provided by Bob Evans of NSP.

1.2 Unit Description

The No. 2 Boiler is a water tube boiler with a spreader
stoker and traveling grade and was originally equipped to
fire coal. It was installed in 1949 by the Foster Wheeler
Corporation with an extended surface economizer and super-
heater. It is a balanced draft boiler with a variable speed
I.D. fan. Particulate emissions from the combustion process
are controlled by a Western Precipitator mechanical dust
collector in series with a Belco electrostatic precipitator
which was installed in 1980. Cleaned flue gas is exhausted
to the atmosphere by means of a radial steel stack, the top
of which is 188 feet above grade elevation.

When the No. 2 Boiler was modified to fire cRDF, four
18-inch x 30-inch pneumatic air swept fuel spouts were in-
stalled across the front face. Hot air to the air swept
spouts comes from the overfire air (OFA) system. Fuel dis-



tribution on the grate is controlled by rotating dampers on
the OFA supply. The pulsating air and OFA system ensure
uniform distribution of fuel from the front to the back of
the furnace.

A plate-type air heater manufactured by North American
Technologies was added to provide the hot combustion air re-
quired for the undergrate and overfire air systems. Both
the undergrate and OFA system have been sized for 50% of the
total air required. New FD and OFA fans were also installed
to meet the greater air supply requirements. The air heater
reduces the gas temperature to 450 °F which matches the ex-
isting electrostatic precipitator operating temperature.

The fuel is fed to the spouts by two live bottom bins.
Each live bottom bin is equipped with six screw-type feeders
and feeds two air spouts. The fuel feed rate is controlled
by varying the speed of the screw feeders. Each fuel feed
chute has a balanced draft damper to seal the boiler when a
feeder is out of service; prevent backdrafts; and to reduce
the chance of fires in the fuel feed system should furnace
pressure fluctuate. |

The furnace volume was also enlarged by extending it 14
feet lower to accommodate the design MCR of 15 tons/hour
(360 TPD) and maintain the design furnace exit gas tempera-
ture of 1600 °F. This change required that the existing
traveling grate be lowered 14 feet and that the grate speed
be modified to 20 ft/hr. The natural gas firing capability
of the boiler was maintained to provide heat for start up
and for stand-by load carrying in the event RDF is not
available.



The original superheater was also replaced in the
modification. The new superheater is a counterflow single-
pass design. The coolest steam is in the hottest gas path
thereby minimizing tube metal temperatures. The new super-
heater reduced steam temperature from 850° to 700 °F which
should reduce both the fouling and corrosion potential.
Steam temperature is controlled by spray attemperation.

Typical performance characteristics of the boiler after
the modification to cRDF-firing are summarized below:

Superheater steam outlet temp. 720 °F
Superheater outlet steam flow 109,000 1b/hr
Superheater outlet steam press. 604 psig
Economizer inlet feedwater temp. 340 °F
Furnace exit gas temp. 1480 °F
Boiler outlet gas temp. 660 °F
Economizer exit gas temp. 590 °F
Air heater exit gas temp. 420 °F
Undergrate air temp. 315 °F
Boiler efficiency 70%

" Excess air 65%
MW » 8.9
Overfire air static 23" H,0
Undergrate delta P 1.3" H,y0

1.3 Particulates

Particulate loading determinations were performed
simultaneously at the inlet and outlet of the electrostatic
precipitator (ESP) on the No. 2 Boiler in accordance with
EPA Methods 1 - 5, CFR Title 40, Part 60, Appendix A
(revised July 1, 1987). The test at the ESP outlet was per-



formed in the stack. Previously collected data was used to
select appropriate nozzle diameters for isokinetic sample
withdrawal. An all-glass impinger assembly with distilled
water was used in the back half of the sampling trains to
provide samples for chloroform/diethyl ether extractions to
determine total condensible organic compounds. The col-
lected condensate samples were analyzed in accordance with
the analytical protocol for condensibles promulgated by the
MPCA.

l.4 PM-10

Determinations of the PM-10 concentration and the
flyash particle size distribution were performed at both the
stack and the ESP Inlet test locations. Samples at the ESP
Inlet were isokinetically collected using a modified version
of EPA Method 17. A stainless steel thimble filter holder
was used in place of the standard Method 17 filter holder.
The recovered flyash samples were then analyzed by X~-ray
Sedigraph.

Particle size distribution determinations in the stack
were performed by sampling isokinetically using an EPA M5
sampling train with an eight stage cascade impactor attached
to the instack end of the probe. Three determinations and
one control were performed in accordance with PM-10 SIP
Development Guideline USEPA - 450/2-86-001: Appendix C.
Four separate impactor sets were used to collect the
samples. The samples were returned to the laboratory, con-
ditioned and weighed. The results were calculated in accor-
dance with the impactor manufacturers recommendations using
the provided 50% cut point calibration data.



1.5 Acidic Gases

Hydrogen chloride, hydrogen fluoride and sulfur
dioxide, all acidic gases, were determined at the stack test
location with a common sampling train using a modification
of the EPA Method 6 large impinger version. 2n alkaline ab-
sorbing reagent was employed to quantitatively collect the
gases. The recovered samples were returned to the
laboratory and analyzed for chloride, fluoride and sulfate
by ion chromatography after oxidation with peroxide.

1.6 Nitrogen Oxides

Oxides of nitrogen samples were collected from the
stack in two-liter flasks using a separate sampling system
with on-site evacuation of the flasks. The probe was purged
with flue gas before each sample was collected. The col-
lected samples were aged at >70 °F for more than 16 hours,
shook to complete absorption, recovered from the flasks and
analyzed for nitrate by ion chromatography as per EPA Method
7A.

1.7 Trace Metals

Trace metal samples were collected simultaneously at
the ESP inlet and outlet test sites using Multi Metal
Modified Method 5 (4M5) sampling trains currently under
development by the US EPA and approved for use in Minnesota
by the Minnesota Pollution Control Agency. A low metal-
background glass fiber filter is used to collect particu-
lates and 100 cc of a 5% HNO3/10% H,0, solution is used in
the first two impingers with 1.5% KMnO,/10% H,S0, in the
third impinger. After sampling, the HNO3/H,0, catch is com-
bined with the front half catch and the extract analyzed for



arsenic, cadmium, chromium, lead, mercury and nickel by
AA/GF using the standard additions method to eliminate
sample matrix effects. The KMnO,/H,80, catch is analyzed by
cold vapor atomic absorption for mercury. Most of the
elemental mercury is collected in the HNO3/H,0, catch.

1.8 Dioxins and Furans

Polychlorinated dibenzo-p-dioxins (PCDD) and poly-
chlorinated dibenzofurans (PCDF) sampling was also simul-
taneously conducted at the ESP inlet and outlet using
Modified Method 5 (MM5) sampling trains with 32 g of
purified XAD-2 resin in accordance with EPA Method 0010 (SW
846, 3rd Ed.). A 20 ng 1,2,3,4-1‘c1>13-13clz field spike
provided by Battelle was added to the top of the XAD-2 resin
in each MM5 sampling train immediately before each dioxin
run. The field spikes provide an overall evaluation of the
accuracy of éampling and analysis. The recovered PCDDs and
PCDFs samples were returned to the laboratory, carefully
packed and then shipped to Battelle Columbus Laboratories
where they were analyzed for tetra-through octachlorodiben-
zodioxins and chlorodibenzofurans homolog groups as well as
for all of the 2,3,7,8-isomers using EPA Method 8280 as a
guideline. High resolution mass spectrometry was sub-
stituted for low resolution to target detection of 2,3,7,8-
TCDD at the 0.01 ng/dsm3 level (not possible with low
resolution MS).

1.9 Polynuclear Aromatic Hydrocarbons

Polynuclear aromatic hydrocarbons (PAHs) sampling was
conducted simultaneously with the dioxin samplings using the
same Modified Method 5 trains. A field spike of 5 ug of
d; ;-benzo(e)pyrene and 5 ug of d;,-perylene provided by Bat-



telle was added to the XAD-2 resin before each PAH run. The
PAH samples and field-biased blank were analyzed by Battelle
by HRGC/LRMS in accordance with EPA Methods 610 and 8270.

1.10 Combustion Gases

Integrated flue gas samples were extracted simul-
taneously with each of the above-referenced sample trains
using a specially designed gas sampling system. Integrated
flue gas samples were collected in 44-liter Tedlar bags.
Prior to sampling, the Tedlar bags are leak checked at 15
IN.HG. vacuum with an in-line rotameter. Bags with any
detectable inleakage are discarded.

After sampling was complete, the bags were sealed and
returned to the laboratory for Orsat analysis. The in-
tegrated flue gas samples collected during the dioxin sam-
pling were also analyzed for carbon monoxide in accordance
with EPA Method 10 (NDIR).

1.11 ESP Inlet Sampling Protocol

Testing at the No. 2 Boiler ESP Inlet test site was
conducted from six test ports located on the side of a
horizontal section of ducting (See Appendix B). A 42-point
traverse was used to collect the particulate, metals and
dioxin samples. In the case of the particulate and metal
determinations each traverse point was sampled 1.5 minutes
for a total sampling time of 63 minutes per run. For the
PCDDs, PCDFs and PAHs sampling, each traverse point was
sampled 7 minutes for a total sampling time of 294 minutes
per run.



1.12 Stack Sampling Protocol

All of the testing at the stack test site was performed
from a set of four test ports. The location of these test
ports are shown in Appendix B. The four test ports are
oriented at 90 degrees on the radial steel gunnite-lined
stack.

A 24-point traverse was utilized to isokinetically col-
lect the particulate and trace metals samples. In each of
these determinations, each traverse point was sampled five
minutes to give a total sampling time of 60 minutes per run.
Three one-hour runs were conducted for each of the specified
pollutants. A 4-point traverse was used for PM-10 testing.
Each traverse point was sampled 30 minutes for a total of
120 minutes per run. A 3-point traverse was used to collect
the acid gases. Each traverse point was samples 20 minutes
to give a total of 60 minutes per run.

Semivolatile organic compounds, which partition between
the gaseous and solid state in exhaust gas streams, were
also isokinetically sampled using a 24-point traverse. Each
traverse point was sampled 10 minutes to give a total run
time of 240 minutes.

1.13 Report Organization

A summary and discussion of all of the important
results of this performance test is given in the following
section. More detailed results are presented in Section 3
together with pertinent sampling parameters. Supplemental
information such as field data sheets, laboratory results,
procedures and calculation equations are presented in the
appendices.



2 SUMMARY AND DISCUSSION

2.1 Particulate, Opacity and Gas Flow Testing

The results of the ESP particulate removal performance
test are presented in Table 1. Soot was blown during Run 2
which resulted in a significant increase in emissions. The
average particulate emission rate for normal operation was
5.69 LB/HR. During soot blowing, the particulate emission
rate increased to 17.7 LB/HR. The steam load also increased
during Run 2. The ESP particulate removal efficiency
averaged 99.1% for normal operation. During soot blowing,
the removal efficiency dropped to 98.1%.

The dry standard particulate concentration corrected to
12% CO, averaged 0.015 GR/DSCF during normal operation.
This increased to 0.048 GR/DSCF during soot blowing. The
particulate loading for this facility is restricted by state
pollution control regulations to 0.10 GR/DSCF @ 12%C0,.
Based on the above results, it is seen that the particulate
loadings from this cRDF-fired boiler are six to seven times
less than the standard during normal operation and about two
times less than the standard during soot blowing.

In the interpretation of the above results, it should
be noted that the results include condensible organic com-
pounds (the so called wet catch) as required by the MPCA.
Secondly, caution should be used when reviewing the
volumetric flow rates reported in Table 1. The flow rates
were measured in the stack at a location where substantial
large scale turbulence exists. This was shown in a previous
study conducted by Interpoll Labs. When an S-type pitot
tube is used to measure flow rate in regions of 1arge’sca}e
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turbulence, the flow rate is always overestimated. The mag-
nitude of this error can be as large as +40%. In the previ-
ous flow study on this boiler, the error was found to be ap-
proximately 37%, and thus the true volumetric flow rate is
only about 40,000 DSCFM (76,500 ACFM).

The US EPA and the MPCA require that the flow rate ob-
tained in the Method 5 particulate determination or in a
Method 2 flow measurement be used to calculate pollutant
mass emission rates. This being the case, all of the pol-
lutant emission rates reported in this study are high by
37%, in as much as the pollutant emission rate is the
product of the pollutant concentration and the volumetric
flow rate. The correct emission rate can be obtained by
multiplying the report result by 0.73.

A three hour visible emission determination was also
performed in accordance with EPA Method 9 by a currently
certified observer. The opacity readings were taken simul-
taneously with each of the first two one-hour particulate
loading determinations. The last opacity determination
could not be performed during the third particulate run due
to darkness. The third opacity determination was performed
during the third dioxin run. The average opacities for Runs
1, 2 and 3 were 2.3%, 1.3% and 0%, respectively.
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2.2 PM-10 and Particle Size Distribution

The results of the PM-10 determinations performed at
the No. 2 Boiler ESP inlet test site and the stack test site
are summarized in Table 2. The total mass rate at the ESP
inlet ranged from 675 to 756 LB/HR for the inlet PM-10
sample collections. These values are in close agreement
with the average mass rates observed in the particulate
emission compliance test (See Table 1) where the average
mass rate of flyash at the ESP inlet was 726 LB/HR.

The size distribution analysis of these samples showed
that about 37% by weight of the flyash aerosol at the ESP
inlet had aerodynamic equivalent diameters (AED) less than
10 microns. The PM-10 mass rate of flyash into the ESP
averaged 270 LB/HR. The results of the X-ray Sedigraph size
distribution analyses were microscopically confirmed.

The total mass rate of flyash particles penetrating the
ESP ranged from 4.6 to 15.6 LB/HR for the PM-10 in situ cas-
cade impactor samplings. These values compare very clbsely
with the particulate emission rates measured in the particu-
late emission compliance test (See Table 1l). The size dis-
tribution results obtained from the in situ aerodynanmic
size classification indicate that anywhere from 79.2 to
92.4% by weight of the flyash particles penetrating the ESP
are less than 10 microns. The PM-10 emission rate ranged
from 3.6 to 14.4 LB/HR. The electrostatic precipitator ex-
hibited a PM-10 removal rate ranging from 94.8 to 98.6% by
weight.

12



Table 2. Summary of the March 26, 1988

Performed on the No.

'Wing. Plant.

2 Boiler

PM-10 Measurements
ESP at the NSP Red

Run 1 Run 2 Run 3
(INLET)
Total mass rate (LB/HR) 730 756 675
$ < 10 um 37.79 38.46 35.85
PM-10 mass rate (LB/HR) 276 291 242
(STACK)
Total mass rate (LB/HR) 15.59 4.62 4.57
% < 10 um _ 92.37 80.56 79.20
PM-10 mass rate (LB/HR) 14.40 4.18 3.62
ESP PM-10 removal rate
(% W/W) 94.8 98.6 98.5

13



2.3 Acid Gases

The results of all the common gaseous pollutant deter-
minations are summarized in Table 2. Sulfur dioxide con-
centrations were very consistent and only varied from 132 -
167 ppm,d. The average sulfur dioxide emission rate was
76.7 LB/HR (55 LB/HR after correction for turbulence). The
average hydrogen chloride emission rate was 99.7 LB/HR (72.8
LB/HR after correction for turbulence). The intra-run
variations reflect, for the most part, changes in the com-
position of the cRDF and changes in burning rate, since the
precision of the sampling and analytical method is only 3 -
5%. |

Hydrogen fluoride emissions, which result from the com-~
bustion of fluorinated hydrocarbons in the RDF such as
teflon and spray can propellants, were very low. The
average hydrogen fluoride emission rate was 0.16 LB/HR (0.12
LB/HR after correction for turbulence).

Oxides of nitrogen in the exhaust gas arise from com-
bustion of nitrogenous material in the RDF fuel as well from
the chemical reaction of atmospheric nitrogen and oxygen in
the combustion air which combine to form nitric oxide at
high temperatures (1800 °F). The average oxides of nitrogen
concentration was 135 ppm,w. The average emission rate was
only 47.3 LB/HR (34.5 LB/HR after correction for
turbulence).

14



Table 3. Results of the March 24, 1988 Sulfur Dioxide,
Hydrochloric Acid, Hydrogen Fluoride, and Oxides
of Nitrogen Determinations on the No. 2 Boiler at
the NSP Red wing Station.

Item Run 1 Run 2 Run 3
(Concentration ppm,w)
Sulfur dioxide 150 132 167
Hydrochloric acid 210 407 403
Hydrogen fluoride .47 1.3 1.3
Oxides of nitrogen 146 130 129
(Emission Rate LB/HR)
Sulfur dioxide 75 68 87
Hydrochloric acid‘ 60 119 120
Hydrogen fluoride .073 .20 .21
Oxides of nitrogen 51 45 46

15



2.4 Carbon Monoxide

The results of the analyses of the carbon monoxide
samples collected at the No. 2 Boiler ESP inlet and stack
test sites during the dioxin samplings are given in Table 4.
The carbon monoxide concentrations observed at the stack
test site were significantly lower than those measured at
the ESP. At first it was thought that these differences
must be analytical artifacts, however, duplicate analyses
were performed on all of the samples and the carbon dioxide
and oxygen contents, as determined by Orsat analysis, showed
that the samples had not been diluted by air inleakage.

Simultaneous carbon monoxide measurements at different
points in an exhaust gas flow system are rarely performed,
because it is generally believed that carbon monoxide levels
are relatively stable at lower temperatures. The ESP will
not affect concentration levels and thus it can only be
speculated that the reduction in carbon monoxide levels is
attributable to some undetected error, which is unlikely, or
to continued reaction of carbon monoxide with oxygen.

We have only performed simultaneous carbon monoxide
measurements on several different combustion systems. In-
terestingly, both systems exhibited this phenomenon. The
first was a detailed diagnostic study on a coal and bark
cofired boiler equipped with a mechanical collector and ESP.
Pronounced carbon monoxide concentration increases and
decreases were observed and confirmed in the exhaust gas
flow system. The second combustor in which this was ob-
served was a wood dryer consisting of a suspension burner
and a rotary kiln. Carbon monoxide levels were found to in-
crease and decrease depending on the operation of both the

16



Table 4. Results of the Carbon Monoxide Determinations Per-
formed on the No. 2 Boiler at the NSP Red Wing

Station.
~ Concentration (ppm,d) Emission Rate (LB/HR)
Run Inlet Stack Inlet Stack -
1 134 121 22 24
2 109 . 65 18 13
3 111 68 19 13

17



burner and the kiln. If these results are shown to be cor-
rect, carbon monoxide analyzers located far upstream of the
stack may grossly overpredict carbon monoxide emission.

18



2.5 Trace Metal Pollutants

Eight different metals have been identified by the Min-
nesota Pollution Control Agency as potential toxic species
of concern for this facility: arsenic, beryllium, cadmium,
chromium, lead, mercury, nickel and seleniunm. The results
of the simultaneous metal samplings at the ESP inlet and
stack test sites are presented in Tables 5 and 6, respec-
tively. It should be recalled that large scale turbulence
exists at the stack test location and that the emission
rates reported in Table 6 should be multiplied by 0.73 to
obtain the best estimate of the true emission rates.

Table 7 is a summary of the trace metal mass rates
measured at the inlet and outlet of the electrostatic
precipitator. The mass rates of metals penetrating the ESP
have been corrected for large scale turbulence in this table
and thus the reported removal efficiencies represent best
estimates of the true ESP removal efficiencies. The major
trace metal constituents in the CcRDF flyash are lead, cad-
mium, chromium and nickel. Matrix interferences due to high
salt levels in the determination of selenium resulted in
high analytical detection limits, and thus the significance
of selenium emissions is unclear.

The ESP removal efficiency of the individual trace met-~
als varies significantly with the poorest removal rates ex-
hibited for nickel. The high removal efficiencies were ob-
served for lead and cadmium. These species-dependent ESP
removal rates alter the relative abundance of the trace met-
als such that nickel is the most predominant emission to the
atmosphere followed by chromium and lead.

19



Table 5. Results of the March 22, 1988 Trace Metal Deter-
minations on the No. 2 Boiler ESP Inlet at the NSP
Red Wing Station.

Item Run 1 Run 2 Run 3
(Concentration ug/dscm)

Arsenic ' ' 104 324 170
Beryllium . 1.9 1.2 1.9
Cadmium 740 930 690
Chromium 437 284 392
Lead 27540 17250 26140
Mercury 125 113 173
Nickel 389 294 322

Selenium < 206 < 508 <1105

(Emission Rate 10~ 3LB/HR)

Arsenic 16 46 24
Beryllium _ .29 .17 .27
Cadmium 110 130 100
Chromium 67 404 56
Lead 4197 2452 3763
Mercury | 19 16 25
Nickel 59 42 46

Selenium < 29 < 72 < 145
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Table 6. Results of the March 22, 1988 Trace Metal Deter-
minations on the No. 2 Boiler Stack at the NSP Red
Wing Station.

Item Run 1 Run 2 Run 3
(Concentration ug/dscm)

Arsenic 22 14 1.1
Beryllium < .17 < .17 < .17
Cadmium 5.0 2.5 .086
Chromium 135 60 9.5
Lead ' 69 36 25
Mercury 30 15 26
Nickel 213 84 54
Selenium < 213 143 < 43

(Emission Rate 1073LB/HR)

Arsenic 4.0 2.5 20
Beryllium < .03 < .03 < .03
Cadmium .90 .45 .015
Chromium 24 11 1.7
Lead 12 6.6 4.4
Mercury 5.4 2.3 4.6
Nickel 38 15 9.6
Selenium < 38 26 < 7.6
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It is also interesting to note the high removal rate
measured for mercury. This indicates that a majority of the
mercury is present as a salt rather than in the elemental
vapor phase.
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2.6 Polynuclear Aromatic Hydrocarbons

Polynuclear aromatic hydrocarbons (PAHs) are products
of incomplete combustion (PICs) and are flame synthesized in
fuel rich combustion zones which may occur in any combustion
process. PAHs emissions are of concern because of the pos-
sible mutagenic and carcinogenic properties of some of the
PAHs and the known carcinogenicity of several components of
this organic class of compounds. A selected group of PAHs
were determined in the stack samples collected with the
Modified Method 5 (SEMIVOST) sampling trains at the inlet
and outlet of the No. 2 Boiler ESP. The results of the ESP
inlet and ESP outlet analyses are presented in Tables 8 and
9, respectively. The emission rates reported in Table 9
have not been corrected for the effect of large scale tur-
bulence.

The PAH.meass rates from both the ESP inlet and stack
test locations are also summarized in Table 10. The mass
rates reported for the stack test site in Table 10 have been
corrected for large scale turbulence so that the best es-
timate of the true ESP removal efficiency could be calcu-
lated. Removal efficiencies for the various PAHs vary
tremendously not only from compound to compound but also
from run to run. 1In many cases, PAH generation appears to
occur rather than removal. In general, the concentration
and emission rates of the PAHs appear to track those of the
dioxins. A more detailed discussion of removal and genera-
tion rates is presented below with the dioxin results.
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Table 8. Results of the March 23-25, 1988 PAH Determina-
tions on the No. 2 Boiler ESP Inlet at the NSP Red
Wing Station.

ITEM Run 1 Run 2 Run 3
(Concentration ug/dsma)

Napthalene 6.5 < .10 1.3
Acenaphthylene .46 .013 .013
Acenapthene, dihydro .017 .012 .019
Fluorene < ,073 < .071 < ,071
Phenanthrene 1.9 .20 .078
Anthracene .036 .0081 .0067
Fluoranthene .44 .024 < .01l0
Pyrene : .44 < .040 < .04
Benz (a)anthracene <.0080 < .0078 < .0078
Chrysene .023 < .0031 011
Benzfluoranthenes .024 < .011 < .045
Benzo(a)pyrene < .017 < .016 < .0le
Indenopyrene .0024 < .0078 < .0078
Dibenz(ah)anthracene <.0039 < .0038 < .,0038
Benzo(g,h,i)perylene .021 <.00085 <.00086

(Emission Rate 10~ %g/sec)

Napthalene 117 < 1.8 24
Acenaphthylene 8.3 24 .24
Acenapthene, dihydro .31 22 +35
Fluorene < 1.3 < 1.3 < 1.3
Phenanthrene 34 3.6 1.4
Anthracene .65 .15 .12
Fluoranthene 7.9 .44 < .18
Pyrene 7.9 < .73 < «73
Benz (a)anthracene < .1l4 < .14 < .14
Chrysene 42 < .056 .20
Benzfluoranthenes .43 < .20 < .82
Benzo(a)pyrene < .31 < .29 < «29
Indenopyrene .043 < .14 < .14
Dibenz (ah)anthracene < ,070 < .069 < .069
Benzo(g,h,i)perylene .38 < ,015 < .016
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Table 9. Results of the March 23-25, 1988 PAH Determina-
tions on the No. 2 Boiler Stack at the NSP Red
Wing Station.
ITEM Run 1 Run 2 Run 3
(Concentration ug/dsm3)
Napthalene 18 1.9 1.3
Acenaphthylene 9.9 .014 .012
Acenapthene, dihydro 12 < .036 < .037
Fluorene .64 < .14 < .14
Phenanthrene 5.2 .044 .029
Anthracene .16 .0012 .0079
Fluoranthene 1.3 .0061 .040
Pyrene 1.4 < .0013 .018
Benz (a)anthracene .016 < .0022 < ,.0023
Chrysene .030 .0010 .00042
Benzfluoranthenes .042 <,00091 <.00094
Benzo(a)pyrene <.0040 .0044 .0050
Indenopyrene «.0095 < .0024 < .0025
Dibenz (ah)anthracene <.0016 < .0016 < .0017
Benzo(g,h,i)perylene _ .024 < .0048 < .0050
(Emission Rate 10 6g/sec)
Napthalene 384 40 26
Acenaphthylene 211 .30 .24
Acenapthene, dihydro 2.6 < .76 < .75
Fluorene 14 < 3.0 < 2.8
Phenanthrene 111 .93 .59
Anthracene 3.4 .025 .16
Fluoranthene 28 13 .81
Pyrene _ 30 < .028 «36
Benz(a)anthracene .34 < .047 < .046
Chrysene .64 .021 .0085
Benzfluoranthenes .90 < .019 < .019
Benzo(a)pyrene < .085 .093 .10
Indenopyrene .20 < .051 < .051
Dibenz(ah)anthracene < .034 < ,.034 < .034
Benzo(g,h,i)perylene .51 < .10 < .10
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2.7 Dioxins and Furans

Polychlorinated dibenzo-p-dioxins (PCDDs) and diben-
zofurans (PCDFs) are two series of tricyclic, almost planar
aromatic compounds that exhibit very similar physical,
chemical, and biological properties. The number of chlorine
atoms in these compounds can vary between one and eight to
produce 75 PCDD and 135 PCDF positional isomers. These com-~
pounds have been the subject of much concern in many
countries in recent years. PCDDs and PCDFs were recently
identified in trace levels as products of incomplete combus-
tion (PICs) in the ash from municipal solid waste combustors
in the National Dioxin Study (Tier IV) performed by the US
EPA.

Because of the extreme toxicity of some of the PCDD and
PCDF isomers as well as the large variation in toxicity be-
tween closely related congeners, highly selective, specific,
and sensitive analytical techniques are required for the
measurements. Detection levels several orders of magnitude
lower than those required for other environmental pollutants
are needed to detect ecologically significant masses of
these compounds.

The 'analysis of these compounds at such low levels is
complicated by the presence of a multitude of other inter-
fering compounds. The most specific and sensitive method
for these compounds is based on high resolution mass
spectrometry. This method was employed in this work to
analyze representative stack gas samples collected from the
gas stream entering the No. 2 Boiler ESP and stack gas
samples collected from the gas stream exhausted from the ESP
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just before it is released into the atmosphere. In addi-
tion, flyash samples collected from the ESP hopper during
each of the gas stream sampling were also analyzed.

The results of the dioxin and furan tests performed at
the ESP inlet and stack test sites presented by homolog or
chlorination level are given Tables 11 and 12, respectively.
The results of the 2,3,7,8-isomer specific analyses are
presented in Tables 13 and 14.

The US EPA has published toxicity equivalence factors
(TEFs) for the various non 2,3,7,8-polychlorinated isomers
and 2,3,7,8-polychlorinated isomers. These factors may be
used to convert the weight of these moieties to an equiv-
alent weight of 2,3,7,8-tetrachlorodibenzo-p-dioxin. After
the equivalent weights are calculated, they may be summed to
give a single estimate of the toxic impact of the entire
group of compounds based on the equivalence of each isomer
group to 2,3,7,8-TCDD. This analysis has been performed in
Table 15 and 16 using the latest US EPA TEFs.

Examination of these results show that the concentra-
tion of 2,3,7,8-TCDD equivalents from the cRDF-fired Boiler
were less than 0.27 ng/dsm3 for all three of the four-hour
tests using state of the art sampling and analytical proce-
dures. The minimum detection levels obtained for 2,3,7,8-
_TCDD in this study are amongst the lowest levels ever
reported in the world (<.002 ng/dsm3). The total 2,3,7,8-
TCDD equivalent emission rate (not corrected for large scale
turbulence) averaged <0.48 10'8g/sec which is equivalent to
<0.15 g/year. When corrected for large scale turbulence,
this emission rate is only 0.11 g/year.
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Table 11. Results of the March 23-25, 1988 Dioxin Homolog
Analysis on the No. 2 Boiler ESP Inlet at the NSP
Red Wing Station.

Homolog Run 1 Run 2 Run 3

(Concentration ng/dsn3)

TCDD 4.1 .20 17
PeCDD 8.2 .55 .45
HxCDD 8.7 .38 22
HpCDD 12 .40 .24
OoCDD 9.0 .31 .16
TCDF 41 6.6 6.2
PeCDF 27 3.3 3.1
HxXCDF 15 1.7 l.4
HpCDF 10 .88 74
OCDF 2.7 .097 .059
i TREE e

(Emission Rate lo'ag/sec)'

TCDD 7.4 »36 .31

PeCDD 15 1.0 .82
HXCDD 16 .69 .40
HpCDD 22 .73 .44
0CDD 16 .56 .29
TCDF 74 12 11
PeCDF 49 6.0 - 5.7
HXCDF 27 3.1 2.6
HpCDF 18 1.6 1.4
OCDF 4.9 .18 .11
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Table 12. Results of the March 23-25, 1988 Dioxin Homolog
Analysis on the No. 2 Boiler Stack at the NSP Red
Wing Station.

Homolog Run 1 Run 2 Run 3

(Concentration ng/dsn3)

TCDD .50 .57 .54
PeCDD 1.6 1.6 1.8
HxCDD 1.8 1.7 1.9
HpCDD 3.0 2.8 3.5
ocDD 2.8 2.4 3.1
TCDF 3.4 3.8 4.6
PeCDF 3.2 3.6 4.8
HXCDF 3.0 3.2 4.2
HpCDF 2.4 2.8 3.5
OCDF .91 .97 1.3
226 23 4 29,24

(Emission Rate lo'sg/sec)

TCDD 1.1 1.2 1.1

PeCDD 3.4 3.4 3.6
HXCDD 3.8 3.6 3.8
HpCDD 6.4 5.9 7.1
OoCDD 6.0 5.1 6.3
TCDF 7.2 8.1 9.3
PeCDF 6.8 7.6 9.7
HXCDF 6.4 6.8 8.5
HpCDF 5.1 5.9 7.1
OCDF . 1.9 2.1 2.6
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Table 13. Results of the March 23-25, 1988 2,3,7,8-Isamer Analysis on
the No., 2 Boiler ESP Inlet at the NSP Red Wing Station.

Isomer Run 1 Run 2 Run 3

(Concentration ng/dsn3)

2,3,7,8-TCDD .036  <.00090  <.0021
1,2,3,7,8-PeCtD 53 < .036 .029
1,2,3,4,7,8-HxCOD .60 .024 .0083
1,2,3,6,7,8-HxCOD .60 .023 .014
1,2,3,7,8,9-HsxCOD 1.1 .034 .021
1,2,3,4,6,7,8-HpCOD 5.8 .19 a1
2,3,7,8-TCDF 5.6 71 .67
1,2,3,7,8~PeCDF .77 .088 .038
2,3,4,7,8-PeCDF 1.3 .14 a1
1,2,3,4,7,8-HxCDF 2.9 .22 17
1,2,3,6,7,8-HxCDF 2.9 .20 12
1,2,3,7,8,9-HxCOF 1.9 .13 .083
2,3,4,6,7,8-HpCOF .43 .024 .029
1,2,3,4,6,7,8-HpCDF 6.8 .36 .22
1,2,3,4,7,8,9-HpCDF .44 .033 .029
(Bmission Rate 10 8g/sec)
2,3,7,8-TCID .065 < .0016  <.0038
1,2,3,7,8-PeCOD 96 < .065 .053
1,2,3,4,7,8-HsxCDD 1.1 .044 .015
1,2,3,6,7,8~HxCDD 1.1 .042 .026
1,2,3,7,8,9-HxCDD 2.0 .062 .038
1,2,3,4,6,7,8-HpcDD 10 .35 .20
2,3,7,8-TCDF 10 1.3 1.2
1,2,3,7,8-PeCOF 1.4 .16 .069
2,3,4,7,8-PeCDF 2.3 .25 .20
1,2,3,4,7,9-HxCDF 5.2 .40 .31
1,2,3,6,7,8-HxCDF 5.2 .36 .22
1,2,3,7,8,9-HxCDF 3.4 .24 .15
2,3,4,6,7,8-HxCOF .78 .044 .053
1,2,3,4,6,7,8-HpCDF 12 .65 .40
1,2,3,4,7,8,9-HpCDF .79 .060 .053
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Table 14. Results of the March 23-25, 1988 2,3,7,8-Iscmer Analysis on
the No. 2 Boiler Stack at the NSP Red Wing Station.

2,3,7,8~TCID <.0022 <.0026 <.0029
1,2,3,7,8-PeCOD .085 .075 .087
1,2,3,4,7,8~HxCDD .093 091 .10
1,2,3,6,7,8-HxCOD .16 .15 .16
1,2,3,7,8,9-HxCOD .22 .19 .25
1,2,3,4,6,7,8-HpCID .16 1.5 1.9
2,3,7,8-TCDF .68 .81 1.0
1,2,3,7,8-PeCDF 1 .13 12
2,3,4,7,8~PeCDF .28 .30 .37
1,2,3,4,7,8-HxCDF .58 .67 .83
1,2,3,6,7,8-HxCDF .54 .67 .85
1,2,3,7,8,9-HxCDF .40 .48 .58
2,3,4,6,7,8-HpCDF .20 .13 .19
1,2,3,4,6,7,8-HpCDF 1.4 1.5 1.8
1,2,3,4,7,8,9-HpCDF .30 .36 .50

2,3,7,8-TCID <.0047 <.0055 <.0059
1,2,3,7,8-PeCID .18 .16 .18
1,2,3,4,7,8-HxCDD .20 .19 .20
1,2,3,6,7,8-HxCTD .34 .32 .32
1,2,3,7,8,9-HxCDD .47 .40 .51
1,2,3,4,6,7,8-HpCTD 3.4 3.2 3.8
2,3,7,8-TCDF 1.4 1.7 2.0
1,2,3,7,8-PeCDF .23 .28 .24
2,3,4,7,8-PeCDF .60 .64 .75
1,2,3,4,7,9-HxCDF 1.2 1.4 1.7
1,2,3,6,7,8-HxCDF ' 1.2 1.4 1.7
1,2,3,7,8,9-HCDF .85 1.0 1.2
2,3,4,6,7,8-HXCDF .43 .28 .38
1,2,3,4,6,7,8~HpCDF 3.0 3.2 3.6
1,2,3,4,7,8,9-HpCDF .64 .76 1.0
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The significance of the concentration of 2,3,7,8-TCDD
equivalents found in the exhaust gas from the No. 2 Boiler
Stack is best judged against a background of values measured
at other RDF incineration facilities. 1In the United States,
concentrations ranging generally from 0.1 to 1300 n.g/dsm3
have been reported. From this perspective, the concentra-
tions of dioxins emitted from the No. 2 Boiler at the time
this study was performed are seen to be amongst the lowest
reported for similar facilities.
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Table 15. Results of the March 1988 Dioxin Determination on the No. 2
Boiler ESP Inlet at the NSP Red Wing Station (presented in
2,3,7,8-TQD Ejpiivalents).

2 ,3,7,8~-TCID Fquivalents
TEF Run 1 Run 2 Run 3 -
Concentration (ng/dsac)
2,3,7,8-TCCD 1 .036 < ,00090 < ,0021
Other TCDDs .01 041 - < ,0020 < ,0017
2,3,7,8-PeCDD «5 27 < .018 .015
Other PeClDs .005 .040 < ,0026 .0021
2,3,7,8-HxCDD .04 092 .0032 .0017
Other HxCDDs .0004 .0026 .00012 .000072
2,3,7,8-HpCDD .001 .0058 .00019 .00011
Other HpCDDs .00001 .000062 .0000021 .0000013
2,3,7,8-TCDF o1 .56 .071 .067
Other TCDFs .001 .035 0059 .0055
2,3,7,8-PeCDF 1 21 .023 .015
Other PeCDFs .001 .025 .0031 .0030
2,3,7,8-HxCDF .01 .081 .0057 .0040
Other HxCDFs .0001 .00069 .00011 .00010
2,3,7,8-HpCDF .001 .0072 .00039 00025
Other HpCDFs ».00001 .000028 .0000049 . 0000049
Total 1.4 < «14 < 12
Emission Rate (1078 g/sec)
2,3,7,8-TCDD 1 .065 < .0016 < .0038
Other TCTDs .01 ..073 < ,0036 < .0031
2,3,7,8"@ .5 0.48 < 1033 0027
Other PeCDDs .005 .070 < .0047 .0039
2,3,7,8-HxCDD .04 .17 .0060 .0032
Other HxCDDs .0004 .0048 .00022 .00013
2,3,7,8-HpCDD .001 .010 .00035 .00020
Other HpCDDs .00001 .00012 .0000038 .0000024
2,3,7,8-TCDF 1 1.0 .13 .12
Other TCDFs .001 .064 .011 .0098
2,3,7,8-PcCDF o1 037 .041 .027
Other PeCDFs .001 .045 .0056 .0054
2,3,7,8-HxCDF .01 +15 .010 .0073
Other HxCDF's .0001 .0012 .00021 .00019
2,3,7,8-HpCDF .001 .013 .00071 .00045
- _Other HpCDFs .00001 .000050 .0000089 .0000095
Total 2.5 < «25 < .21
TEF = Toxicity equivalence factor



Table 16.

Results of the March 1988 Dioxin Determination on the No. 2
Boiler Stack at the NSP Red Wing Station (presented in
2,3,7,8-TXD FHyuivalents).
2 ,3,7,8-TCDD Equivalents
TEF Run 1 Run 2 Rmn 3
Concentration  (ng/dsa3)
2,3,7,8-TCID 1 < .0022 < .0026 < .0029
Other TCIDs .01 < .0050 < .0057 < .0054
2,3,7,8-PeClD .5 .043 .038 .044
Other PeClDs .005 .0075 .0075 .0085
2,3,7,8-HxCID .04 .019 .017 .020
Other HxCDDs 0004 00052 .00096 00056
2,3,7,8-HpTD .001 .00016 .0015 .0019
Other HpCDDs .00001 .000028 .000013 .000016
2,3,7,8-TCDF 1 .068 .081 .10
Other TCDFs .001 .0027 .0030 .0036
2,3,7,8-PeCDF -l .039 <043 .049
Other PeCDFs .001 »0028 .0032 .0043
2,3,7,8-HxCDF .01 017 .020 .025
Other HxCDF's .0001 .00013 .00012 00017
2,3,7,8-HpCDF .001 .0017 .00036 .0023
"Other HpCDF's 00001 0000070 .000024 .000012
Total < .2 < .22 < .27
Enission Rate (10”8 g/sec)
2,3,7,8-TCDD 1 < .0047 < .0055 < .0059
Other TCDDs .01 < 011 < 011 < 011
2,3,7,8-PeCDD o5 .090 .080 .090
Other Pe(TDs .005 .016 .016 .017
2,3,7,8-HxCDD .04 .040 .036 .040
Other HxCDDs .0004 .0011 .0011 .0011
2,3,7,8-HpCDD .001 .0034 0032 .0038
Other HpCDDs .00001 .000030 .000027 .000033
2,3,7,8-TCDF .1 .14 S .20
Other TCDFs .001 .0058 .0064 .0073
2,3,7,8-PcCDF ol .083 .092 »099
Other PeCDFs .001 .0060 .0067 .0087
2’3,7’8-H>@F .01 0037 0041 0050
Other HxCDFs .0001 .00027 .00027 .00035
2,3,7,8-HpCDF .001 .0036 .0040 .0046
Other HpCDFs .00001 .000015 .000019 -000025
Total < .44 < .47 < .54
TEF = Toxicity equivalence factor
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2.8 Dioxin and Furan ESP Removal Efficiencies

A summary of the dioxin and furan homolog mass rates
measured at the ESP inlet and outlet test sites is presented
in Table 17. The mass rates reported for the outlet of the
ESP in Table 17 have been corrected for the discrepancies
caused by the large scale turbulence which has been previ-
ously shown to exist at this test site, since the corrected
values represent the best estimate of the true mass rates.
These rates were then used to calculate the removal rate of
the No. 2 Boiler electrostatic precipitator for each of the
individual homolog groups. '

The dioxin mass rates and ESP removal rates measured in
this study exhibit some very interesting characteristics.
Firstly, the removal efficiency appears to decrease as the
chlorination number (i.e. molecular weight) increases for
both the PCDDs and PCDFs. Secondly, the mass rates of PCDDs
and PCDFs at the stack test location appear to be constant
from run to run (day to day) even though the inlet loading
changed radically from Day 1 to Day 2.

At first glance, it would appear that the ESP is gener-
ating dioxins and furans on Days 2 and 3, since the removal
efficiencies are almost entirely negative. It is interest-
ing to note that Runs 2 and 3 exhibit the same correlation
with chlorination level as seen in Run 1. In the case of
the dioxins;, the "generation rate" (negative removal ef-
ficiency) increases rapidly from 140 to 160% for the TCDDs
to 570 to 1500% for OCDD. In the case of the PCDFs, the
removal efficiency drops from 38 to 51% for TCDF to an ap-
parent generation rate of 750 to 1600% for OCDF.
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When the dioxin and furan mass rates at the stack test
site are looked at on the whole, no statistically sig-
nificant intra-run variation appears to exist. However,
when Runs 1 and 2 are compared to Run 3, Run 3 mass rates
appear to be slightly larger and seem to correlate with flue
gas temperatures (See Table 17).

It is purported that similar results have been reported
by other investigators. It seems highly unlikely that any
process in the electrostatic precipitator could give rise to
such effects on the basis of cross-sectional, concentration
and statistical considerations. Chemical rearrangements or
any other forms of chemical generation are also highly un-
likely on the basis of temperature and concentration con-
siderations.

If the above suppositions are correct, the effect must
be due to some physical equilibrium mechanism which is tem-
perature and molecular weight dependent. Physical adsorp-
tion, although not normally studied at such high tempera-
tures, may explain the observed phenomena. The chlorinated
dioxin and furans are high molecular weight compounds with
extremely low vapor pressures. The vapor pressure are ex-
ponentially dependent 6n temperature and inversely dependent
on molecular weight.

At this particular facility, the distance between the
inlet test location and the stack test location is quite
large due to geometrical constraints when the ESP was
retrofitted to the boiler. The large surface area of dust
laden surfaces in the ESP and the downstream ducting provide
an extremely large surface area for adsorption. The design
of the ducts provides for sufficiently high linear velocity
such that the gas flow falls in the range of "fully
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developed turbulent flow". This being the case, the
residence time in the ducts is probably sufficient to ensure
a dynamic temperature-dependent equilibrium of high
molecular weight low volatility compounds with stationary
surfaces. An equilibrium of this type would account for the
heretofor unexplained observations in this study and pur-
ported observations in other studies.

It should also be noted that the dioxins exist in equi-
librium with the fine flyash particulate material suspended
in the exhaust gas. Studies on the Modified Method 5 sam-
pling train shown that even in the case of the most volatile
dioxin homolog, 35 - 45% of the TCDD is collected with the
particulates on the filter (See also Section 2.9 of this
report).* Thus when the mass rate of dioxins and furans
generated in'the combustor are high, the mass rate measured
at the inlet to the dust collector are high. Further, since
‘most of the PCDDs and PCDFs are associated with the particu-~
late material, positive collection efficiencies are ob-
served.

Conversely, when the mass rate of PCDDs and PCDFs gen-
erated in the combustor are quite low, the equilibrium
shifts and the clean exhaust gases desorbs adsorbed com-
pounds from the downstream particulate-laden surfaces. The
high deposition (adsorption) rates of the higher molecﬁlar'
weight moieties during periods of higher inlet concentra-
tions and mass rates results in higher doping of these
materials during periods of lower inlet concentrations and
mass rates.

Chlorinated Dioxins and Dibenzofurans in Perspective,
Lewis Publishers, Inc, Chelsea, Michigan, 1986, p 99.
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Additional research is needed to confirm the existence
of an adsorption/condensation-like equilibrium. The effect
of such an equilibrium, if it in fact exists, is to reduce
temporal concentration variations downstream of a pollution
control device. It also predicts lower dioxin emissions
from PC systems with lower exhaust gas temperatures.
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2.9 Ash Sampling

The results of the dioxin and furan analysis of the
composite flyash samples collected by NSP personnel from the
hoppers of the ESP during the three dioxin test runs are
presented in Tables 18 and 19. The 2,3,7,8~TCDD equivalent
concentration of the flyash is only 2.8 ng/g (ppb, wW/w).

It is interesting to note, in light of the above
proposed thermal equilibrium of PCDDs and PCDFs with the
flyash particulate material, the strong molecular weight-
dependent association of the CDDs and CDFs with the flyash:

' Concentration (ng/q)

Run 1 Run 2 Run 3

TCDD 6.4 3.4 3.4
PeCDD 17 18 18
HxCDD 17 32 46
HpCDD 110 130 390
0CDD 200 240 460
TCDF 40 3s 32
PeCDF 39 46 51
HxCDF 21 44 58
HpCDF . 81 71 250
OCDF 65 84 171

— :

vt

| g v v
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Table 18. Results of the Dioxin and Furan Analysis of the
Flyash Samples Collected from the ESP Hoppers
During the March 23-25, 1988 Dioxin Stack Test on
No. 2 Boiler at the NSP Red Wing Station.

Isomer Run 1 Run 2 Run 3

(Concentration ng/g)

TCDD 6.4 3.4 3.4
(2378) .18 .16 .14
PeCDD 17 18 18
(12378) .97 1.4 1.6
BxCDD 17 32 46
(123478) .80 1.8 2.6
(123678) 1.2 2.2 4.4
(123789) 1.4 2.8 4.5
HpCDD 11 130 39

(1234678) 48 58 180
OoCDD 200 240 460
TCDF 40 35 32
(2378) 6.1 5.3 5.0
PeCDF 39 46 51
(12378) 1.5 2.2 2.4
(23478) 2.7 4.0 4.0
HxCDF 21 44 58
(123478) 4.2 8.1 11
(123678) 4.1 9.1 13
(234678) 2.5 6.1 7.5
(123789) «69 1.7 1.9
HpCDF : 51 71 250
(1234678) 28 39 137
(1234678) 3.9 5.3 22
OCDF 65 84 171
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Table 19. Results of the Dioxin and Furan HRGC/HRMS Analysis
of the Flyash Samples Collected During the March

23-25,

1988 Dioxin Stack Test

Equivalents).

(2,3,7,8-TCDD

2,3,7,8-TCDDEquivalents (ng/q)

Moiety TEF Run 1 Run 2 Run 3
2,3,7,8-TCDD 1 .18 .16 .14
Other TCDDs .01 .062 .032 .033
2,3,7,8-PeCDD +5 -49 .70 .80
Other PeCDDs .005 .080 .085 .080
2,3,7,8-HxCDD .04 .14 27 .48
Other HxCDDs .0004 .0056 .010 .014
2,3,7,8-HpCDD .001 .048 .058 .18
Other HpCDDs .00001 .00062 .00072 .0021
2,3,7,8-TCDF .1 .61 .53 .50
Other TCDFs .001 .034 .030 .027
2,3,7,8-PeCDF ol 42 .62 .64
Other PeCDFs 001 .035 .040 .045
2,3,7,8-HxCDF .01 .11 «25 33
Other HxCDFs .0001 .0010 .0019 .0025
2,3,7,8-HpCDF .001 .032 .044 .16
__Other HpCDFs .00001 .00019 .00027 .00091
Total 2.2 2.8 3.4

TEF = Toxicity equivalence factor
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3 RESULTS

The results of all field and laboratory evaluations are
presented in this section. Gas composition results (Orsat
and moisture) are presented first followed by the computer
printout of the particulate, particle sizing, sulfur
dioxide, hydrogen chloride, hydrogen fluoride, oxides of
nitrogen, opacity, arsenic, beryllium, cadmium, chromium,
lead, mercury nickel, PCDD and PCDF results. Preliminary
measurements including test port locations are given in the
appendices.

The results have been calculated on an IBM PC Computer
using programs written in Extended BASIC specifically for
source testing calculations. EPA-published dry F-Factor for
the stated fuel.
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3.1 Results of Orsat and Moisture Analyses
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Interpoll Report No. 8-2526
Northern States Fower Company
Red Wing, Minnesota

Test MNo. 1 (Particulate)
Unit 2 ESF Inlet

Results of Orsat & Moisture Analyses————-— Methods 3 & 4(Zv/v)
Run 1 Run 2 Run 3
Date of run @z-21-88 3-21-88 B3-21-88

Dry basis (orsat)

carbon dioxide...... secaen 12.20 11.60 12,70
OXYOEMNe e nauarasons “esanans 6.90 8.20 7 .00
carbon monoXide.ieccavnanncas 2.28 8.00 B.00
nitrogen.sceeseas semcesacan 8a@. 88 88.20 82.72

Wet basis (orsat)

carbon dioxide..canesnanas 10.27 7.86 12.57
ONYQENe uasaneanacnanns csasa S3.76 65.97 6.02
carbon monoXide...ccannaaa .22 9.0 2.0
nitrogen; .............. .cee 67.58 &68. 20 69.37
water vapor.scuscacecosna - 16.46 14,96 14,083
Dry molecular weight..... so 38.24 Z@.18 338.25
Wet molecular weight.e.vacaa 28.23 28.36 28.5=
Specific gravity..ceceeooneus @.975 @.988 8.98S5
Natér mass flow...... (LB/HR) 22609 20230 192898
FQ 1.138 1.@95 1.1320
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Interpoll Report No. 8-25264
Northern States Power Company
Red Wing, Minnesota

Test No. 1 (Particulate)
Unit 2 Stack
Results of Orsat & Moisture Analyses————— Mathods 3 & 4(%v/v)
Run 1 Run 2 Run 3
Date of run 23-21-88 @3-21-88 B3-21-88
Dry basis (orsat)
carbon dioxide..aceonea ceea 11.84 11.00 11.01
OXYGEMa w e eawa ccssommsssmas 7.746 8.80 8.79
carbon monoXide..asa.s “aaan 0.020 B.920 2.00
Nnitrogen..ccacasssesnaes .n 80.40 80.20 88.20
Wet basis {(orsat)
carbon dioxide...ccaecaasas ?.94 ?.31 2.34
OXYQENauwosanssassanss csenma 6.51 7.45 7.45
carbon monodide..ceceaasaoa 2.20 @.008 2.00
rnitrogen..cccsencssaans aan &67.48 67.87 68.081
water vapor.asssascacaas aan 16.87 15.37 15.20
Dry molecular weight..cccecca 308.28 9.1 3@.11
Wet molecular weight...coasa 28B.24 2B.25 28.27
Specific gravitYeeceeecosaan . @.9748 B.974 8.977
Water mass flow...a.. {(LB/HR) 26553 23812 23202
FO 1.11@ 1.1008 1.100
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Interpoll Report No. 8-2526
Northern States Fower Company
Red Wing, Minnesota

Test No. 2 (Acid Gas)
Unit 2 Stack

Results of Orsat & Moisture Analyses—————Methods 3 & 4(%v/v)

Run 1 Run 2 Run =
Date of run AZ-24-88 @3-24-88 @Z-24-88
Dry basis (orsat)
carbon dioxXide..cecseccanan 12.008 12.80 12.00
OXYQEMeouasnoosananosasannssss 7.80 8. 60 7.82
carbon monoXide.cecesecananaa B.00 2.0 o.0co
Nitrogemnesscucacseasssscnnnn 80.20 80@. 60 80.18
Wet basis (orsat)
carbon dioxXide.acescoaassa 18.72 ?.45 13.26
OXYOEMNeaauncaasnunnacananas .97 7.32 b. 469
carbon monoxide..c..assanna @.08 2.008 @.00
Nitrogen..sccesveasnscanacaa 71.63 73.49 68.55
water vapor.casceocsccsasacnasa 10.69 12.54 14.51
Dry molecular weighteucosasoas 38.23 8. 07 33,23
Wet molecular weight..scoaeas 28.92 28.56 28.46
Specific gravity.esaesusacaaa 2.99% B.986 @.983
FO 1.892 1.139 1.0228
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Interpoll Report No. B-2526
Northern States Fower Company
Red Wing, Minnesota

Test No. 3 (Metals)
Unit 2 ESF Inlet

Results of Orsat & Moisture Analyses————- Methods 3 & 4(%v/v)
Run 1 Run 2 Run 3
Date of run @3-22-88 03-22-88 B3-22-88

Dry basis {(arsat)

carbon dioxide..... . 12.33 12.79 12.60
OXYQEN.esossaseanssasascnsns 7.66 7.88 7.é3
carbon monoxide....... casa 0.0 9.00 D.020
n;trogen...,.......,...... 806.01 80.13 82.17

Wet basis (orsat)

carbon dioxide..ccecennese 18.43 1@3.79 10.67
OXYQBN.aeesacnansnsansnanc &.48 S5.97 6.12
carbon monoxide..caceccoos 2.020 2.00 2.20
Nnitrogen.ccceescosossassce &67.66 &67.59 &7.87
water vapor..a.a..a... cseacce 15.43 15.65 15.34
Dry molecular weight.....u.. 32.28 3B.33 38.31
Wet molecular weight..asacea 28.38 28.40 28.42
Specific gravity..cocsesseas 2.9883 @, 981 B.982
FO 1.074 1.281 1.885
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Interpoll Report No. 8-2526
Northern States Fower Company
Red Wing, Minnesota

Test No. 3 (Metdls)
Unit 2 Stack

Results of Orsat & Moisture Analyses————Methods 3 & 4(4v/v)

Run 1 Run 2 Run 3
Date of run Q3-22-88 @3-22-88 23-22-88
Dry basis (orsat)
carbon diokid€ececascensass 11.60 12.18 12.20
OXYgeN.eeuaa secaaa acescouas 8.41 8.02 8. 00
carbon monoxXidB.ccewecsoasaa 2.00 2.00 2.00
nitrogenNecescceacoecsassasone 79.99 79.80 80.00
Wet basis (orsat)
carbon dioxide..acecascasns Q.76 12.42 19.27
OXYQENMecovoesnsosennsracssasa 7.07 6.86 &.84
carbon monoxide..sccaasene 2.020 2.00 .20
Nitrogen....... 67.29 &8. 26 68. 44
water vapor..c.c.cccaceacnces 15.88 14 46 14.45
Dry molecular weight.c.coaas F0.19 _ 38.27 30.24
Wet molecular weight........ 28.26 28.50 28.47
Specific gravitY..ccecnoaana B8.976 B.984 @3.983
FO ' 1.877 1.857 1.075
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Interpoll Report No. B-2526
Northern States Power Company
Red Wing, Minnesota

Test No. 4 (Dioxins)
Unit 2 ESF Inlet

Results of Orsat & Moisture Analyses———-Methods 3 & 4(%v/v)

Run 1 Run 2 Run 3
Date of run 23-23-88 83-24-88 83-25-88
Dry basis (orsat)
carbon dioxXide.ceeacsannna 12.01 12.09 12.32
OXYOCMNosesaanonessenansnns 8.04 8.08 7.91
carbon monoXide.scassssase 0.00 0.00 @2.08
nitrogen.sccsecacsscssassas 79.95 79.83 79.77
Wet basis (orsat)
carbon dioxide..csasssssca 18. 26 18.34 19.45
OXYOEBN.cseecsnsesasssnnans 6.87 6£.91 6.71
carbon monoXide.ccccsscaas 0.00 0.00 2.00
RitrogenN.ccecesccosannsnnn 68.29 68.28 67.65
water VapOr.:.cecsascasssaoss 14.59 14.47 15.19
Dry molecular weight.cauea.a 30.24 38.26 38.29
Wet molecular weight....a.a- 28.46 28.48 28.42
Specific gravityYieseseessaosns 2.983 2.984 B.982
FO 1.871 1.060 1.254
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Interpoll Report No. 8-2526
Northern States Power Company
Red Wing, Minnesota

Test No. 4 (Dioxins)
Unit 2 Stack

Results of Orsat & Moisture Analyses————-| Methods 3 & 4(iv/v)
Run 1 Run 2 Run 3
Date of run 83-23-88 @=-24-88 @3-25-88

Dry basis (orsat)

carbon dioxide.eceaceecaans 11.00 11.21 11.39

ONYOEMNeuasacsaanannsnsnane ?.02 8.99 8.99
carbon monoxide..coecscsen 2.00 2.00 Q.20
nitrogen..occcscascscsaassns 72.98 79.80 79.62

Wet basis (orsat)

carbon dioxXid@..cccevescaans Q.43 Q.65 Q.65
ONYQEN.ncoeasasnsnssansaana 7.73 7.74 7.61
carbon monoxide..cecsecssss 2.00 0.00 2.00
nitngenl.I.I--I-.‘.II..II 68-53 68-72 67'43
water vapor..cccsecccscaass 14.31 13.88 15.31
Dry molecular weight.casaase 30.12 . 38.15 3@.18
Wet molecular weight........ 28.39 28.47 28.32
Specific gravityY.scsasasnasss 2.981 @.983 @.978
FO 1.080 1.062 1.046
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Interpoll Report No. 8-252&
Northern States Fower Company
) Red Wing, Minnesota

Test No. 5 (Particle Sizing)
Unit 2 ESF Inlet

Results of Orsat & Moisture Analyses—————Methods 3 & 4(Uv/v)

Run 1 Run 2 Run 3
Date of run a3-26-88 B3-26-838 az-26—-88
Dry basis (orsat)
carbon dioxide.weosa.. «aeaw 12.90 12.88 12.96
OHYGEM e nnessannennns Canee 7.83 7.10 7.04
carbon monoxide.ceccsananno B.08 .00 0.20
nitrogen..... “aesemmcsas . 86.87 8a.682 8@. 06
Wet basis (brsat)
carbon diotide.swaceiaenucna 1ip.93 12.82 11.02
OXYOEN . s snsosna wesammsansn 5.93 ‘ 5.96 S.98
carbon monoxide..cccvcanana 0.22 .00 .00
nitrogen.s.cccrecaanncnnsasn 67.82 67.22 &67.99
water vapor..ecaessaes camans 15.29 15.99 15.01
Dry molecular weight........ 30.35 30.34 F@.36
Wet molecular weight....na.. 28.46 28.37 28.50
Specific gravityeasaasas cesan 2.983 2.980 3.984
Water mass flow.eeaeaa. (LE/HR) 20462 22745 20792
FO 1.875 1.871 1.86%9
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Interpoll Report No. 8-23526
Northern States Fower Company
Red Wing, Minnesota

Test No. 5 (Particle Sizing)
Unit 2 Stack

Results of Orsat & Moisture Analyses—-——--Methads 3 & 4(%v/v)

Run 1 Run 2 Run 3
Date of run P3-26-88 B3-26—-88 Z-26—-88
Dry basis f{(orsat)
carbon dioxXidessvvansneans 12.00 12.39 12.15
OXYOENeesasansas sesamzanans 8.83 7.74 7.85
carbon monoXideessesaosansss 0.00 2.00 2.00
Nitrogen.scscsssssnccnssas 79.97 79.87 80.00
Wet basis (orsat)
carbon diokidE.eseassaanna 19.@8 10.47 12.08
OXYOeNeeasnsanusassasnansa 6.74 6.54 6.51
carbon monoXide.csasewsana - 2.00 .00 2.00
nitrogen.seecnscnsnassncuns 67.15 &67.4%9 &6.37
water vapor.icssscoaswoncawa 16.083 15.50 17.83
Dry molecular weight.wecaeaa I0.24 38.29 I@. 26
Wet molecular weight...cica.. 28.28 28.39 28.17
Specific gravityY.eauwsea aroeas @.977 2.981 B.97=
Water mass flow...... (LE/HR) 24621 23928 263571
FO 1.873 1.8562 1.874

55



3.2 Results of Particulate Loading Determinations
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Test No. 1

Unit 2 ESF Inlet

Results of Particulate Loading Determinations

Date of run
Time run start/end..... (HRS)

Static pressure...... (IN.WC)
Cross sectional area (SQR.FT)
FPitot tube coefficient......

Water in sample gas
CONdensSelracceenanneaasns (ML)
impingersS.......... (BGRAMS)
desiccant.accsecaans (GRAMS)
total...a.aan .seese (BRAMS)

Total particulate material..
...... «secallected {(grams)

Gas meter coefficient.......
Barometric pressure.. (IN.HG)
Avg. orif.pres.drop.. {IN.WC)
Avg. gas meter temp.. (DEF-F)

Volume through gas meter....
at meter conditions... (CF)
standard conditions. (DSCF)

Total sampling time.... (MIN)
Nozzle diameter.....a.... (IN)

Avg.stack gas temp .. (DEG-F)
Volumetric flow rate...ceees
actual...ccnancnunaan (ACFM)

dry standard....... (DSCFM)
Isokinetic variation..... (D)
Particulate concentration...
actualeencencnansna (GR/ACFE)
dry standard..... (GR/DSCF)

Farticle mass rate... (LE/HR)
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Interpoll Report No.

8-2526

Northern States Power Company

Run 1
23-21-88

1610/1723

-5.50
24.29
. 840

0.2
203.0
33.0

236.0
5. 6407
1.0021

29.44

2.87
85.9

=58.80
S6. 46
&63.00

. 307
416

82862

40894

103.6

B.7514646

1.54165

S548.38

Red Wing,

Run 2
:-21-88

1810/1931
-6.50

24,29

. 840

56.72

03.59
63.00

. 387
417

82743
40987
98.1
1.298@8
2.5621608

921.00

Minnesota

Run 3
@8z2-21-88

2005/ 2211

-5.50
24,29

. 840

0.0
172.0
18.08
1992.0

7.1292
1.0021
29.44

2.74
94,2

SB8.04
S4.87
&3.00

. 3087
4@a7

82288
41785
8.8
1.8155%9
2.08454

716.60



Interpoll Report No. B8-2526
Northern States Fower Company
Red Wing, Minnesota

Test No. 1
Unit 2 Stack

Results of Particulate Loading Determinationgs———————Method S

Run 1 Run 22 Run 32
Date of run @83-21-88 2:-21-88 23-21-88
Time run start/end..... (HRS) 161871723 1810/1926 200S/2206
Static pressure..... - CINDWE) -0.355 -8.35 -3.55
Cross sectional area (SR.FT) 72.45 72.4% 2.45
Fitot tube coefficient...... . 840 . 840 -840
Water in sample gas

CoOnNdensSer.eeeeeesa eewes (ML) 0.0 2.0 2.8

impingers..sccenanes {GRAMS) 162.0 147.@ 14Z.0

desiccanteccacecasna (BGRAMS) 23.8 14.0 1i0.8

total...... «nswess s (GRAMS) 185.0 157.0 133,
Total particulate material..

........ .«Collected(grams) 2.8378@ D.11465 2.024030
Gas meter coefficientea.<... @.9%80 8.99808 @.9988
Barometric pressure.. (IN.HG) 29.64 29.464 29.64
Avg. orif.pres.drop.. (IN.WC) 2.14 1.74 1.78
Avg. gas meter temp.. (DEF-F) 185.3 112.9 115.5
Volume through gas meter....

at meter conditions... (CF) 49 .08 44,55 44, 21

standard conditions. (DSCF) 45.54 4@.75 43.25
Total sampling time.... (MIN) 60.02 60. 020 60.00
Nozzle diameter..... saas $IN)D « 437 « 437 - 437
Avg.stack gas temp .. (DEG-F) I67 369 340
Volumetiric flow rate.seeceese

actual i cuauwae wne=saa (ACFEFMD) F3I218 87682 83316

dry standard....... {DSCFM) 49427 /RE734 4613556
Isokinetic variation.eaa... (%} 186.9 101.1 121.2
Particulate concentration...

actual .. .ccnnnueus (BR/ACF) 2.00664 .82350 9.00849

dry standard..... {BGR/DSCF) B3.81254 @.24411 P.0913533
Farticle mass rate... (LE/HR) 5. 31 17.67 6.07
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3.3 Results of the Particle Size Distribution Determination
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Northern States Power Company
Red Wing, Minnesota
Sample Log No. #5978-181/182/183

Results of the Particle Size Distribution Determination

Sample Identification: Unit 2 ESP Inlet Particulate Sample

(Test 95)
Assigned Density: 1.0 g/cc
Date Analyzed: April B8, 1988
Relative Cumulative Frequency -

Diameter Percent by Mass Greater Than
{um) Run 1 Run 2 Run 3
220 3.90 3.12 ' 4.38
93 18.80 17.40 20.91
B8 18.8% 17.71 22.00
74 19.36 19.79 22.25
S9 20.66 22.19 24.93
44 25.02 28.17 30.29
30 34.30 36.55 41.02
22 40.61 41.94 46.38
15 52.21 51.52 53.75
11.9 . 58.24 57.50 61.13
10.0% &2.21 61.54 68.15
8.9 67.06 66.48 67.83
7.4 71.70 71.27 70.51
5.9 75.87 74.86 74.53
4.4 80.98 80.25 78.55
3.0 87.01 86.23 84.58
1.5 93.50 93.42 91.96
1.2 95.59 95.81 93.97
0.74 98.84 98.80 97.32

Analysis on a Micromeritics X-Ray Sedigraph.
xInterpolated values.
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Results of the Particle Size Distribution Determination

Sample Identification: Unit 2 ESP Inlet Particulate Sample

(Test 5)
Assigned Density: 1.0 g/cc
Date Analyzed: April 8, 1988

Relative Cumulative Frequency

Diameter Percent by Mass Greater Than
{um) Run 1 Run 2 Run_ 3
10 7.63 9.44 20.80
6.6 7.88 10.66 21.25
4.2 7.96 11.06 21.86
2.6 8.15 11.88 22.36
1.6 8.42 12.82 22.36
1.0 8.82 14.36 23.10
.64 10.38 14.84 23.47
36 h 19.25 16.65 25.53
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3.4 Results of Sulfur Dioxide Determinations
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Interpoll Report No.

8-2526

Northern States Fower Company

Red Wing, Minnesota
Test No. 2 -
Unit 2 Stack
Results of Sulfur Dioxide Determinations Method &
- Run 1 Run 2 Run 3
Date of run 23-24-88 a3-24-88 23-24-88
Time run start/end..... (HRS) 1000/1103 111571216 1232/1333
Barometric pressure.. (IN.HB) 28.76 28.76 28.76
Meter temperature....{(DEG-F) 71.75 77.21 79.13
Meter correction coefficient 1.0602 1.20002 1.0002
Volume through gas meter....
at meter conditions... (CF) 43.970 45.040 44.940
standard conditions.. (SCF) 42.159 42.746 42,500
Total sampling time.... (MIN) 60.0 60.0 60.0
Moisture content...... (4AV/V) 10.69 12.54 14.51
Oxygen content.... (%4V/V DRY) 2.002 e.00 .00
Milliequivalents of S04 in..
gas sampl@.ieccscssensnnnnas 16.6000 15. 2000 19.5000
Sul fur dioxide concentration
(BR/DSCF)ccasannuncnccncsna 2.1946 P.1758 0.2268
(HG/DSCM)..I..III.IIIIIIIC 445 4m2 519
(PPM"DRY)--.----------.--n 167 151 195
(PPM~WET)cocasnccanasnannsss 150 132 167
S02 Emission rate.... (LB/HR) &7.79 87.47

63

75.07



Interpoll Report No. 8-23526
Northern States Fower Company

Red Wing, Minnesota
Test No. 2 -
Unit 2 Stack
Results of HCl Determinations
Run 1 Run 2 Run 3
Date of run 23-24-88 23-24-88 @35-24-88
Time run start/end..... (HRS) 1800-1103 1115-1216 1232-1333
Barometric pressure.. (IN.HG) 28.76 28.76 28.76
Meter temperature.... (DEG-F) 71.73 77.21 79.13
Meterr correction coefficient 1.006062 1.0022 1.0002
Volume through gas meter....
at meter conditions... (CF) 43.97@ 45.040 44.940
Total sampling time.... (MIN) &B.0 60.0 60.0
Moisture content...... (ZV/V) 10. 69 12.54 14.51
Volumetric flow rate (DSCFM) 45000 45000 45200
HCl in samplEcccccecaessaa (MB) 424.74 853. 60 858.74
HCl concentration..cccceccesa .
(GR/DSCF).IIIIII--...-...I m.1554 QSSBBE m.3117
(HG/DSCM)IIII--IIIII-I..I. 355.9D 705-42 713.79
(PFPM—DRY) aecsacacanasnnsans 234.75 4465.30 470.82
(PPM—UWET)ceaecsnossnasancas 209. 66 406.95 422.51
HCl emission rate.... (LB/HR) S99.933 118.793 120. 283

HCl = Hydrogen chloride

A trailing ‘<’ symbol indicates that the true value
is less than or equal to the reported value
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Test No. 2
Unit 2 Stack

Results of HF Determinations

Date of run
Time run start/end..... (HRS)

Barometric pressure.. (IN.HG)

Meter temperature....(DEG-F)
Meter correction coefficient

Volume through gas meter....
at meter conditions... (CF)

Total sampling time....(MIN)

Moisture content...... (AZV/V)
Volumetric flow rate (DSCFM)
HF in sample..ccccencess (ub)
HF concentration..ssecacassass
(GR/DSCF)III'II...IIIII..I
(MG/DSCM)'II..Ill...l.lll.
(PPM—DRY)----ID-.--I--I--I
(PPM—WET)----------.---l-u

HF emission rate..... (LB/HR)

HF = Hydrogen fluoride

A trailing ‘<’

Interpoll Report No.

8-2526

Northern States Power Company

Red Wing, Minnesota

Run 1 Run 2 Run 3
3-24-88 83-24-88 23-24-88
1000-1103 1115-1216 1232-1333
28.76 28.76 28.76
71.75 77.21 79.13
1.0082 1.8002 1.0002
43.970 45.040 44,340
60.0 6£B8.0 63.0
10. 6% 12.54 14.51
45000 45000 45000
517.00 S17.00 1527.00
0.0002 2.00805 @.0086
2.43 1.20 1.27
90.52 1.45 1.53
8.47 1.27 1.30
2.073 2.203 2.214

symbol indicates that the true value

is less than or equal to the reported value
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3.5 Results of Oxides of Nitrogen Determinations
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Interpoll Report No. 8-2526
Northern States Power Company
Red Wing, Minnesota

Test No. 1
Unit 2 Stack

Results of Oxides of Nitrogen (NOx) Detersinations———————Method 7

Run 1A Run 1B Run 1iC Run 1D

Date of run....ceceeacesssn 03-21-88 03-21-88 83-21-88 023-21-88

Time Of ruN.ccacessseasa (HRS) 1618 1643 1780 1715
Flask number..c.cceascenccnneas 1 2 3 4
Volume of flaskeeeaasaas (ML) 2086 2063 2055 2116

Data: time of sampling

flask temperature.. (DEG-F) 44 .00 42,00 42.00 42.80
bar. pressS.c.ssessa.. ({IN.HB) 29.64 29.64 29.64 29.64
flask vacuum....... (IN.HG) 28. 60 28.50 28.50 28.50
flask abs. press... {IN.HBE) 1.04 1.14 1.14 1.14

Data: Time of Flask Opening

flask temperature.. (DEG-F) 71.00 71.00 71.00 71.00
lab. bar. press.... (IN.HG) 29.10 29.10 29.10 29.10
flask static press. (IN.HG) 1.80 2.29 2.15 2.15
flask abs. press... (IN.HG) 30.92 31.35 31.25 31.25
Volume gas sampled.... (DSML) 2041 2041 2026 2087
Moisture content...... {ZV/V) 16.@7 16.07 16.@7 16.07
Oxygen content.... (4ZV/V,DRY? 7.76 7.76 7-76 7.76
Nitrate in gas sample... (ub) 870.0 98B.0 890.0 945.0
NO2 in gas sample..a..... (ub) 645.5 727.1 660.4 701.2

NOx Concentration

(GR/DSCF).aciecncanansracna 9.1382 0.1557 0.1424 2.14468

(MG/DSCM)n-n-a.---'--n--u.- 316 356 326 336
(PPM_DRY)II-II-.lIllIlIIII 165 186 17E 176
(PPM_NET)I.Illll.l..!l.lll 139 156 143 147
NOX Emission rate.... (LB/HR) 48. 46 S4.58 49,93 S1.46
NOx emission factor........
esecnssesssnaanss (LB/MMBTU) # 0.3083 2.341 9.312 0.322
¥ F = 9640 DSCF/MMBTU
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Interpoll Report No. 8-2526
Northern States FPower Company
Red Wing, Minnesota

Test No. 1
Unit 2 Stack

Results of Oxides of Nitrogen (NOx) Determinationg—————-Method 7

Run 24 Run 2E Run 2C Run 2D
Date of run.c.cscccccccccsss 23-21-88 @3-21-88 @3-21-88 03-21-88
Time of run...ccc.... .« = {HRS) 1800 1815 1830 1845
Flask number..c.cccccsecccecnece S &6 43 44
Volume of flask.e.oceseas (ML) 2057 2100 2088 2090
Data: time of sampling
flask temperature..(DEG—F) 42.00 42.00 44 .00 44,90
bar. press...«..s.. (IN.HEG) 29.64 29.64 29.64 29.64
flask vacuum....... (IN.HG) 28. 40 28.30 28.40 28.40
flask abs. press... {IN.HG) 1.24 1.34 1.24 1.24
Data: Time of Flask Opening
flask temperature.. (DEG-F) 71.00 71.00 71.00 71.00
lab. bar. press.... (IN.HG) 22.10 29.10 29.10 29.10
flask static press. (IN.HBG) 2.00 2.0 1.40 1.40
flask abs. press... (IN.HG) 31.10 31.10 30.50 38.50
Volume gas sampled.... (DSML) 2011 2046 . 2001 2803
Moisture content...... {ZV/V) 15.37 15.37 15.37 15.37
Oxygen content.... (ZV/V,DRY) 8.80 8.80 8.80 8.80
Nitrate in gas sample... (u3) 712.0@ 825.2 850.0 830.02
NO2 in gas sampl.sca.... (ub) S526.8 597.3 &30.7 615.8
NDOx Concentration
(BR/DSCF)eccaceacncanansas @.1145 B.1276 2.1378 0.1344
(MG/DSCM) e ccnnueen cecescaa 262 - 292 315 3e8
(PPM-DRY) .o eececavsonnnacanae 137 153 165 161
- {PPM=WET)¢cuucacensnssacasna 116 129 139 136
NOX Emission rate....{(LB/HR?} 40.22 44,82 48.40 47.21
NOx emission factor.....c...
reesesssnnecasnens (LB/MMBTU) %* ®.272 @.303 - 9.328 0.320

* F = 9640 DSCF/MMETU
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Interpoll Report No. 8-2526
Northern States Power Company
Red Wing, Minnesota

Test No. 1
Unit 2 Stack

Results of Oxides of Nitrogen (NDx) Determinations—— -—=Mathod 7

Run 3A Run 3B Run 3C* Run 3D
Date Df FUlMNs s a s s avsonnassnas Q3—21—88 B3—21—88 E3-21_88 QS—ZI—BB
Time of ruNcecesscassss (HRS) 1900 1915 1930 1945
Flagk number.cccccecsascncnss 45 44 47 48
Volume of flask.seeaaeaawas (ML) 20846 2099 229@ 2102

Data: time of sampling

flask temperature.. (DEG-F) 44 .00 44,08 44,00 44,00
bar. press......... (IN.HG) 29.64 29.64 29.64 29.64
flask vacuuMa.......{(IN.HB) 28.50 28.409 28.40 28.40
flask abs. press... (IN.HG) 1.14 1.24 1.24 1.24

Data: Time of Flask Opening

flask temperature.. (DEG-F) 71.00 71.00 71.00 71.00
lab. bar. press.... (IN.HG) 29.10 29.10 29.10 29.10
flask static press. (IN.HG) 2.40 2.00 2.65 1.9@
flask abs. press... (IN.HG) 31.50 31.10 31.75 31.00
Volume gas sampled.... (DSML) 2074 2044 .2088 2049
Moisture content...... {%4V/V) 15.208 15,20 15.202 15.20
Oxygen content.... (%ZV/V,DRY) 8.79 8.79 8.79 8.79
Nitrate in gas sample... {(ud) 830.0 770.0 -182.Q 825.0
NDO2 in gas sample....... (uB3) 615.8 571.3 135.0 612.1

NOx Concentration

(BR/DSCF).cacvansencsnnnaa 0.1297 9.1222 2.08283 9.1386
(MG/DSCM) v . v cavecacannanaas 297 280 &S 299
(PPM_DRY)I-.---u--.--.--.n 155 146 34 156
(PPM-WET) .t ccuconcnancesana 132 124 29 132
NOX Emission rate.... (LB/HR) 446.38 43 .67 10.10 446,67
NOx emission factor...ccasea
ecassssssanansass (LB/MMBTU) % 2.328 0.290 T B.067 2.312
* F = 94648 DSCF/MMBTU

** Results from this sample invalidated. During shaking the top of the flask came off.
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3.6 Results of Opacity Observatons
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Interpoll Report No. 8-252646
Northern States Fower Company
Red Wing, Minnesota

Test No. it Run 1l
Unit 2 Stack

Results of Opacity Observations EPA Method 9
PERCENT OPTICAL RELATIVE
OPACITY ’ DENSITY FREQUENCY (%)

] 2.0000 62.92
S 2.8223 28.75
10 @.2458 8.33
15 2.0706 ®.02
20 8.8969 2.00
25 2.1249 2.008
3e 2.1549 0.002
35 0.1871 2.00
‘4@ 8.2219 a.00
45 8.2596 .00
52 2.3010 2.022
55 P.3468 0.22
&0 8.3979 @.002
65 2.4559 2.80
78 2.5229 2.00
75 9.6021 2. 020
as h @. 6670 2.00
85 0.8239 2.00
"] 1.02000 2.00
S 1.3010 2.00
99 2.2000 2.02

Avg Opac 2.27 Avg 0D ©.01082 Time average

Dbhserver: C. Mosser
Cert. Date: 10-21-87
Date of Observation: B83-21-88
Time of Observation: 1610-1718
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Test No. 1 Run 2
Unit 2 Stack

Results of Opacity Observations

Interpoll Report No. 8-2526
Northern States Fower Company

Red Wing, Minnesota

EPA Method 9

PERCENT DPTICAL RELATIVE
OPACITY DENSITY FREQUENCY (%)
2 0. 0600 74.20
S 0.0223 25.80
10 B.2458 .00
p §=1 2.07956 2.0
20 8. 0969 2.020
25 @.1249 2.20
30 0.1549 2.00
35 2.1871 0.0
40 8.2219 0.2
45 8.2598 0.00
S0 8.3010 2.020
S9S 0.34468 9.00
&0 @.3979 2.20
65 0.4559 .00
- 7@ 0.5229 2.00
75 .6021 2.00
80 0. 6690 0.00
85 0.8239 92.020
o0 1.0000 2.00
Q5 1.3010 2.00
99 2.0000 2.00
Avg Opac 1.29 Avg OD @.0058 Time average
Observer: C. Mosser
Cert. Date: 18-21-87
Date of Observation: 03-21-88
Time of Observation: 1730~1800
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Interpoll Report No. 8-2526&
Northern States Power Company
Red Wing, Minnesota

Test No. 4 Run 3
Unit 2 Stack

Recults of Opacity Observations EPA Method 9
PERCENT OPTICAL RELATIVE
OPACITY DENSITY FREQUENCY (%)

@ @.02800 100. 20
S 0.0223 . .00
19 2.2458 2.22
1S 8.87064 2. 020
20 8.8969 2.00
25 0.1249 2.00
32 9.1549 2.00
35 8.1871 2.80
‘42 B.2219 2.00
45 8.2596 0.00
S0 8.3012 2.020
SS9 B.3468 2.00
62 8.3979 2.20
&5 @.4559 2.920
7@ 2.5229 .00
75 0. 6021 2.00
802 ' B.65690 2.00
85 @.8239 2.00
0 1.2000 2.00
S 1.3010 9.00
9 2.0000 2.08

Avg Opac 0.00 Avg OD 0.00008 Time average

Observer: J. Buresh
Cert. Date: 10-21-87
Date of Observation: 03-25-88
Time of Observation: 1345-1445
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3.7 Results of Arsenic Determinations
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Test No. 3
Unit 2 ESP Inlet

Results of Arsenic Determinations

Date of run

Time run start/end..... (HRS) 0947-1143

Barometric pressure.. (IN.HG)

Meter temperature.... (DEG-F)
Meter correction coefficient
Volume through gas meter....

at meter conditions... (CF)

standard conditions (DSCF)

Total sampling time....{MIN)

Moisture content...... {(ZV/V)
Volumetric flow rate (DSCFM)
As in sampl@.cceecesaans (UB)
As concentratioNeecceccssssae
(GR/1@5DSCF)eccccacaacsnas
(UG/DSCM) v e caveeccacanaaas

As emis. rate.... (10—3LE/HR)

As = Arsenic

Interpoll Report No. 8-2326
Northern States Power Company
Red Wing, Minnesota

Method 108

Run 1 Run 2 Run 3
23-22-88 a3-22-88 23-22-88
1225-1335 1410-1519

29.19 29.19 29.19
Q0. 60 190. 68 104. 460
1.0021 1.0021 1.0021
39.57@ 37.710 38.330
37.216 34.822 35.146
&£3.0 &3.0 &3.0
15.43 15.65 15.34
40723 37971 384461
109.008 319.00@ 169.00
2.0452 0.1414 2.0742
123.506 323.79 169.93
15.77 44.00 24.46

A trailing ‘<’ symbol indicates that the true value
is less than or equal to the reported value
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Test No. 3
Unit 2 Stack

Results of Arsenic Determinations

Date of run

Interpoll Report No.

8-2526

Northern States Power Company

Time run start/end..... (HRS) 0945-1144

Barometric pressure.. (IN.HG)

Meter temperature.... (DEG-F)
Meter correction coefficient
Volume through gas meter....

at meter conditions... (CF)

standard_conditions (DSCF)

Total sampling time.... (MIN)

Moisture content...... {(4ZV/V)
Volumetric flow rate (DSCFM)
As in sample.c..ccaceassas {UB)
As concentratioONeecsccancsnansns
(GR/’-BSDSCF)-..----l-.-I--
(uG/DSCM)IIIIII.II'.I-.I.-

As emis. rate.... (10-=LB/HR)

As = Arsenic

Red Wing, Minnesota

Method 108

Run 1 Run 2 Run 3
23-22-89 23-22-88 23-22-88
1225-13711 1410-1515

29.02 29.82 29.02
111.80 117.10 120.80
@a.2980 @.99808 Q.9980
446.200 47 .050 446.440
41.487 41.868 41.85S6
&0.0 60.0 60.0
15.88 14.46 14.45
47703 48792 47316
26.00 16.00 1.30
0.0097 2.0859 2.0005
22.15 13.51 1.12
3.95 2.47 2.20

A trailing ‘<’ symbol indicates that the true value .
is less than or equal to the reported value
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3.8 Results of Beryllium Detminations
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Test No. 3
Unit 2 ESP Inlet

Interpoll Report No. 8-2326
Northern States Power Company
Red Wing, Minnesocta

Results of Beryllium Determinations Mathod 104
Run 1 Run 2 Run 2
Date of run 83-22-88 23-22-889 8=-22-88
Time run start/end..... {HRS) 8947-114= 1225-1335 141@-1351°9
Barometric pressure.. ({IN.HG) 29.19 29.19 29.19
Meter temperature.... (DEG-F) 90.60 100. 68 104.4608
Meter correction coefficient 1.0821 1.00821 1.0a21
Volume through gas meter....
at meter conditions...(CF) I9.570 3I7.710 38.33
standard conditions (DSCF) 37.216 34,822 35.1446
Total sampling time.... {MIN) 63.0 63.0 &3.8
Moisture content...... {(4V/V) 15.43 15.465 15.34
Volumetric flow rate (DSCFM) 407232 37971 38461
Beryllium in sample..... (uB) 2,800 1.200 1.900
Beryllium concentration.....
(GR/1B>DSCF) cvcacaanaansas 9.2008 2.2080S 0.0008
(UG/DSCM) v e encaceannncnasns 1.90 1.22 1.91
Beryllium emission rate.....
(18-LB/HR) e eacancnncenasns .29 @.17 0.27

A trailing '<°

symbol indicates that the true value

is less than or equal to the reported value
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Interpoll Report No., B-2526
Northern States Fower Company
Red Wing, Minnesota

Test No. 3
Unit 2 Stack

Results of Beryllium Determinations Method 104
Run 1 Run 22 Run 3
Date of run 83-22-88 B8z-22-88 B83-22-88
Time run start/end..... (HRS) 2945-1144 1225-1311 1410-1515
Barometric pressure.. (IN.HG) 29.82 29.82 29.82
Meter temperature.... (DEG-F) 111.8@ 117.18@ 120.88
Meter correction coefficient @.9980 0.9988 2.9980
Volume through gas meter....
at meter conditions...(CF) 45,200 47 .250 456.440
standard conditions (DSCF) 41.487 41.868 41.056
Total sampling time....(MIN) 60.82 60.0 &B.02
Moisture content......{(LV/V) 15.88 14,44 14.45
Volumetric flow rate (DSCFM) 47703 48792 47316
Beryllium in sample..... (uB) 9.200< - 200 B.200<

Beryllium concentration.....

(GR/10SDSCF ). aaacanssanasnas 0.0001< B2.0001< 2.0801<

(UG/DSCM) i v cnnonsnancanns B.17< B8.17< B.17«
Beryllium emission rate.....

(10~SLB/HR) v . un emssusmsmaa 2.83< @.83< 8.034

A trailing ‘<’ symbol indicates that the true value
is less than or equal to the reported value
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3.9 Results of Cadmium Determinations
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Interpoll Report No. 8-2526
Northern States Power Company
Red Wing, Minnesota

Test No. 3
Unit 2 ESF Inlet

Results of Cadmium Determinations——-———-—---Modified Method 12

Run 1 Run 2 Run 3
Date of run RZ-22-88 03-22-88 B:-22-88

Time run start/end.....(HRS) ©0947-1143 1225-1335 1410-1519

Barometric pressure.. (IN.HG) 29.19 29.19 29.19
Meter temperature....(DEG-F) 0. 408 100. 60 124. 460
Meter correction coefficient 1.0021 1.2821 1.0021

Volume through gas meter....

at meter conditions...(CF) 39.570 37.7108 38.330
standard conditions (DSCF) 37.216 34.822 3S. 144
Total sampling time.... (MIN) 63.0 62.0 &635.0
Moisture content...... (ZV/V) 15.43 15,63 15.34
Volumetric flow rate (DSCFM) 40723 37971 38461
Cd in sample.csccaansnoee (UB) 780.80 220.00 4690.00

€d concentration.ececcenceess

(BR/DSCF) et ceceeensancans . 2.6803 2. 2004 0.020a8z
(MG/DSCM) . et icntennnes . B.74 8.93 B.59
Cd emission rate.....(LE/HR) B.11 9.13 0.10

Cd = Cadmium

A trailing ‘<’ symbol indicates that the true value
is less than or equal to the reported value
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Interpoll Report No. 8-2526
Northern States Fower Company
Red Wing, Minnesota

Test No. 3
Unit 2 Stack

Results of Cadmium Determinations~—————--—Modified Maethod 12

Run 1 Run 2 Run 3

Date of run 83-22-88 83-22-88 8>-22-88

Time run start/end.....(HRS) @945-1144 1225-1311 1410-1515

Barometric pressure.. (IN.HG) 29.02 29.82 29.82
Meter temperature.... (DEG-F) 111.880 117.10 120.88
Meter correction coefficient @.9780 f.9980 @.9986C
Volume through gas meter....

at meter conditions...(CF) 45.200 47 .@30 446.448

standard conditions (DSCF) 41.487 41.868 41.0546
Total sampling time....(MIN) 68.0 60.9 60.0
Moisture content...... (AV/V) 15.88 14,446 14.45
Volumetric. flow rate (DSCFM) 47783 48792 47316
Cd in sample.saascsssass (UG) 5.5@ 2.90 2.10
Cd concentration...ccseceas a

(GR/1B>DSCF) . ecuncavaccaan 2.0022 2.0011 2.20004

(uG/DSCMY s e naws sacsasavaaa S5.@83 2.45 2.09
Cd emis. rate.... (10~ =LEB/HR) 0.0 @.45 0.0815

Cd = Cadmium

A trailing ‘<’ symbol indicates that the true value
is less than or equal to the reported value
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3.10 Results of Chromium Determinations
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Test No. 3
Unit 2 ESF Inlet

Results of Chromium Determinations

Date of run

Interpoll Report No.

8-2526

Northern States Fower Company

Run 1

Pz-22-88

Time run start/end..... (HRS) 9947-1143

Barometric pressure.. (IN.HG)

Meter temperature.... (DEG-F)
Meter correction coefficient
Volume through gas meter....

at meter conditions...(CF)

standard conditions (DSCF)

Total sampling time....(MIN)

Moisture content...... (4V/V)

Volumetric flow rate (DSCFM)

Cr in samplécccecaieaasas {UG)

Cr concentrationN.ecesscsceceaces
(GR/10=DSCF)euvceccannanns
(L‘GIIDSCM)IIllllllll...lll.

Cr emis. rate.... {(10—=LE/HR)

Cr = Chromium

A trailing “<°

29.19

?0.60
1.90021
39.570
I7.216

63.0

15.43

4@723

4468.00

0.1%07
436.81

66.57

Red Wing,

Run 22

23-22-88

1808. 460
1.0821
37.710
34.822

&63.0

37971

280.00

@.1241
284.16

408.38

symbol indicates that the true value

is less than or equal to the reported value
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Minnesota

Modified Method 12

-

Run 3
@3-22-88
14108-1519

29.19

104. 60
1.00821
z8.330
35. 146

63.0

38461

390.00

.1712

392.15

S6. 44



Test No. 3
Unit 2 Stack

Results of Chromium Determinations

Date of run

Interpoll Report No.
Northern States Fower Company
Minnesota

Run 1

@3-22-88

Time run start/end..... (HRS) 0945-1144

Barometric pressure.. (IN.HG)

Meter temperature.... (DEG-F)
Meter correction coefficient
Volume through gas meter....

at meter conditions...(CF)

standard'conditions {DSCF)

Total sampling time.... (MIN)

Moisture content...... {(ZV/V)
Volumetric flow rate (DSCFM)
Cr in sample..sccsssessaa (UE)
Cr concentration.cecccsscascansa
(GR/10>DSCF) s e cconnasnanaa
(UG/DSCM)IIIIIIIIIIIIDIIII

Cr emis. rate.... {(18~SLEBE/HR)

Cr = Chraomium

A trailing 47

29.02

111.80

0.9980

446.200

41.487

60.0

15.88

47703

158. 008

0.0588
13534.59

24.03

Red Wing,

Run 2

@5-22-88

117.10

@.9980

47.050

41.868 -

60.0

14,446

48792

71.09

B.0262
S99.93

18.94

symbol indicates that the true value

is less than or equal to the reported value
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Modified

8-2526

Methad 12

-r

Run 3

B3-22-88

1410-1515

29.062

120.80

@.9980

46.440

41.056

60.0

14.45

47316

11.20

0.0041
7.47

1.68



3.11 Results of Lead Determinations
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Interpoll Report No.

8-2524

Northern States Power Company

Red Wing, Minnesota
Test No. 3
Unit 2 ESF Inlet
Results of Lead Determinations Method 12
Run 1 Run 2 Run 3
Date of run 3-22-88 2I3-22-88 23-22-88
Time run start/end..... (HRS)@947-11473 1225-1335 1410-1519
Barometric pressure.. (IN.HG) 29.19 29.19 29.19
Meter temperature.... (DEG-F) 0. 60 10@. 60 104,468
Meter correction coefficient 1.0621 1.0021 1.8021
Volume through gas meter....
at meter conditions... (CF) 392.570 S7.710 38.33
standard conditions (DSCF) 37.216 34.822 3S.1446
Total sampling time.... (MIN) 62.0 63.9 S.0
Moisture content...... (%V/V) 15.43 15.635 15.34
Volumetric flow rate (DSCFM) 40723 37971 38461
Lead in sampleccsssaeess (UB) 29000 17002 26008
Lead concentrationcceseaaases
(BR/DSCF)ueuueunncenasssans 2.92120 B.007S5 .0114
(MG/DSCM) e c v vneesessuccana 27.54 17.25 26.14
Lead emission rate... (LB/HR) 4,197 2.4352 S.763

A trailing '<°

symbol indicates that the true value

is less than or egual to the reported value
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Interpoll Report No. 8-2526
Northern States Power Company
Red Wing, Minnesota

Test No. 3
Unit 2 Stack

Results of Lead Determinations Method 12
Run 1 Run 2 Run 3
Date of run @=:-22-88 0:-22-88 a:-22-88

Time run start/end.....(HRS)2945-1144 1225-1311 1410-1515

Barometric pressure.. (IN.HG) 29.02 29.02 29.82
Meter temperature.... (DEG-F) 111.80 117.10@ 120.80
Meter correction coefficient 0.9980 @.9980 B.9980
Volume through gas meter.... .

at meter conditions... {(CF) 45.200 47 . 050 46.440

standard conditions (DSCF) 41.487 41.868 41.@36
Total sampling time.... (MIN) 60.0 60.0 68.0
Moisture content...... (4V/V) 15.88 14.44 14.45
Volumetric flow rate (DSCFM) /4772= 48792 47316

Lead in sample.esseaseasa (UGE) 81.0C@ 43.00 29.080

Lead concentrationNeessescanas

(GR/10=DSCF) e cecencnnnancaa 0.0:=01 8.0158 2.2189
(UG/DSCM) ceenveaesasanenaa 67.00 36.30 24.956
Lead emis. rate.. (10—SLE/HR) 12.317 &.627 4.420

A trailing ‘4’ symbol indicates that the true value
is less than or equal to the reported value
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3.12 Results of Mercury Determinations

89



Interpoll Report No. 8-252¢6
Northern States Power Company
Red Wing, Minnesota

Test No. 3
Unit 2 ESF Inlet

Results of Mercury Determinations Method 101A
Run 1 Run 2 Run 3
Date of run 3-22-88 BZ-22-88 @z-22-88

Time run start/end..... (HRS)®947-1143 1225-1338 1410-1519

Barometric pressure.. (IN.HG) 29.19 29.19 29.19
Meter temperature.... (DEG-F) ?0. 60 100. 460 184. 4608
Meter correction coefficient 1.8621 1.0021 1.0821

Volume through gas meter....

at meter conditions...{(CF) 39.578 37.718 38.330

standard. conditions (DSCF) 37.216 4,822 35.146
Total sampling time.... (MIN) 6.0 635.0 635.0
Moisture content......{(4V/V) 15. 43 15.65 15.34
Volumetric flow rate (DSCFM) 40723 37971 38461
Hg in sample....... ceees (UB) 132.00 111.00 172. 00

Hg concentration.ecececaccass

(BR/10™DSCF)cvcesscavonnna ©.8547 2.02492 2.0755
(UG/DSCM) v s v noanense . 125.35 112,635 172.95
Hg emis. rate.... (18~SLEB/HR) 19.19 16.01 24,89

Hg = Mercury

A trailing ‘<’ symbol indicates that the true value
is less than or eqgual to the reported value



Interpoll Report No. 8-2526&
Northern States Power Company

Test No. 3
Unit 2 Stack

Red Wing, Minnesota

Results of Mercury Determinations

Run 1
Date of run P3-22-88

Time run start/end.....{(HRS)Q945-1144

Barometric pressure.. (IN.HG) 29.82
Meter temperature.... (DEG~F) 111.80
Meter correction coefficient 0.2780

Volume through gas meter....

at meter conditions... (CF) 446.200
standard.conditions {DSCF) 41.487
Total sampling time.... (MIN) 60.0
Moisture content...... (¥V/V) 15.88
Volumetric flow rate (DSCFM) 47703
Hg in sample.ccesancaaas (UG) 35.38
Hg concentration.csasescanaes
(GR/1OSDSCF) e eaaanscoacnnse B.9131
(UG/DSCM) c s evcsanowsonsans 30.07
Hg emis. rate.... {10~=LEB/HR) S5.37

Hg = Mercury

Method 10@1A

Run 2 Run =
23-22-88 @3-22-88

1225-1311  141@-1515

29.02 29.02
117.10 120.80
2.9950 2.9980
47.050 44, 449
41.868 41,256

40.0 60.0

14.46 14.45

48792 47316

17.90 30. 40
0. 20554 2.0114

15.11 26.17

2.76 4,863

A trailing ‘<’ symbol indicates that the true value
is less than or equal to the reported value
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3.13 Results of Nickel Determinations
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Test No. 3
Unit 2 ESP Inlet

Results of Nickel Determinations

Date of run

Interpoll Report No.

8-2326

Northern States Fower Company

Red Wing,

Run 1

@3-22-88

Time run start/end.....(HRS) B947-1143

Barometric pressure.. (IN.HG)

Meter temperature.... (DEG-F)
Meter correction coefficient
Volume through gas meter....

at meter conditions... (CF)

standard_conditions {DSCF)

Total sampling time....(MIN)

Moisture content...... {(ZV/V)
Volumetric flow rate (DSCFM)
Ni in sampl@eecsnscaceses (UE)
Ni concentration..cceccascanons
(GR/10=DSCF)uvccaa-. smessnca
(uGl’DSCM)IIII--I'I.IIIIIII

Ni emis. rate.... (10—=LB/HR)

Ni = Nickel

A trailing ‘<’

29.19

20@. 608

1.8021

39.578

37.216

&63.0

15.45

40723

410.00

37.710
34.822

3.0

37971

290.00

©.1285
294,31

41.82

symbol indicates that the true value

is less than or equal to the reported value
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Minnesota

Modified Method 12

-—

Run 3
@3-22-88
1412-1519

29.19

104.460
1.8821
38.33

35.146

6.0

384561

320.00

©.1485
321.76

446.31



Test No. 3
Unit 2 Stack

Results of Nickel Determinations

Date of run
Time run start/end..... (HRS)

Barometric pressure.. (IN.HG)

Meter temperature.... (DEG-F)
Meter correction coefficient
Valume through gas meter....

at meter conditions...(CF)

standard_conditions {DSCF)

Total sampling time....(MIN)

Moisture content...... (AV/\)
Volumetric flow rate (DSCFM)
Ni in sample..... eenenos (UE)
Ni concentration...... eecanas
{(GR/1B=DSCF) . .acccanncannas
(LG/DSCM) i s e cenasanannanaas

Ni emis. rate.... (1@8"=LB/HR)

Ni = Nickel

A trailing ‘<’

@?45-1144 1225-1311

Interpoll Report No. B-2326&
Northern States Power Company
Red Wing, Minnesota

Modified Method 12

-

Run 1 Run 22 Run 3
B3-22-88 3-22-88

141@0-1515

29.02 29.02 29.02
111.80 117.10 120. 80
2.9980 0.9980 2.9980
45.200 47.050 46.44D
41.487 41.858 41.056

68.0 68.0 62.0

15.88 14.46 14.45

47703 48792 47316
250. 00 99.00 6. 00
B.0930 0.0385 0.0237
212,94 83.56 54. 23

38.02 15.26 9. 60

symbol indicates that the true value

is less than or equal to the reported value
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3.14 Results of PCDD and PCDF Determinations
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Interpoll Report No. 8-2826
Northern States FPower Company
Red Wing, Minnesota

Test No. 4
Unit 2 ESF Inlet

Results of PCDD and PCDF Determinations-—--SW8446 Method 0010

Run 1 Run 2 Run =
Date of run B3-23-88 Q@3-24/25-88 BOI-25-88
Time run start/end..... (HRS) 1138/14656 Q45/1802 1340/1904
Static pressure...... (IN.WC) -6.00 -4.00 4. 00
Cross sectional area (SG.FT) 24,29 24.29 24.29
Pitot tube coefficient...... . 840 . 840 .84@
Water in sample gas
condensate trapeccca.. (ML) 423=.0 492.0 S21.0
impingers..ccee..... (GRAMS) -4.0 2.0 .G
desiccant.ccacaaann {GRAMS) 41.9 4Z.8 45.0
total.eneiernnanns « (GRAMS) 538.0 535.0 S66.0
Mass of TTE in sample... {(ng) S.79 S .59 < .51
Gas meter coefficient....... 1.8821 1.0821 1.8321
Barrometric pressure.. (IN.HE) 29.81 28.75 28. 60
Avg. orif.pres.drop.. (IN.WC) 8.92 2.%24 @8.98
Avg. gas meter temp.. (DEF-F) 9.6 8.6 108. 4
Volume through gas meter....
at meter conditions... (CF) 159.83 163.24 T 14646.8B1
standard conditions. (DSCF) 146.09 148.87 148.74
standard conditions. (DSCM) 4,134 4,213 4,209
Total sampling time....(MIN) 294,00 294,00 294,00
NMozzle diameter.cacaeaecs (IN) « 241 . 241 «241
Avg.stack gas temp .. (DEG-F) 421 424 431
Volumetric flow rate..ccaasnea
actual.ceeeccasas .« CACFM) 78387 72764 819460
dry standard.ccace.. {DSCFM) F829s 38573 38772
Isokinetic variation..... (%) 2.6 100.7 120.1
TTE concentration.. (ng/DSM3) 1.4 < .14 < .12
TTE emission rate....pcccens
cescsnasascseneens (18 "g/sec) 2.5 < .25 < .21

TTE = total 2,3,7,8 TCDD eguivalents

Toxicity Equivalence Factors (TEFs) used in the calculation of the abave
TTEs are those currently recommended by "“Interim Procedures for
Estimating Risks Associated with Exposures to Mixtures of Chlorinated
Dibenzo-p-Dioxins and Dibenzofurans (CDDs and CDFs)", J.5. Bellin and
D.6. Barnes, USEFA Risk Assessmentgforum, Dctober 1986,



Interpoll Report No. 8-2325
Northern States Power Company
Red Wing, Minnesota

Test No. 4
Unit 2 ESP Inlet

Results of PCDD and PCDF HRGC/HRMS Analysis

Field
Blank

Sample log number S978-(84-87)

Date of run

Time run start/end..... (HRS)

FCDD Isomer distribution....
2,3,7,8-TCDD. e .- {ng) <.0866
1,2,3,7,8-PeCDD.... .. {ng) < .13
1,2,3,4,7,8-HxCDD..... (ng) < .841
1,2,3,6,7,8-H=CDD..... (ng) < .B841
1,2,3,7,8,9-H<CDD..... {nQg) < .B36
1,2,3,4,6,7,8-HpCDD... {ng) < .16

FCDF Isomer distribution....
2,3,7,8-TCDF.c.cec.esea {Ng? < .048
1,2,3,7,8-PeCDF....... {ng) { @76
2,3,4,7,8-PeChF....... (nQ) < .B63
1,2,3,4,7,8-H%CDF..... (ng) < @33
1,2,3,6,7,8-HxCDF.....{ng) < @74
1,2,2,7,8,9-H%CDF..... (ng) < .041
2,3,84,6,7,8-H=CDF..... {ng) < B33
1,2,3,4,6,7,8-HpCDF... {(ng) { .@81
1,2,3,4,7,8,9-HpCDF... {ng) < @43
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Test No. 4
Unit 2 ESP Inlet

Results of PCDD and PCDF HRGC/HRMS Analysis

Interpoll Report No. 8-2352
Northern States Fower Company
Red Wing, Minnesota

-

Run 1 Run 2 Run 3

Sample log numbet S978-(88-91) (P2-96) (97-10)

Date of run

Time run start/end..... {(HRS)

FCDD Isomer disiribution....
2,3,7,B-TCDDvcucnvanns (ng?
1,2,3,7,8-FeCDD...va.a (NG)
1,2,3,4,7,8-HxCDD..... (ng)
1,2,3,6,7,8—HxCDD.....(ng)
1,2,3,7,8,9-H=CDD..... {(ng)

1,2,3,4,6,7,8-HpCDD... (ng)

PCDF Isomer distribution....
2,3,7,8-TCDF..cuavsusas=a (ng)
1,2,3,7,8-PeCDF..ae... {ng)
2,3,4,7,8-PeCDF..cca.- {ng)
1,2,3,4,7,8-HeCDF..... {(ng)
1,2,3,6,7,8-HxCDF..... (ng)
1,2,3,7,8,9-HuCDF..... (ng)
2,3,4,6,7,8-H:CDF..... (ng)
1,2,3,4,5,7,8-HpCDF... (ng)

1,2,3,4,7,8,9-HpCDF. .. (ng)

BZ-23-88 B3-24/25-88 B3I-25-88

1138/14656 P45/1002 1340/196@4

.15 <.0033 <.0089
2.2 < .15 .12
2.5 .10 .035
2.5 . 096 .61
4.5 .16 . 089
24 .81 .47
23 3.0 2.8
3.2 .37 .16
5.3 .60 .45
12 .94 .70
12 .85 .50
7.9 .Sé .35
1.8 .10 W12
28 1.5 .92
1.8 .14 .12
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Interpoll Report No. 8-232&
Northern States PFPower Company
Red Wing, Minnesota

Test No. 4
Unit 2 ESF Inlet

Results of PCDD and PCDF HRGC/HRMS Analysis

Field
Bl ank
Sample log number S978-(84-87)
Date of run
Time run start/end..... (HRS)
PCDD homolog distribution...
TODD. ccceennanns »=aeoe{Ng) < 287
PeCDD.veneieeneaesesas {ng) < .13
HXCDDuweeoeeneeaannnas {Ng) < .041
HpCDD. v vavencnencaceas {NGg) < .16
0CPD. .. .. ceeaeaa T £ 21} .19
FCDF homolog distribution...
TODF et eeacennearannnne (ng) < .048
FPelDF. e eneervaenansnas {ng) < @76
HxCDF..... semasas eeeas (ng) < B33
HpCDF. . eneennens aeeee{ng) < .0@81
OCDF . s etenecncnnannens {ng) < .63
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Interpoll Report No. 8-2526
Northern States Power Company
Red Wing, Minnesota

Test No. 4
Unit 2 ESF Inlet

Results of PCDD and PCDF HRGC/HRMS Analysis

Run 1 Run 2 Run 3
Sample log number S978-(88-91) (R2-96) (97-108)
Date of run B3-23-88 B©3-24/25-88 03-25-88
Time run start/end..... (HRS) 113@/1656 24571802 1240B/1904
FCDD homolog distribution...
TODD. s ecsveeacrconsaan {tng) 17 .85 .72
FeCDD...cveveceesnnaaa (NG Z4 2.3 1.9
HxCDD.....:...........(ng) - 36 1.6 .92
=] 193 ) e § 1 1= 48 1.7 1.0
OCDD..cccacnrasacaanaa {ng) 37 1.3 .48
FPCDF homolog distribution...
TCDF.eeneaas csssnanesa (NG) 170 28 26
PeCDF ...t ccncncnnasa (Q) 110 14 13
HYCDF . s cneccecnnnnaesa (ng) &4 7.1 5.9
HpCDF..... ccseacasasas {NG) 42 3.7 3.1

I - {ng) 11 .41 « 25
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Interpoll Report No. 8-2328
Northern States Power Company
Red Wing, Minnesota

Test No. 4
Unit 2 Stach

Results of PCDD and PCDF Determinations————-SW8446 Method 0810
Run 1 Run 2 Run 3

Date of run @3-23-88 B3-24/25-8B8 B3-25-88

Time run start/end.....(HRS) 1138/14644 45/ 938 1340/1840

Static pressure...... (IN.WC) -3.35 -3.535 ~-3.55
Cross sectional area (SQ.FT) 72.45 72.45 72.45
- Pitot tube coefficient...... . 8408 . 840 -840

Water in sample gas

condensate trap....... (ML)} 588.0 558.0 684.06

impingers.......... {(GRAMS) 2.0 2.8 2.0

desiccant....a«.... (GRAMS) 35.0 41.0 48. 0

total..... ceseasess {(GRAMS) 623.0 599.0 652.0
Mass of TTE in sample...{ng) <£1.04 < 1.09 < 1.30
Gas meter coefficient....... 2.9988 B.998a @.998a
Barometric pressure.. (IN.HG) 29.01 28.75 28. 60
Avg. orif.pres.drop.. (IN.WC) 1.46 1.44 1.37
Avg. gas meter temp.. (DEF-F) 124.6 116.32 118.3
Volume through gas meter.... -

at meter conditions... (CF) 200.28 198.48 193.36

standard conditions. (DSCF) 175.61 174.96 169.82

standard conditions. (DSCM) 4,969 4,951 4,805
Total sampling time.... (MIN) 288. 00 288. 060 288.80
Nozzle diameter...... ena (IN) - 423 4235 - 425
Avg.stack gas temp .. {(DEG-F) 379 379 =88
Volumetric flow ratec..... -

actual.ececnacaa .. (ACFMD 84653 86452 85878

dry standard....... (DSCFM) 45195 {44974 428939
Isokinetic variation..... () 9.3 2.4 121.3
TTE concentration.. {(ng/DSM3) g .21 < .22 s .27
TTE emission rate..c.meccnss
................. (10 "g/sec) < .44 <€ 47 < .54

TTE = total 2,3,7,8 TCDD eguivalents

Toxicity Equivalence Factors (TEFs) used in the calculation of the abaove
TTEs are those currently recommended by “Interim Procedures for
Estimating Risks Associated with Exposures to Mixtures of Chlorinated
Dibenzo-p-Dioxins and Dibenzofurans (CDDs and CDFs)”, J.5. Bellin and
D.G. Barnes, USEPA Risk Assessment ﬁ%gum, Dctober 1985,



Interpcll Report No. 8-2326
Northern States FPower Company
Red Wing, Minnesota

Test No. 4
Unit 2 Stack

Results of PCDD and PCDF HRGC/HRMS Analysis

Field
Bl ank

Sample log number S978-(184-187)

Date of run

Time run start/end..... (HRS)

PCDD Isomer distribution....
2,3,7,8-TCDD. ... . «see {ng) <.02057
1,2,3,7,8-PeCDD...... . (ng) < @77
1,2,3,4,7,8-HxCDD..... (ng) < .037
1,2,3,6,7,8-H=CDD..... {(ng) < .B32
1,2,3,7,8,9-H«CDD..... (ng) < .@35
1,2,3,4,6,7,8-HpCDD... (ng) < W12

FPCDF Isémer distribution....
2,3,7,8—T¢DF. ........ . {ng? { .021
1,2,3,7,8-PeCDF...... .(ng) < .045
2,3,4,7,8-FeCDF.c.aas. (ng) < B33
1,2,3,4,7,8-HxCDF..... {ng) < B33
1,2,3,6,7,8-HxCDF..... (ng? < .@38
1,2,3,7,8,9-H:CDF..... {(nQ) < @26
2,3,4,6,7,8-H%CDF..... (ng? < .049
1,2,3,4,6,7,8-HpCDF... {(ng) < .0@54
1,2,7,4,7,8,9-HpCbhF ... (ng) < .BR6
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Interpoll Report No. 8-2528%
Northern States Power Company
Red Wing, Minnesota

Test No. 4
Unit 2 Stack

Results of PCDD and PCDF HRGC/HRMS Analysis

Run 1 Run 2 Run 3
Sample log number S978-(108-111) {117-120) (122-125)
Date of run @3-23-88 B@3-24/25-88 03-25-88

Time run start/end.....(HRS) 113@/1644 457 958 1340/1840

FCDD Isomer distribution....

2,3,7,8-TCDD.veeeenunns (ng) < .011 < .B13 < .014
1,2,3,7,8-PeCDD.vv.... (Ng) 42 .37 .42
1,2,3,4,7,8-HxCDD..... (ng) .46 .45 .49
1,2,3,6,7,8-HxCDD..... (ng) .81 .76 | .77
1,2,3,7,8,9-H%CDD..... (ng) 1.1 .96 1.2
1,2,3,4,5,7,8-HpCDD. .. (ng) 8.1 . 7.6 9.3
PCDF Isomer distribution.s...
2,3,7,8-TCDF...... eee. (NQ) 3.4 4.0 4.9
1,2,3,7,8-PeCDF....... {ng) .53 .54 .59
2,%,4,7,8-FPeCDF....... (ng) 1.4 1.5 1.8
1,2,3,4,7,8-HxCDF..... (nQ) 2.9 3.3 4.0
1,2,3,5,7,8-HxCDF..... (ng) 2.7 3.3 4.1
1,2,3,7,8,9-HxCDF..... (ng) 2.0 2.4 2.8
2,3,4,6,7,8-H:CDF..... (ng) 1.0 .65 .91
1,2,3,4,5,7,8-HpCDF... (ng) 6.8 7.2 8.8
1,2,3,4,7,8,9-HpCDF... (ng) 1.5 1.8 2.4
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Interpoll Report No. 8-282&6
Northern States Fower Company
Red Wing, Minnesota

Test No. 4
Unit 2 Stack

Results of PCDD and PCDF HRGC/HRMS Analysis

Field
Elank

Sample log number 5978-(84-87)

Date of run

Time run start/end..... (HRS)

FCDD homolag distribution...
TCDD.vosnnnnnn ceeaseeaa(ng) < .85
PeCDD.scncceesanaeacss {Ng) < @77
o P59 0] 5 S 4 1 [~ M) < JB32
HpCDD. i cvienennceacass (NG) < .12
OCDD..... N 12 - .26

PCDF homolog distribution...
TEDF..cacaaan cecaenae . {ng) < D21
PelDF..ceeieencacsanas {ng) < .945
HeCDF e avenennen seeeees{ng) < 033
HpCDF. i v saseaese (ng) < 854
I «s=ee (NQ) < .049
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Interpoll Report No. 8-2352&
Northern States Power Company
Red Wing, Minnesota

Test No. 4
Unit 2 Stack

Results of PCDD and PCDF HRGC/HRMS Analysis

Run 1 Run 2 Run 3
Sample log number S978-(188-111) (117-128) (122-125)
Date of run 83-23-88 B3I-24/25-B8 B03-25-88

Time run start/end.....(HRS) 1130/1544 945/ 958 13740B/1840

FCDD homolog distribution...

TCDPD.cce e caeseae {Ng) 2.5 2.8 2.6
PeCDD..ccerveernsennaas {ng) 8.0 7.9 8.6
H¥CDD. ceeneeacunaneans (NG 8.7 8.3 7.2
HpCDD. st v ceecannssneas (Ng) 15 14 17
OCDD..cvcnncncerensasnsa (N 14 12 15
FCDF homolog distribution...
TODF i e e innccenaannnass (NG) 17 i9 22
PeCDF...iicrecacaneancaa (Ng) 16 i8 23
HeCDF . caeneann cseanas (NQ) 15 16 20
HpCDF . .t e vt e et cnanns {NG) 12 14 17
OCDF..cunecnancaannsnea {ng) 4.5 4.8 6.4
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Interpoll Report Na. 8-252&
Northern States Fower Company
Red Wing, Minnesota

No. 2 Incinerator

Results of PCDD and PCDF HRCG/HRMS Analysis

3/23/88 3/24-25/88 3I/25/88
Sample description ESP ESF ESP
Hopper Conveyor Conveyor
ASh Ash Ash
Date of run 3/23/88 3/24-25/88 3/25/88
Time run start/end..... (HRS)
PCDD homolog distribution...
TCDD....;.T..........(ppb) 6.4 3.4 3.4
PeCDD...venenecnnaaaa {pph) 17 18 18
HiCDD.evevaaacaannaa - {(ppb) 17 32 456
HPCDD. sencceeneasasss (ppb) 110 139 390
OCDD.ceeceecnusaneanaa (pph) 200 2409 4560
FCDF homolog distribution...
3 2 N § =1=1-}] 4@ 35 32
PeCDF.ccscauneann «nses {ppb) 39 44 S1
HiCDF . ceeinveannanana . {(ppb) 21 44 S8
HpCDF..... neeasseenese (ppb) St 71 250
OCDF..cacaans N § =] = B 65 84 171
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Interpoll Report No. B-2526
Northern States Power Company
Red Wing, Minnesota

No. 2 Incinerator

Results of PCDD and PCDF HRCG/HRMS Analysis

3/723/88 I/24-25/88 3/25/88
Sample description ESP ESP ESP
Hopper Conveyor Conveyor
Ash Ash Ash
Date of run 3/23/88 3/24-25/88 Z/25/88
Time run start/end..... (HRS)
FCDD Isaomer distribution....
243,748-TCDD.vcccvnsa {ppb) .18 .16 .14
1,2,5,7,8-PeCDD...... (ppb) - 97 i.4 1.6
1,2,3,4,7,8-H<CDD.... (ppb) .82 1.8 2.5
1,2,3,6,7,8-HxCDD.... {(pphb) 1.2 2.2 4.4
1,2,3,7,8,9-HxCDD.... (ppb) 1.4 2.8 4.5
1,2,3,4,6,7,8—HpCDD..(ppbi - 48 S8 180
FCDF Isomer distribution....
2,3,7,8-TCDF..c..n... (pph) 6.1 5.3 5.0
1,2,3,7,8-PeCDF...... (ppb) 1.5 2.2 2.4
2,3,4,7,8-FeCDF...... (ppb? 2.7 4.0 4.9
1,2,3,4,7,8-HxCDF.... (ppb) 4.2 8.1 11
1,2,3,6,7,8-HxCDF.... {(pph) 4.1 2.1 13
1,2,3,7,8,9-HxCDF.... {ppb) 2.5 6.1 7.5
2,3,84,6,7,8-H«CDF.... (ppb) - 69 1.7 1.9
1,2,5,4,6,7,8-HpCDF.. (ppb)} 28 39 137
1,2,3,4,7,8,9-HpCDF.. (ppb) 3.9 S.3 22
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APPENDIX A

SAMPLING TRAIN CALIBRATION DATA
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Interpoll laboratories
(612) 786-6020

Nozzle Calibration
Data Sheet
Date of Calibration: March 21, 1988 Nozzle Number 4-5

Technician: J. Buresh

Nozzle rotated by 60 degree increments and diameter measured to nearest
0.001 inch. Observed readings and average:

Position Diameter
(inches)
1 «308
2 «307
3 <306
Average: «307



Interpoll Laboratories
(612) 786-6020

Nozzle Calibration
Data Sheet
Date of Calibration: March 22, 1988 Nozzle Number 4-4

Technician: J. Buresh

Nozzle rotated by 60 degree increments and diameter measured to nearest
0.001 inch. Observed readings and average: '

Position Diameter
(inches)
1 «256
2 252
3 «253
Average: «254



Interpoll Laboratories
(612) 786-6020

Nozzle Calibration
Data Sheet
Date of Calibration: March 23, 1988 Nozzle Number 8-4

Technician: D. Smith

Nozzle rotated by 60 degree increments and diameter measured to nearest
0.001 inch. GObserved readings and average:

Positicn_ . Diameter
(inches)

1l 242

2 241

3 240

Average: 241
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Interpoll Laboratories
(612) 786-6020

Nozzle Calibration
Data Sheet
Date of Calibration: March 26, 1988 Nozzle Number 4-4
Technician: D. Smith

Nozzle rotated by 60 degree increments and diameter measured to nearest
0.001 inch. GCbserved readings and average:

(inches)

1 «254

2 «253

3 «252
Average: +253



10.

11.
12.
13,

Date of Inspection:

January 3, 1986

- Interpoll Laboratories
(612)786-6020

S-Type Pitot Tube Inspection Sheet

Pitobe No. .8-16

Pitot tube dimensions:

External tubing diameter (Dt) .316

IN.

Base to Side A opening plane (PA) .463

IN.

Base to Side B opening plane (Pg) 462

IN.

Alignment:

ay <100 0

a, <100 0

o -]
1¢5 L .

0 °
B, < 5 1

7 <as" .02
W <.0625% ___ .02

Distance from Pitot to Probe Components:

Pitot to 0.500 IN. nozzle .760

IN.

Pitot to probe sheath 3

Pitot to thermocouple (parallel to probe)

Pitot to thermocouple (perpendicular to probe)

IN.

Inspected by:

E. Trowbridge

s-348(1)
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Interpoll Laboratories
(612) 786-6020

Nozzle Calibration

Data Sheet
Date of Calibration: March 21, 1988 Nozzle Number 7-7
Technician: R. Rosenthal

Nozzle rotated by 60 degree increments and diameter measured to nearest
0.001 inch. Observed readings and average:

Position Diameter
(inches)
l +436
2 -438
3 437
Average: -437



Interpoll Laboratories
(612) 786-6020

Nozzle Calilbration

Data Sheet
Date of Calibration: March 22, 1988 Nozzle Number 7-7
Technician: R. Rosenthal

Nozzle rotated by 60 degree increments and diameter measured to nearest
0.001 inch. Observed readings and average:

Position Diameter
{(inches)
1 +435
2 .438
3 <437
Average: .437



Interpoll Laboratories
(612) 786-6020

Nozzle Calibration

Data Sheet
Date of Calibration: March 24, 1988 Nozzle Number 7-7
Technician: R. Rosenthal

Nozzle rotated by 60 degree increments and diameter measured to nearest
0.001 inch. Observed readings and average:

Position Diameter
( ;’mﬂm)
1 425
2 -423
3 427
Average: .425
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Interpoll Laboratories
(612) 786-6020

Mozzle Calibration
Data Sheet

Date of Calibration: March 26, 1988 Nozzle Number 7-7
Technician: J. Buresh '

Nozzle rotated by 60 degree increments and diameter measured to nearest
0.001 inch. Observed readings and average:

Position Diameter
(inches)
1 .353
2 «353
3 353
Average: «353



10.
11.
12.
13.

Date of Inspection:

January 3, 1986

_Interpoll Laboratories
L (612)786-6020

S-Type Pitot Tube Inspection Sheet

pitobe No. _ 417

Pitot tube dimensions:

External tubing diameter (Dt) .316

IN.

Base to Side A opening plane (PA) .460

Base to Side B opening plane (I’B) .462

Alignment:
@, <100 0

0 0
a, <10

B, <'S° 0
o ©
32< 3 1

7 <25 __ .02
¥ <.0625" __.02

Distance from Pitot to Probe Components:
Pitot to 0.500 IN. mozzle 760

Pitot to probe sheath 3

Pitot to thermocouple (parallel to probe)

Pitot to thermocouple (perpendicular to probe)

Inspected by:

E. Trowbridge

A-16

s-348(1)
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APPENDIX B

LOCATION OF TEST PORTS
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APPENDIX C

METHOD 5 SAMPLING TRAIN FIELD DATA SHEETS



INTERPOLL LARORATORIES EPA METHOD 2 FIELD DATA SHEET

NSP REDWING

c-1

Job
Source _AAMIT 2 SSP TAeeT Ad | =23 4 5 ¢ 7 *—
Test _J FRun _/ Date -2/ B .
- 8tack dimen. \53”)( Le ” IN. C-'H‘
Dry bulb ' deg-F b" j 53(,
Wet bulb deg-F _
Barometric pressure c;ﬁ- "/'"I in Hg E g
Static pressure ‘(p. S inwlgl&e’ F g :
Operators UBuRESH * DSwv ‘WL\ <8 Schemafié: of %7‘
Fitot No. 8-/ cp _, 8Y be—————— Crosz Section =————=
Traverse Fraction Distance Distance Velocity |Temperature
Foint of  ___ Jfrom Stack |[from End ofj|Fressure of . gas ___ || .
No. Diameter Wall (in) Fort (in) (in WC) (deg-F)
",','-';,f;' i|Fort length: /5‘ in.liTime start: hrs
A Y- QAU .50
2 19.1% 3313 < S7
3. 23 9% qi.23 ] .64
9 3300 St (o9
- S 13 -¥3 0 .56 Ao
A 5.8 Li.ag 69
7 bl.329 9.4 .18
LB 1
. [
3 ’
Yy
S
b
g2
c
)
3
(.(
S
G
. I
D
[
3
<
Temp. measure device: Time end: hrs
5-392 CF-012



INTERFOLL LABORATORIES EPA METHOD 2 FIELD DATA SHEET

C-2

Job
Source
Test Run _ Date
. Stack dimen. IN.
Dry bulb deg-F
Wet bulb deg—F'
Barometric pressure in Hg
Static pressure in WC
Operators Schematic of
Fitot No. Cp Cross Section
TRaine-s | TrESEION [ PLRCATEEL |¢rom Bnd of [Preccurs | CoBopature
No. Diameter Wall - in) Fort (in) (in WC) (deg-F)
] E|Fort length: in.|ITime start: brs
2
5
= (
S
S
L.(
5
b
?
= I
- R
;i
<
5
2
7
Temp. measure device: Time end: his
$-392 CF-012



INTERFOLL LABORATORIES EFPA METHOD S/17 SAMFLE LOG SHEET

Job MNSP gfbl)l/‘)é Date 3-2/-%8 Test /  Run z
Source AAMIT R ESP ZTALET No. of traverse points QY
Method S Filter holder: GLASS Filter type: G LASS FI725 P

Sample Train Leak Check:
Fretest: (¢ 0.02 cfm at 15 in. Hg. (vac)/é/
Fostest: =~ J.00 cfm at 1€ in. Ha. (vac) B/
Farticulate Catch Data:

No.s of filters used: Recovery soclvent(s)

DO?? ' ,B/acetone
D other (s)

No. of probe wash bottles: ;l
Sample recovered by: muﬁyﬁfz A SMITH

Condensate Data:

Weight (g)
Item

Final Tare Difference

Impinger No. 1 é?_é 443 2233

Impinger No. 2

Impinger No. 3

Condenser
- » Desiccant 1'3 5 132; 32
Total 236

Integrated Gas Sampling Data:
Eag Fump No. R-¥ Eox No. [§ Bag No. !¢

Eag Material: S-layver Aluminized Tedlar Size: 44 L

Fretest leak check: O-0p cc/min at i in. Hag.
Time start: (61 (HRS) Time end: _ /723 (HRS)
Sampling rate: £00 'CC/fjlin Operator: Ji

S/N of 0Oz Analyzer used to monitor train ocutlet: o

CF=-023

-3 'S-0046RR
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INTERFOLL LARORATORIES EFA METHOD 5/17 SAMFLE LOG SHEET

Job W/SY -KS‘DN/A/(; Date 3~g/—83 Test / FRun X
Source _ M T 2 ELP TANLET No. of traverse points 2 Y

Method 'y Filter holder: _GLASS Filter type: BlASS F/re R

Sample Train Leak Check:
Fretest: ( 0.02 cfm at 1S in. Hg. (vac)
Fostest: -~ 0.99 cfm at [2 in. Hg. (vac) p@g—
Particulate Catch Data:

No.s of filters used: Recovery solvent (s)

0077 g~ acetone
] other (s)

No. of probe wash bottles: !
Sample recovered by: O BWRES Y

Condensate Data:

Weight (g)
Item
Final - Tare Difference
Impinger No. 1 )
‘ L 2o Gy /76
Impinger No. 2
Impinger No. 3
Condenser
- Desiccant $ 339 /1375 24
Total é;()d)

Integrated Gas Sampling Data:
Eag Fump No. B-¥  Box No. f§ Eag No. R
Eag Material: _S-layer Aluminized Tedlar Size: 44 L
Fretest leak check: O'OLDCE/min at /Z ~in. Hag.
Time start: [F1{ _ (HRS) Time end: _[/730 (HRS)
Sampling rate: ég@ﬂ cc/min Operator: JB

S/N of Oz Analyzer used to monitor train outlet: 5
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INTERFOLL LAEBORATORIES EFA METHOD S/17 SAMPLE LOG SHEET

Job

ASP ReDiNe

Source AA) 1 T

2

$SS P Al ST

Method s Filter holder: _£iA( S

Sample Train Leak Check:

Fretest: ¢ 0.02
Fostest: ~ o.eon

Particulate Catch Data:

No.s of filters used:

cfm at 1S

cfm at {3 in. Hg.

Condensate Data:

Date 3"2”58 Test /

of traverse points

No.
Filter type:

in. Hg.

{(vac)
(vac)

Run

=
2y

GCCASS FIBER

B

Recovery soclvent(s)

oo §D acetone
0 other (s)
No. of probe wash bottles: {
Sample recovered by: TRARSS ir
Weight (g)
Item
Final Tare Difference
Impinger No. 1 ééé 79/ 72
Impinger No. 2
Impinger No. 3
Condenser
Desiccant /370 /3 5% /S,
Total iT7O

Integrated Gas Sampling Data:

Eag Fump No. B Eox No. g Eag No.

Eag Material:

Fretest leak

S~layer Aluminized Tedlar

Size: 44 L

checl::

2.0D

Time start: abob (HRS)

Sampling rate:

S/N of Oz Analyzer used to monitor train ocutlet:

Lo

c-9

cc/min

cc/min at /Y in. Hg.

Time end: 2J2/O  (HRS)

Operator:

g5

==

CF-023
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INTERPOLL LAEODRATORIES EPA METHOD 2 FIELD DATA SHEET

Job USSP/ kbl (24
Source (st #F2 S%C/t
Test _/ FRun /-3 Date _5-2/-85 0
- Stack dimen. NS DS IN. L ) 7/{/
Dry bulb S5O deg-F \}08 &@ A
Wet bulb deg-F
Barometric pressure 22_/;% in Hg 3
Static pressurg -"55’ in WC
Operators (2. 32¢) 7.T. Tohvson) )
Fitot No. ¥-// Cp ‘ 5¢ | Esgggag;‘;t?gr
Traverse Fraction Distance Distance Velocity |Temperature
Foint of .. jfrom Stack |(from End oflFressure of.gas____ |l .
No. Di ameter Wall (in) Fort (in) (in WC) (deg-F) .
R ; immpasi|Fort length: in.[[Time start: hts
A 24 gual os | 375
2 2. 80 /4-30 68 375
3 /3-60 /9.60 07 380
* Qo 40 2840 o7 380
S 288/ 34-8/ 08 3
A 4/[o3 4 203 ofF | 3%
p- ( os | 375
2 06 | 375
3 07 | 3%0
78 0B 380
' , 07 350
A /0 | 380
c— [ 05 | 3Z8®
2 o | 0
iz 08 | 360
¢ 07 | 380
S” L0 | 35S
£ /] 285
D-_/ 04| 375
2 0S| 375
3 0t | 3¢o
s 08 | 3&0
5 08| 3380
£ 07 | 3850
Temp. measure device: Time end: hrs
5-392 CF-012



INTERFOLL LAEORATORIES EFA METHOD S/17 SAMPLE LOG SHEET

Job /ﬁASCb/j;l7/ é@bmyq Date :372/ g5 Test Rurn /
Source 22 SZﬁGC No. of traverse points 22
Method ﬂmf Filter holder: gltss  Filter type: K" alsss

p -y

Sample Train Leak Check:

Fretest: ( 0.02 cfm at 15 in. Hg. (vac)
Fostest: ~ ,00 cfm at _J©O in. Hg. (vac) o,

Farticulate Catch Data:

No.s of filters used: Recovery solvent(s)
acetone )
O other(s)

No. of probe wash bottles:
Sample recovered by:

Condensate Data:

Weight (g)

- Item
Final Tare Difference

Impinger No. 1 éﬁ;j7 é{?ﬁ;’ /inz /7572T

Impinger No. 2

Impinger No. 3

Condenser
. Desiccant /38R /357 &
/&5
Total

Integrated Gas Sampling Data:

Eag Fump No. 43% Eox No. Q ERag No. /

BEBag Material: S-layer Aluminized Tedlar Size: 44 L

Fretest leak check: - OO cc/min at ;/Cj in. Hg.

Time start: /8 /O (HRS) Time end: //23  (HrS)
Sampling rate: 449C7 cc/min Operator: 1;;;>

S/N of 0= Analyzer used to monitor train outlet: é?bf

CF-023
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INTERFOLL LAEORATORIES EFA METHOD S/17 SAMFLE LDG SHEET

Job /U\J/O/?Zzﬂ/ /{_/.//Uq Date 2 2 -§FTest [/ F\Lm Q

Source O FL S Al No. of traverse points

Method -5 F11ter holder: _ &% 9{42 Filter type: 4 5[4,3__5

Sample Train Leak Check:

Fretest: ( 0.02 cfm at 15 in. Hg. (vac) ‘

Fostest: ~ ,00 cfm at /0 in. Hg. (vac) 15;
FParticulate Catch Data:
No.s of filters used: Recovery solvent (s)

acetone
O other (s)

No. of probe wash bottles:
Sample recovered by:

Condensate Data:

Weight (g)
Item

Final Tare Difference

IR | /3

30

Impinger No. 1

%\\

Impinger No. 2

Impinger No. 3

Condenser

. Desiccant /3 77(7 /3_35/ /5{

Total

/S

Integrated Gas Sampling Data:

Eag Fump No. BQ EBox No. é Bag No. Q

Bag Material: S-laver Aluminized Tedlar Size: 44 L

Fretest leak check: 1 OC cc/min at /O in. Hag.
Time start: /8/C  (Hrs) Time end: /FRE tHrs)
Sampling rate: LLOS  ce/min Operator: i;g;D

73

S/N of Oz Analyzer used to monitor train outlet: é?/
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INTERFOLL LABORATORIES EFA METHOD S/17 SAMFLE LOG SHEET

Job /USF’/?@/ LIS Date 3;/‘85’ Test __L_ F\un .3

Source LI ZE#EL? STACK No. of traverse polnts
Method 97-S— Filter holder: “cllss Filter type: L CuAgs

Sample Train Leak Check:
Fretest: ( 0.02 cfm at 15 in. Hg. (vae)
Fostest: ~ 100 cfm at /2 in. Hg. (vac) c&
Farticulate Catch Data:
No.s of filters used: Recovery soclvent (s)

acetone
D other (s)

No. of probe wash bottles:
Sample recovered by:

Condensate Data:

Weight (g)
Item

Final Tare Difference

Impinger No. 1 K'Bg‘ 447_2 | /Qlj f[36

Impinger No. 2

Impinger No. 3

Condenser

. Desiccant ] 392 /)3 & A /O |

Total

(23

Integrated Gas Sampling Data:

Eag Fump No. Zgﬁé Eox No. é( Eag No. 5

Bag Material: S-laver Aluminized Tedlar Size: 44 L

Fretest leak check: (OO ccrsmin at ,/Cb in. Hg.

Time start: 200S  (HrS) Time end: JHSE  (HRS)
Sampling rate: 4&?() cc/min Operator: T;%%?

S/N of Oz Analyzer used to monitor train outlet:
CF-0273
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APPENDIX D

PARTICLE SIZE DISTRIBUTION DATA FOR
THE NO. 2 BOILER ESP INLET



INTERPOLL LARORATORIES EPA METHOD 2 FIELD DATA SHEET
Job /S P KEDWING

Sour‘cé UMIT 2 5P ZAMCET
Test .S~ Run _/__ Date _2-2{-&%
. Stack dimen. S3 x&8 IN.
Dry bulb deg-F
Wet bulb deg-F -
Barometric pressure ZS,QSin Hg
Static pressure _ =~ §.0 in WC
Operators D, Sw,T# £ T HOEAN )
Fitot No. &G-)o0 Cp , &Y SR gggggag;gt?gn
Traverse Fraction Distance Distance Velocity {Temperature
Foint of .. {from Stack |from End of|Fressure of gas _
No. Diameter Wall (in) Fort (in) (in WC) (deg-F)
iiFort length: 2 8 in.[iTime start: hre
3.79 3127
1. 3¢ 39 3¢
/18.53 ¥¢,73
26.5¢ SY. 50
37.97 £2.07
¥0.6¥ 62.¢¥
9. 2] 72 21
—.
Temp. measure device: Time e'ldi hrs

$-392 , D-1 CF-012



INTERFOLL LAERORATORIES EFA METHOD S5/17 SAMFLE LOG SHEET

Job N SP KQ‘D,',J)‘JG Date 2"24*{5 Test &  FRun _/
Source UAI)T A2 ES P TANLE T No. of traverse points /2

Method 1 7 Filter holder: INVERTEPSCS Filter type: <<

Sample Train Leak Check:

Fretest: ( 0.02 cfm at 15 in. Hg. (vac)
Fostest: ~ 0 cfm at /Z__ in. Hg. (vac) O

Farticulate Catch Data:

No.s of filters used: Recovery solvent (s)
2t
/ //5’\ [ acetone
-~ P

0 other (s)

No. of probe wash bottles: /
Sample recovered by: XSRS A, Syt H

Condensate Data:

Weight (g)
Item
Final Tare Difference
Impinger No. 1
Impinger No. 2
Impinger No. 3
Condenser 3 45— /o0 245’
- Desiccant f"/O/ ) ?54 /sl
Total Qg O

Integrated Gas Sampling Data:
Eag Fump No. 6 g Eos: No. ?O Bag No. /

Bag Material: S-laver Aluminized Tedlar Sirze: 44 L

Fretest leak check: Q cc/min at /.5’ in. Hg.

Time start: _ JJJ6  HRS) Time end: _[2352 (HRS)

Sampling rate: _2 €0 cc/min Operator: _ D S u,7H

S/N of O= Analyzer used to monitor train outlet: 5

CF-023=

D-2 S-0046RR
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INTERFOLL LAEBORATORIES EFA METHOD S/17 SAMPLE LOG SHEET

Job NSEP )eé':Dk)lA/G Date 2-24-8f Test Run 2
Source UNMIT 2 S£sP Tues T No. of traverse points & 2
Method 7 Filter holder: TwweRkTsd ss Filter type: < S
Sample Train Lealk Check:
Fretest: ( 0.02 cfm at 1S in. Hg. (vac)
Fostest: ~ cfm at _ 7 in. Hag. -(vac) O
Particulate Catch Data:
No.s of filters used: Recovery solvent (s)
/ # 28 ) 'acetone
O other (s)
No. of probe wash bottles: ,
Sample recovered by: Diiarvds A S TH
Condensate Data:
Weight (g)
Item
Final Tare Difference
Impinger No. 1
Impinger No. 2
Impinger No. 3
Condenser yé‘ﬁ 2,#0 2{0
- Desiccant /9/_5‘5- /‘7/”/ 57
Total Bly
Integrated Gas Sampling Data:
Eag Fump No. gg Eox No. 20 ~ Rag No. 2
Eag Material: _S-laver Aluminized Tedlar Size: 44 L
Fretest leal: check: O cc/min at /5 in. Hg.
Time start: 327 (HRS) Time end: _[S4A  (HRS)
Sampling rate: 3[20 cc/min Operator: :P,,{
S/N of 0=z Analyzer used to monitor train ocutlet: J;ﬂ
CF-027%=
S-0046RR
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INTERFOLL LARORATORIES EFA METHOD S/17 SAMPLE LOG SHEET

Job S P KEDwING Date 3-26 . .Test -S FRun X
Source URIT 2 ESP TweL£7~ _ No. of traverse points Y2
Method 1.7 Filter holder: swxvcgrsp s5< Filter type: =<

Sample Train Leak Check:

Fretest: (¢ 0.02 cfm at 15 in. Hg. (vac)

Fostest: -~ O cfm at 7 _in. Hg. (vac) I

Farticulate Catch Data:

No.s of filters used: Recovery solvent (s)
/ (‘#3) acetone
- other (s)
No. of probe wash bottles: /

Sample recovered by: SDpAYws A Smg TH

Condensate Data:

Weight (g)
Item

Final Tare Difference

Impinger No. 1

Impinger No. 2

Impinger No. 3

Condenser 2eCe /o0 Ré 6
- Desiccant /V72 1Y55 a4

Total

28z

Integrated Gas Sampling Data:
Eag Fump No. B 8’ Eox: No. 20 Eag No. 3

Bag Material: S-layer Aluminized Tedlar Size: 44 L

Fretest leak check: 42 cc/min at éjf’ in. Ha.
Time start: _[L AN (HRS) Time end: )ZZZ (HRS)

Sampling rate: 900 cc/min  Operator: Jb Sar

S/N of Oz Analyzer used to monitor train outlet: =3

CF-0273
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The results of the X-ray Sedigraph Size Distribution
analysis must be converted from a density of 2.2 to 1.0 for
PM-10 which is based on the "aerodynamic equivalent

diameter".

where:

Ll

U
N

. 1/2
Pr (1)
02
2.2.1/2 - 1,483
(170)
1.483 D,

particle diameter at density P2
particle diameter at density Py

particle density



Diameter in um Diameter in um

at p = 2.2g/cc at p = 1.0g/cc

150 220
63 93
50 74
40 : 59
30 : 44
20 30
15 22
10 15
8 11.9

6 8.9
5 7.4

4 5.9

3 4.4

2 3.0

1 1.5
.8 1.2
5 .74



Interpoll Report Nao. 8-2526&
Northern States Power Company
Red Wing, Minnesota

Test No. S
Unit 2 ESF Inlet

Results of Orsat & Moisture Analyses————Methods 3 & 4(%v/v)

Run 1  . Run 2 Run 3
Date of run R3-26-88 22-26-88 F-26—-88
Dry basis (orsat)
carbon dionide.ceecesancooe 12.906 12.88 12.96
OXYQEN.escseansnscsaasnsssnas 7.83 7.10 7.04
carbon MONOXide.eeeeaeoees 2.00 2.00 2.00
nitrogen-.-.l..l.l..ll.l!. Ba.m7 emimz BB-BQ
Wet basis (orsat)
carbon dioxide..ceccaanceeas 10.93 12.82 11.02
nygenl.II...I....I.I.:..HI 5.95 5-96 5-98
carbon monNoxXidEeececccacasnce .02 2.20 0.00
nitngen-...--.II-.I.II.II 67.82 67.22 67.99
Nater Vale".-.-- ” e w8 e e 15.29 15.99 15-B1
Dry molecular weight........ 38.35 30.34 38. 34
Wet molecular weight........ 28.46 28.37 28.50
Specific gravity..cceeascenns 8.983 2.980 2.984
Water mass flowe.e... (LE/HR) 20462 22745 20792
FO 1.875 1.871 1.069



Test No. S
Unit 2 ESF Inlet

Interpoll Report No.

8-2526

Northern States Power Company

Red Wing,

Minnesota

Results of Particulate Loading Determinationg——————-Method 5

Date of run
Time run start/end..... (HRS)

Static pressure...... (IN.WC)
Cross sectional area (SQ.FT)
Fitot tube coefficient..... .

Water in sample gas
condenser s easnana .eeee (ML)
impingers..a.css«.«. (GRAMS)
desiccant.s.ceaeeea. (GRAMS)
total.csenvinenne. . (BGRAMS)

Total particulate material..
snusessseCOllected(grams)

Gas meter coefficient.......
Barometric pressure.. (IN.HB)
Avg. orif.pres.drop.. (IN.WC)
Avg. gas meter temp.. (DEF-F)

Volume through gas meter....
at meter conditions... (CF)
standard conditions. (DSCF)

Total sampling time.... (MIN)
Nozzle diameter...cecoeea (IN)
Avg.stack gas temp .. (DEG-F)

Volumetric flow rat@.cceecaeas
actual.eavcuanvaanaana (ACFM)
dry standard....... {(DSCFM)

Isokinetic variation..... (%)

Particulate concentration...
actualasevoeneans - (GR/ACF)
dry standard..... (GR/DSCF)

Farticle mass rate... (LB/HR)

Run 1

B>-26-88

121571253

?.9894

1.0021
28.85
1.24
0.2

78.91

.00

126.00

« 253

4190

82574

48336

190.0

1.03074

2.11142

729.9%

Run 2
2=-26-88

132571543

-6.00
24,29

. 840

19.4311

1.2@21
28.85
1.41
4.7

84.17
77.66

126.00

« 253

414

88283

42535

100.9

2.99810
2. B7245

755.57

Run 3
I-26-88

162071839

-6.00
24.29

-840

?.1873

1.2@21
28.85
1.34
?5.4

81.8%9

75.45

126.00

« 253

406

85186

41914

9.5

@.92407

1.87884

675.00



APPENDIX E

PM-10 DATA FOR THE NO. 2 BOILER STACK



INTERPOLL LARORATORIES EPA METHOD 2 FIELD DATA SHEET

E-1

Job A/SP EED wiF (S
Source UBSTT o OUTLET
Test _§ FRun __\ Date _ 2-36L-%¢
- Stack dimen. 73528 IN. ol .
Dry bulb deg-F \
Wet bulb deg-F *n/
Barometric pressure o’)gﬁ‘{ in Hg N—)
Static pressure —.{ in WC
Operators o ,O,'BYRR Schematic of
Fitot No. _U(7-2/» Cp <40 Cross Section
Traverse Fraction Distance Distance Velocity |Temperature
Foint of . —___{from Stack {from End oflFressure of gas _ __
" No. Diameter Wall (in) Fort (in) (in WC) (deg-F)
B #ilFort length: in.||Time start: h+s
Temp. measure device: Time end: hrs
$-392 CF-012"



Interpoll Laboratories
(612) 78B6-6020

PH=10 TRAVERSE POINT SELECTION DATA SHEET

3
Job __)sP BEDW/ TG Pitot Tube No. __ U\ -3 &
Source ULZT R OuTeeT Barometric pres. 2 g% in.Hg
Test 5 Run ! Duct shape: _—«~ Round ____  Rect.
Date -2~ ¢ Duct dimensions in.
Operator R T3 Length of port in.

Do

FM-10 Guidelines require that the velocity at each of the four
selected traverse points be within + 20%. Record the
velocity pressure of the traverse points and perform the
indicated calculations. The values in the last column must
fall within range of 80 - 120. '

Gas Velocity 100 J “~F
Traverse Temp. Fressure ;
Foint ~F \/"F' ( J"F‘ ave
(deg-F) (in. WC)

A= 385 o777 | .977s AT

-~ & I8 o727 W .28// g9 sS4
c-/ 385 083 288/ /02,02
D-/ 3¢5 ,080 |.2828 | Joo. /4

Averages LS |\ Y A5y Sy

The average velocity pressure to be used for the sizing run
may now be calculated from the following expression:

VEl po.s0 o 0797
o = (VP ave) = ,O7986 in. wC
Ly O&0
Traverse points on round ducts: .15 D and .85 D
Distance from the duct wall: 2 in.
Distance from the end of port: 73.39 - in.

" 84 /46')(\777 ' CF.—016
3 g3 7 E-2



INTERFOLL LARORATORIES EFPA METHOD S5/17 SAMFLE LOG SHEET

Job NVSP RED W2 oG Date 3—36*72 Test S Run )

Source UNZT & OWTLET No. of traverse points Q¢

Method PM-10 Filter holder: Twm3Iachw Filter type: Tk v &F T lter
m=-s” GJ;ss ‘ '

Sample Train Leak Check:
Pretest: ( 0.02 cfm at 15 in. Hg. (vac) [~ Glssunrceg
Fostest: 6-00 cfm at P  in. Hg. (vac) B >?€_A?E
owuLy
FParticulate Catch Data:

No.s of filters used: Recovery solvent(s)

0D 69 B/acetcme
1] other (s)

No. of probe wash bottles: _ &
Sample recovered by: J R+BR

Condensate Data:

Weight (g)
Item
Final Tare Difference
Impinger No. 1
Impinger No. 2
Impinger No. 3 A
Condenser ,5‘;( O ,54./
Desiccant /4{/3{ /3 5/ Q 3
TJotal &71 7

Integrated Gas Sampling Data:

kag Fump No. ’61 Eo» No. l E=g No. ‘

Eag Material: S-layer Aluminized Tedlar Size: 44 L

P
Fretest leak check: _ O &) cc/min at 15 in. Ha.
Time start: {0 IB (HRS) Time end: 1353 (HRS)

Sampling rate: 305 cc/min Operator: TR

S/N of Oz Analyzer used to monitor train ocutlet: 8

N CF-023%

E-3 S-0046RR
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Kun 4 & 12
Interpoll Laboratories
(612) 786-6020 MW

Cascade Impactor Laboratory Data Sheet

Job QQPK:JAZ_/_‘?7 Date of test _3-26-8%
STA C K- Test =£ Run /

Source A u'éd 2

Analyst y Impactor No. / Substrate used ~Ss
Weight (g) Cum. % |Fart
Stage Weight v/viDia.
No. . Uncorr. Corr.
Tare Final Mass Control Mass (g) ) (um)

Preimpact. 179.85783 | «9.5¢00! | 6.0ms «00070].0l04Q . ©loYy

) 1,88109 |} 44136 | 0.0004l | .00007}|.0003% olof2
[ 26737 /21005 |p.00018 | .0000b|.000 /2 6/0%Y
1.96%799 |1, 93029 |o 00030 | -0000S ). csors || .00]119

»

L]

4 L34696 |, 34340 p00044 | -00006), 00035 | .01157
S l. 35257 |1.353:3 0. 00050 | 00002 |.0005%¥ §§ L0121]
& ) 923530 ). 937937 ». 002 1F| 10000 |.002]5 I A
7 194553 |1.9572S ]|, 01220, o000y |.of21% | o204y
Filter —_ o.m23 o.mes | 00030 |,1/093 §.13737

Sampling rate data:

Vara = 53,52~ DSCF Po = ’F('?’f{)/_ in. Hg
te = 3LF <F Pe = __ €/  in. uC

/TR

a = _[hp min. MC

5.67 Vaea (ta + 460)

Qa =
0 (Fo + Fg/13.6) (100 - MC)

S.67 » | 5-3'5'7’ ) x 3[7 + 460) é
qa = - = 013' 3 acfm
Ao ) w (X85 + o] 7 13.6) x 100 - L3 )

Rev. 1 CF-0Z8
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Interpoll Laboratories
(612) 786-6020

PN-10 TRAVERSE POINT SELECTION DATA SHEET

Job L RED WINWE Pitot Tube No. U7 — 2 \é\

Source UNNZT & OWYTLET " Barometric pres. 2%.94 in.Hg
Test Fe Run =N Duct shape: ¥ Round ____  Rect.
Date 3-26-2%% Duct dimensions . in.
Operator TR «JICE Length of port in.

FM—10 Guidelines require that the velocity at each of the four
selected traverse points be within 4 207%. Record the
velocity pressuwre of the traverse points and perform the
indicated calculations. The values in the 1last column must

fall within range of 80 - 120.
Gas Velocity 100 J “~p
Traverse Temp. Fressure
Foint ~F VP ( J“P )ave
(deg-F) (in. WO)
A- | 370 _Dsg 2E3 7390_
74
K- ] 320 L 079 ! 77.5¢
¢ - | 370 0Z 8 . 2%63 161.3¢
D~ 327D L 00 218¢ D6, 1

Averages 370 Vs Osad |V

The average velocity pressure to be used for the sizing run
may now be calculated from the following expression:

2
~F = ( "-‘\F- hve) = .0777 in. WC

Traverse points on round ducts: .15 D and .85 D
Distance from the duct wall: (?.89 in.
Distance from the end of port: 23.99 in.

- CF-016



INTERFOLL LAEORATORIES EFA METHOD S/17 SAMPLE LOG SHEET

Job ASP RED coT s Date 3';6‘33/Test 5~ Rum =
Source UNSTOa oeTeel No. of traverse points ¢

Method P¥-¢co Filter holder: mrpacere Filter type: T ompACTIR. Apex v~ 1t

Sample Train Leak Check:

Pretest: ( 0.02 cfm at 15 in. Hg. (vac)
Fostest: ~ 4o cfm at ¥  in. Hg. (vac) B otacs e

L
PRIZE Uy
Particulate Catch Data:

No.s of filters used: Recovery solvent(s)
OO0 oo acetone
0 other(s)
No. of probe wash bottles: - 2
Sample recovered by: TB+EBR

Condensate Data:

Weight (g)
Item
. Final Tare Difference
Impinger No. 1
Impinger No. 2 § -
Impinger No. 3 N
Condenser /5, CiD /5
Desiccant 1371 135y gbf
Total gcg

Integrated Gas Sampling Data:
Eag Fump No. 75“( Eox No. l Eag No. o

Bag Material: S-laver Aluminized Tedlar Size: 44 L

Fretest leak checlk: Q 0D cc/min at /é/ in. Ha.
Time start: /338  (HrS) Time end: /$32  (HRS)

Sampling rate: féDD cc/min Operator: JB

S/N of 0Oz Analyzer used to monitor train outlet: 2

£y S-0046RR
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Interpoll Laboratories

(612)786-6020

Cascade Impactor Laboratory Data Sheet

Job 'mﬁp[ﬂazaﬁ Date of test
Source ZZau L 22 Test 5 Run _2
Analyst C;’/y:? Impactor No. 2 Substrate used __ X5
Weight (g) Cum. % |Fart
Stage . Weight | v/v|Dia.
No. Uncorr. Corr.
Tare Final Mass Control| Mass (@) y | um)
Freimpact.} ¢g zyo2 | «8. 73452 6.00450 00070 .003%s . 00385 7',1,,’, 16
! ). 90135 {1.90/%L | o.0co5p | <0007 . 60049 || L0029 | Jo.bL 6.¢
“ /- 9%/3 11. 9835 |5 00022 | 0000 b|-0001¢ || -o04yvs|tlog] ¥.2
= 1. 940 ). 54990 |0.00038 | 990 §1:00033 || r004q3g | .98 2. &
4 ). 89025 L 2%071)6.0004d | 0000 D . 0063§ §-005/4 |Ja.82) [ ¢
S /- 57454 1. 39598 | 0.00064 | 10000 2| - 00042 | . 09528 IM3L] 16
6 1.96693| 196604\ 0.0002) | <0000 2 | - 00019 | . s0552 | 1M.8y]| . €y
’ 1.92390| 17236 #|a.000 33 | 10000 4 | - 00073 | .00 70 /L.é‘_';' .30
Filter I — ao33%¢ |o.a3339 | .0p030 | . 0338 | . o Ye2Y | EEEEEE

Sampling rate data:s

ks

Veta = 53' 17’ DSCF Ps- = g‘(?tg( in. Hg
te = 365  eF Pe = LOI in. WC
a = /3—0 min. MC = /5-.5‘0 % VIV

S.67 Varag (ta + 460)

Qa F
§ (Fo + Fg/13.6) (100 - MC)
5.67 % ( 5342 ) x ( 353+ a6

L]

. e

= 0.87& acfm

/ 13.6) x ( 100 = I15.3¢ )

(/RE ) w (KES o+

Rev. 1 CF-0Z8



Interpoll Laboratories
(612) 786—-6020

PH=10 TRAVERSE POINT SELECTION DATA SHEET

\
Job 22 BEDWPNZ _ Pitot Tube No. V-T’?-':l /ek
Source AT T A OWTLET.  EBarometric pres. 2-£.949 in.Hg
Test 35 Run 2 Duct shape: .- Round ___ Rect.
Date L-26-¥%8 Duct dimensions /i as in.
Operator AR+ T2 Length of port & in.

FM-10 Guidelines require that the velocity at each of the four
selected traverse points be within ¢4 20%. Record the
velocity pressure of the traverse points and perform the

indicated calculations. The values in the last column must
fall within range of 80 - 120,

Gas Velocity 100 J “F
Traverse Temp. Fressure )
Foint ~F v “F ( “AP )Avq
(deg-F) (in. WO)

A- ! 35 _ P2 | .a63 F8. N

8- 1 365 OO 2838 | ey
- 365 0% L Voo, %
D- | 365 ocl L2ty 100. 64

Averages SbS |Vt 28 Ty

The average velocity pressure to be used for the sizing run
may now be calculated from the following expression:

AF' = ( AP ﬁvg) = . O <../0 i N. WC
Traverse points on round ducts: .15 D and .83 D
Distance from the duct wall: t7.2% in.
Distance from the end of port: 23.29 in.

CF-016



INTERFOLL LARORATORIES EFA METHOD S5/17 SAMPLE LOG SHEET

Job NP RED LI WG Date 3-32G-¥¥Test S  FRun =D
Source UNTT oy ST T No. of traverse points <
Method ®®W-~-/o Filter holder: ngef»c\'ug Filter type: T poctor - ,4'2&2,.;_ ~N-

Sample Train Leak Check:

Fretest: ¢ 0.02 cfm at 15 in. Hg. (vac) [~ &lasswaxe

Fostest: =~ _p.02 cfm at [ in. Hg. (vac) g ?JBF
vwey

Particulate Catch Data:

No.s of filters used: Recovery solvent (s)
0020 [}—<cetone
0O other (s)
No. of probe wash bottles: 2
Sample recovered by: T B+ERK

Condensate Data:

Weight (g) -
Item

Final Tare Difference

Impinger No. 1

Impinger No. 2

Impinger No. 3

Condenser /é 7 O /67
Desiccant ' 374 /30 ?/ &L

Total

Integrated Gas Sampling Data:
Bag Fump No. ZB‘/ Eox No. / Eag No. J3

Bag Material: S-layer Aluminized Tedlar Size: 44 L

Fretest leak check: 6,00 cc/min at ZH/ in. Ha.
Time start: _[b40 (HRS) Time end: _ /330  (HRS)
Sampling rate: _23)) cc/min Operator: IJTK

S/N of O= Analyzer used to monitor train outlet: %

CF-023=
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Interpoll Laboratories
(612)786—-6020

Cascade Impactor Laboratory Data Sheet

Job —A"‘MM Date of test _3-Z(-8Y

Source Ms!é& _&5 Test N3 Run =%

Analyst’i;;;;;D Impactor No. 3 Substrate used <s

Weight (g) Cum. % |Fart

Stage Weight v/v]Dia.
No. ' Uncorr. Corr.

Tare © Final Mass Control Mass (g) ) (um)

Freimpact.§ 10 (ysa3 | ¥6.45Y39 | aoosrr | .oop70 | .008%¢) ) L0029 |20.50| Jo

! U, 222179223 o 00025 00007 | .600 /g . 00859 |21.25] 6.6

L

1. 363931 1.96Y2Y | pposi | c000p b |. 06005 | .0058¢ |20 8L ¥.2

2]

/. 90923 | 1. 9/99% | .00028 ,00005 S 0080 .oa?o'-/ 2234 2.6

4 /. 3363 1, 5393 | 00002 | 00006 | — 00924 |22.3¢] I:C
S /. $9376) ). 99901 | - 00032 | .00062 |.000305 | .06093Y 23;16 /16
6 /. 92450 /.éau? 000! % L0000 |, 000!S .oo?‘/?
7 i 1. 27146 |1-3722% | ppo$F | . 00004 |. 00083 ). 06/0632

Filter i - o. oo | 203091 | ,00030 | . 0301/ F.0Y0Y3

Sampling rate datas

- /g .-
v-td = 53.' Y( DSCF F'b = 0‘0" 2«5 in. Hg
te = __J§§:Z___ °F Fe = ___Lfl___ in. WC
a = /30. min. MC = /7"_,3 b VIV

F.867 Vaeca (ta + 460)

0 (Fo + Fg/13.6) (100 - MC)

= 0. GL acfm

0
Ly
"

Rev. 1 CF-0QZ8




Interpoll Laboratories
(612) 786-6020

PM=10 TRAVERSE POINT SELECTION DATA SHEET

Job A 3P BEDUITT G Pitot Tube No. \J11-3 ‘Ao

Source UMTT S OuT LET Barometric pres. o.9.4<\  in.Hg
Test S” Run w4 Duct shape: X —Round ____ Rect.
Date Z-26-8Y Duct dimensions He, 38" in.
Operator fR v S IR Length of port < in.

FM~10 Guidelines require that the velocity at each of the four
selected traverse points be within + 20%. Record the
velocity pressure of the traverse points and perform the
indicated calculations. The values in the 1last column must
fall within range of 80 - 120. : '

Gas Velocity 100 v °F
ng\i/i:se Temp. F'reigure N ( JZF-_)...V,
(deg-F) (in. WD)
A - 270 L 674 213 q%.45
B- ) 370 . OH el 41l A9.0¢
¢ - 3220 .03 037 (ol. S5
D=/ 31 08D 2929 9.63

Averages 370 Yigiiinsinag| o831 |V

The average velocity pressure to be used for the sizing run
may now be calculated from the following expression:

2
~F = J"‘F‘ ave) = 040 in. WC

Traverse points on round ducts: .15 D and .85 D
Distance from the duct wall: 12:29 in.
Distance from the end of port: 334 in.

CF-01¢6



INTERPOLL LABORATORIES EPA . " METHOD & SAMPLE LOG SHEET

Job iy (\‘ZE_}) LOYTNG Date 3-.1/4-55Test S Run el
Source AN Ol LB No. of traverse points &
Cvclone: B/VES No Filter holder: MMS Filter tvne: 4" Glass fiber +«
Arialytes: CONTEIL For SNM- (D TTmPacToR. . S _ T

Field recovery spike addedg%én Yes [} No Reference: _. " °- s

Sample Train Leak Check:

Fretest: ¢ 0.02 cfm &t 15 in. Hg. (vac) @~/ éﬂgséfﬂ'gi'*
Fostest: 0-60 cfm at 5 in. Hg. (vac) [~ ROGE

Semivolatile Catch Data: A/%
No.e of filVters used: Recovery soclvent(s)

MeClZ * MeOH (S0:30 v/v)
[/ other(s) _2cEONE,

No. of bottles for condensate trap catch: = Vid -
Samples recovered by: =7 R '

. Condensate Data:

Weight (g)
Item
Final Tare Difference
Condensate trap 0,4 W/?—
Condensate trap Y e y L .

Condensate trap

N4 | A

< T ConbRMSRS J /Y

o

/7Y

Desiccant

;375

/348

&0

Total

204

Integrated Gas Sampling Data:

Jgé Rox No. i Eag No. z :

4-1 ayer AIQminized Tedlar Size: 44 L

Eag Fump No.
Bag Material:

Fretest leak check: '6,C»D cc/min at /Z in. Hg.
Time start: 1926 _ (HRS) Time end: Q1 2Y  (HRS)

Sampling rate: 300 cc/min Operator: 36

S/N of 0= Analyzer used to monitor train outlet: Z__

E-15
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Cascade Impactor Laboratory Data Sheet

Irnterpoll Laboratories
(L12)78B4-6020

Go/J'TROL-

Job ﬂ)jff/»éz/l//w

Date of test ,3-24-3%

Source o, J o 2 N s Loy A Test 5 Run ¢
va ’
Analyst ;;Z Impactor No. (@) Substrate used 5 _Yfo,/
Weight (g’ Cum. “ |Fart
Stage Weight v/viDia,
No. Uncorr. Corr.
Tare Final Mass Control Mass (a’ y (Lum 3
Freimpact. | ¥9.02287 |¥9. 6857 |o.cs0 7o
1 /. Fo009 | /. 900/6 |0 -0O0O0O0F
< /. 90067 190057 |p.0000¢C
/77268 |1 722733 |o.oooas
4 [P35 F |/ P 3 (0.00006
= [ 3P/7R 1/ 22/ Yo 00002
& /.906 %0 | /90652 (0.000D2
/90730 |1.90,/3¢ |0 0000
Filter —_— 0.00030 0., 00030
Sampling rate data:
'V,-f_-_c’ = DSCF F‘b = 1 N. Hg
te oL F'° = _ in. WC
a min. MC = _ e VIV
5.87 Vmea (tea + 450)
Qe =
a (Fe + Fg/13.6) (100 - MO)
S5.67 # Yy oo« ____+ 450)
g& = = _oactm
LS 2 O § + /13.86) % (100 - .
Rev. 1| CF-o2g



Extrapolation of 50% Cut Point for Impactor (um)

Stage No. 300 °F 360 °F 500 °F
7 .34 .36 ~ .375
6 .60 . .64 .67
5 .96 1.01 1.04
4 1.50 1.57 1.61
3 2.45 2.57 2.65
2 3.90 4.2 4.4
1 6.2 6.62 6.9
P.I. 9.8 9.98 10.1



Interpoll Report No. 8-2526
Northern States Power Company
Red Wing, Minnesota

Test No. S
Unit 2 Stack

Results of Orsat & Moisture Analyses————-Methods 3 & 4(%v/v)

Run 1 . Run 2 Run 3

Date of run 83-26-88 23-26-88 23-26-88
Dry basis (orsat)
carbon dioxide.cuicseseaenn 12.00 12.39 12.15
o}(YQEnll..I.III.II..I..III 8-@3 7.74 7.85
carbon monoxide.ccescsesss 0.00 0.00 2.00
NitrogenN.ccceccasscanannsss 79.97 79.87 802.00
Wet basis (orsat)
carbon dioxide..sscssescas 10.28 10.47 10.08
nygenl-lllI....lll..llllll 6'74 6.54 6.51
carbon monnxide.l......... 0.020 2.002 2.00
NitrOgEeN.cceecsennanannans 67.15 67.49 66.37
water vaporeecccasssssscsa 16.03 15.50 17.03
Dry molecular weighteccaaaan 30.24 38.29 30.26
Wet molecular weight...cac.. 28.28 28.3%9 28.17
Specific gravity.ceesessenes 0.977 2.981 B.973
FOD 1.873 1.062 1.274



Interpoll Report No. 8-2526
Northern States FPower Company
Red Wing, Minnesota

Test No. S
Unit 2 Stack

Results of Orsat & Moisture Analyses———-—-Methods 3 & 4(%v/v)

Run 4
Date of run 23-26-88
Dry basis (orsat)
carbon dioXide..seesasnnea 12.24
OXYOENoussssaassnananasenss 7.96
carbon monoxide.eaeceanacas 9.00
NitrogenN.csasccsasascannesns 79.80
Wet basis (6rsat)
carbon dioxide..secsscassas 10.38
nygen'l.Ilﬂ..l.l!.l.l.l.. 6.75
carbon monoxide.ecccscencea - 0.002
NitrogenN.ecacesacascecssans 67.66
water vapor..csssacsancoasss 15.22
Dry molecular weight.eceeoeee 38. 28
Wet molecular weight.cecoase 28.41
Specific gravity..asesesncsa 2.981
FO 1.857

E-20



Test No. S
Unit 2 Stack

Interpoll Report No.

8-2526

Northern States Power Company

Red Wing,

Minnesota

Results of Particulate Loading Determinationgs-———-——-Method 5

Date of run
Time run start/end.....(HRS)

Static pressure...... (IN.WC)
Cross sectional area (SG.FT)
Fitot tube coefficient......

Water in sample gas
condenser... «« (ML)
impingers..c.sa...... (GRAMS)
gdesiccantic.csenea. (GRAMS)
total.cieeenaceees (BRAMS)

Total particulate material..
csvevesss.sCOllected{grams)

Gas meter coefficient..e..as
Barometric pressure.. (IN.HG)
Avg. orif.pres.drop.. (IN.WC)
Avg. gas meter temp.. (DEF-F)

Volume through gas meter....
at meter conditions...(CF)
standard conditions. (DSCF)

Total sampling time.... (MIN)
Nozzle diametetriocaceasas (IN)
Avg.stack gas temp .. {(DEG-F)

Volumetric flow ratBeceeecscss
actual.ecveneeeee aaaw (ACFM)
dry standard....... (DSCFM)

Isokinetic variation..... (%)

Particulate concentration...
actual.seecacanesea (GR/ACF)
dry standard..... (GR/DSCF)

Particle mass rate... (LE/HR)

Run 1

A:-26-88

181571253

E-21

-0.50
72.45

. 848

154.0
2.9
&£3.0
217.9

B.1374

2.9980
28.85
B8.75
187.2

S59.65

S93.52

120.00

ey
a Db

367

88942

45911

182.6

B.022044
2.03962

B.0482

B.9980
28.83
8.75
110.8

59.92

S3.42

120.00

ey
a it s

355

88129

464867

ip2.2

2.80612

B.81161

4.62

Run 3
23-26-88

162871838

-0.20
72.45

. 8408

167.0
0.2
66.0

232.0

2.0404

@.9980
28.85
B.76
114.1

68.30
53. 435
120.00

- 353
357

88570
45741
103.9
D.00602
B.01166

4.357



Interpoll Report No. 8-2526
Northern States Power Company
Red Wing, Minnesota

Test No. S
Unit_2 Stack

Rasults of Particulate Loading Detaerminationg———————Mathod 5

Run 4

Date of run a3-26-88

Time run start/end.....(HRS) 1925/2135

Static pressure...... (IN.WC) 2.00
Cross sectional area (SQ.FT) 72.45
Pitot tube coefficient...... . 840
Water in sample gas
condenser.cccecscseeeas (ML) 144.0
impingers.......... (GRAMS) 2.0
desiccant...cce0ee... (GRAMS) LB.0
total..ccucnnaneess (GRAMS) 204.9
Total particulate material..
caessssressCnllected(grams) 2. 0000
Gas meter coefficient....... 2.9980
Barometric pressure.. (IN.HG) 28.83
Avg. orif.pres.drop.. {IN.WC) B.76
Avg. gas meter temp.. (DEF-F) 114.2
Volume through gas meter....
at meter conditions... (CF) &0.39
standard conditions. (DSCF) 83.52
Total sampling time....{(MIN) 120.00
Nozzle diameter.cecaecaa.. (IN) . 353
Avg.stack gas temp .. (DEG-F) 355
Volumetric flow ratec.cececes
actual...ccanancassan (ACFM) 88097
dry standardecec.e.s (DSCFM) 45598
Isokinetic variation.a.... (%) 182. 1
Particulate concentration...
actual..ccaueeesasa {(GR/ACF) 2.00000
dry standard..... (GR/DSCF) 2.200080
Farticle mass rate... {(LB/HR) 2.99

E-22



APPENDIX F

ACID GASES FIELD DATA SHEETS



INTERFOLL LAEBORATORIES EPA METHOD 2 FIELD DATA SHEET

Job WP XED WING
Source UNIT o STA CK A
Test 2 Run _/ Date _3-2v-8%
'Stack dimen. /535S~ IN.
Dry bulb ' deg-F 8 H D
Wet bulb deg-F
Rarometric pressure E?YZZ5’ in Hg
Static pressure in wWC ¢
Operators TBURLES S )
Fitot No. i Cp RAL e prheratlic oin
Traverse Fraction Distance Distance Velocity |Temperature
Foint of . from Stack {from End of||Fressure of_gas
. 4_ No. Di ameter Wall (im) Fort (in) (in WC) (deg-F)
> #|Fort length: /g’ in.[Time start: hrs
[£.2] 37.z)
S7.62 75,62
76. 04 /id. 04
Temp. measure device: Time end: hrsy
$-392 - CF-012"



INTERFOLL LARORATORIES EFA METHOD 4 AND & FIELD DATA SHEET

Job AsP 2£DW.ZM€ Operator (s) g B TJ
Source Antd Sfack Meter Rox No. @ Gasmeter coet. /[ ogoa.

Date (3-J¢Y-§¢Test A Run | Earometric Fressure =1 £~ irm.Hg

" Sample Train Leak Check:
Fretest: < 0.02 cfm at 15 in. Hg. B—

Fosttest: cfm at in. Ha. [j
Trav.| Samp.| Sample | Orif.]|VAC. Temperatures (°F) Oxyaen
Foint| Time Volume Meter
No. (min) (cf) (inWC) jinHg|lFrobe| Oven|Impg.| Gas/In{BGas/Dut] (4Av/v)

93.90 ‘
B-a| & [WF3 | 127 [63lo1 |ass| 54 62 6y | 794
al n |906¥ | 127 6] 050|055 |55 by | 63 | €I
al 5 19909 | 18) bl 1350 (060 |59 | 72 L3 | 70
al g0 972,722 /82 |65l aso o | 5v 75 63 |73
B 1 |25 92049 187 |20 a2 |owo | 550 97 | ¢4 |14

i | 3o 2499 | 1.§7 |70 jaso | w60 |55 | 77 ey .1
l 35 ?97,57 (.37 | %0120 |2c0| s5 < 65 7.5
bl w0 19323 iz | 20fa= |oss|sqy | g2 | Lo |72
Pl |ys § 28,13 |19 [28)ow |aso |3 | F0 vy 19

Ven ~H= H (tm) ave.=
Condensate Data:
Weight (g) Freliminary results
of S02 concentration
Item Final Tare Difference determination

Impingers $55 7?5’ 6 O Vstd = DSCF
Condenser - ’ Moisture = YAV AV,
§02, dry = ppm
Desiccant lgéél /3{5’ 4p7 S02, wet = ppm

LE/MMEtu =

/02
CF-0Q1%

F-2 S-287RR a



INTERFOLL LARORATORIES EFA METHOD 4 AND & FIELD DATA SHEET

Jdob ASP  RED WITrG Operator(s) JiSwI1
Source UNZT R SIACK Meter Eox No. O Gasmeter coet. /el

Date _2-2¢-2¢ Test _.& Run ( Barometric Fressure °= oF 76 in.Hg

" Sample Train Leak Check: _
Fretest: < 0.02 cfm at 15 in. Haq.
Fosttest: 6.¢) cfm at _/O in. Hg. N

Trav.] Samp.|| Sample | Orif. |vac. Temperatures (°F) : O« ygen
Foint] Time Volume Meter =
No. (min) (cf) GnUWl) |inHgFrobe| Oven|Impg.| Gas/In|{Gas/Out| (%v/v)

i | s 173985 | /87 |20 oo |osx | v | g9 6F 7oL
i s§ 943,51 187 7.0 |250 |25% | 57 g &9 rA®)
| 1 6d [997.00 | 197 |20 ]2so {oss |53 | 85 | &7 |

(1103)

(tm) ave.= 7115

6o V=43 |"H=/57

Condensate Data:

Weight (g) Freliminary results
of S0Z concentration
Item Fipal Tare Di fference determination

Impingers Vstd = DSCF
Condenser Moisture = YA Y]

§02, dry = ppm
Desiccant s02, wet = ppm

LE/MMEtu =

CF-01%

F-3 . : S-287RR  a



INTERFOLL LABORATORIES EFA METHOD 4 AND & FIELD DATA SHEET

Job A SP PE@ LI Operator (s) Tar T T
Source IPLET S STARCK Meter Eox No. & Gasmeter coet. 7 dodao
Date _2-99-8¢% Test 2 Run 2  Barometric Fressure 8. 726 irn.Hg

" Sample Train Leak Check:
Fretest: < 0.02 cfm at 15 in. Ha.
Fosttest: cfm at in. Hg. 0

Trav.| Samp.|| Sample ‘Orif.|VAC. Temperatures (°F) Oxygern
Foint| Time Volume Meter
No. (min) (cf) (inWC) jinHg||Frobej Oven|Impg.| BGas/In|Bas/0Outf (Lv/v)

Q“s,') G447 30
s 1909 199 |e3]ose lasy|se | 56 |70
0 N BY4 | 187 |64 |20 |osv | 51 | TV 72
I V9L | (32 [6Sle0 loss |51 | ¥4 | 20
20 1 96). 4> | ).8) |65 oo lasie | St | ¥1 | 10
C 1 |25 %590 | 197 |{5Hoeo loss | s/ | 95 | 70
L] 30 [96i.60 | .92 |65 260 |asw | sa ] 79 | 71
L] 3% [973.6D)1.§7 |45 Joso |3s5 | sa | 94 21
L | 90 f977.s0 | Ly |5 os8|ass|sa | 85 | 2a
751.]9 | .87 |Lsi2s9 25052 | g2 I

V= “~H= Ml (tm) avag.=
Condensate Data:
Weight (g) Freliminary results
- of S02 concentration
Item Final Tare Difference determination
Impingers b O b ‘/?é (1D Vstd = DSCF
Condenser ) Moisture = YAYZAY;
s02, dry = ppm
Desiccant /3é& )3 4& &Q s02, wet = ppm
/SD LE/MMEtu =
CF-01¢%

F-4 S-287RR a



INTERFOLL LABORATORIES EFA METHOD 4 AND 6 FIELD DATA SHEET

Job _ 3P RED WILE operator (s) Jo¥ 13
Source UNLT & = TARclC Meter Eox No. b Gasmeter coef. [ /JJd O
Date | I5-%% Test = Run __ Earometric Fressure _ 28 16 irn.Hg

) Sample' Train Leak Check: .
Fretest: < 0.02 cfm at 15 in. Ho. E/
Fosttest: _Q.0o cém at - z in. Ha. B/

f—

| Trav.| Samp. sample ‘orif.|VAC. Temperatures (=F) : Oxygen
lFoint] Time Volume Meter 5 =
Nc. (min) (cf) F'robe‘ Dven\lmpg. Gas/In Gas/0Out (Av/V)

4$07| 137 |65 125D 1250
(| sr 199360 147165 255|258 5 g¢ | 2¢ Vw3
Ll eo | 93231 [ 57 (.5 a5 |25% 53 | ¢+ 23

(21s)

LD V= FoTod T 1.¢71 1 ctm ave.= 19,2

Condensate Data:

weight (9} Freliminary results
of S02 concentration
Item Final Tare pifference determination
lmpingers vstd = DSCF
Condenser . Moisture = YAYZA S
; 802, dry = ppm
pesicecant ‘ s02, wet = ppm
LB/MMBtu = J
CF-01%

e : g-287RR 2

e



s EFA METHOD 4 AND & FIELD DATA SHEET

Lanf?Tj
. basmeter coet. _ldoc>
S5¢.0 irm.Hg

INTERFOLL LABORATDRIE

Operator(s)
Meter BOX NOo.
Earometric Fressure

© cample Train teak Check: )
Fretestt < 0.02 cfm at 15 in. Ha. B/

cfm at __ in. Ha. 0O

sob WP RED W IG_
Source UL LT &2 sTACkK
Date 3—;'-1-77' Test 2 Run 3

frosttest:

Trav.| Samp-. sample ‘orif.|VAC. Temperatures =F) Oxygen
Foint| 1ime Volume Meter : =
MNo. (min) (cf) ‘(1nNC) inHa Probe% Dven\lmpg. Gas/In Gas/0Out (Av/V)

| 1232 %92.20 |

~ 9% oL ) 92163
o 1924 | .82 b. ;{o\aﬁ’ s 7/ 7o | 1.4
;5 1 1093,19 187 |62
I I A « B A oys|250
= | 2s ouear] 18] 1S s losp | 511 TS |72 g0

o

1-"/ L lve

S g3 | 73~ 4 2.4

Vg0 lwonsox 147\ b.5 4250|282 cal 5 | 25 | 22
| 2+ J(o15.63| L8162 a6y | 200 |52 J¢ | 73 179
€7 9 7.

| ovo ji0d) 32 L37
A | KT 1026.011 151

<7 24l g0

V= ~H=
Condensate pData:
weight (g) freliminary results
of S02 concentration
' I1tem Final Tare pifference determination
['impingers vstd = DSCF
Condenset ’ . Moisture = ZV,Y_J
(—7 : sg2, dry = ppm
pesiccant ' g0z, wet = ppm
LB/MMEtU = J
-~ t
CF-01%

‘ - F-6 - : §-287RR @




A METHOD 4 aND & FIELD D

ATA SHEET

INTERFOLL LABORATOF\'IES EF
Job AP PED G pperator (s) __‘J'BVTJ'
Source _ UNET S Meter BO® No. Gasmeter coet. /i dod 2
Date 3ov-83 Test = FRun _ 3 Earometric Fressure o pgle in.Hg
- gample Train Leak Check: _
eretest: < 0.02 cfm at 15 in. Ha.
Posttests 0,00 cfm at - _f in. Ha. B
I .
Trav.x Samp . sample ‘Orif.|VAC. Temperatures (=F) Duygen
Foint!| Time volume Meter — ; 7 ;
No. | (mind (cf? (1nWC) {inHa F'rube\ poven|ImpQg. Bas/1n. Gas/0Out (%v/V)
| s 1102973 16714, 86255 | 260 53| &8 7Y
| s lozzwzl /87168 95| 2¢0] 53 g9 | 75 18%2
(| o W032 (Y 1.g7\¢ 91 25512¢0 sy | g9 | 25 8.2
(1233
o= do |V-mduad |7 i §7 1 (tmd ave.= 7713
Condensate Datas
1 weight (g) Freliminary results
! - of S02 concentration
1tem Final Tare pifference determination
impingers b!:)’ ‘-lcl'—\ 12 ‘ vstd = DSCF
Condenser Moisture = YAVI Y
: so2, dry = ppm
Desiccant /4/2/ ’3 3? 3 spz2, wet = pPpMm
‘5-3 LB/MMBtu =
. CF-01%
e W’-'—?’: Arewritiidamnn e
S Fe2 - 5-287RR




APPENDIX G

METHOD 7 FIELD DATA SHEET



Interpoll Laboratories

(612)786-6020

EPA Method 7 Sample Collection

Field Data Sheet

JobW5P I?ec” w/'/mL Date 3 - Al ~Z¥ Bar. Pressure 2%, £% IN.HG.
Test Location[/,,z" ) _ Fuel Type v&} ﬂlf’ Sample Train No. &~
< STho k i Technician :Z;[__ Pump No.
Test Flask
No. Run Flask Time Vacuum Tsmp. 7 Leak Rate
Point No. (HRS) (IN.HG.) ("F) <0.4 IN.HG./MIN.
1 {-1-] | 1618 |28 60 75’?) & Yes [T No
2 §-/~R A [6432 128 s0 |42 [X Yes [T No
3l=1-C 1 2 Vrop 28,60 [Y2° | Zves TN
¢ =0 | 4  p/s AR FD |42 ~| [FYes [T No
5 I-D-A | K~ 0 128, 4D |4 M [T Yes [T No
6 la-@ | & Up1 o~ lop s2 |9 2° [ Yes [T No
7 l=-c 193 Y30 by 40 (4 ¥° | KYes [Tho
8 |1=2-D | HY |84 a5 ij,‘/ﬂ y 4% [X] Yes [T No
9 |=3-Plygs 11900 log. 50 |44° [X Yes [T MNo
10 )-3-RQlg b 1915 Wpvo |4%° & Yes [T No
11 ||~3~C |4 7 1970 |98, 7D Pyl 5 Yes [T No
12 |-3-014 % (945 e, 72  l»? A Yes [T No
13 BlanK| 79 [T Yes [T No
14 AN 40, [T Yes [T No
15 'v. ' ) [7 Yes [T No
16 [ Yes [T No
17 [7 Yes [J No
18 [ 7 Yes [ No
19 L7 Yes [T No
20 [ 7 Yes [ No
21 L7 Yes [ No
22 [7 Yes [T No
23 [7 Yes [] No
24 [ 7 Yes [ No
25 [ 7 Yes [ No
26 [ 7 Yes [J No
27 A L7 Yes [T No
S-263

G-1




APPENDIX H

METHOD 9 FIELD DATA SHEETS



Interpoll Inc.
(612)786-6020

Visible Emissions Form
SOURCE NAM OBSERVATION DATE START TIME STOP TIME
Mpw/m i /6lo | 7716
ADORESS SEC SEG
MmN 0 | 15| 30 | 45 |m o | 15] 30| 45
'1o1giplol¥ls|S|Is|S
C,? s% ZIP 21 0l0!lDlol32]0]s5Is| s
EDUWING A slolgslo|sis|s|o0is|o
PHONE SOURCE 1D NUMBER
et s1olololplx#lolo|l S|
PROCESS EQUIPMENT OPERATING MODE
1009 S10ipldlo|*® | 181010
CONTROL}OUIPMEN? OPERA TING MODE s lololnlold | sipis| s
é 5 / 00 ?6 7 37
DESCRIBE EMISSION FOINT Q1N1010 ol o0lo0|0
starr STL eat  sror  Sppme 8 Iinlyolglo|1¥| 0ol gsleoloO
HEIGHT ABOVE GROUND LEVEL|HEIGHT RELATIVE TOOBSERVER| g ~ | 39
START 200 ST0P 200" |s1aRr [,00' Stop (007 > 0lol010 p” 01010| 5
DISTANCE FROM OBSERVER | DIRECTION FROM OBSERVER ol 0l/o]|0 olO | 5|0
START 458" stoP&pp’ | start AJE stopSwme ! 77 | O 1O 1010 | | 0|l 0! 0] ©
OESCRIBE EMISSIONS 12 | 42
sTaRT [ o0pING STOP ~An& ~ o010 10 n 0L 0100
EMISSION COLOR PLUME TYPE. CONTINUOUS [ o % s1s19 Q1019 ! o
STARTAHY STOP S |FUGITIVE D INTERMITTENT ML o0 <€t ¢4l g1 S S
WATER DROPLETS PRESENT | If WATER DROPLET PLUME. s | sl Sl <l s| o]l 51 ¢
NO B~ vESO ATTACHED QO DETACHED QO - pm _
POINT IN THE PLUME A r WHICH OPACITY WAS DETERMINED 16 0l Slolo 1 % s 5
sranr Stk £t sropr  S#me 17 ol &l Sloltv] ol €15 &
DESCRIBE BACKGROUND 8l Sloio 0| O o o
STaRT SV sror Simme s ol €12 PP e
BACKGROUND COLOR SKY CONDITIONS , 5 10 ol 0 0
STARTLYE Blug _s1opSTmE | startfH, CldysToP 20 1 o9lolojlo |01l S| 51010
WIND SPEED WIND DIRECTION 21 { >/ 0 0 51, 0 C) : C) fa)
START /O stOoP /O |sramr sror E : :
AMBIENT TEMP WET BULB TEMP | RHpercent | 210'0lo0lp: 21§50 . O s
START Y2 stop 42 | B 1ol B3 ip0!5ie0| O
2 lplolojs |l o550
Source Layout Sketch Draw North Arrow 25 / 0 /0 { /0 55 7 1s) O 0
@ 2% Jol/oj0 110 %6]|s (5|00
X Emission Point 27 { S’ { S 57 14 d 0 0
28 |/l /0| @101 581 0,01010
¥ 151 s12lo |80l plol o
Sun-()— wind . o 30 0 O 0 C) 60 0 0 O 0
Plume and = Observers Position AVERAGE OPACITY FOR NUMBER OF READINGS ABOVE
Stack 7 HIGHEST PERIOD /(O S % WERE [/
Ao g RANGE OF OPACITY READINGS
Sunlocation Line ) MINIMUM /0 _maximum
OBSERVER'S NAME (PRINT)
Y s PJEN
COMMENTS OBSERVER'S SIGNYATURE D§TE B
Tl [/ ~21-5%
ORGANIZATION,
Ziapd ! ags
| HAVE RECEIVED A COPY OF THESE OPACITY OBSERVATIONS | CERTIFIED BY DATE
SIGNATURE %’/C/ 0-2(-5%7
TITLE DATE VERIFIED 8Y DATE
S-0079R

H-1




Interpoll Inc.
(612)786-6020

Visible Emissions Form

SOURCE NAIAg OBSERVATION DATE START TIME STOP TIME
| " Miog) 110G 32155 1730 /50
ADDRESS | SEC SEQ)
mMNN] 0 | 15| 30 | 45 |ma o | 15| 30| 45
"1 olololo] ¥
c% STAT, ZIP 2 plolo|lo | 32
EDL b /5/!/
3 33
PHONE SOURCE ID NUMBER olol Sl o
unit 2_Lolet sl olololo]
PROCESS EQUIPMENT OPERATING MODE - -
/00% Sl SlolS]S %
CONTROL EQUIPMENT OPERA ngc a,éwoof 6 | O| | Ol D | 3
/00 s 7~ 5
- 7
DESCRIBE EMISSION POINT 71 g1 S ci o |3
sraar STk Exit  sroe s1O01o1 510 |38
HEIGHT ABOVE GROUND LEVELTHEIGHT RELATIVE TOOBSERVER] s | | o | 9 | p | 39
START 200" srop 2007 |srarr LD " srop 4007 > : o
DISTANCE FROM OBSERVER | DIRECTION FROM OBSERVER Oiold |0
START Lf)p'  STOP UDO! | sTART WE s10PSime| 1" | S |01 O | S| @
DESCRIBE EMISSIONS ' 2| 51 S0 |0 | 42
START loy,a,,ug ST0P .%E 13 a3
EMISSION COLOR * PLUME TYPE. CONTINUOUS O o % 0102
STARTG #Bv STOPSHmME |Fucimvea wrermirtentet 4 | o1l S 1o | +4
WATER DROPLETS PRESENT. | IF WATER DROPLET PLUME - 5 | ol ololo] e
NO & vEST ATTACHED D DETACHEDD [~ py
POINT IN THE PLUME AT WHICH OPACITY WAS DETERMINED Ol S|lold
/
srarr Sk Eult sroe Spne 17 | 0l O] &| §1 ¢
DESCRIBE BACKGROUND 18 SO0 O 8
srarr  SKY sror Sepme |
19 SISOl D] 49,
BACKGROUND COLOR SKY CONDITIONS - :
STARTLT Blue STOPSwwwme | sTART Clomt—srop Simmel 20 | O] O] O] O] 50
WIND SPEED WIND DIRECTION 277 | S | € O 5.
START (O srop [0 |staRr € srop £ 2 | <l < oo 5. ;
AMBIENT TEMP. WET BULB TEMP. | RH percent +
START 3%  srop 3§ 2B 10|00 O 53: f
#lols|sio] %
Source Layout Sketch Draw North Arrow 25 0 0 § g 55 :
@ 2% | ololo|l Dl 56
7
X Emussion Point 27 O O { [9] 57 |
(:::::::;33» 2 oo 0] D] s
22 10{S1 50| %
Sun<> Wind - 30 0 o| © O| 60
Plume and = Observers Position AVERAGE OPACITY FOR NUMBER OF READINGS ABOVE
Stack HIGHEST PERIOD % WERE
RANGE OF OPACITY READINGS
un Location Line MINIMUM MAXIMUM
OBSERVER,, NA {PRI
UR 0SSE
COMMENTS _—~ OBSERW DATE
750 DHE 79 GET M 3/72//5%
' ORGANIZATION
SLOURATE LeRomi§ .
! HAVE RECEIVED A COPY OF THESE OPACITY OBSERVATIONS | CERTIFIED BY DATE
SIGNATURE /77/ f/ 10-2/-5F
TITLE DATE VERIFIED BY DATE

Ho2 $-0079R




T e 2b

Interpoll Inc.

(612)786-6020
Visible Emissions Form
SOURCE NAME OBSERVATION DATE START TIME STOP TIME
. 5P /?EZ) Cdr/U’E‘ 3-25-2K 3~ 3 7 3
ADDRESS SEC] SEQ
Pe Geéf/ minN] 0 | 15| 30 | 45 |m o | 15| 30| 45
Tl olo|lolo |00l |0
ciry ﬁ { . STATE ZiP 2 |18 |Q9|lo|lo|32|0|C|0O|Q
A by % 3| o]l ole 33|00l o]o
PHONE SOURCE ID NUMBER .
4 o) Py P s 34 Q Q O (@}
PROCESS EQUIPMENT OPERATING MODE 5 35 ola |l o
DT Do e +90% oleolo |O o2
CONTROL EQUIPMENT OPERATING MODE 6§ | Olojloloj3s|a| 0oif 9| ©
37 | a Q| Q
DESCRIBE EMISSION PGINT ™ "/ ¢ 7 10 | gl |O o
START DaeDim- @ STOP  Spama_ g OO |olo {8 QlO|O|a
HEIGHT ABOVE GROUND LEVEL|HEIGHTRELATIVE TOOBSERVER| ¢ | O | & | O |© || ololo
START /5O " STOP Sksee |START /52" STOPS AL s olo p” ' q
DISTANCE FROM OBSERVER | DIRECTION FROM OBSERVER o = Q19 9
START § 0O " srop s |srarr NE siorouiiy | 17 |© |O|C|lO | 497 |la | ola | O
DESCRIBE EMISSIONS o 2 |logloj0o|O0O|4«2|oc|lo|9lQ
START TU.bie  STOP
? 43 | Q
EMISSION COLOR PLUME TYPE. CONTINGOUS G |—- o 1r ©|9 19 Qlalo
STARTC/ew, STOPSpne_ |FUGITIVED INTERMITTENTC | 14 |©O 1 Q| Oy | 4 |0 010 |0
WATER DROPLETS PRESENT- | IfF WATER DROPLET PLUME s lo|lolo|lols(0 |0la]d
NO B—VEST ATTACHED D DETACHEDQO
| Q
POINT IN THE PLUME AT WHICH OPACITY WAS DE TERMINED %6 |0 |00 |0 4|0 | Q
START srop 17 |lol QO |OQ |0 47 1Q |oio| o
DESCRIBE 8A cxcncicj D o An 7 lolojlol0 |4 Ol alo!O
. C —-—
START Clepn o srop 19 lolololalw Olocoiofo
BACKGROUND COLOR SKY CONDITIONS ;
STaRT W% S grop starTP.C, sroe 20 0|0 O |09 000
WIND SPEED WIND DIRECTION 21 ol |Q| 51,0 QIO Q
s1aRT RO sropswne | sTART N sropsyme 2 |00 0 o] s ’ ol o oo
AMBIENT TEMP WET BULB TEMP | RM percent : +- S :
START D srop £ DIOICoo o |5 0 009
24 o0 Q|0 || ol gio | 0
Source Layout Sketch Draw North Arrow 25 Qlelo . Q 55 Q Q I Q Q
@ 26 | Qlolo|QO|lsslajcial| Q
oo | 57 O
=® X Enussion Point 27 Q — O’ o, c
2 | Ol QIO |Q | 58| QIO |D(Q
2% Q| olo|o|s|Q| C|C|O
Sun<y wind 30 o°° o oo |~ ]°S]° <
Plume and == Observers Position AVERAGE OPACITY FOR NUMBER OF READINGS ABOVE
Stack o HIGHEST PERIOD (D 2 % WERE (O
e > RANGE OF OPACITY READINGS
Bun Location Line MINIMUM O maximum
OBSERVER'S NAME (PRINT)
' e e . BugEsH
COMMENTS _ ! OB8SARVERSISIGNATURE DATE —
Yo Plame 4 Mo oQacs iy W $ ] )t 3-23 75/
7 7
ORGANIZATION /.
TATELPIL L
! HAVE RECEIVED A COPY OF THESE OPACITY OBSERVATIONS | CERTIFIED 8Y DATE 7
SIGNATURE A /0 -Y7
TITLE DATE VERIFIED 8BY DATE

H-3
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APPENDIX I

FIELD DATA SHEETS FOR METALS SAMPLING TRAIN



INTERPOLL LAEORATORIES EPA METHOD 2 FIELD DATA SHEET

I-]

Job __ 4S9 KED TG
Source Un + & LMET 7D ESP
F\‘b\
Test & Run | Date 3-23-8%
. Stack dimen. &6 x33 IN. T
Dry bulb deg-F ® 53
Wet bulb deg-F
Barometric pressure &-7./2 in Hg
Static pressure ~46.S in WC
Operators T RURESH ~ ThoSaw ~ Jh-snaitle _
Fitot No. Wé-( Cp .S4O L— ‘éﬁgggag‘;gt?gn
Traverse Fraction Distance Distance Velocity |Temperature
Foint of from Stack |from End oflFressure of_gas___.
No. Di ameter Wsll (in) Fort (in) (in WC) (deg-—-F )
B #|Fort length: in.{iTime start: hrs
A- 1/ 7.7/ 2. 71 . §D
2 14.13 32.13 oo
3 3. 73~ 4). 728 b5
d 33.4 St- 14 72
< ‘42 .56 60.56 L%
& §1.98 ¢9-9% of
v/ 6 /.40 7% Y0 )
Temp. measure device: Time end: hrs
S-392 CF—C)IE':



INTERFOLL LAEORATORIES EFA METHOD S/17 SAMFLE LOG SHEET

Job SP RED i Zro& Date _3-93-8Y Test z & Run !
Source U T S No. of traverse points 42
Method <¥s— Filter holder: G 1 455 Filter type: GE. FTLTER

Sample Train Leak Check:

Fretest: ¢ 0.02 cfm at 1S5 in. Hg. (vac)
Fostest: ~ 0@ cfm at _¥ in. Hg. (vac) 0

FParticulate Catch Data:

No.s of filters used: Recovery solvent(s)
00%! - acetone
O other(s)
No. of probe wash bottles: {
Sample recovered by: 25 smTTH

Condensate Data:

Weight (g)
Item
Final Tare Difference
Impinger No. 1 63& Y73 134
Impinger No. 2 |
Impinger No. 3 307 306 |
Condenser
. Desiccant [ 343 /1334 9
Total 19y

Integrated Gas Sampling Data:
Eag Fump No. 8% Eox No. Y Eag No. /

Bag Material: S-layer Aluminized Tedlar Size: 44 L

Fretest leak check: d.do cc/min at 5 in. Hg.
Time start: _f¢¢/é (HRS) =~ Time end: (HRS)

Sampling rate: 400 cc/min Operator: J&

S/N of 0=z Analyzer used to monitor train outlet: 7

CF-02%

S-0046RR

I-2



pgaaged = chay ((GEEBREH|RERG80QRRNRA | BEARARA( BERE | HEEND = W | FREEREEN T ap = g RERRAGIRAE
e | €8 kb Lol [ ocfie | YET | BV b (59 ac | 2
Lol || €2 &b Cop [ Sksva | 111 % chiss | sre 9
Aol CTET & ‘lap AR 9 [ Cey | 9S° h9 9SS £€ AN
=9 | €& | 45 91k [RR|CVS LIt | WS Tl "55% e )
~ ¢ s | 21 hs olh O [TTR ] AT | A9 J< fss 3 e
1 C1 <3| 84 e | SC| Lap |UhiQET| Te/ 1 ac§5Ss || S%¢ £
3¢ €2 | 8} boh [4A[SCC] bt | ko (e 6 LC h
be | e8| 8 LR {9 |3TT| 557 [ o Se-lss 535 | s
Lol TS| % ‘ ol {I'v]|gCo| WCl | L% BC’Qs¢ he »
L T8 ly S5\ as¥ G| ¢ 8¢ |s<d al( hs SCbhS §°CC ¢ b
b & 12 | ¢ b | st as | Al | bS- _Sh'8hS 1c )
X4 ESR 2 b f1p|ssef & | 99 [ s5 (ks SH T
59 15| Ly (Il llar 1979 970 | bS Q9 1S el g
8L =81 % | 9s 2/p | Ts|7s | a1 [ o oy shs || S |
A o2 | 8% hib TR Tbsh| 2+°T | 87 bS "bhS Y S
S o2 | Sb oth Trnl8<] Let Q9 85 '¢hs R 9
ol o2 ro | SSlase | a@sc| Bop )] ae] <gn \9° €9 Chs <l JAS)
» S a2 A <!k L Lo’ Qs (9" \hs Sal |
gell o2 | » Pib bl esOf <7 | B | @3 oks b <
S og | €6 || 88| ase| asc| /b [ AR E3L] orl 59 <8 15s St ol
<Ol e T), bah | SpR8 s ss7 | U R 8ES 9 h
1l & & cob Skt 2k b 18 " Lgs Sk S
9L Ll < Lok S r]0%°9] Bhy XeY R IS T 9
70 s 33 Qs | ere | ase | 9alp [ Shiws| <b'\ LY hL “S5¢S S L- 0
BIGRERN | RSAGRES R R0N | AREURY (ARRARE | RUERANY | RO00RRY|HO0Y | 4000 BASRLEY [BOAELENY a5 reS | LbbLQ |B8RE8EREA
(AzAX) *wa\.au upsengfl bde usag $gedd 13035 {lbpur| (30 Aule.. (JNui) ($43) (vim) tan
‘104 TN pnay LIENETY smi purayg
ushaxqg (4e) s04njoyadea} *auA] 'seg Jeargraglagiaagey s|dung buirjduog| easeany]
R IV M it IRER TP KTk o e e T S BEREeT T i
ord” 13 CI-T N e VLA SETRILET  aunniedg DNINT2Y IS¢ qap

110-42

433HS YiUg 07313 S OOHI3A ¥d3 SIIHOIYYAEGYT 1104HIUN|

I-3



CepID
3¢ 22 | rev ok e leep || Ca’f Lk LspLs €9 )
T’ 8 o | se/ | €8 @&@C| ase| A/h [og [Csc| LT | as €S £¢S SS9 ©
<& 85 | kot Mbh s |rC]ee | a8 ha s 07 | ¢
b 838 | po! Jolh 'S NER WE LG" 1L 7(s <8< N
h'9 ga | gol | - pipo s o AT [ L5 9L oL ¢ (s s
83 38 | <ol s | ssCt aSC | ¢bh || ety | 0l | 9 rg S5 || Sss 9
L &3 eal bab [ ep|Wal sb |sh bb 399 A | <
S'S 33 | tai Sk [rs] ws i een V9 p 8IS || e
Cr 20 APy S e drcf ey | & #1098 /s |t
eEHf (A ] | es|QIC| QST wib [ ogoeafat | 4 a¥ * 99¢ s | E
%9 g | oo ah f[er|sCSt MY | ¢S 5C°59S gk h
Cb (& | 9 Al lop|sshf SN | &b S€ has S | S
2 h ¢t | bb a1 ehfbhe ] M 15 bk Cas St 9
h 28 | 8 cs|aee| 9| alr | ap 1] (0) LR 1A €96 || _s¢h 3
s 28 | w» Cah [[Th| bL) || S0 hs’ b9 g Cr |
Ss T % tak | 99 9T\ | 9 ¢80is | sok | ©
TLl 98 | S s cah [l AtLll ber =} he LSS g | <
(I b | 29/ Te 1 s | ase | goh (L[4[ s | T LB 2SS S | P
BEEREED(RORURER|MUNGN| BORURGOUNANN | FURNARY | RRARNNN RORN | AR RENRALA [ BenERR| (/b CSS) BB R R
(4s4%) [[4ngsa0a] visangl[haw) | vean | s994d | A004s | AHUI| C1a) || canut1d] canei (11) (urm) ‘N
‘194 TR T poay LTS en ©opuiny
vahaxg (4e) seungnyadua] *adal teag JJearpieglapraagey njdung bui|deog| asyeany)
.z_rlﬂﬂ,l.a.a Q)229N I~ - ‘eN ejrXa) 1 €001 ‘44993 Jagenseg _ 1 way &  y1a)  BA-CC-E 1yng
E&sz Enl.u.m:a L] . =) 'ON xag Jejep ISFOL tavE  © I U3 114095
A& 3 o9-an ‘v H = SQ+€LC 149404adg IVIn TTS IS qep

JI3HS Y1Y0 071314 S O0HI3N Y43  SIIHGLIYHAAET 1I10dHILINI

BEIREIRA] oy - vy | 9RBAED| BERAEH| BERTHEN| ARREUE[RERA[BERRcc7s u.[IRINERRA] <f so: wa] €9 - a?/ |

1-4



INTERFOLL LABORATORIES EFA METHOD S5/17 SAMPLE LOG SHEET

Job NsP :\)EZ) Py & Date 23°93-%% Test 3 Run o~
Source AU D ESP TMLET No. of traverse points o2
Method <M % Filter holder: Slasy Filter type: GSF._ Fliter~

Sample Train Leak Check:

in. Hg. (vac)

Fretest: (¢ 0.02 cfm at 15
- g in. Hg. (vac) [y

Fostest: 0.00 cfm at

FParticulate Catch Data:

No.s of filters used: Recovery solvent(s)

OO0 ¥ L ' [~ cetone

0O other (s)

No. of probe wash bottles: /
Sample recovered by: TDULES I

Condensate Data:

Weight (g)
Item
Final Tare Difference
Impinger No. 1 (ogg _ 499 |9~‘T
Impinger No. 2
Impinger No. 3
Condenser Db 205 ]
- Desiccant
Seeen 124 33¢ 7
Total ’37

Integrated Gas Sampling Data:
Eag Fump No. 8'9 Box No. i{’ Bag No. S

Bag Material: S-layer Aluminized Tedlar Size: 44 L

Fretest leak check: D00 ccrmin at s _in. Ha.

Time start: RAP  (HRS) Time end: 133%( (HRS)
Sampling rate: 600 cc/min Operator: T8

S/N of O= Analyzer used to monitor train outlet: 1;-

CF-023
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INTERFOLL LAEORATORIES EFA METHOD S/17 SAMPLE LOG SHEET

Job MEP RED WG Date 3-20-2¢ Test I Run 3
Source UAZT Y Esp TOCET No. of traverse points oHao
Method 4axg” Filter holder: Class Filter type: G.P. F, e

Sample Train Leak Check:
Fretest: ( 0.02 cfm at 15 im. Hg. (vac)
Fostest: ~ 2.2 cfm at A  in. Hg. (vac) 0
Farticulate Catch Data:

No.s of filters used: Recovery soclvent(s)

C¥>?7, E/’gcetone

O other (s)

No. of probe wash bottles:
Sample recovered by: T3ULESH

Condensate Data:

Weight (g)
Item ;
Final Tare Difference
Impinger No. 1 (oQ(o ' qaq U\’]
Impinger No. 2
Impinger No. 3 307 2306 ‘
Condenser
- Desiccant 1250 1342 7
Total 135

Integrated Gas Sampling Data:
EBag Fump No. B’? EBox No. z Eag No. 3

Eag Material: S-layer Aluminized Tedlar Size: 44 L

Fretest leak check: O.00 cc/min at /2 in. Hag.

Time start: (HRS) Time end: (HRS)
Sampling rate: 600 cec/min Operator: T8

S/N of 0= Analyzer used to monitor train outlet: O

CF-02=

'S-0046RR
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INTERFOLL LABORATORIES EPA METHOD 2 FIELD DATA SHEET

Job _MSP/Red e

I-11

Source (//UJZ"'#JZ S\JM
Test 3 Run /=3 Date _3-272-&f P
- Stack dimen. //5725‘— IN.
Dry bulb 20 deg-F 5 ° P
Wet bulb deg-F ,}/U
Barometric pressure 2? o2 in Hg B
Static pressure .—,5@ in WC
Operators 2{/ %_yzxﬂu./ T T TJohoso )
itet No. ded? o Gl A EhEmesicer
Traverse Fraction Distance Distance Velocity |Temperature
Foint of .. Jfrom Stack |from End oflFressure of gas __
No. Diameter Wall (in) Fort (inm) (in WC) (deg-F)
e “ilFort length: in.iTime start: hes ]
A—- L - 42 g 42
s~ 7 80 /480
¢ /3-60 /780
3 g0.40 2640
2 28.8/ 34.8/
/ 4/.03 47203
R4
S
7
3 I
&
[
c £
S
q
3
/
- 4
S
Z/
3
2
/
Temp. measure device: Time end: hrs
5-392 CF-012



INTERFOLL LARORATORIES EFA METHOD S/17 SAMPLE LOG SHEET

Job /(/:5,0/?%‘/ Z/zx}q Date 3-22-8& Test ﬁ Run /

Source LIV TZE D R TICEH No. of traverse points o y/s
Method L£?]-S_ Filter holder: “cléss  Filter type: H” 2liss

Sample Train Leak Check:
Fretest: ¢ 0;02 cfm at 15 in. Hg. (vac) CE(
Fostest: ~ ,02 cfm at _/® in. Hg. (vac) 0
Farticulate Catch Data:
No.s of filters used: Recovery solvent(s)
(:Qi-gcetone
pother (s)

No. of probe wash bottles:
Sample recovered by:

Condensate Data:

Weight (g)
Item

Final Tare Difference

Impinger No. 1 {43 LAG S~ J A //3?’

Impinger No. 2

Impinger No. 3 365" 302 32

Condenser

. Desiccant /38'5 /370 /.S/

- i

Total

/88

Integrated Gas Sampling Data:

Eag Fump No. égi Eox No. Zﬁ Eag No. Z

EBag Material: _S-laver Aluminized Tedlar Size: 44 L

Fretest leak checlk: .OO8 ce/min at /O in. Ha.

Time start: _ 745 (Hrs) Time end: /4%  (Hrs)
Sampling rate: %ﬂ cc/min Operator: QQ

S/N of Oz Analyzer used to monitor train cutlet: é;”

CF-023=

1-12 'S-0046RR
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INTERFOLL LAERORATORIES EFA METHOD S/17 SAMPLE LOG SHEET

Job _ASP

Source /

Method%@??-s Filter holder:

Sample Train Leak Check:

Fretest: ¢
Fostest: ~

Particulate Catch Data:

No.s of filters used:

/2‘0/4/&4&
ot P2 =

0.02
, OO0

No.

cfm at 15

No.

Condensate Data:

' of probe wash bottles:
Sample recovered by:

O other (s)

2”'9 4SS Filter type:

in. Hg.

Date 3-'22—££Test 2 Rur —?

of traverse points

2E

7

S a)de ¢
./

(vac)

cfm at Za in. Hg. (vac) g

Recovery solvent (s)

<ff—acetone

Item

Weight (g)

Final

Tare

Difference

Impinger No. 1

§28

Gy2S

/33

Impinger No. 2

Impinger No. 3

KN

302

/

Condenser

Desiccant

/385"

[347

/€

Total

/SO

Integrated Gas Sampling Data:

Bag Fump No. 23& EBo:x

Bag Material: S-laver Aluminized Tedlar

Fretest leak check: OO  cc/min at /0 in. Hg.

No. Zéf. B%g No. ég

Size: 44 L

Time start: /295  (HRS)

Sampling rate: éﬁg? cc/min Operator:

S/N of Oz Analyzer used to monitor train outlet:

Time end: /3// (HRS)

K

&

CF-023

/123
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INTERFOLL LABRORATORIES EFA METHOD S/17 SAMPLE LOG SHEET

sob NSO Sictd L)z Date 3-07-Lf Test 2  Fun .3

Source Lzrs E 2 _IT A No. of traverse points 2LL
Method &277-g~ Filter holder: [ gﬁs, Filter type: L7 a)is s
. NS

Sample Train Leak Check:
Fretest: ( 0.02 cfm at 15 in. Hg. (vac)
Fostest: ~ | oo cfm at /2 in. Hg. (vac) A
FParticulate Catch Data:
No.s of filters used: Recovery solvent(s)

cetone

§=_g_iother(s)

No. of probe wash bottles:
Sample recovered by:

Condensate Data:

Weight (g)

Item
’ Final Tare "|Difference

Impinger No. 1 6;‘)2 /?@ /117

Impinger No. 2

Impinger No. 3 308" 30;2 {

Condenser

. Desiccant /3?/ /3 &S // |

Total

/47

Integrated Gas Sampling Data:

Eag Fump No. {3& Box No. fg Eag No. :3

Eag Material: S-layer Aluminized Tedlar Size: 44 L

Fretest leak check: OO cc/min at /& in. Ha.

Time start: _ /570 (HRS)  Time end: /S7S (HRS)
Sampling rate: J&ﬂzg?cc/min Operator: j;%é?

S/N of 0= Analyzer used to monitor train outlet: 23

CF=-023X
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APPENDIX J

FIELD DATA SHEETS FOR THE MMS SAMPLING TRAIN



INTERPOLL LARORATORIES EPA METHOD 2 FIELD DATA SHEET

J-1

Job _ AMSP REDuwiwe :
Source Yy /T L§5P TALE T
Test & FRun _/ Date =2-22-£8 —— ¢¢ A
"Stack dimen. S3 ) LE IN. ' ‘]'
Dry bulb deg-F .
Wet bulb deg-F &b e
Rarometric pressure QZ,QZ in Hg ‘L
Static pressure = & 0O in WC
Operators ‘[ gnl yald 5‘ 7. Mo CAV .
Fitot No. _gnms Cp’ . SY 1 S,E'gg‘;ag;gt‘fgn
[ Traverse Fraction Distance Distance |lVelocity |Temperature
Foint of from Stack |from End ofFressure .pf. _gas ___.
No. Diameter Wall (in) Fort (in) (in WC) (deg-F)
wiFort length: /'3 in.||Time start: hrs
A - v, 727 22./ . So
2 LY /3 22./3 -2
3 23,22 g/ 72 . €5
Y 23 /Y| sl.t¥ 22
S ¥2. 56 o, & L EX
b s/. 78 gl sz &7
y4 £LY0 238 & . 67
|
Temp. measure device: Time end: hrs
S-392 CF-012



INTERPOLL LABORATORIES EFPA MODIFIED METHOD

Job _ /5P REDWING

Source UMIT 2 ESP T AHNLET
Cyclone: es No F{lter holder: MMS
Aralytes: _ Dioxs/inJs £ FURAMMS

Field recovery spike added: I¥es [j No

Sample Train Leak Check:

S

Date 3»23-2@ Test

of traverse points

No.
Filter type:

4“

SAMPLE LOG SHEET

Run

A

/

XY

Glass fiber

g2

4

XAD-2 resin: 32 g Eatch No.

Reference:

EFA SW-846 Method OQ10

Fretest: ¢ 0.02 cfm at 15 in. Hg. (vac)
Fostest: ~ Qoo cfm at /S in. Hg. (vac) 0

Semivolatile Catch Data:

No.s of filters used:

Recovery solvent (g)

[ /a/oq\ MeCl2 * MeOH (S0:50 v/v)
) / 0 other(s)
No. of bottles for condensate trap catch: {

Samples recovered by:

QoHA BuReSH

Condensate Data:

Weight (g) H
Item
: ' Final Tare DifferencEH
Condensate trap 29 é 373 77 = |
Condensate trap
Condensate trap
Impingers /9¢ 200 -9 Li
Desiccant /;2 2 ]292 d/ u
Total S 30 qn-
=H

Integrated Gas Sampling Data:

Bag Fump No. gg Box No. ZZ Bag No.

Bag Material: 4-layer Alumi

nized Tedlar

/

Size: 44 L

Fretest leak check: /S cc/min at Q in. Hg.
Time end: /65.S (HRS)

Time start: //32 (HRS)

Sampling rate: _JOO cc/min

J-2

02 Analyzer S/N:

-

Rev.l1 CF-026

$-393
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INTERPOLL LABORATORIES EPA MODIFIED METHOD S SAMPLE LOG SHEET

Job _ANMS P RSDwiJc Date 2-2Y-£¢ Test &/ F\un 2
Source UNIT 2 £9P L /8T No. of traverse points
Cyclone-/E(Yes No Filter holder: MMS Filter type: 4" Glass flber
Analytest DiloxiNS é" E£uRANNS XAD-2 resin: 33 g Batch No. /¥

Field recovery spike added: ;af?es O No Reference: _EFA SW-846 Method 0010

Sample Train Leak Check:
Fretest: ¢ 0.02 cfm at 1% in. Hg. (vac)
Fostest: = 2,00 cfm at [ in. Hg. (vac) 0
Semivolatile Catch Data:
No.s of filters used: Recovery solvent(s)

1 [0!05',0107) MeCl2 #* MeOH (S0:S0 v/v)
M ’ g other(s)

No. of bottles for condensate trap catch: [
Samples recovered by: JoHA BiuResH

Condensate Data:

Weight (g}
Item

Final Tare Di++erenceﬂ

Condensate trap ggs 292 ‘/7&

Condensate trap

Condensate trap

n Impingers 260 20 O /4
n Desiccant 1319 12726 43

"ﬁTotal

Integrated Gas Sampling Data:
Bag Fump No. 5 ? Bo» No. / Z Eag No. :2
Bag Material: 4-layer Aluminized Tedlar Size: 44 L

Fretest leak check: / cc/min at o in. Hg.
09vs -1312 0§20 - 100 :
Time start: 2255 ~ (HRS) Time end: (HRS)

Sampling rate: z00 cc/min 02 Analyzer S/N: S
Rev.1 CF-026

-393
37 s-3
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INTERPOLL LAEORATORIES EFPA MODIFIED METHOD S SAMPLE LOG SHEET

dJob __AS P RELD it/ Date 2-15 ~-£8Test ¥  Run 3
Source 1T 2 S P T ANCLT No. of traverse points </
Cyclone: Yes [J] No Filter holder:_ MMS Filter type: 4" Glass fiber

Analytes: WIoOX NS £ B RRANNVS XAD-2 resin: =22 g Batch No.
Field recovery spike added: <§rﬂes O No Reference: _EFA SW-846 Method OCQ10

Sample Train Leak Check:

Fretest: ¢ 0.02 cfm at 15 ir. Hg. {(vac)
Fostest: ~ _& cfm at _)2 in. Hg. (vac) 0

Semivolatile Catch Data:

No.s of filters used: Recovery solvent(s)
t (ieg N K MeCl2 % MeOH (50:50 v/v)
’ 0 other(s)
No. of bottles for condensate trap catch: ,
Samples recovered by: QoHN BulssH

Condensate Data:

. Weight (g)
Item
Final Tare Difference
Condensate trap 9y 373 _52 ,

Condensate trap

Condensate trap

Impingers

Desiccant

Total

Integrated Gas Sampling Data:
Bag Fump No. gg Box No. /7 EBag No. 2
Bag Material: 4-layer Aluminized Tedlar Size: 44 L

Fretest leak check: (2 cc/min at [é?' in. Hg.

Time start: 1392  (HRS) Time end: [903 (HRS)

Sampling rate: /2O cc/min 02 Analyzer S/N: £
Rev.1 CF-026
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INTERPOLL LABORATORIES EPA MODIFIED METHOD S SAMPLE LOG SHEET

Job /(/5;9//@59/ L)z Date 3-232-F&Test _4 FRun _/
Source YO TEED) N ST No. of traverse points L
Cyclone: O Yes (¢ No Filter holder:_ MMS Filter type: 4" Glass ftiber
Analytes: XAD-2 resin: ____ g Batch No.

Field recovery spike added: E:Yes 0 No Reference: _EFA SW-846 Method 0Q1)

Sample Train Leak Check:

Fretest: ¢ 0.02 cfm at 15 in. Hg. (vac)
Fostest: -~ _00 cfm at /3 in. Hg. (vac) |

Semivolatile Catch Data:
No.s of filters used: Recovery solvent(s)

MeCl2 % MeOH (50:50 v/v)
3] other (s)

No. of bottles for condensate trap catch:
Samples recovered by:

Condensate Data:

Weight (g)
Item
Final Tare |Difference
Condensate trap g/ 4993 SE8
Condensate trap i
Condensate trap
Impingers C.ng 2co [0, n
Desiccant U3 /388 25 ﬁ
ﬁ Total g2 “

Integrated Gas Sampling Data:

Bag Fump No. /sz Box No. /E; Eag No. /

Bag Material: _4-layer Aluminized Tedlar Size: 44 L

Fretest lealk checlh: OO ces/min at /O in. Hg.
Time start: N30  (HRS) Time end: _B %Y/ (HRS)
Sampling rate: /0O cc/min 02 Analyzer S/N: _4§:_

Rev.1 CF-026
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INTERPOLL LABORATORIES EFPA MODIF

52/ Red b

S

SAMPLE LOG SHEET

_l:é Run :2

IED METHOD

Job Date 3~;ZQ:E§LTe5t
Source LLOZS FE2T S TACH No. of traverse points 277
Cyclone: 0 Yes<g No Filter holder: MMS Filter type: 4" Glass fiber’
Analytes: XAD-2 resin: 35l g Batch No.
Field recovery spike added: @KYes O No Reference: _EFA SW-846 Method 0010
Sample Train Leak Check:

Fretest: (¢ 0.02 cfm at 15 in. Hg. (vac)

Fostest: ~ /o2& cfm at /S in. Hg. (vac) =7¢

Semivolatile Catch Data:

No.s of filters used:

No. of bottles for conden
Samples recovered by:

Recovery solvent (s)

MeCl2 * MeOH (S50:50 v/v)

other (s)

0

sate trap catch:

Condensate Data:

Item

Weight (g)

Fin

al Tare Difference

Condensate trap

g5/

393 | <s§ |

Condensate trap

Condensate trap

Impingers QSO QS-O . O i
Desiccant /3 L// /300 Lf/
Total 5;?7

Integrated Gas Sampling Data:

Baxg Pump No. 43% Box No. /Q Eag No. :\7

Bag Material: _4-layer Aluminized Tedlar Size: 44 L
Fretest leak check: _. OO cc/min at /O in. Hg.
Time start: 5QKS/3;Z:;? Time end: GSQ? —2ﬁ;§§
Sampling rate: /O cc/min 02 Analyzer S/N: __52:?

Rev.1 CF-026

-393
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INTERPOLL LARORATORIES EFA MODIFIED METHOD 5 SAMFLE LOG SHEET

Job /U.S/a/ /?fc‘/ Lzg Date J-2S—L& Test % Run 3

Source YTt E 22 S7ZACL No. of traverse points &2 Y
Cyclone: O YesﬂahNo Filter holder: MMS Filter type: 4" Glass fiber
Analytes: XAD-2 resin: g Batch No.

Field recovery spike added: ;Q;Yes 0 No Reference: EFA_SW-846 Method OO10
Sample Train Leak Check:

Fretest: [{ 0.02 cfm at lﬁf_?n. Hg. (vac) «é\

Fostest: L0 cfm at /< in. Hg. (vac) (?
Semivolatile Catch Data:

No.s of filters used: Recovery solvent(s)

MeCl2 * MeOH (S0:50 v/v)
0 other (s)

No. of bottles for condensate trap catch:
Samples recovered by:

Condensate Data:

Weight (g) H
Item
Final Tare Difference
Condensate trap {. (f%f” "?gff? 6?3 9/
Condensate trap
Condensate trap
i
“ Impingers oo *;2-()(} o l
Desiccant /:57:2 /4/(4/ 4%8?. ﬂ
lTotal 52 n

integrated Gas Sampling Data:

Bag Fump No. ZQQ‘ Box No. /é; Eag No. :g

Bag Material: _4-layer Aluminized Tedlar Size: 44 L

Fretest leak check: OO cc/min at /0O in. Hg.
Time start: /340 (HRS) Time end: /S0 (HRS)

Sampling rate: /0O cc/min 02 Analyzer S/N: éE
Rev.1l CF-026

J-25 5-393
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APPENDIX K

LABORATORY DATA SHEETS



Job :wsP/Fedll)

Sampling Locatfon: Jn a2 /esr
Sampling Date:3-2/-85

Analysis Date:3-RY-26

EPA METHOD 3

LABORATORY REPORT
SUMMARY OF ORSAT DATA

Anlk

Technician: Test /
2\ Namrn 4, 2,3
Fartioulete)
RESULTS
TEST NO.
AND RUN INTEGRATED (BAG) GRAB (BULB) 02 ANALYZER
DATE NO.
% CO2 % 02 % CO | % Coz % 02 % COo % 02
3-24-8p
, / / .30 | €-90 I
/ /12 1160 | 3.20 ]
/ 13 1230 | 200 _L
LSC-05

K-1
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(EPA Method 5) Impinger Wash (Wet Catch)
Gravimetric Analysis Lab: Organics/lInorganics
Date of Analysis 2 .26 -Y8 Data Sheet FR 42(160)

Technician ﬁ{/ Project No.
J .Spec_ial Handling

hd

QD interpoll [ orgenics

.: § Evap. Dish No. 2
b A/ S REDING Date 3.~ 2/ -85

! Blk. (Solv) Wt. 5
. City/State_LERIAS Ml Log #.57723- 05 E. Dish Tare Wt. 4 . S
( Source_U 4T~ 25 |

E. Dish + Sample Wt. g

Q

Test Site___ES P TACLT = = Inorganics
Sample type_ &ELCATEE — OLNE T cvap. Dish No.
Remarks: /ot - : - DishTareWt. g
LeAr4 0 E. Dish + Sample Wf._ 1 g
’ -2
_"" P - 1 Comments:

R e L. ST

@ - [ Special Handling
interpoll [7 Organics

Evap. Dish No,

Job Date i ol
. -_— Blk. (Solv) Wt.
glfy/STaTe J/N E. Dish Tare Wt ! gs;
, ource . Di : _9
. E. Dish + Sample Wt.
‘ 2 Test Slte i

[7 Inorganics

Sample type Tech Evap. Dish No. .
Remarks: Test/Run E. Dish Tare Wt. g
‘ —_ E. Dish + Sample W'l'._; g
)
Comments ’

@ : {—épécial Hand!ing |
lnterp()ll /7] Organics
Job Date Evap. Dish No.
Clty/State N T Blk. (Solv) Wt. 5 g
Source E. Dish Tare Wt. g
: )Tesf Slte E. Dish + Sample Wt._ 2 g
. 5
Sample type Tech & érvlg;gag:cszi No.
Remarks: Test/Run £. Dish Tare Wt. g
of E. Dish + Sample w+._: g
Comments
RESULTS:
ORGANICS w’ o OO‘I ly I Iy J

INORGANICS [P ——— | g 3




INTERPOLL INC.
EPA Method 5 Probe (Cyclone) Wash
Gravimetric Analysis Laboratory Data Sheet
(CFR Title 40 Part 60 Appendix A)

Date of Analysis 2-Z7-¥%
@//97 EPA-M5 Acetone R.B SPEC < 7.8 ug/cc
2/ Actual acetone residue blank 2.£7ug/cc

Technician

o

Special Handling Required

r N
@ interp0|' ‘\ Evaporating Dish No._/ 7

2-2/-88
Job. A/fzz £:DA/“GIAJG/"//' E:;e;'g;"""— i —02 | Volume of acetone ]‘-_? cc
City/State_£LD 2/ ' | e oish Tarewr. ¥ Gs/pid g

?:::oseite_[:}i;; QI"J—LQ Techo D S 2 E. Dish + Sample Wt. /% /C:/é g
g:m!::s‘ype 3/ ‘A'LK TestRun L2 | Comments

marks: (A VN | T

_
4 - ~N Special Handling Required
Q. interpoll

Job Date ~ Evaporating Dish No.

g;:igfam ' Log? Volume of acetone 1 cc

Test Site E. Dish Tare Wt. . g
+ Sample type Tech E. Dish + Sample Wt. 5 g

Remarks: Test/Run _____ Comments

\_ \ of J ‘

r ~\ Special Handling Required
QD interpoll
Job Date Evaporating Dish No.
City/State Log# Volume of acetone _ cc
Source . 1
Test Site E. Dish Tare Wt. . g
Sample type Tech E. Dish + Sample Wt, g
—_— 3
Remarks : Test/Run Comments
of
— -

RESULTS:

r—.F ¥

LSC-01Y



(EPA Method 5) Filter
Gravimetric Analysis Lab

Data Sheet
FR 42(160)
Date of Analysis 3-27-8%
Technician
r Special Handling Required

QD interpoll

Job uspz,@_éagm,_j Date 3-2/-% Filter No. BO08Y
@ Clty/State < Log 377227 Filter Type ¥y’

Source b s 2
Test Site _£5L2 7 /o 2 Filter Tare Wt. 0.5 3 7;
Sample type Tech __A.5. /74 Filter + Sample Wt. o, o532 2
Remarks : Test/Run _/,’Q Comments :

\ /of _/ J

f » R j Special Handling Required
QD interpoll
Job Date Filter N
Clty/State P Her o
Source . o Filter Type
Test Site : Filter Tare Wt.
Sample type Tech Filter + Samplie Wt.
" Remarks: Test/Run _ Comments :
\ .. : p of
( N Special Handling Required
- @D interpoll
@ Job : ' Date Filter No.
City/State Logé Fi
Source g Fiter Type
Test Site Filter Tare Wt.
Sample type Tech Filter + Sample Wt.
—— p)
Remarks: Test/Run Comments
s of J

RESULTS:

Z 7 &

- LsC-02pP
K-5




Date of Analysis 3-28-¥¢€

Technician

(EPA Method 5) Impinger Wash (Wet Catch)

Gravimetric Analysis Lab:
Data Sheet FR 42(160)

/;%

Organics/lInorganics

Project No.

e i ---~—-—-—-——-\ Special Handling
} | Z? Drganics
@ lﬂtﬂl‘pﬂ" Evap. Dish No. S
_ Blk. (Solv) Wt. 000D
Job_ /<SP RL'DUMJG Date 5-2/-88 " E. Dish Tare WT—_@_:_E
~—~ City/State__R£DesING MM, Log #5728 —0C E. Dish + Sample Wi, 2%.2628
Q Source__ U2 T—_2 3
~ TestSite__sS5 P TALT_ - [T Inorganics
Sample type__WETSATC Y Yech_.D.S. __ Evap. Dish No.
Remarks: Test/Run ﬁﬂﬁ E. Dish Tare Wt. g
- / of 7 E. Dish + Sample Wt._ ! g
_ 2
o ~ e, Comments:
f ' @w”“ 777\ special Handling
s - 'nterPOl' [_F—Organics
‘:_ _ Evap. Dish No. i
: Job_a/S P REDWIM G Date_3-2/- 5% Blk. (Solv) Wt._©.0009

e  e———— e

City/State__REDI NG i)

Source__ 4417 2 Log =27

Test Site__ £ P TovecsT

Sample type_ W<€ 7< 4 f( 2 —__ Tech__D2S.

Remarks: ’ TestRun_//2
Z_of 2

E. Dish Tare Wt.s4, 3 é,g g

E. Dish + Sample Wt. 944«35‘/3

[7 lnorganics
Evap. Dish No.
E. Dish Tare Wt. ___ 9
E. Dish + Sample WT.___;____Q
Comments ' '

W"Spe.cial Handl?hg !
@ [/ A—6rganics
“‘terpO“ Evap. Dish No. /2
Job_SP REDWNE Date_3-2/-88 Blk. (Solv) Wt._0.0000 9
i 3 ! City/State Repoin e ma tog#_____~r=2 E 8'2: Iag:mwré%w J5.0175
 Source_uAiT 2 i P e
. Test Site_£SP TACET 2 [7 Inorganics
Sample type__ WETEATCH Tech.g]l-_%__ Evap. Dish No.
Remarks; TestRun_ls23 €. Dish Tare Wt. g
' ot L E. Dish + Sample W’r._: g
- — - -7 Y ./ Comments
RESULTS:
oreanics LD, po 77 | EL0.0080 | BPoog/ |
INORGAN
o [ g [ —_— 3 pa—

LSC-03G



INTERPOLL INC.

EPA Method 5 Probe (Cyclone) Wash
Gravimetric Analysis Laboratory Data Sheet
(CFR Title 40 Part 60 Appendix A)

Date of Analysis 3 27 <

Technician ’/?ZZ:;l
.~

EPA-M5 Acetone R.B SPEC < 7.8 yg/cc
Actual acetone residue blank 2,¢7ug/cc

Ly

| R
QL interpoll

Job_ MSP REpewrn &
CityIState Red eo . ~ VA

Date_ 3 —3 - XY
Log #55239- 05

Special Handling Required

Evaporating Dish No._ 7.3
AZ2S

Volume of acetone

CC

E. Dish Tare Wt.

qq.évésg

Sample type____Fi) Tech 2. 5.
Remarks:- iy Test/Run ,

/ot __/

Source___\Aun .t > AT m ESD
Test Site__T AL &7 DT E. Dish + Sample Wt, €&, 5/30() g
Sample type___#¢ Tech_T 3 Comments
Remarks: & Test/Run__z /i
Z.of {3 )
r’ - e Special Handling Required
QL interpoll ,
: , Evaporating Dish No. 7 7
Job_ /S P KEDwire Date. 2-2/- 85 Vol ¢ cot 200
City/State__ K5 D wis)G mA tog# o3 olume of acetone . cc
Source, M/UIT;'D 2 : E. Dish Tare Wt. 17 .30%L g
Test Site.___£ S (8T ) Z
Sample type___£ éJ " Tech E. Dish + Sample Wt. g%, /5’31/ g
Remarks: ¢ Test/Runj Comments ]
f‘ : I Special Handling Required
{1 Qinterpolt
Job Vs ; KCDH' ' Evaporating Dish No. 7.9
City/State__ K& Dy /e A, Volume of acetone / ZS cc
Source__u/ /T R ] 1
TestSite__£SP__ZALET E. Dish Tare Wr. 0. 2/77 g
E. Dish + Sample Wt. £6. 8390 g
3

Comments

RESULTS:

V%é//%?

B¢ 0/8¢

A2 7.8730

LSC-01Y



(EPA Method 5) Filter
Gravimetric Analysis Lab
Data Sheet
FR 42(160)

Date of Analysis 3-272-39%

Technician

_—
[ "\ Special Handling Required
QD interpoli
Job _M5P/Redly !‘,2,_‘9 Date 3-2/-35 Filter No. _ 0 2R
Clty/State Lo ~0¢ . /”
@ Source YN gi5278 -0 Filter Type 7
Test Site ESP Thlet Filter Tare Wt. 0. 9427 a
Sample type Tech T8 Filter + Sample Wt. 2, /6 7 2 9
2
Remarks : Test/Run 7/ 42 Comments
k /7 of [/ j
Special Handling Required
(' . "~ pecia
QL interpoll
Job w8 P/ L Apris Date 3-z/-5% Filter No. Ao 79
@ City/State /7 Log# WY ) py
Source ___ st e > Filter Type 4
Test Slte 5P cAnliit Filter Tare Wt. 0.59600 g
1 .
Sample type Tech T2 Filter + Sample Wt. 2./8¢S g
Remarks: Test/Run 4(z Comments ’
\ ¢, of /
( TN Special Handling Required
QD interpoll
Job Mﬁ%__ Date 3-z/-25 Filter No._o0 o020
@ Clity/State Log# o Filter Type Pz
Source __ st 227 )
Test Site f-ﬁ/p_z;uézf Filter Tare Wt. 0,96)30 g
Sample type Tech T2 Filter + Sample Wt. 2, 0265 R g
2
Remarks : Test/Run /4{ Comments
\— L of 7
RESULTS :
I ‘ p '
l//.o?/‘?O Iy/,a?a?‘/( M Jo23

LSC-02P




EPA METHOD 3
LABORATORY REPORT
SUMMARY OF ORSAT DATA

Job :  5P/RedllS

Sampling Location: Jw .t 42 /.5 tack
Sampling Date: 3-2/-8%

Analysis Date: 3- 2v-8%

Technician: % |
(/o&r/i w lote) (NOy)

RESULTS
TEST NO.
AND RUN INTEGRATED (BAG) GRAB (BULB) . 02 ANALYZER
DATE NO.
% Co2{ 902} %cCcOo |%9COo2 |90, |9 CO % 0O,
-21- 8%
3 | J / sy 176
} / 2 t{.d0 8-80
‘ ;) |3 1,00 18.79

LSC-05
K-9
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(EPA Method 5) Impinger Wash (Wet Catch)
Gravimetric Analysis Lab: Organics/Inorganics

Date of Analysis 2-28-88 Data Sheet FR 42(160)
Technician K Project No.
- g Special Handling
- ' [F~ Organics
@ ﬁﬁﬁ%ggﬂ@!! _ Evap. Dish No. =
_ - ' Bik. (Solv) W¥, . g
 Job_ A5/ 224 4/2@5 Date?"é;/'%f | | E. Dish Tare Wt. ¢8 699/ g
~~  City/State Log #.2778:/2 E. Dish + Sample Wt. g 48.679/
(1 Source, ILE H# A ' ! .
Test Site S ZAcL ' i L7 |Inorganics
Samol CIEE CATCH  Tech I l Evap. Dish No.
sample type Fo) : E. Dish Tare Wt g
. TestiRun__// 3 . —_—
Remarks: ,@ﬁ/UK,. I/ of 7/ E. Dish + Sample WT._; g
T “ - . )
. L : Comments:

Special Handling

@ interpﬂn | /-7 Organics

Evap. Dish No.

Job Date |
—_—— Blk. (Solv) Wt.
Clty/State J/N E. Dish Tare Wt. ! Qg
2 iOUIC:H e E. Dish + Sample Wt. g
es e
. . [7 lnorganics
ample type Tech _ Evap. Dish No.
Remarks: Test/Run E. Dish Tare Wt, g9
; — E. Dish + Sample WT._; g
o
. Comments
@ - {'gpécm Handl.i‘hg \
interpoll /7 Organics
Job Evap. Dish No.
ClyTSTeTe ?j;e-—_ Blk. (So_:_v) w;; 9
, Source . E. Dish Tare Wt.____ * g
3 . + . 2
’Tesf sime : E. DISh. Sample Wt _3__,9
Sample type Tech = [I-:C:;gag:gz No.
Remarks: Test/Run €. Dish Tare Wt. 9
o E. Dish + Sample Wt._____ g
Comments
RESULTS:
ORGANICS [/, 0000 | B | ]

INORGANICS I!/

LSC-03G

Jg-n , .



INTERPOLL INC.

EPA Method 5 Probe (Cyclone) Wash
Gravimetric Analysis Laboratory Data Sheet
(CFR Title 40 Part 60 Appendix A)

Date of Analysis z-2F -85
Technician /;7/:3
L/

EPA-M5 Acetone R.B SPEC £ 7.8 ug/cc
Actual acetone residue blank _& yng/cc

@ magmw

doo_ 52/ 5% Llzgg | pae 3-2/- 55
City/State__ Log #8773-17
Source___ LML H 2
Test Site STACK :

Sample. type V=75 Tech__KK
Remarks: 7 Lok 'Test/Rt/m ~Ll Lo
L : of

- e

Special Handling Required

Evaporating Dish No._£5&

Volume of acetone /20 cc
1

E. Dish Tare Wt. 5/. 739 g
2

E. Dish + Sample Wt. £/. ¢« 3% g
3

Comments

Special Handling Required

( - A
QL interpoll
Job Date Evaporating Dish No.
City/state Log#
Source 9 Volume of acetone : cc
Test Site E. Dish Tare Wt.
3
» Sample type Tech E. Dish + Sample Wt.
3
Remarks: Test/Run Comments )
— ¢
L of J *
r ~\ Special Handling Required
QD interpoll
Job Date Evaporating Dish No.
City/State Log# Volume of acetone cc
Source —;
Test Site E. Dish Tare Wt. 5 g
Sample type Tech E. Dish + Sample Wt, q
3
Remarks : Test/Run Comments
— Y
RESULTS:

v "

g7

Y
1SC-n1yY



(EPA Method 5) Filter
Gravimetric Analysis Lab
Data Sheet
FR 42(160)

Date of Analysis ,3- 2759

Technician g

3 “
Q@ interpoll

Job A)-",gé[ﬁed Wewn Date 3-2/-%%
@ Clity/state [v) LogL,'j"y;s-‘é'}_

Source /)m;{ & 2

Special Handling Required

Filter No. ©086Y
Filter Type j”
Filter Tare Wt. ©.9Y¥ 2 3 g

Test Site Stack T
Sample type Tech £ Filter + Sample Wt. 0. 9/ 22 g
2
Remarks : Test/Run 4 /O Comments
\ L_of _1_
f - o Special Handling Required
QD interpoll
L Job Date Filter No.
Clty7State logi__——— | ..
- Source ‘Filter Type
Test Slte Filter Tare Wt. g
- 1
- Sample type Tech Filter + Sample Wt. g
-Remarks: ; Test/Run Comments :
\ . of
r N Special Handling Required_
~ QD interpoll
Job : Date Filter No.
@ City/state Logh Filter Type
Source .
Test Site Filter Tare Wt. - g
Sample type Tech Filter + Sample Wt. - 9
Remarks: Test/Run Commen+ts
— of L/
RESULTS : )
3

% 7

LSC-02P

K-13




(EPA Method 5) Impinger Wash (Wet Catch)
Gravimetric Analysis Lab:

Date of Analysis 2-28- €2

Technician !/'(
QD interpoli
M/UQP/W Lrog Date 3’9/'?5_
City/State, Log #.5228-19. A
G Source_ ({277 #JFZ%K
;:sr:lpsl:etype /i JsE _CAZCH  Tech K
Remarks: Testl/aun' -
o

é?b,stw za/ Ll Date 312/ &F
™ ate, =2
D sowcer—ZZOZE—Hg — “9* :
‘—  Test Site S 74 -
Sample z Tech___KA
. TestRun_[/2 _
. o Lot _£
_,_.za‘.__ EJ e~ = = A-.‘il

QD interpoll
Job AZSQ/E_QJ 4/;515.

Date_322/-55

City/State -2¢ .
3 ) Source____AUZL Pl 5'7;;-2‘9 /C# £
. Test Site STAC/C -

RESULTS:

Sample type__ 57 C ATk Tech it
Remarks: R Test/Run
—/L of

Organics/Inorganics

Data Sheet FR 42(160)

Project No.
Special Handling

.L? O(;ganics

Evap. Dish No. ¥y

Blk. (Solv) Wt. &. 00 00
E. Dish Tare w+.zz.2310"5739 '
E. Dish + Sample Wt. g 476303

Inorganics

Evap. Dish No.
E. Dish Tare Wt, g
E. Dish + Sample WT.__; g

o

Comnments

Special Handling

/7" Organics
Evap. Dish No. g4

Blk. (Solv) Wt. Q‘00§%Q ‘g
E. Dish Tare Wt. %, 3749

E. Dish + Sample Wt. g 48439/

Inorganics

Evap. Dish No.
E. Dish Tare Wt. , g
E. Dish + Sample WT.__; g

Comments

.pécial Handling |

L#TOrganics
Evap. Dish No. /9
Blk. (Solv) Wt._p,000 0 g
E. Dish Tare Wt. «& 5
E. Dish + Sample Wt. 2 913'47‘5
3

Inorganics

)

Evap. -Dish No.
€. Dish Tare Wt. g
E. Dish + Sample W‘l‘._:____g

Comments

ORGANICS L7 0 po br | B 0.0064 ] B 0.004¢ |

INORGANICS IT/' —

jif-]f}y N

3

LSC-03G



INTERPOLL INC.
EPA Method 5 Probe (Cyclone) Wash
Gravimetric Analysis Laboratory Data Sheet
(CFR Title 40 Part 60 Appendix A)

l/d.aa?a?e‘

/0. 0334

LSC-01Y

Date of Analysis 2-22 ~<%
. EPA-M5 Acetone R.B SPEC X 7.8 ug/cc
Technician ?/:Z Actual acetone residue blank ¢ ng/cc
r = , \ Special Handling Required -
@ .nterp0|l Evaporating Dish No. &L
@ Job /{)S/Q/QC/A/ZUQ Date, ?“Q/‘&Lf Volume of acetone 200 _ cc
- G 3L — 19, 1
City/State i Log #.5278=/2./ E. Dish Tare Wt. 5’,2.520'118 ol
f:tf"’;ae Y5 - E. Dish + Sample WH.52 3252 g
> % 3
Sample type. A4 "‘l’:::‘muy Comments
Romarks: - Lot
( ] - Special Handling Required
'nterpo" Evaporating Dish No. 6
Zo Date_Z=2./- 5"
Cityrotare L:ge# —< Volume of acetone zz.sl cc
Source, LLLZ L FT A —- - E. Dish Tare Wt. Y& 3075
Test Sita___ SZAL E. Dish + Sample Wt.v&. ¥204 g
le (%24 ) 3
Sample type I:t';ﬂun /2 Comments .
\ : i ofi N
F: = - . " Special Handling Required
| Q. interpoll |
b :32 :g% Z fru Date. 3-2/- &€ ‘ Evaporating Dish No. 7 Z
ate_2-</ 22> |
@ CityiState__ Log # —23 | Volume of acetone _y 7‘51 cc
?ﬂmseite L/A/Z?%ZCK - E. Dish Tare Wt. 9. 0992 g
)
Sample type, P Tech ?/A/ ‘ E. Dish + Sample Wt.«&, //;26 g
L ST
RESULTS:
2
K_]SIZ 0. /09



(EPA Method 5) Filter
Gravimetric Analysis Lab
Data Sheet
FR 42(160)

Date of Analysis 3-22-5%

Technician

ZA

Y
rﬁi ~\ Special Handling Required
QD interpoll
. R v/
Job nis PMCd“HMﬁ Date 2-21-3% Filter No. Y
@ City/State C Log#s9 28—/9 Filter Type ADOS6G
Source _flait 1 7 . y
Test Site Skae k Filter Tare Wt. ﬂj% ? g
Sample type Tech 22 Filter + Sample Wt._0, $4/ 2.5
2
Remarks: Test/Run _/// Comments
\¥ /Z_of . J
— @ . "™\ Special Handling Required_
interpoll
éc;: /SféfP Date §~2'-8% Filter No. __0p¢ /
Y/oTate o Log# —/9. . 77
@ Source __ (Jaut & o> 9 Filter Type_ ¥
Test Site Stac b Filter Tare Wt. O, 9313 2 g
-Sample type Tech _ PR Filter + Sample Wt. 0. or ¢y 2 &/ g
Remarks: Test/Run _i1)2 _Comments 2
\ {__of ___ 4
rV Y Special Handling Required_
~ QD interpoll
Job Nl P \ _ Date B-2/-3% Filter No._p0 &2
@ Sity/State ____ Log# '5“-22 Filter Type___ & *°
Source 414;1(: & 2 ] .
Test Site Ak Filter Tare Wt. 0.94?&
Sample type Tech z,? Filter + Sample Wt. 0.9 & g?.?\
Remarks: Test/Run 542 Commen+ts
— /7 of ¢ J
RESULTS:

75 00g7

0.0 /20

lz_o,ooo?

LSC-02P

K-14
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BE/28/88 15:53:47

RUH 2 IHDEX

.43 147523 81
166833
32 1oidd:iiy

— RN 1S
8 75 &
63/36/88 1618411
METHOD S, RUH = IHDESR

FK HYT BC
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CH= "A" PS=

2 CALIE

RF

7 CH= “A" PS=

CRLIB
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[xx]
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MAM TOTAL UG
MIOZ 2. 5536
TOTHLS 2. B56

IMIECT

- =

&1—.‘"'. .'.::'

paca ¥l

RT PK HT BC RF

BA8E 16:15:17

EE 8

METHOD 5.

BJH

TOTAL UG
4. 87

4. 87

5. 41 fs 1

INDEX 5

RT PK HT BC RF
.41 7959989 91
779261
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FILE 2. METHOD &. RUH 3 INDEXR 4

NAHME TOTAL UG RT FK HT BC RF
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93/30/88 16142147 CH= "A" P3= 1.

RUH 18 IHDER 3

INJECT BIZ/287528 16:48:47

3 5

»
1

1

e s =T
== i [’ -
R

MO B3/I8/88 16:45:17 CH= "A* P3= 4.

FILE 2. METHOD S. RUM 11 INDEX &

MAME TOTAL UG BT Fi HT BC RF

HIOZ 1. 782 2. 47 287784 Bl 1514358, 636

[xx]
]

TOTALS 1. 782 2EE75E3
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CHAMHEL
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BJH

METHOD G.

TOTAL UG

1.41

1. 415

T. 43

RUN 13
RT FK HT
g Z.48 224373
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CHRHMEL H

=T
1. 85 B
Z. 47
Hds E3/3IB/85 171843147 CH= “"A" P3= 1.
FILE 2. METHOD 5. RUN 14 IHDEX 3
ANALYST: BJH
ZAMFLE 3 SETE-197
5H 1% HF
1- E‘l 1.
D~
HAME TOTAL U5 RT PK HT BC RF
o
NOZ 1. 644 .47 261147 B1 152182, 214 ~
TOTALS 1. 611 2654885
)
EE 8
MR B3/2B/82 17140317 CH= "A" PS= 1.

5.

FILE Z. METHOD

HRME

MOz 1.53
TOTHLS 1,83

Ei

H

(]

13 INDEX 18

PK HT BC
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FILE 2. METHOD &, RUN 22 INDEX 17

SAMPLE 47 BLANK 4k

[ ]

DOl
L]

HF
1.

MAME TOTAL UG T Fi£ HT BC RF

i

TOTHRLS = 1274331

CHAMMEL INJECT 83/38/88 17:54:183
' h ) " ] 0 £y N 5§
] T3 1
% 9
M B3/38/93 17:54:18 CH= "A" PS= 1.

FILE &. METHOD = REUH 22 INDEX 13

SAMPLE 15 BLANK# ke
H = HF
1- E' 1.

HHAME TOTAL UG RT PK HT BC RF
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EPA METHOD 3
LABORATORY REPORT
SUMMARY OF ORSAT DATA

Job: n5P/Redurtr) y
Sampling Location: ymit# 2/5 tack

Sampling Date: 3 -22-2%

Analysis Date:3.24-8¥ |
Technician: %
| (/leid gas fest "nfD

RESULTS
TEST NO.
AND RUN INTEGRATED (BAG) GRAB (BULB) 02 ANALYZER
DATE NO.
% CO» % 02 4C0 |% CO2 9 02 g co 2 02
3-22-2D
. / {2, 00 7‘.30
] 2
2 G160
/I Q /.86
3 | 2eo | 282 | |
A _

LSC-05
K-31
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Interpoll Inc.
(612)786-6020

IC Anion Analysis Laboratory

Dionex Model 10 With Hollow Fiber Suppressor

Analyst: B/"/J' CwH Suppressor/acid flow rate: 5 al/ain.
Date of Analysis: ‘//‘[/27 Detector: ’

Scale setting: ;; Recorder:

Eluent flow: < al/ain.

Job: AZSP/B‘A‘J\:UJ (Acz.J G‘J'C—J‘)
Results of ﬂ i gvl'lﬂeterlination

Chr, . Sample Vol. ]| Concentration Mass
Sample Name Log No. No. {ec) (ppm) (mg) (meg)
Bl.kx T2Ro |59F5-32% So00 0.185 0.043 \ /
T2RI| “ -29 Sob /.22 |0.610 \/
T2R2| “ -3 Seo 3.10 /.58 /\
T2R3| * -3 Soo 3.25 /62 / \
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Interpoll Inc.
(612)786-6020

IC Anion Analysis Laboratory

Dionex Model 10 With Hollow Fiber Suppressor

finalyst: BNJ' CWH Suppressor/acid flow rate: 5 al/ain.
Date of Analysis: ‘//‘-//&f Detector: -
Scale setting: =3 Recorder:

Eluent flow: Z al/ain.

Job: ZVC“P/B‘AU\:\J} (Aoz.J C,._;c.s_)
Results of ﬁigralc Determination

Chr. Sample Vol. | Concentration Mass
_Samsple Name Log No. No. {cc) {ppm) {ag) {seg)
Bk T2Ro |5975-23 500 0.048 | o.ozd N/
T2Rl| =~ -29 Soo gA3 H13 X
Tak| v -3c seo | lbwo | 230 | /\
T2R3| -3 Soo /70 $3s 1/ \

K-34
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Interpoll Inc.
(612)786-6020

IC Anion Analysis Laboratory

Dionex Model 10 With Hollow Fiber Suppressor

BN+ QuwH

S

finalyst: Suppressor/acid flow rate: al/ain.
Date of Analysis: ‘//‘//ﬂ Detector:
Scale setting: _L Recorder:

Z

Eluent flow: al/ain.

Job: AZC,,P/B‘AU\%- (Ad G ;c‘s!

Results of Sulfate Determination

Chr. Sample Vol. | Concentration Mass
Sample Nase Log Wo. No. {cc) {ppm) {aq) 1_(meqg!
Bl.k T2R6 |5S975-2% 500 <0.02S | <0.0i12 |40.00025
T2Rl| ~ -29 So0 1530 795 | k¢
T2R1| “ -3o Sco_ 140 730 1S %
T2 R} *° -3]| Soo /8%Fo Q3s 19.5
LSC-08

K-35



CHARNEL H INVEL T  Wa/4¥1/88 12:s1i4g
?T_‘ 3 .01 TS 8 06 4

* . Oé‘ﬂq‘% = OOU.H

—

13.56

— 31

ER & Té

ACID GASES B4/81/88 15:31:42 CH= “A* PS= 1.
FILE &. METHOD 5. RUN 1 INDEX 8 CALIB
ANALYST: BJIN
NAME UG/ML RT PK HT BC RF
F 8.5 2.3 455595 81 911189.332
cL 1, §.28 233123 81 233122, 657
BR 2. 19.44 181313 B1 98956. 333
TOTALS 2.5 2125495
NEW FILE:
NAME RF RT
F B7TE7E. 444 2.1
L 272862, 5 8. 34
BR 37453.125  18.57 K-36

040



CHHNNEL H INJEL L WMY4/BL/ 85 LOersleve

[

.98

T3 1

ER 8

ACID GRSES

FILE &

ANALYST:

SAMPLE
SAH
1.
NAME
F

cl
TOTALS

METHOD S.
BJN

2 5578-28

IS XF
B. 1.

UG/mML

0.133
0.048
B.233

13. 421

34/91/88 15:31:42

(%]

H= "A* PS5S=..1.
RUN 32 INDEX 2

RT PK HT BC RF
2,14 284253 82 377676, 444
56

2283575

K-37

043



CHRNNEL A INJECT 94/61/88 17:91:42
—\378 £6 1

.91
A
2384

5. 23
-r
=
o
o-tb
19, 33
_
16. 01
T2 1
ER @ T6 &
ACID GASES 24/91/88 17:81:42 CH= *A* P3= 1.
FILE &. METHOD 5. RUN 4 INDEX 3
ANALYST: BJN
SAMPLE 32 . 5378-29
SR IS ®F
1. 9. 18.
HAME UG/ML RT PK HT BC RF Lo
_ 1.a3 . o
F LA+ moses  Thew 45235 83 377676. 444
BR oL BT, TS 99533 81 37458.125

TOTALS 27.12¢ 2431683

- K-38



CHANKNEL A INJECT ©4/84/32 B9:45:0895
T8 4

s
uh

€. 55

15.85
17.93
314
ER @ TS @
ACID GASES 94/04/88 89:15:85 CH= “A* PS= 1.
FILE 5. METHOD 5. RUN 3 INDEX 2
ANALYST: BJH
SAMPLE 2
SA
1.
NRME PK HT BC RF Recovery
F 6.05 gz 44 289537 B2 986524, 656 90.6%
L My o? 1919043 @1 267665, 333 2)y
ER 20.9 X 191632 82 189390, 91.8
TOTALS 2377913

K-39
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LrtnNeEL ™ ihJeL | VSG/VL/ B8 LIILLias

6061
.91 $07
2. 23
2.34

5.16
-—
Lo
o

1
16. 94
13.49
T3 4
TS @ ER @

ACID GASES B4/61/88 19:31:43 CH= “A* PS= 4.

FILE 5. METHOD S. RUN 9 INDEX 8

ANALYST: BJN

SAMPLE 2 5375-39

3A 18 *F
1. 2. 18.

NAME UG/ML RT PK HT BC RF

F 3.i0 ZPesT 2.23 284805 @1 377576, 444 o~

CL Teees 5.1 1823233 B1 272852.5 ove Lo

BR 387 IDSeeEy 18.53 45179 82 37459.125 P

TOTALS 52. 993 3514758

K-40



CHANNEL & INJECT ©4/84/3% 89:45:85
ws 1

.91 <.§0

.23
2.93

©. 47

15.61 |

i5. 88
—
[
o
T2 1
R @
ACID GRSES 24/04/33 89:45:05 CH= “A" PS= 1.
FILE &. METHOD 5. RUN 4 INDEX 3
ANALYST: BJN
SAMPLE 3 5375-309
A 1s XF
1. 2. 18,
NAME UGAML RT PK HT BC RF
F 2,23 234376 91 5936534. 855
L : e €. 47 1817451 Bl 257665, 332
BR - 3., S 18.55 46763 82 196398.
TOTALS 45,853 2774736

K-41 -



CHANNEL # INJECT

B/ ML/Z3E LLivliags

3%
. 20
15.38
T 4
TS B ER @
ACID GRASES B4/91/88 22:81:43 CH= "A“
FILE 5. METHOD S. RUN 14 INDEX 13
ANALYST: BJN
SAMPLE 13 5378-31
3R 13 XF
1. a. 18,
NAME UBML RT PK HT BC RF
F 315 T 2,27 293254 02 CSTaTeleesio
oL e 8.2 1822357 51 2TTUeE
BR T—5es—~  18.57 55223 92 IT5e
TOTALS 55, 553 2518559

K-42
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Lannhtc. n iHdEisd Mir3lsS00 MFidniqn
T 0 .0s T8 I 15 ©
1. e
T 4
EE ©
ANIONS AS4H B3/31/88 89146145 CH= "A" PS= 1.
FILE 1. METHOD 5. RUN 1 INDEX 1
ANALYST: BJH
SAMPLE 1 S5768-28
SA 15 XF
1. e. 16.
MAME MG/L RT PK HT BC RF
F 2. 645 1. 298387 @1 79803.785
TOTALS 2.645 818893

3 Q_. eyt W
R

K-43

1R



LrimhHL. N IHJECT BZ531/808 12:@5:272 .
. s o T 1 7% »
1. 73
e M
. WS
T 1
7.8
ER B8 Te &
ANIONS RASY4A AX/ /21782 12:85:22 CH= ®A" PS= 1.,
FILE 4. METHOD S. RUN 1 INDEX 18
ARALYST: EBJH
SHMFLE i 9578-29
SH IS "F
i. a. i8.
NHBE MG/L RT PK HT BC RF
F 2. 827 i.m2 231768 82 79132.784
13. 6531 1.78 41842248 @2 52986.55
2 2.194 2.94 - 326771 81 14844,12
HO= 9, 095 2. 54 153685 @1 1568083, 894
s04 8a. 627 6. 83 410835827 81 12859, 547
TOTALS 145. 621 2426720

K-44




LranMEeEL H INJECT
TS 8 TS 4
—f— .95
r‘:=Ig 1.5%
—__
— e 11
T2 1
EE ©
ANIONS AS4A
FILE 4. METHOD 5.
ANALYST: BJN
SAMPLE 4 5978-29
SA 15 ¥F
1. a. 1804,
NFME . HMG/L
cL g§27. 199
sS04 1594, 697
TOTALS 2421, 295

B3/31/85 1@:13%:45 CH= "RA" PS= 1.
RUN 4 INDEX 4
RT PK HT BC RF
1.59 446385 B3 540, 142
127.157

6.11 262843 B1
663564

K-45
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T2 1
EE 8

AHIONS AS4R
FILE 1. METHOD 5.
ANALYST: BJN |
SAMPLE 3 5378-30

SA IS F

1. 8. 18,
NRME MG/L
F 6. 387
NO2 33. 486
ER 5. 367
NOZ 2.729
S04 £8. 425
TOTALS 128. 337

B2/31/88 12:24:22
RUN 2 IHDEX 12

RT PK HT BC RF
1.8% 516573 82 86942,331
1.85 1824272 B8 32379.86
2. 85 81723 @81 153599.833

3.54 47645
6.17 1634253

3856932

K-46
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CHEHRHEL A IHJECT ©82/31/85 18:3
—&— .94
JC.. 1- QB
t‘- lg
Tz 41
EE ©
ANIONS AS4A
FILE 4. METHOD ©S. RUN &
AHALYST: EJH
SAMFLE € 5978-30
SA IS ¥F
1. 8. 16643,
NAME MG/L RT
CL 1657. 274 1.59
sS4 1463, @37 6.1
TOTALS

3126. 471

PK HT BC
888424 B3

185871 81

18581267

CH= “A®

RF

531. 216
127. 84

PS=

1-

15 7



TN
T 1
EE ©
RHIONS AS4R
FILE 1. METHOD G.
AHALYST: BJN
SHMPLE o 9878-21
SAH IS XF
1. E. igﬂ
NRME MG/L
F 6. 845
NO2 33.778
BR 5. 352
HNOZ 1. 444
So4 £€1. 49
T0TALS 129. 869

6. 839

CH= “A*

B3/31/,88 12:42:22
RUN 5 INDEZ 14

RT PK HT BC RF
1.8% 554731 B2 81641.734
1.86 41893797 B3 32281.945
2.96 - 98816 81 1353056.673
3. 54 27195 81 19269.421
6.89 10847953 81 12859.9606

3122823

K-49
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f: - _ - 1.&8

—
gy .18
T 1
EE B
ANIONS AS4AR B2/21/788 108:43:45 CH= "A®" PS5S= 4.
FILE 4. METHOD G. RUH a IHDEX 8

ANRLYST: BJN

SAMPLE @ 5978-31
sA IS XF
1. G. 16606,
HAME MG/L RT PK HT BC RF
cL 1665, 735 1.6  ©£85384 61 531. 155
S04 1859, 81 6.1 238313 @1 127. 453
TOTALS 3538, 595 1138927

K-50
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Job: NSP/Redl)

EPA METHOD 3
LABORATORY REPORT
SUMMARY OF ORSAT DATA

Sampling LocaTion:Om.ltﬂ-Z/ EsPIniet
Sampling Date:3-22-%9
Analysis Date: 3-24-%%
Technician: Test u3
Py Rum 1,2,3 ]
- (Mekeds fest ng>
RESULTS
TEST NO.
AND RUN INTEGRATED (BAG) GRAB (BULB) 0, ANALYZER
DATE NO.
$CO2| #02 | %CO |%CO2 | %O co % 02
3-22-3p
12.33 .
( 3 / 66
/ 3 2 12.27 | 2,03
‘ 3 J 126 2.23

K-51
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Job: mspPfRed

EPA METHOD 3
LABORATORY REPORT
SUMMARY OF ORSAT DATA

Sampling Location: Cnit & Z/sbnc.k
Sampling Date: g-22-3% _
Analysis Date: 3-249-99
Technician: .
Ram 12:3 (meﬁ_g@ :Leskhg)
RESULTS
TEST NO.
AND RUN INTEGRATED (BAG) GRAB (BULB) 0, ANALYZER
DATE NO.
% CO2 % 02 CO | % CO2 ¢ 02 % CO % 02
}1-22-3% 1
/ H-eo | 841
2 12,48} 8.02
2.c0 | 800
=13 !
LSC-05
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EPA METHOD 3
LABORATORY REPORT
SUMMARY OF ORSAT DATA

Job: msP/RchJ
Sampling Location: omxtﬂl/fﬂ’w

Sampling Date: 3-23,2v4,25-4%
Analysis Date: 3-29-%%

Technician: 2 Test & f/
KRun 7,2,3
mm-5 Treaen B ( Dl oXin $>
RESULTS
TEST NO.
AND RUN INTEGRATED (BAG) GRAB (BULB) 02 ANALYZER
DATE NO.
$CO2| #02 | %cCO |%CO2 | %02 |%CO % 0,
3 -23-97 ‘
¢/ ;7  ||rz20/ tof |
3-24-8%
y| L 12.09 |3 08
3-2s-»% _ J
41 3 |l2asz2| 29
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EPA METHOD 3
LABORATORY REPORT
SUMMARY OF ORSAT DATA

Job: 35 PfRedl)
Sampling Loca‘fivﬁ: Unit#t '.S%nc.k
Sampling Date: 3-42 225-85

Analysis Da'l’e:s-z.,'_%

T ician:
echnician 72.5£ p ,7/
fun 1, 2.3
mmm-5  braem (’)iox/f)5>
RESULTS
TEST NO. -
AND RUN INTEGRATED (BAG) GRAB (BULB) 0, ANALYZER
DATE NO.
Z CO2 4 02 4 CO % CO2 % 02 g Cco % 02
3-23-32
7 / /s. 60 Tez 1
3-24-%3
y1 2 02 |77
3-25-99

4 | 3 nsy | 297 | |

1SC-05
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EPA METHOD 3
LABORATORY REPORT
SUMMARY OF ORSAT DATA

Job: w3 PfRed W ‘
Samp!ling Location: OwitH# 2 /SSI’ Tw fed
Sampling Date:3-2¢-33
Analysis Date: 3-27-37

Technician: g Tesd &

KRun A3
, []
(Pa,r-kcl;; S}z:m\
4
RESULTS
TEST NO.
AND RUN INTEGRATED (BAG) GRAB  (BULB) : 0, ANALYZER
DATE NO.
$CO2| $0, | 9CO |%CO2 | 902 }[9cCO % 02
3-26-53 :
I s / 1290 | 7,03 W
/ < 3 1296 | 2,04
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(EPA Method 5) Filter
Gravimetric Analysis Lab
Data Sheet
FR 42(160)

Date of Analysis £-28-8&

Technician K

Special Handling Required

QD interpol

Job__ S REDwine Date_3-26-52 || Filter No. _22

S e T BB [ it type s

Test Site__Zv< £ T Dhc 7 I Filter Tare Wt. /(. 3202 g

Sample type_S'S_F/¢ TR T“""D‘ﬁ | Filter + Sample Wt._ ¥/.3203 4
. BLA~A Testhug;S' = Comments :

( . Spécial Handling Required
| QD interpoll *

é?zy/Sfa're :_):;; - Fj ter Ng.

Source - Filter Type

Test Site ' Filter Tare Wt.

Sample type Tech Filter + Sample Wt. '
Remarks: ) Test/Run Comments__ . :

\ N _ of

- Special Handling Required

QD interpol
Job C ' Date o Filter No.
orty/State _ Log " 1 Filter Type
urce ‘ - )
Test Site Filter Tare Wt. - g
Sample type Tech Fitter + Sample Wt. g
e — 2
Remarks : Test/Run Comments
e of J
. RESULTS:

[ 7 &

K-63[ LSC-02P




INTERPOLL INC.
EPA Method 5 Probe (Cycione) Wash
Gravimetric Analysis Laboratory Data Sheet
(CFR Title 40 Part 60 Appendix A)

Date of Analysis 2 28 -2
EPA-M5 Acetone R.B SPEC < 7.8 pg/cc

Technician ,/Zé : Actual acetone residue blank _© ypg/cc

o

Special Hand!ing Required

QL interpoll _
N £ Yy Evaporating Dish No. g/
T Jop S P Repisc Date_ .7~ 2£ ~-88
@. City/State, REDWING M. Log 25925 /72 Volume of acetone 7Q1 ¢
Source__UA/T 2 E£5P TWLeET E. Dish Tare Wt. wbid 5’2707 g
Test Site, I"’;:'f Dacl —— £. Dish + Sample Wi.2# 69 27 g
Remarks: Test/RunS 7 _ Comments
of
r’ — Special Handling Required

QD interpoll N
Evaporating Dish No._ &5

Job_a/SP__REDLI NG Date_2- 24-£9
@ City/State_ R £DwINE  ota. Log # /23 - VYolume of acetone [{®] cc

1
?W'OSO_QAMJ' 2_E£5P Zw¢eT © E. Dish Tare Wt. Y5, F75€ g
estSite____ T < ET DpcT . 2
Sample type. O Yoo D 5 , - Dish+ Sample Wt. 2 Q027 g
Remarks: Test/Run | Comments _
of _ | y

o
LV

o e Special Handling Required

QD interpoll
Evaporating Dish No. &7

. b /SP REDLiING Date 2-26-28
@ City/State ZSZLJMIG 7y Log ¥ EL, Volume of acetone (,‘0) cc
Source_ AN /T 2 £SP Zuegtr E. Dish Tare Wt. ) wESE g

T & ACE T N2 7 2 :
est Sit S E. Dish + Sample Wt.¥2, 5267 g
3

Sample type &) Tech LS.
Remarks: Test/Ru Comments
of
RESULTS:

1CFA NIV

[/0{05’520 K-6_42 C.c269 [7/0,0‘//7



(EPA Method 5) Filter
Gravimetric Analysis Lab
Data Sheet
FR 42(160)

Date of Analysis 3-28.98

Technici an_ﬂ(

: . N\ Special Handling Required
| interpoll
Job S P SDes Date 2~26-%8 1 Filter No. /8
City/State_RE D i Ve mias Log #97387/65 || Filter Type 5.5
?:ustSltea-Tﬂ/CCT JAQTA’“T : ‘1 Filter Tare Wt. 0. 9035 a
Sample type__S5” £ /¢ TE R Tech ,:? =§- Filter + Sample Wt. S0. 51‘7’09 g
. - 2
| Remarks: ) Testlﬁugff Comments

Special Handling Required

| QD interpon _ -
Jobh A SR KC.DD/MG ’ Filter No. P}
@ CityiState_ReDiv,wg o Dale.2-26- £¢ Filter Type_s.s.

#7730 o
Source L 2 2sP .z;chso-?- Filter Tare wr.__ ¥/. 2482 g
Test Site___Zwce - Duc 7 T - 1
Sample type_sc £/ rr EI2Ts R Too Filter + Sample Wt. 5/.65 25 4
; -~ : -2
Remarks: Tes:l'm Comments .
of

\ Special Handl ing Required

- |
QD interpont
@ Chty/State_£5 D 070 4.7 log# ____—/7/ ] Filter Type s..5. '
Source, axr /7. 2 Z5P Zale £ T i ]
- Vet She_ZAcET Duac o Filter Tare Wt. 9.2 7‘2(? g
WMM& Tec% Filter + Sample Wt. ¥ 3. 22Y g

Filter No. S

Test/Run.S_.
of | Comments

e

LY
S .

RESULTS:

L 5937 IZ/O.Q"OLB B9y

7. 7994 Jvod /0. 737 9 /873 LSC-02p



EPA METHOD 3
LABORATORY REPORT
SUMMARY OF ORSAT DATA

Job: anPch(IUJ X
Sampling Location: Uwitu 2 Stack

Sampling Date: 3-2/_ s
Analysis Date: z-29-2%

Technician: Test 5
RM\ 0 ’ /,2'4‘3 (‘
particle Sizina)
|
RESULTS
TEST NO.
AND RUN INTEGRATED (BAG) GRAB (BULB) 0> ANALYZER
DATE NO.
Z CO» % 02 7 CO g CO2 % 02 g CO ' % 02
3-2.-25 o
R 03
j 72,00 | 5.0 ;
7,77
< / 72,39
-5- 2 IZJ‘IS 7/65
5|2 ]2

LSC-05
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APPENDIX L

LABORATORY RESULTS FOR METALS ANALYSIS
ON STACK SAMPLES AND FLYASH



Q_ interpoll

INTERPOLL LABORATORIES

4500 BALL ROAD N.E.

CIRCLE PINES, MINNESOTA 55014-1819
TEL: 612/786-6020

FAX: 612/786-7854

Interpoll Laboratories
Field Testing Department

Attention: Dr. Perry Lonnes

PROJECT: NSP/Red Wing

LABORATORY REPORT: #5978 May 9, 1988

Enclosed is the laboratory analysis report on samples we received
March 25, 1988.

If you have any guestions concerming this report, please feel free to
contact me.

R

1]
Richard R. Dahl,
Director of Analytical Services

RRD/cqg

Emnclosures

AN EQUAL OPPORTUNITY EMPLOYER



QL interpoll

INTERPOLL LABORATORIES

4500 BALL ROAD N.E.

CIRCLE PINES, MINNESOTA 55014-1819
TEL: 612/786-6020

FAX: 612/786-7854

Interpoll Laboratories
Field Testing Department

Attention: Dr. Perry Lonnes

PROJECT: NSP/Red Wing

LABORATORY REPORT: #5978 May 29, 1988

SAMPLES COLLECTED: March 22, 1988
SAMPLES RECEIVED: March 23, 1988

T3RO T3R1 T3R2 TIRI

Unit 2 Unit 2 Unit 2 Unit 2

Sample Identification: "ESP Inlet ESP Inlet ESP Inlet ESP Inlet

Sample Type: Comp. Blank¥ CompositeX CompositeX Compositex

Laboratory Log Number:- 5978-188 9978-185 5978-186 5978-187
Parameter Units EPA Method

Arsenic Total ug SW-846, 7080 1.0 110 320 170

Beryllium Total ug SW-846, 7021 < 0.02 2.0 1.2 1.9

Cadmium Total ug SW-844, 7131 0.14 780 F20 &90

Ehromium Total ug SW-846, 7191 2 ‘460 280 330

Nickel Total ug 249,.1 0.75 410 290 230

Lead Total ug SW-846, 7421 5.0 29000 17000 26000

Selenium Total ug SW-846, 7740 < 0.1 < 200 < 500 < 1000

Mercury Total ug M-101A < 0.2 130 110 170

T3RO T3R1 TIR2 T3IR3

' Unit 2 Unit 2 Unit 2 Unit 2

Sample Identification: ESP Inlet ESP Inlet ESP Inlet ESP Inlet

Perman- Perman- Perman- Perman-—

ganate ganate ganate ganate

Imp. Catch Impinger Impinger Impinger

Sample Type: Blank Catch Catch Catch

Laboratory Log Number: S978-38 SB878-42 5978-46 - 5978~50
Parameter Units EPA Method

Mercury Total ug M-101A < 0.2 1.7 0.60 1.7

L-2
AN EQUAL OPPORTUNITY EMPLOYER



Interpoll Laboratories

Laboratory Report #5978 (continued)

NSP/Red Wing
Page Two

Sample Identification:
Sample Type:
Laboratory Log Number:

Parameter Units
Arsenic Total ug
Beryllium Total ug
Cadmium Total ug
Chromium Total ug
Nickel Total ug
Lead Total ug
Selenium Total ug
Mercury Total ug

Sample Identification:

Sample Type:

Laboratory Log Number:
Parameter Units
Mercury Total ug

Sample Identification:

Sample Type:

Laboratory Log Number:
Parameter Units
Arsenic mg/kg
Beryllium mg/kg
Cadmium mg/kg
Chromium mg/kg
Nickel mg/kg
Lead mg/kg
Selenium mg/kg
Mercury mg/kg

EPA_Method

SW-846,
SW-846,
SW-B46,
SW-846,
249.1
SW-846,
SW-846,
M-101A

7060
7071
7131
7191

7421
7740

EFA Method

M-101A

EPA Method

SW-B846,

SW-846,
SwW-846,
249.1
SW-B46,
SW-846,
M-101A

7060
7091
7131
7191

7421
7740

T3RO - T3R1 T3R2 T3R3
Unit 2 Unit 2 Unit 2 Unit 2
Stack Stack Stack Stack
Comp. BlankX Composite¥ Compositek Compositex
9978-192 5978-18% S5978-190 S978-191
< 0.5 26 16 1.3
< 0.2 < 0.2 < 0.2 < 0.2
1.3 7.2 4.2 1.4
1.7 160 73 3
0.64 250 100 64
0.83 82 44 30
< 0.1 < 25 170 < 50
< 0.2 30 16 26
T3RO T3R1 TIR2 TIR3
Unit 2 Unit 2 Unit 2 Unit 2
Stack Stack Stack Stack
Perman— Perman-— Perman-— Perman—
ganate ganate ganate ganate
Imp. Catch Impinger Impinger Impinger
Blank Catch Catch Catch
5978-57 5878-61 S5978-65 S978-69
0.60 5.9 2.5 5.0

T3R1 TIR2 T3R3

ESP ESP ESP

Conveyor Conveyor Conveyor

Fly Ash Fly Ash Fly Ash

Composite Composite Composite

9978-206 5978-207 5978-208

45 56 44

0.45 0.99 0.87

140 260 180

91 96 77

140 73 &0

4800 6500 5200

< 10 < 10 < 10

23 i8 28
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Interpoll Laboratories

Laboratory Report #5978 (continued)
NSP/Red Wing

Page Three

Sample Identification:

Sample Type:
Laboratory Log Number:

Parameter Units EPA Method
Acid Gases:

Fluoride Total ug 300
Chloride Total ug 300
Bromide Total ug 300
Sulfate Total ug 300

GuH/cg

< = less than

¥Composite of filter, probe wash and impinger catch.

T2R0

Imp. Catch
Blank
S7278-28
3

24

< 25

< 12

T2R1
Impinger
Catch
5878-22

610
413000
412
795000

T2R2 T2R3
Impinger Impinger
Catch Catch
5978-30 5978-31
1550 1620
830000 835000
1940 2380
730000 935000

Respectfully submitted,

sy M Nl

Gregg W. Holman,
Inorganic Chemistry Department Manager

All analyses were performed using EPA or other recognized methodologies.
All units are on an "“as received" basis unless otherwise indicated.



APPENDIX M

BATTELLE LABORATORY RESULTS



TABLE 1. TOTAL PCDF RESULTS FOR INLET MM5 SAMPLES (ng/sample) (a)

Laboratory
- Run Run Run Run Method

0 1 2 3 Blank
TCOF (0.088) 170 28 26 (0.015)
PCDF (0.076) 110 14 13 (0.040)
HXCDF (0.033) 64 7.1 5.9 (0.026)
HpCDF (0.081) 42 3.7 3.1  (0.037)
OCDF (0.063) 11 0.41 0.25 (0.026)

(a) Parentheses indicate analyte not detected; value within parentheses
represents detection limit.
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" TABLE 2. TOTAL PCDD RESULTS FOR INLET MM5 SAMPLES (ng/sample) (é)

. Laboratory
Run Run Run Run Method
0 1 2 3 Blank
TCDD (0.007) - 17 0.85 0.72 - (0.008)
PCDD (0.13) 34 2.3 1.9 (0.052) -
HxCDD (0.041) 36 1.6 0.92 (0.051)
HpCDD (0.16) 48 1.7 1.0 (0.095)
0CDD 0.19 37 1.3 0.68 (0.088)

(a) Parentheses indicate analyte not defected; value within parentheses
represents detection limit.
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TABLE 3. 2,3,7,8-PCDF RESULTS FOR INLET MM5 SAMPLES (ng/sample) (a)

Laboratory
Run Run Run Run Method
0 1 2 3 - Blank
2,3,7,8-TCOF (0.048) 23 3.0 2.8 (0.015)
1,2,3,7,8-PCDF (0.076) 3.2- 0.37, 0.16. (0.040)
2,3,4,7,8-PCDF (0.063) 5.3- 0.60 0.46 (0.022).
1,2,3,4,7,8-HxCOF  (0.033) 12 0.94 0.70 (0.026)
1,2,3,6,7,8-HxCDF  (0.074) 12 0.85 0.50 (0.042).
1,2,3,7,8,9-HxCDF  (0.041) - 7.9 0.56 0.35 (0.031)
2,3,4,6,7,8-HxCDF  (0.033) 1.8 0.10 0.12 (0.024)
1,2,3,4,6,7,8-HpCDF (0.081) 28 1.5 0.92 (0.037)
1,2,3,4,7,8,9-HpCDF (0.043) 1.8 0.14 0.12 (0.021)

(a) Parentheses indicate analyte not detected; value within parentheses
represents detection limit.

18
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TABLE 4. 2,3,7,8-PCDD RESULTS FOR INLET MM5 SAMPLES (ng/sample) (a)

Laboratory
o kY 7 T Bk

2,3,7,8-TCDD (0.0066) 0.15 - (0.0038)- (0.0089) -  (0.0085)
1,2,3,7,8-PCDD (0.13) 2.2’ (0.15). 0.12. (0.052)
1,2,3,4,7,8-HxCOD  (0.041) - 2.5 0.10. 0.035- (0.040)-
1,2,3,6,7,8-HxCOD  (0.041) 2.5 0.096/ 0.061. (0.052).
1,2,3,7,8,9-HxCDD  (0.056). 4.6 0.16 - 0.089 - (0.046) -
1,2,3,4,6,7,8-HpCDD (0.16) 24. 0.81: 0.47 ., (0.095)

(a) Parentheses indicate analyte not detected; value within parentheses
represents detection limit. |
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TABLE 5. TOTAL PCDF RESULTS FOR OUTLET MM5 SAMPLES (ng/sample) (a)

Laboratory

* Run Run Run Run Method

0 1 2 3 Blank
TCDF (0.021)- 17. 19 . 22. (0.015)
PCDF (0.045)  16. 18. 23 (0.040) .
HxCDF (0.033). 15 16 20 (0.026),
HpCDF (0.054) 12 14 17 (0.037).
‘OCDF (0.049). 4.5 4.8 - 6.4. (0.026) -

(a) Parentheses indicate analyte not detected: value within parentheses
represents detection limit.

20
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TABLE 6. TOTAL PCDD RESULTS FOR OUTLET MM5 SAMPLES (ng/sample) (a)

) Laboratory

Run Run Run Run: Method

0 1 2 3 Blank

TCDD (0.006) 2.5 2.8 - 2.6 (0.008)
PCDD (0.077) 8.0 7.9 8.6 (0.052)
HXCDD (0.032) 8.7 8.3 9.2 (0.051)
~ HpCDD (0.12) 15 14 17 (0.095)
0CDD 0.26 14 12 15 (0.088)

(a) Parentheses indicate anal

represents detection limit.

yte not detected; value within parentheses

21
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TABLE 7. 2,3,7,8-PCDF RESULTS FOR OUTLET MM5 SAMPLES (ng/sample) (a)

Laboratory

Run Run Run Run Method

0 1 2 3 Blank
2,3,7,8-TCDF (0.021) 3.4 4.0 4.9 (0.015)
1,2,3,7,8-PCDF (0.045) 0.53 0.64 0.59 (0.040)
2,3,4,7,8-PCDF (0.633) 1.4 1.5 1.8 (0.022)
1,2,3,4,7,8-HxCOF  (0.033) 2.9 3.3 4.0 (0.026)
1,2,3,6,7,8-HxCDF  (0.038) 2.7 3.3 4.1 (0.042)
1,2,3,7,8,9-HxCDF  (0.026) 2.0 2.4 2.8 (0.031)
2,3,4,6,7,8-HxCDF  (0.040) 1.0 0.66 0.91 (0.024)
1,2,3,4,6,7,8-HpCDF (0.054) 6.8 7.2 8.8 (0.037)
1.5 1.8_ 2.4 (0.021)

1,2,3,4,7,8,9-HpCDF (0.026)

(a) Parentheses indicate anal

represents detection'limit.

22
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TABLE 8. 2,3,7,8-PCDD RESULTS FOR OUTLET MM5 SAMPLES (ng/sample) (a)

Laboratory
Run Run Run Run Method
0 1 2 3 Blank
2,3,7,8-TCDD (0.0057) (0.011) (0.013) (0.014) (0.0085)
1,2,3,7,8-PCDD (0.077) 0.42 0.37 0.42 (0.052)
1,2,3,4,7,8-HxCDD  (0.037) 0.46 0.45 0.49 (0.040)
1,2,3,6,7,8-HxCDD  (0.032) 0.81 0.76 0.77 (0.052)
1,2,3,7,8,9-HxCDD  (0.035) 1.1 0.96 1.2 (0.046)

1,2,3,4,6,7,8-HpCDD (0.12) 8.1 7.6 9.3 (0.095)

(a) Parentheses indicate analyte not detected; value within parentheses
represents detection limit.

23
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TABLE 9. .

TOTAL PCDF RESULTS FOR ASH SAMPLES (ng/g)

Laboratory

Ash Ash Ash Method

3/23/88 3/24-25/88 3/25/88 Blank
TCOF 40 35 32 (0.001)
PeCDF 39 - 46 51 - (0.004)
HxCDF - 21 44 58 (0.001)
HpCDF . 51 71 . 250 (0.002)
OCDF 65 84 . 171 (0.003)

(a) Parentheses indicate analyte not detected; value
represents detection limit.
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TABLE 10. TOTAL PCDD RESULTS FOR ASH SAMPLES (ng/g) (a)

Laboratory

Ash Ash Ash Method

3/23/88 3/24-25/88 3/25/88 Blank
“TCOD 6.4 3.4 3.4 ~ (0.001)
PeCOD 17 18 18 (0.008)

HxCDD 17 32 46 (0.005)

HpCDD 110 130 390 (0.004)
0CDD 1200 240 460 (0.006)

(a) Parentheses indicate analyte not detected; value

represents detection limit.

25



TABLE 11. 2,3,7,8-PCDF RESULTS FOR ASH SAMPLES (ng/g) (a)

Ash Ash Ash ‘Lab:;:;ggy
3/23/88 3/24-25/88 3/25/88 Blank

2,3,7,8-TCDF 6.1 5.3 5.0 (0.0015)
1,2,3,7,8-PeCDF 1.5 - 2.2 2.4 (0.0041)
2,3,4,7,8-PeCDF 2.7 4.0 4.0 (0.0041)
1,2,3,4,7,8-HxCOF 4.2 8.1 1 (0.0011)
1,2,3,6,7,8-HxCDOF 4.1 9.1 13 (0.0042)
1,2,3,7,8,9-HxCOF 2.5 6.1 7.5 (0.0023)
2,3,4,6,7,8-HxCOF 0.6 1.7 1.9 (0.0026)
1,2,3,4,6,7,8-HpCDF 28 39 137 (0.0019)
1,2,3,4,7,8,9-HpCDF 3.9 5.3 22 (0.0019)

(a) Parentheses indicate analyte not detected; value represents
‘detection limit.

26
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TABLE 12. 2,3,7,8-PCDD RESULTS FOR ASH SAMPLES (ng/g) (a)

Ash Ash Ash Lab:;:;:gy
3/23/88 3/24-25/88 3/25/88 Blank

2,3,7,8-TCDD - 0.18 0.16 0.14 (0.0014)
1,2,3,7,8-PeCDD  0.97 1.4 1.6 (0.0079)
1,2,3,4,7,8-HxC0D  0.80 1.8~ 2.6 (0.0043)
1,2,3,6,7,8-HxCOD 1.2 2.2 4.4 (0.0048)
1,2,3,7,8,9-HxCDD 1.4 2.8 4.5 (0.0070)
1,2,3,4,6,7,8-HpCOD 48 58 180 (0.0037)

(a) Parentheses indicate analyte not detected; value represents
detection limit.

27
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TABLE 14. PAH RESULTS FOR ASH SAMPLES (ng/9)

Laboratory

Ash Sample Method
Compound 3/23/88 3/24-25/88 3/25/88 Blank
Naphthalene 3.9 1.4 0.88 0.013
Acenaphthylene . 0.072 0.020 0.027 0.0017
Acenaphthene 0.0033 0.0029 0.0038 0.0039
Fluorene 0.0026 0.0024 0.0026 0.0023
Phenanthrene 1.4 0.32 0.19 0.017
Anthracene 0.031 0.0064 0.0042 0.00080
Fluoranthene 0.36 0.16 0.075 0.0074
Pyrene 0.31 0.10 0.052 0.0033
Benz(a)anthracene 0.0093 0.0030 0.0015 0.00025
Chrysene 0.026 0.0085 0.0045 0.00045
Benzfluoranthenes 0.014 0.0049 - 0.0018 0.00082
Benzo(a)pyrene ND 10.00012 0.00012 0.00041
Indeno(1,2,3-cd)pyrene 0.0012 0.00038 0.00017 0.00029
Dibenz(a,h)anthracene 0.00059 ND ND 0.00048
Benzo(g,h,i)perylene 0.0027 0.00077 0.00038 0.00029
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APPENDIX N

liBSULTS OF FUEL ANALYSIS
(as submitted by NSP)



NS P

drnternmnal Corresporndernce

TES T ING

FROM

T0

SUBJECT

D E Pinke
Bob Evans

RDF ANALYSIS

Moisture %
Ash % '
Sulfur %
Hydrogen %
Carbon %
Oxygen %
Chlorine
Nitrogen
BTU/Lb

¢ 3¢

>6 inch %

NonFerrous %

Moisture %
Ash %
Sulfur %
Hydrogen %
Carbon %
Oxygen %
Chlorine %
Nitrogen %
BTU/Lb

L ABORATORY

3-21-88
Start End
1510 2125

As Rcvd Dry

26.36

10.07 13.67
0.27 0.37
4.19 5.69
30.80 41.83
27.53 37.38
0.24 0.32
0.54 0.73
5428 7370
B.8

1.2

3-25-88 5A
Start End
0730 1100

As Revd Dry

28.61
10.58 14.82

30.37 42.54
25.50  35.71

0.21 0.30
0.52 0.73
5311 7439

N-1

DATE
April 11, 1988
LOCATION
csSCc-2
LOCATION
414~G0O2
3-22-88 3-23-88
Start Start
0900 0805

As Rcvd Dry

21.14

12.89 16.35
0.36 0.46
4.26 5.41
32.05 40.64
28.56 36.22
0.24 0.30
0.50 0.63
6078 7707

Lo /)
e

_z),iﬂﬁ‘
3-C)es

6 & 6A

As Revd Dry

23.14

12.98 16.89
0.42 0.55
4.14 5.38
31.35 40.79

27.27 35.48
0.20 0.26
0.50 0.65
5617 7308

As Rcvd Dry

24.89

12.74 16.96
0.44 0.59
4.06 5.40

29.98 39.92
27.06  36.04

0.21 0.27
0.62 0.82
5334 7101
5.9
1.0
A
26 %

3- 88 5B
Start
1130

As Recvd Dry

24.18

11.05 14.57
0.32 0.42
4.20 5.54
30.80 40.62

28.69 37.85
0.24 0.31
0.51 0.67
5400 7122



Bob Evans

4-12-88
page 2
3-25-88 5A
Start End
0730 1100
As Rcvd Dry
>6 inch % 7.4
NonFerrous % 1.5

BY
Steve Haller
Lab Spec

SH/ jgdb

N-2

3-22-88
6 & 6A

As Rcvd BDry

- W
(5 0

3-23-88 5B
Start

1130

As Revd Dry
8.9

9.6



APPENDIX O

STEAM FLOW AND FEED RATE DATA
(as submitted by NSP)
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APPENDIX P

PROCEDURES



Particulate Loadings and Emission Rates

The particulate emission rates weré determined per EPA Methods
1.5, CFR title 40, Part 60, Appendix A (revised July 1, 1986). In this
procedure, a preliminary velocity profile of the gases in the flue is
obtained by means of a temperature and velocity traverse. On the basis
of these values, sampling nozzles of appropriate diameter are selected
to allow isokinetic sampling, a necessary prerequisite for obtaining a
representative sample.

The sampling train consists of a heated glass or stainless
steel-lined sampling probe equipped with a Type S pitot and a
thermocouple. The probe is attached to a sampling module which houses
the all-glass in line filter holder in a temperature controlled oven.
In addition, the sampling module also houses the impinger case and a
Drierite drying column. The sampling module is connected by means of an
umbilical cord to the control module which houses the dry test gasmeter,
the calibrated- orifice, a leakless pump, two inclined manometers, and
all controls required for operating the sampling train. '

Particulate samples were collected as follows: The sample gas
was drawn in through the sampling ﬁrobe isokinetically and passed
through a 4-inch diameter Gelman Type A/E glass fiber filter. The
particulates were removed at this point and collected on the filter.
The gases then passed through an ice-cooled impinger train and a
desiccant-packed drying column which quantitatively absorb all moisture
from the sample gas stream after which the sample gas passes through the
pump and the dry test gasmeter which integrates the sample gas flow
throughout the course of the test. A calibrated orifice attached to the
outlet of the gasmeter provides instantaneous flow rate data.

A representative particulate sample was acquired by sampling
for equal periods of time at the centroid of a number of equal area
regions in the duct. The sampling rate is adjusted at each site such
that an isokinetic sampling condition prevails. Nomographs are used to
aid in the rapid determination of the sampling rate.

3a P1{(1 & SS-5)
P-1



After sampling is complete, the filter is removed and placed
in a clean container. The nozzle and inlet side of the filter holder
are quantitatively washed with acetone and the washings are stored in a
second container. A brush is often used in the cleaning step to help
dislodge deposits. The samples are returned to the laboratory where
they are logged in and analyzed. The volume of the acetone rinse
("probe wash") is noted and then the rinse is quantitatively transferred
to a tared 120 cc porcelain evaporating dish and the acetone evaporated
off at 97-105 OF, This temperature is used to prevent condensation of
~ atmospheric moisture due to the cooling effect induced by the
evaporation of acetone. The acetone-free sample is then transferred to
an oven and dried at 105 oC for 30 minutes, cooled in a desiccator over
Drierite, and then weighed to the nearest .0l mg. The filter sample is
quantitatively transferred to a 6-inch watch glass and dried in an oven
at 105 oC for two hours. The filter and watch glass are then cooled in
a desiccator and the filter weighed to the nearest .01 mg. All
weighings are performed in a balance room where the relative humidity is
hydrostatted to 1less than 50% relative humidity. Microscopic
examination of the samples is performed if any unusual characteristics
are observed. The weight of the acetone rinse is corrected for the
acetone blank. The Drierite column is weighed on-site and the water
collected by Drierite is added to the condensate so that the total
amount of absorbed water may be ascertained.

Integrated flue gas samples for Orsat analysis were collected
simultaneously from the stack and from the breeching at the inlet to the
wet scrubber. The samples were collected in 15-liter gas sampling bags
at a constant flow rate throughout each particulate run. The bags were
then returned to the 1laboratory and analyzed by Orsat analysis.
Standard commercially prepared solutions were used in the Orsat analyzer
(sat. KOH for carbon dioxide and reduced methylene blue for oxygen).

3a P2(6)
P-2
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Interpoll Laboratories
(612)786-6020

Condensible Organic Cospounds finalysis
(State of Minnesota - MPCA Exhibit C)

ethod JI-B472-HN

Equipsent: Separatory funnel - 500 cc with Teflon stopcock

Powder funnel - 75 aa ID with a 17 aa stes

Evaporating dish(es) - 200 cc or 250 cc beaker

Reagents: Diethyl ether - reagent grade

1.

2.

Chlorofors - reagent grade
Sodius sulfate - (ACS) granular anhydrous

Toluene - (if 32 hydrogen peroxide is used to collect the
samples)

Glass wool (Pyrex aicrofiber)

PREPARATION

Place 1 kg of granular anhydrous sodiua sulfate in a shallow tray
and heat- to 200 °C for at least four hours. Store in a tightly

sealed glass container.

Place a plug of clean glass wool in the stea of the powder funnel.
The plug sust be of sufficient size so that it is held snuggly in
place by its own pressure. Add a one-inch layer of dry sodiua

sulfate.

P-4



SAMPLING

An all-glass impinger asseably is gsed in the back half of the EPA Method
S saepling train when an organic wet catch is to be collected. The
impinger assembly consists of a sodified iapinger, a 6reenburg Saith
iapinger followed by another modified iapinger. The third impinger ;hould
have a tesperature aeasuring device at the outlet upstream of a final
iapinger or desiccant coluan to sonitor the teaperature of the outlet "gas
streaa. Prior to the start of the test, each of the first two impingers
should be charged with 100 g of Class I water. The Method 5 train ghuuld
be operated as provided for in EPA Method 5. Ice should be added to the
ilpinger bath to keep the temperature of the gas at the outlet at or 1less
than 68 °F. After the post test leak check, the ispinger train is removed
and iaspinger contents poured into a tared all-glass saaple bottle and
closed with a Teflon-lined cap. The sample bottle is then weighed and the
total condensate calculated by subtraction of the bottle tare weight and
the weight of initial water added to the impingers (200 g). A label is
affixed and the sample is returned to the laboratory for analysis. The
sample should be stored at 4 °c if the analysis is not conducted within 48

hours.

P-5



I.

Organics

Caution!

f.

ANALYSIS

Work in vented hood!!!

Organic Blank Determination

1.

Pour 123 aL of ethyl ether and 125 aL of chlorofora into a
tared beaker.

Evaporate sclvent in hood at 70 °F or less until no solvent
resains.

Desiccate the sample in dish for two hours.

Weigh the saaple to nearest 0.1 mg, record and feport on

Fora LSC~03E.

Organic Saaple Detersination

ll

3.

Test for peroxide in sample ether using KI strips. (1§ KI
strip shows positive, contact your supervisor before
proceeding.)

Transfer the sample solution quantitatively to a 500 aL
separatory fuﬁnel. Use the first of three 25 al chlorofora
aiiquots to rinse the sample container.

Extract with three 25 al portions of chlorofora. (Shake and
vent to release pressure about 4 to 5 times each.) Allow
the phases to separate. (Bottoa layer is chlorofors.) Draw
off the bottom layer, transferring the solvent with a funnel
containing a plug of sodium sulfate into a tared beaker.

(Do not draw off any of the aqueous layer.)



After the three chlorofors extractions, use two 25 alL
portians of chlorofore to rinse the sodium sulfate,
collecting the rinsé; in the same tared beaker as the
extracts.

Next extract the saaple three times with 25 al aliquots of
ethyl ether. (Shake and vent to release pressure about 4 to
) -tiles Qachf) Allow the phases to separate. (Top layer
is ethyl ether.) Draw off the bottoa layer (agqueous) into
another separatory funnel taking less than 1 al of the ethyl
ether layer with. Decant the ethyl ether, passing it
through sodiua sulfate and collecting the ethyl ether in the
same tared dish as the chlorofora.

After the three ethyl ether extractions, take two 25 alL
portions bof ethyl ether and rinse the sodiua sulfate
colle;ting the rinses in the same tared beaker as the
extracts. |

Evaporate the solvents (chlorofors and ethyl ether)xin the
tared beaker in the hood at 70 °F or less until no solvent
resains. (Use no heat and have no sources of ignition in
the hood when doing this procedure.) Do not evaporate so
quickfy as to allow evaporative cooling to lower the
tesperature of the container below the dew point of water,
otherwise, water will be condensed out in the container.
Desiccate to constant weight (two hours), Record and
report the §inal weight to the nearest 0.1 ag on Fora

LSC-036.
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II.

Inorganics

14 inorganic residue information is required, the following

procedure should be conducted:

A. Inorganic Blank Detersination
1. Vent the remaining aqueous phase fros the organic extraction
in ihe hood to resove residual organic solvents (usually
overnight}.
2. Decant the impinger catEh into a tared evaporating dish.
3. Evaporate all of the water in the sample in an oven at 100
°c. Take care not to boil to prevent busping and loss of
salple.>
4. Cool the dried sample in the desiccator and desiccate until

a constant weight is abtained.

3. Report the results to the nearest 0.1 ag on Fora LSC-036.

B. Inorganic Saaple Deteramination

Follow steps 1-5 in Section A above.

P-8



NOTES

1. For the organics determination, in the rare event that the impinger

catch resulted froa a Modified Method & deterlination.(so2

the solution contains dilute hydrogen peroxide () 3%), do not

), whereby

ether as an extraction solvent. Substitute toluene for ethyl ether

in Section I. (Ether in the presence of peroxide foras explosive

hydroperoxide.)

2. In the organics deteramination, sore than three extractions may be

required to extract all of the organics. Additional extractions

should be perforsed if the agueous phase is still cloudy.

3. Special state requireaents:

Michigan - Total sample evaporated in tared evaporating dish

steaa bath.
Jowa - Organics and inorganics separately, as required.

Misconsin - Use Method 11-8672-II.‘

Rest of states - Organics only.

REFERENCES

Proposed Standards of Performance for New Stationary Sources,

Register 36(159) Part 11, August 1, 1979.

Minnesota Pollution Control Agency, Exhibit C.

P-9
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Interpoll Laboratories
(612)786-6020

Hydrogen Chloride, Hydrogen Fluoride and Sulfur Dioxide Determinations
Method 1I-8899

Hydrogen chloride (HC1), hydrogen fluoride (HF) and sulfur
dioxide (S02) were determined in a separate sampling train using a
modification of the EPA Method 6 large impfnger version (CFR Title 40,
Part 60, Appendix A). This sampling train is identical to the Method 5
sampling train except that the first two impingers are each charged with
100 cc of 0.1 N NaOH which quantitatively collects both HC1,HF and S02.
Particulate material is removed prior to the impingers by a heated all-
glass cyclone and filter holder assembly (four-inch glass-fiber filter)
which is kept at 250 + 25 OF, After sampling is complete (20-60
minutes), the impinger catch is quantitatively recovered into an all-
glass sample bottle and closed with a Teflon-lined cap. The recovered
samples are returned to the laboratory where they are analyzed for
chloride and sulfate by fon chromatography (IC). Prior to analysis, the
samples are made 3% 1n'hydrogen peroxide (by the addition of 30% H20»)
to convert all sulfite to sulfate. The sulfite peak is monitored in the
analysis to ensure quantitative conversion. A field blank is analyzed
with the samples .to correct for impurities in the reagents, sample
recovery fluids and the sample containers.



Oxides of Nitrogen Emissions

The oxides of nitrogen concentrations were determined per Method 7,
CFR Title 40, Part 60, Appendix A (Revised July 1, 1986). In this procedure,
25 cc of acidified peroxide solution are added to two liter all-glass gas
sampling bulbs which ére then evacuated and a sample of stack gas drawn into
the evacuated flask by means of a glass probe through a plug of glass wool to
remove any flyash. The bulb is then sealed by closing a stopcock and set
aside for at least sixteen hours until all of the nitric oxide is oxidized
to nitrogen dioxide and absorbed in the peroxide solution. The resulting
nitrate solution is then analyzed by the phenol disulfonic acid (PDS) method.
Results are reported as nitrogen dioxide.

5-1
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MEeTHOD lo—DmimAnou ‘or CARBON
" MONOXIDE EMISSIONS FROM STATIONARY
SOURCES

1. Principle and Applicabilily.

1.1 Principle. An integrated or continuous
gas sample iz extracted from s sampling
point and analyzed for carbon. monoxide

40 CFR Ch. |

(CO) content using a Luft-type nondisper-
sive infrared analyzer (NDIR) or equivalent.

1.2 Applicabdility. This method is applica-
ble for the determination of carbon monox-
ide emissions from stationary sources only
when specified by the test procedures for
determining compliance with new source
performance standards. The test procedure
will indicate whether a continuous or an in-
tegrated sample is to be used.

2. Range and sensitivity.

2.1 Range. 0 to 1,000 ppm. .
2.2 Sensitivity. Minimum detectable con-
centration is 20 ppm for a 0 to 1,000 ppm
span.
3. Interferences.

Any substance having a strong absorption
of infrared energy will interfere to some
extent. For example, discrimination ratios
for water (H,O) and carbon dioxide (CO,)
are 3.5 percent H,O per 7 ppm CO and 10
percent CO, per 10 ppm CO, respectively,
for devices measuring in the 1,500 to 3,000
ppm range. For devices measuring in the 0
to 100 ppm range, interference ratios can be
as high as 3.5 percent H,O per 25 ppm CO
and 10 percent CO, per 50 ppm CO. The use
of silica gel and ascarite traps will alleviate
the major interference problems. The meas-
ured gas volume must be corrected if these
traps are used.

4. Precision and accuracy.

4.1 Precision. The precision of most NDIR
analyzers is approximately +2 percent of
span.

4.2 Accuracy. The accuracy of most NDIR

ansalyzers is approximately +85 percent of
span after calibration.

8. Apparatus.

§.1 Continuous sample (Figure 10-1).

5.1.1 Probe. Stainless steel or sheathed
Pyrex!® glass, equipped with a filter to
remove particulate matter.

5.1.2 Air-cooled condenser or equivalent.

To remove any excess moisture.

5.2 Integrated sample (Figure 10-2).

5.2.1 Probe. Stainless steel or sheathed
Pyrex glass, equipped with a filter to
remove particulate matter.

5.2.2 Air-cooled condenser or equivalent.
To remove any excess moisture.

§.2.3 Valve. Needle valve, or equivalent, to
to adjust flow rate.

5.2.4 Pump. Leak-free diaphragm type, or
equivalent, to transport gas.

5.2.5 Rate meter. Rotameter, or equiva-
lent, to measure a flow range from 0 to 1.0
liter per min. (0.035 cfm).

'Mention of trade names or specific prod-
ucts does not constitute endorsement by the
Environmental Protection Agency.
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5.2.8 Flexible bag. Tedlar, or equivalent,
with a eapacity of 60 to 90 liters (2to 3 1t?).
Leak-test the bag in the laboratory before
using by evacuating bag with a pump fol-
lowed by a dry gas meter. When evacuation
is complete, there should be no flow
through the meter.

5.2.7 Pitot tube. Type 5, or equivalent, at-
tached to the probe so that the sampling
rate can be regulated proportional to the
stack gas velocity when velocity is varying
with the time or a sample traverse is con-
ducted.

- 5.3 Analysis (Figure 10-3).

§.3.1 Carbon monoxide analyzer. Nondis-
persive infrared spectrometer, or equivalent.
This instrument should be demonstrated,
preferably by the manufacturer, to meet or

. exceed manufacturer’s specifications and .

those described in this method.
5.3.2 Drying tube. To contain approxi-
mately 200 g of sllics gel.
6 ?.3.3 Calibration gas. Refer to paragraph
5.3.4 Filter. As recommended by NDIR
manufacturer.

Figmrs 901, Costiummes samptiog Sula.
L4

Plpme -2, Misyaied gos-senpiing ela,

B5.3.5 CO, removal tube. To contain ap-
proximately 500 g of ascarite. :

Pi. 60, App. A, Meth. 10

§.3.6 Ice water bath. For ascarite and silica
gel tubes.

5.3.7 Valve. Needle valve, or equivalent, to
adjust flow rate

5.3.8 Rate meter. Rotameter or equivalent
to measure gas flow rate of 0 to 1.0 liter per
min. (0.035 cfm) through NDIR.

8.3.9 Recorder (optional). To provide per-
manent record of NDIR readings.

6. Reagents.

8.1 Calibration gases. Known concentra-
tion of CO in nitrogen (N,) for instrument
span, prepurified grade of N, for gero, and
two additional concentrations corresponding
approximately to 60 percent and 30 percent
span. The span concentration shall not
exceed 1.5 times the applicable source per-
formance standard. The calibration gases
shall be certified by the manufacturer to be
&zgm +*2 percent of the specified concen-

6.2 Silica gel. Indicating type, 6 to 16
snesh, dried at 175° C (347° F) for 2 hours.
6.3 Ascarite. Commercially available.

¥. Procedure.

%1 Sampung

9.1.1 Continuous sampling. Bet up the
equipment as shown in Figure 10-1 making
sure all connections are leak free. Place the
probe in the stack at a sampling point and
purge the sampling line. Connect the ana-
lyzer and begin drawing sample into the an-
alyzer. Allow 5 minutes for the system to
stabflize, then record the analyzer reading
as required by the test procedure. (See 1 7.2
and 8). CO, content of the gas may be deter-
mined by using the Method 3 integrated
sample procedure (36 FR 24886), or by
weighing the ascarite CO, removal tube and
eomputing CO, concentration from the gas
:uo‘l::me sampled and the weight gain of the

7.1.2 Integrated sampling. mu:uau the
flexible bag. Set up the equipment as shown
in Figure 10-2 with the bag disconnected.
Place the probe in the stack and purge the

P-14



Pt. 60, App. A, Meth. 10

sampling line. Connect the bag, making sure
that all connections are leak free. Sample at
a rate proportional to the stack velocity.
CO, content of the gas may be determined
by using the Method 3 integrated sample
procedures (36 FR 24886), or by weighing
the ascarite CO, removal tube and comput-
ing CO, concentration from the gas volume
sampled and the weight gain of the tube.

7.2 CO Analysis. Assemble the apparatus
as shown in Figure 10-3, calibrate the in-
strument, and perform other required oper-
ations as described in paragraph 8. Purge
analyzer with N, prior to introduction of
each sample. Direct the sample stream
through the instrument for the test period,
recording the readings. Check the zero and
span again after the test to assure that any
drift or malfunction is detected. Record the
sample data on Table 10-1. :

8. Calidration.

Assemble the apparatus according to
Figure 10-3. Generally an instrument re-
quires a warm-up period before stability is
obtained. Follow the manufacturer’s in-
structions for specific procedure. Allow a
minimum time of 1 hour for warm-up.
During this time check the sample condi-
tioning appearatus, ie., filter, condenser,
drying tube, and CO, removal tube, to
ensure that each component is in good oper-
ating condition. Zero and calibrate the in-
.strument according to the manufacturer’s
procedures using, respectively, nitrogen and
the calibration gases.

TABLE 10-1—FIELD DATA

Comments
Location
Teost
Dats
Operator
Clock time Rotameter setting, Hers per

minute (cubic feet per mirmnte)

9. Calculation.

Concentration of carbon monoxide. Calcu-
late the concentration of carbon monoxide
fn the stack using equation 10-1.

where:

Cco stock =concentration of CO in stack, ppm
by volume (dry basis).

C NOIt=concentration of CO measured by

NDIR analyzer, ppm by volume (dry -
P-15

basis).

40 CFR Ch. |

Feos=volume fraction of CO, in sample, Le,,
percent CO, from Orsat analysis divided
by 100.

10. Bidliography.

10.1 McElroy, Frank, The Intertech NDIR-~
CO Analyzer, Presented at 11th Meth-
ods Conference on Air Pollution, Univer-
sity of California, Berkeley, Calif., April
1, 1970.

10.2 Jacobs, M. B., et al., Continuous De-
termination of Carbon Monoxide and
Hydrocarbons in Air by a Modified In-
frared Analyzer, J. Air Pollution Control
Association, $(2): 110-114, August 1958.

10.3 MSA LIRA Infrared Gas and Liquid
Analyzer Instruction Book, Mine Safety
Appliances Co., Technical Products Divi-
sion, Pittsburgh, Pa.

10.4 Models 2154, 315A, and 415A Infrared
Analyzers, Beckman Instruments, Inc.,
Beckman Instructions 1635-B, Fuller-
ton, Calif., October 1967.

10.5 Continuous CO Monitoring System,
Model AS5611, Intertech Corp., Prince-
ton, NJ.

10.6 UNOR Infrared Gas Analyzers,
‘B‘.endix Corp., Ronceverte, West Virgin-

.ADDENDA—A. PERFORMANCE SPECIFICATIONS
FOR NDIR CARBON MONOXIDE ANALYZERS.

-W(uiniﬂun) 0~-1000 ppm.
Output (minimum) 0-10myV.
Minimurn detectable sensitivi- | 20 ppm.
Riss Sme, 90 percent (Mmax- aom
Fdim.t.wp-munu- 30 seconda.
mum).
Zero orift (maximum).— ] 10% in § howrs.
Span drift (maxdmum) .1 10% in § hours.
Precision (MINMUM) e 2% of Aill scale.
Noiss (Madmum)...— .1 £1% of lull scale.
Linearity (maximum devision) 2% of Al scale.
Interferance rejection ratio...| COy—~1000 to 1, HO—800
: | R R

' B. Definitions af Performance Specifica-

Range—The minimum and maximum
measurement limits.

Output—Electrical signal which is propor-
tional to the measurement; intended for
connection to readout or dats processing de-
vices. Usually expressed as millivolts or mil-
lamps full scale at & given impedance.

Full scale—The maximum measuring limit
for a given range.

Minimum  detectable sensitivity—The
smallest amount of input concentration that
can be detected as the concentration ap-
proaches zero.

Accuracy—The degree of agreement be-
tween a measured value and the true value;
usually expressed as + percent of full scale.
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Time to 90 percent response—The time in-
terval from a step change in the input con-
centration at the instrument inlet to a read-
ing of 90 percent of the ultimate recorded
concentration.

Rise Time (90 percent)—The interval be-
tween inijtia] response time and time to 90
percent response after a step increase in the
inlet concentration.

Fall Time (90 percent)—The interval be-
tween initial response time and time to 90
percent response after a step decrease in the
inlet concentration.

Zero Drift—The change in instrument
output over a stated time period, usually 24
hours, of unadjusted continuous operation
when the input concentration is zero; usual-
1y expressed as percent full scale.

Span Drift—The change in instrument
output over a stated time period, usually 24
hours, of unadjusted continuous operation
when the input concentration is a stated
upscale value; usually expressed &s percent
full scale. ,

Precision—The degree of agreement be-
tween repeated measurements of the gsame
concentration, expressed as the average de-
viation of the single results from the mean.
"~ Noise—Spontaneous deviations from a
Inean output not caused by input concentra-
tion changes.

Linearity—The maximum deviation be-
tween an actual instrument reading and the
reading predicted by a straight line drawn
between upper and lower calibration points.
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Date:
Subject:

From:

To:

UNITED STATES ENVIRONMENTAL PROTECTION AGENCY )
Environm:nta] Monitoring Systems %abora;gry .
Research Triangle Park, North Carolina 711 RECE'VED

July 7, 1987

Source Branch/QAD/EMSL=RTP (MD=-7A)

a

Addressees: .

In my April 21 letter to C. Johnson, I described a research train
currently under validation for multiple metals sampling. As I mentioned
in that letter, some of the train components were for research purposes,
and not necessary for a working version of the train. 1 have had several
further conversations with Tom E. Ward, the project officer in charge of
the validation, and we are ready to recommend a simpler train. :

The train we recommend for normal field use consists of a Method §
probe and filter followed by either four or five impingers, depending
upon source moisture content. The contents of the impingers are as

follows: _ .
1. Empty (for condensate collection, may be omitted for dry source)

« 2. 5% HNO3 and 10% Hp02 (will be reduced to 0.1N HNO3 if research
. shows it to be adequate)

: I

3. Same as 2

4. 1.5% KMnO4 and 10% HpS04

5. Silica gel (to protect the pump and meter)

The rest Qf the train is the usual Method 5 equipment, pump, meter,
et cetera. i '

The train is being validated for collection of the following metals,
and 1s expected to be effective for that purpose: As, Be, Cd, Se, P, ZIn,
Cu, Mn, Pb, Cr, Ni, and Hg. It will undoubtedly collect many other metals
:etiﬁ but no plans have been made to perform validation studies with.respect

0 ‘them., .

The proposed analysis methods are inductive]y'coup1ed argon plasma
spectroscopy (ICAP) or atomic absorption spectroscopy (AA) where more

appropriate. Although most of the metals will be found primarily on the

filter, 1t is necessary at present to analyze all of the impinger catch
for all metals of interest. The validation studies may prove some of this
to be unnecessary. The permangenate impinger catch should be analyzed

for mercury emissions, except when it is proven that any mercury emitted is
incorporated into filterable particulate materials.

INTERPOLL INC.

) 4500 BALL ROAD N. E.
sw-84 6 CIRCLE PINES, MN 55014

612-786-6020
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Although this train is expected to be an efficient collection device
for chromium, and therefore produces samples appropriate for total Cr
analysis, it is not designed to preserve rigorously the Cr+6 to Cr+3
ratio. If one is willing to assume that all the Cr is caught on the
filter, and that the oxidation state does not change during shipment and
handling before analysis, then it is possible to perform the Cr+6 analysis
on.the filter sample. These are usually good assumptions, but if a higher
degree of certainty is required, then a separate sampling train is
necessary for the Cr+6/Cr+3. In the event that the multiple metals train
is used for Cr+6 analysis, at least two filter samples need to be taken,
in order to have one for Cr+6 and one for total metals,

As discussed in the April 21 letter, we feel that HC1 can be adequately
collected with this train by adding another impinger filled with NaOH.
This impinger should follow the empty one and precede the HNO3. Some
metal precipitation may occur in this impinger, and care must be taken
that all metals whatever their form are recovered for analysis. In
addition, 1t is necessary that the aliquot taken for HC1 (C1-) analysis
is representative. This means that any heavy precipitate needs to be
redissolved in the 1ab before aliquoting is done, and that the impinger
needs to be thoroughly acid rinsed whether a visible precipitate forms
or not. The NaOH concentration used in the impinger for HC1 collection
1s usually 0.1M unless special considerations force a different strength.

Addressees: .Charlot%e Johnson, Louisiana Department of £nvironmental
Quality

Thomas Scheppers, Missouri Department of Natural Resources

Beth Graham, EPA Region 4 '

Sonya Stelmack, EPA, OSW, WH-563

David Friedman, EPA, OSW, WH-5628

Bob Holloway, EPA, OSW, WH-565

Robin Anderson, EPA, OSW, WH-563

8ob Mournighan, EPA, HWERL, MD-179

Bob Olexsey, EPA, HWERL, MD-179

Bob Thurnau, EPA, HWERL, MD-179

Joe McSorley, EPA, AEERL, MD-65

- Howard Schiff, Alliance Technologies
Tony.Wong, Entropy Environmentalists
Clarence Haile, Midwest Research Institute
Nat Miullo, EPA, Region 8
Gene Riley, EPA, OAQPS, MD-13
Roger Shigehara, EPA, OAQPS, MD-19
George Walsh, EPA, OAQPS, MD-13
Tom E; Ward, EPA, EMSL, MD-77A
M. Rodney Midgett, EPA, .EMSL, MD-77A
Merrill D. Jackson, EPA, AEERL, MD-54
Marc Turgeon, EPA, OSW, WH-565

'S TERFOLL INC.
" 4530 BALL ROAD N.E.
CIROLE PiNES, MN 55014
612-7856020
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Interpoll Laboratories
4500 Ball Road N.E.
Circle Pines, Minnesota 55014

Telephone (612)786-6020
Fascimile (612)786-7854

COLLECTION OF SEMIVOLATILE COMPOUNDS
EPA METHOD 0010

(Interpoll Method 11-8788 - Version 1.0)

EPA Method SH846 USEPA Office of Solid Waste and Emergency Response 3rd
Ed., November 1986: Test Methods for Evaluating Solid Waste Vo]ume 2:
Field Manual Physical/Chemical Methods Method 0010.



METHOD 0010
MODIFIED METHOD 5 SAMPLING TRAIN

1.0 SCOPE AND APPLICATION

1.1 This method is applicable to the determination of Destruction and
Removal Efficiency (DRE) of semivolatile Principal Organic Hazardous Compounds
(POHCs) from incineration systems (PHS, 1967). This method also may be used
to determine particulate emission rates from statfonary sources as per EPA
Method 5 (see References at end of this method).

2.0 SUMMARY OF METHOD

2.1 Gaseous and particulate pollutants are withdrawn from an emission
source at an isokinetic sampling rate and are collected in a multfcomponent
sampling train. Principal components of the train include a high-efficiency
glass- or quartz-fiber filter and a packed bed of porous polymeric adsorbent
resin. The filter 1s used to collect organic-laden particulate materials and
the porous polymeric resin to adsorb semivolatile organic species.
Semivolatile species are defined as compounds with boiling points >100°C.

2.2 Comprehensive chemical analyses of the collected sample are
conducte]:d to determine the concentration and {dentity of the organic
materials.

3.0 INTERFERENCES

3.1 Oxides ‘of nitrogen (NOx) are possible 1interferents in the
determination of certain water-soluble compounds such as dioxane, phenol, and
urethane; reaction of these compounds with NOx 1n the presence of moisture
will reduce their concentration. Other 'possisﬂities that could result in
positive or negative bias are (1) stability .of the compounds in methylene
chloride, (2) the formation of water-soluble organic salts on the resin in the
presence of moisture, and (3) the solvent extraction efficiency of water-
soluble compounds from aqueous media. Use of two or more fons per compound
for qualitative and quantitative analysis can overcome interference at one
mass. These concerns should be addressed on a compound-by-compound basis
before using this method.

4.0 APPARATUS AND MATERIALS
4.1 Sampling train:

4.1.1 A schematic of fhe sampling train used in this method 1s
shown in Figure 1. This sampling train configuration {s adapted from EPA
Method 5 procedures, and, as such, the majority of the required equipment

0010 - 1

Revision 0
Date September 1986
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is 1dentical to that used in EPA Method 5 determinations. The new
components required are a condenser cofl and a sorbent module, which are
used to collect semivolatile organic materials that pass through the
glass- or quartz-fiber filter in the gas phase.

4.1.2 Construction details for the basic train components are given
. in APTD-0581 (see Martin, 1971, 1in Section 13.0, References); commercial
models of this equipment are also available. Specifications for the
sorbent module are provided in the following subsections. - Additionally,
the following subsections 1ist changes to APTD-0581 and f{dentify
allowable train configuration modifications.

4.1.3 Basic operating and maintenance procedures for the sampling
train are described in APTD-0576 (see Rom, 1972, 1in Section 13.0,
References). As correct usage {s d{mportant in obtaining valid results,
all users should refer to APTD-0576 and adopt the operating and
maintenance procedures outlined therein unless otherwise specified. The
sampling train consists of the components detailed below.

4.1.3.1 Probe nozzle: Stainless steel (316) or glass with
sharp, tapered (30° angle) leading edge. The taper shall be on the
outside to preserve a constant I.D. The nozzle shall be buttonhook
or elbow design and constructed from seamless tubing (if made of
stainless steel). Other construction materials may be considered
for particular appifcations. A range of nozzle sizes suitable for
isokinetic sampling should be available in {ncrements of 0.16 cm
(1/16 in.), e.g., 0.32-1.27 cm (1/8-1/2 in.), or larger if higher
volume sampling trains are used. Each nozzle shall be calibrated
according to the procedures outlined in Paragraph 9.1.

4.1.3.2 Probe liner: Borosilicate or quartz-glass tubing with
a heating system capable of maintaining a gas temperature of 120 +
14°C (248 + 25°F) at the exit end during sampling. (The tester may
opt to operate the equipment at a temperature lower than that
specified.) Because the actual temperature at the outlet of the
probe 1s not usually wmonitored during sampling, probes constructed
according to APTD-0581 and utilizing the calibration curves of APTD-
0576 (or calibrated according to the procedure outlined in APID-
0576) are considered acceptable. Either borosilicate or quartz-
glass probe liners may be used for stack temperatures up to about
480°C (900°F). Quartz liners shall be used for temperatures between
480 and 900°C (900 and 1650°F). (The softening temperature for
borosilicate is 820°C (1508°F), and for quartz 1500°C (2732°F).)
Water-cooling of the stainless steel sheath will be necessary at
temperatures approaching and exceeding 500°C.

4.1.3.3 Pitot tube: Type S, as described in Section 2.1 of
EPA Method 2, or other appropriate devices (Vollaro, 1976). The
pitot tube shall be attached to the probe to allow constant
monitoring of the stack-gas velocity. The impact (high-pressure)
opening plane of the pitot tube shall be even with or above the
nozzle entry plane (see EPA Method 2, Figure 2-6b) during sampling.
The Type S pitot tube assembly shall have a known coefficient,
determined as outlined in Section 4 of EPA Method 2.
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4.1.3.4 Differential pressure gauge: Inclined manometer or
equivalent device as described in Section 2.2 of EPA Method 2. One
manometer shall be used for velocity-head (AP) readings and the
other for orifice differential pressure (AH) readings.

4.1.3.5 Filter holder: Borosilicate glass, with a glass frit
filter support and a sealing gasket. The sealing gasket should be
made of materials that will not introduce organic material into the
gas stream at the temperature at which the filter holder will be
maintained. The gasket shall be constructed of Teflon or materials
of equal or better characteristics. The holder design shall provide
a positive seal against leakage at any point along the filter
circumference. The holder shall be attached {mmediately to the
outlet of the cyclone or cyclone bypass.

4.1.3.6 Filter heating system: Any heating system capable of
maintaining a temperature of 120 + 14°C (248 + 25°F) around the
filter holder during sampling. Other temperatures may be
appropriate for particular applications. Alternatively, the tester
- may opt to operate the equipment at temperatures other than that
specified. A temperature gauge capable of measuring temperature to
within 3°C (5.4°F) shall be installed so that the temperature around
the filter holder can be regulated and monitored during sampling.
Heating systems other than the one shown in APTD-0581 may be used.

4.1.3.7 Organic sampling module: This unit consists of three
sections, including a gas-conditioning section, a sorbent trap, and
& condensate knockout trap. The gas-conditioning system shall be
capable of conditioning the gas leaving the back half of the filter
holder to a temperature not exceeding 20°C (68°F). The sorbent trap
shall be sized to contain approximately 20 g of porous polymeric
resin (Rohm and Haas XAD-2 or equivalent) and shall be jacketed to
maintain the internal gas temperature at 17 + 3°C (62.5 + 5.4°F),
The most commonly used coolant 1s 1ice water from the impinger fce-
water bath, constantly circulated through the outer jacket, using
rubber or plastic tubing and a peristaltic pump. The sorbent trap
should be outfitted with a glass well or depression, appropriately
sized to accommodate a small thermocouple in the trap for monitoring
the gas entry temperature. The condensate knockout trap shall be of
sufficient size to «collect the condensate following gas
conditioning. The organic module components shall be oriented to
direct the flow of condensate formed vertically downward from the
conditioning section, through the adsorbent media, and into the
condensate knockout trap. The knockout trap is usually similar in
appearance to an empty f{mpinger directly underneath the sorbent
module; 1t may be oversized but should have a shortened center stem
(at a minimum, one-half the length of the normal impinger stems) to
collect a 1large volume of condensate without bubbling and
overflowing into the impinger train. A1l surfaces of the organic
wodule wetted by the gas sample shall be fabricated of borosilicate
glass, Teflon, or other {nert materials. Commercial versions of the
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complete organic module are not currently available, but may be
assembled from commercially available laboratory glassware and a
custom-fabricated sorbent trap. Details of two acceptable designs
are shown in Figures 2 and 3 (the thermocouple well is shown in
Figure 2).

4.1.3.8 Impinger train: To determine the stack-gas moisture
content, four 500-mL impingers, connected 1in series with leak-free
ground-glass joints, follow the knockout trap. The first, third,
and fourth {mpingers shall be of the Greenburg-Smith design,
modified by replacing the tip with a 1.3-cm (1/2-in.) I.D. glass
tube extending about 1.3 cm (1/2 1{n.) from the bottom of the outer
cylinder. The second i{mpinger shall be of the Greenburg-Smith
design with the standard tip. The first and second impingers shall
contain known quantities of water or appropriate trapping solution.
The third shall be empty or charged with a caustic solution, should
the stack gas contain hydrochloric acid (HC1). The fourth shall
contain a known weight of silica gel or equivalent desiccant.

4,1.3.9 Metering system: The necessary components are a
vacuum gauge, leak-free pump, thermometers capable of measuring
temperature to within 3°C (5.4°F), dry-gas meter capable of
measuring volume to within 1%, and related equipment, as shown in
Figure 1. At a minimum, the pump should be capable of 4 cfm free
flow, and the dry-gas meter should have a recording capacity of
0-999.9 cu ft with a resolution of 0.005 cu ft. Other metering
systems capable of maintaining sampling rates within 10X of
isokineticity and of determining sample volumes to within 21 may be
used. The metering system must be used in conjunction with a pitot
tube to enable checks of isokinetic sampling rates. Sampling trains
using metering systems designed for flow rates higher than those
described in APTD-0581 and APTD-0576 may be used, provided that the
.specifications of this method are met.

4.1.3.10 Barometer: Mercury, aneroid, or other barometer
capable of measuring atmospheric pressure to within 2.5 wm Hg (0.1
in. Hg). In many cases the barometric reading may be obtained from
@ nearby National Weather Service station, in which case the station
value (which is the absolute barometric pressure) is requested and
an adjustment for elevation differences between the weather station
and sampling point 1s applied at a rate of minus 2.5 mm Hg (0.1 1n.
Hg) per 30-m (100 ft) elevatfon {ncrease (vice versa for elevation
decrease).

4.1.3.11 Gas density determination equipment: Temperature
sensor and pressure gauge (as described in Sections 2.3 and 2.4 of
EPA Method 2), and gas analyzer, if necessary (as described in EPA
Method 3). The temperature sensor 1ideally should be permanently
attached to the pitot tube or sampling probe in a fixed
configuration such that the tip of the sensor extends beyond the
leading edge of the probe sheath and does not touch any metal.
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Alternatively, the sensor may be attached Just prior to use in the
field. Note, however, that if the temperature sensor is attached in
the field, the sensor must be placed in an interference-free
arrangement with respect to the Type S pitot tube openings (see EPA
Method 2, Figure 2-7?. As a second alternative, 1f a difference of
no more than 1% 1in the average velocity measurement is to be
introduced, the temperature gauge need not be attached to the probe
or pitot tube.

4.1.3.12 (Calibration/field-preparation record: A permanently
bound laboratory notebook, in which duplicate copies of data may be
made as they are being recorded, s required for documenting and
recording calibrations and preparation procedures (i.e., filter and
silica gel tare weights, clean XAD-2, quality assurance/quality
control check results, dry-gas meter, and thermocouple calibrations,
etc.). The duplicate copies should be detachable and should be
stored separately in the test program archives.

4.2 Sample Recovery:

4.2.1 Probe liner: Probe nozzle and organic module conditioning
section brushes; nylon bristle brushes with stainless steel wire handles
are required. The probe brush shall have extensions of stainless steel,
Teflon, or inert material at 1least as 1long as the probe. The brushes
shall be properly sized and shaped to brush out the probe liner, the
probe nozzle, and the organic module conditioning section.

4.2.2 Wash bottles: Three. Teflon or glass wash bottles are
vecommended; polyethylene wash bottles should not be used because organic
contaminants may be extracted by exposure to organic solvents used for
sample recovery.

4.2.3 Glass sample storage containers: Chemically resistant,
borosilicate amber and clear glass bottles, 500-mL or 1,000-mL. Bottles
should be tinted to prevent actfon of light on sample. Screw-cap liners
shall be either Teflon or constructed so as to be leak-free and resistant
to chemical attack by organic recovery solvents. Narrow-mouth glass
bottles have been found to exhibit less tendency toward leakage.

4.2.4 Petri dishes: Glass, sealed around the circumference with
wide (1-in.) Teflon tape, for storage and transport of filter samples.

4.2.5 6Graduated cylinder and/or balances: To measure condensed
water to the nearest 1 mL or 1 g. 6raduated cylinders shall have
subdivisions not D>2 wmlL. Laboratory triple-beam balances capable of
weighing to +0.5 g or better are required.

4.2.6 Plastic storage containers: Screw-cap polypropylene or
polyethylene containers to store silica gel.

4.2.7 Funnel and rubber policeman: To aid in transfer of silica
gel to container (not necessary if silica gel is weighed in field).
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4.2.8 Funnels: Glass, to aid in sample recovery.

4.3 Filters: . Glass- or quartz-fiber filters, without organic binder,
exhibiting at Teast 99.95% efficifency (<0.05% penetration) on 0.3-um dioctyl
phthalate smoke particles. The filter efficiency test shall be conducted in

accordance with ASTM standard method D2986-71. Test data from the supplier's
" quality control program are sufficient for this purpose. In sources
containing SO, or SO3, the filter material must be of a type that is
unreactive to SO, or S03. Reeve Angel 934 AH or Schleicher and Schwell #3
filters work well under these conditions.

4.4 Crushed ice: Quantities ranging from 10-50 1b may be necessary
during a sampling run, depending on ambient air temperature.

4.5 Stopcock grease: Solvent-insoluble, heat-stable silicone grease.
Use of silicone grease upstream of the module is not permitted, and amounts
used on components located downstream of the organic module shall be
minimized. Sfilicone grease usage 1s not necessary if screw-on connectors and
Teflon sleeves or ground-glass joints are used. '

4.6 Glass wool: Used to plug the unfritted end of the sorbent module.
The glass-wool fiber should be solvent-extracted with methylene chloride in a
Soxhlet extractor for 12 hr and air-dried prior to use.

5.0 REAGENTS

5.1 Adsorbent resin: Porous polymeric resin (XAD-2 or equivalent) is
recommended. These resins shall be cleaned prior to their use for sample
collection. Appendix A of this method should be consulted to determine
appropriate precleaning procedure. For best results, resin used should not
.exhibit a blank of higher than 4 mg/kg of total chromatographable organics
(TC0) (see Appendix B) prior to use. Once cleaned, resin should be stored in
an airtight, wide-mouth amber glass container with a Teflon-lined cap or
placed in one of the glass sorbent modules tightly sealed with Teflon film and
elastic bands. The resin should be used within 4 wk of the preparation.

5.2 Silica gel: Indicating type, 6-16 mesh. If previously used, dry at
175°C (350°F) for 2 hr before using. New silica gel may be used as received.
Alternatively, other types of desiccants (equivalent or better) may be used,
subject to the approval of the Administrator.

5.3 Impinger solutfons: Distilled organic-free water (Type 1I) shall be
used, unless sampling s intended to quantify a particular fnorganic gaseous
species. If sampling fs intended to quantify the concentration of additional
species, the impinger solution of choice shall be subject to Administrator
approval. This water should be prescreened for any compounds of interest.
One hundred mL will be added to the specified impinger; the third impinger in
the train may be charged with a basic solution (1 N sodium hydroxide or sodium
acetate) to protect the sampling pump from acidic gases. Sodium acetate
should be used when 1large sample volumes are anticipated because sodfum
hydroxide will react with carbon dioxide 1in aqueous media to form sodium
carbonate, which may possibly plug the impinger.
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5.4 Sample recovery reagents:

5.4.1 Methylene chloride: Distilled-in-glass grade is required for
sample recovery and cleanup (see Note to 5.4.2 be]owg.

5.4.2 Methyl alcohol: Distilled-in-glass grade is required for
sample recovery and cleanup.

NOTE: Organic solvents from metal containers may have a high
residue blank and should not be used. Sometimes suppliers
transfer solvents from metal to glass bottles; thus blanks shall
be run prior to field use and only solvents with low blank value
(<0.001%) shall be used.

5.4.3 Water: Water (Type II) shall be used for rinsing the organic
wmodule and condenser component.

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 Because of complexity of this method, field personnel should be
trained in and experienced with the test procedures in order to obtain
reliable results. .

6.2 Laboratory preparation:

6.2.1 A1l the components shall be maintained and calibrated
according to the procedure described 1in APID-0576, unless otherwise
specified.

6.2.2 Weigh several 200- to 300-g portions of silica gel 1n
airtight containers to the nearest 0.5 g. Record on each container the
total weight of the silica gel plus containers. As an alternative to
preweighing the silica gel, 1t wmay {nstead be weighed directly in the
impinger or sampling holder just prior to trafn assembly.

6.2.3 Check filters visually against light for frregularities and
flaws or pinhole leaks. Label the shipping containers (glass Petri
dishes) and keep the filters 1in these containers at all times except
during sampling and weighing.

6.2.4 Desiccate the filters at 20 + 5.6°C (68 + 10°F) and ambient -
pressure for at least 24 hr, and weigh at Tntervals of at least 6 hr to a
constant weight (1.e., {0.5-mg change from previous weighing), recording
results to the nearest 0.1 mg. During each weighing the filter must not
be exposed for more than a 2-min period to the laboratory atmosphere and
relative humidity above 50%. Alternatively (unless otherwise specified
by the Administrator), the filters may be oven-dried at 105°C (220°F) for
2-3 hr, desiccated for 2 hr, and weighed. :
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6.3 Preliminary field determinations:

6.3.1 Select the sampling site and the minimum number of sampling
points according to EPA Method 1 or as specified by the Administrator.
Determine the stack pressure, temperature, and range of velocity heads
using EPA Method 2. It 1s recommended that a leak-check of the pitot
- 1ines (see EPA Method 2, Section 3.1) be performed. Determine the stack-
gas moisture content using EPA Approximation Method 4 or its alternatives
to establish estimates of fsokinetic sampling-rate settings. Determine
the stack-gas dry molecular weight, as described in EPA Method 2, Section
3.6. If integrated EPA Method 3 sampling s used for molecular weight
determination, the integrated bag sample shall be taken simultaneously
with, and for the same total length of time as, the sample run.

6.3.2 Select a nozzle size based on the range of velocity heads so
that it 1s not necessary to change the nozzle size in order to maintain
isokinetic sampling rates. During the run, do not change the nozzle.
Ensure that the proper differential pressure gauge {s chosen for the
range of velocity heads encountered (see Section 2.2 of EPA Method 2).

6.3.3 Select a suitable probe 1liner and probe length so that all
traverse points can be sampled. For 1large stacks, to reduce the length
of the probe, consider sampling from opposite sides of the stack.

6.3.4 A minfmum of 3 dscm (105.9 dscf) of sample volume is required
for the determination of the Destruction and Removal Efficiency (DRE) of
POHCs from {ncineration systems. Additional sample volume shall be
collected as necessitated by analytical detection limit constraints. To
determine the winimum sample volume ‘required, vrefer to sample
calculations in Section 10.0.

. 6.3.5 Determine the total length of sampling time needed to obtain
the 1{identified minimum volume by comparing the anticipated average
sampling rate with the volume requirement. Allocate the same time to all
traverse points defined by EPA Method 1. To avoid_timekeeping errors,
the length of time sampled at each traverse point should be an integer or
an integer plus one-half min. .

6.3.6 In some circumstances (e.g., batch cycles) 4t may be
necessary to sample for shorter times at the traverse points and to
obtain smaller gas-sample volumes. In these cases, the Administrator’'s
approval must first be obtained.

6.4 Preparation of collection train:

6.4.1 During preparation and assembly of the sampling train, keep
all openings where contamination can occur covered with Teflon film or
t:1um1num foil until just prior to assembly or until sampling is about to

egin. : '
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6.4.2 F1ill the sorbent trap section of the organic module with
approximately 20 g of clean adsorbent resin. While filling, ensure that
the trap packs uniformly, to eliminate the possibility of channeling.
When freshly cleaned, many adsorbent resins carry a static charge, which
will cause clinging to trap walls. This may be minimized by filling the
trap in the presence of an antistatic device. Commercial antistatic
devices include Model-204 and Model-210 manufactured by the 3M Company,
St. Paul, Minnesota.

6.4.3 If an impinger train 1{s used to collect moisture, place 100
mL of water in each of the first two impingers, leave the third impinger
empty (or charge with caustic solution, as necessary), and transfer
approximately 200-300 g of preweighed silica gel from its container to
the fourth impinger. More silica gel may be used, but care should be
taken to ensure that 1t 1s ‘not entrained and carried out from the
impinger during sampling. Place the container in a clean place for later
use in the sample recovery. Alternatively, the weight of the silica gel
plus impinger may be determined to the nearest 0.5 g and recorded.

6.4.4 Using a tweezer or clean disposable surgical gloves, place a
labeled (identified) and weighed filter 1n the filter holder. Be sure
that the filter is properly centered and the gasket properly placed to
prevent the sample gas stream from circumventing the filter. Check the
filter for tears after assembly is completed.

6.4.5 When glass liners are used, install the selected nozzle using
a Viton-A O-ring when stack temperatures are {260°C (500°F) and 2 woven
glass-fiber gasket when temperatures are higher. See APTD-0576 (Rom,
1972) for details. Other connecting systems utilizing efther 316
stainless steel or Teflon ferrules may be used. When metal liners are
used, install the nozzle as above, or by a leak-free direct mechanical
connection. Mark the probe with heat-resistant tape or by some other
method to denote the proper distance i{into the stack or duct for each
sampling point.

6.4.6 Set up the train as in Figure 1. During assembly, do not use
any silicone grease on ground-glass Joints that are located upstream of
the organic module. A very light coating of silicone grease may be used
on all ground-glass joints that are located downstream of the organic
wmodule, but 1t should be 1imited to the outer portion (see APTD-0576) of
the ground-glass Joints to minimize silicone-grease contamination.
Subject to the approval of the Administrator, a glass cyclone may be used
between the probe and the filter holder when the total particulate catch
1s expected to exceed 100 mg or when water droplets are present in the
stack. The organic module condenser must be maintained at a temperature
of 17 + 3°C. Connect all " temperature sensors to an appropriate
potentiometer/display unit. - Check all temperature sensors at ambient
temperature. ' )

6.4.7 Place crushed ice around the impingers and the organic module
condensate knockout. '
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6.4.8 Turn on the sorbent module and condenser coil coolant
recirculating pump and begin monitoring the sorbent module gas entry
temperature. Ensure proper sorbent module gas entry temperature before
proceeding and again before any sampling 1s initiated. It {s extremely
important that the XAD-2 resin temperature never exceed 50°C (122°F),
because thermal decomposition will occur. During testing, the XAD-2
temperature must not exceed 20°C (68°F) for efficient capture of the
semivolatile species of interest.

6.4.9 Turn on and set the filter and probe heating systems at the
des;;:g operating temperatures. Allow time for the temperatures to
stal Ze. N ‘

6.5 Leak-check procedures

6.5.1 Pre-test leak-check:

6.5.1.1 Because the number of additional 1{intercomponent
connections in the Semi-VOST train (over the M5 Train) increases the
possibility of leakage, a pre-test leak-check is required.

6.5.1.2 After the sampling train has been assembled, turn on
and set the filter and probe heating systems at the desired
operating temperatures. Allow time for the temperatures to
stabilize. If a Viton A O-ring or other leak-free connection is
used in assembling the probe nozzle to the probe liner, leak-check
the train at the sampling site by plugging the nozzle and pulling a
381-mm Hg (15-in. Hg) vacuum.
(NOTE: A lower vacuum may be used, provided that it is not exceeded

during the test.)

6.5.1.3 If an asbestos string 1s used, do not connect the
probe to the train during the leak-check. Instead, leak-check the
train by first attaching a carbon-filled leak-check impinger (shown
in Figure 4) to the inlet of the filter holder (cyclone, 1f applic-
able) and then plugging the dnlet and pulling a 381-mm Hg (15-1n.
Hg) vacuum. (Again, a lower vacuum may be used, provided that it 1s
not exceeded during the test.) Then, connect the probe to the train
and Yeak-check at about 25-mm Hg (1-in. Hg) vacuum; alternatively,
leak-check the probe with the rest of the sampling tratin in one step
at 381-mm Hg (15-1n. Hg) vacuum. Leakage rates in excess of 4% of
the average sampling rate or )0.00057 wm/min (0.02 cfm), whichever
1s less, are unacceptable. :

6.5.1.4 The following leak-check instructions for the sampling
train described in APTD-0576 and APTD-0581 -may be helpful. Start
the pump with fine-adjust valve fully open and coarse-adjust valve
completely closed. Partially open the coarse-adjust valve and
slowly close the fine-adjust valve until the desired vacuum 1s
reached. Do not reverse direction of the fine-adjust valve; this
will cause water to back up into the organic module. If the desired
vacuum {s exceeded, either leak-check at this higher vacuum or end
the leak-check, as shown below, and start over.
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6.5.1.5 When the leak-check 1{s completed, first slowly remove
the plug from the inlet to the probe, filter holder, or cyclone (if
applicable). When the vacuum drops to 127 mm (5 in.) Hg or less,
{mmediately close the coarse-adjust valve. Switch off the pumping
system and reopen the fine-adjust valve. Do not reopen the fine-
adjust valve until the coarse-adjust valve has been closed. This
prevents the water in the impingers from being forced backward into
the organic module and silica gel from being entrained backward into
the third impinger.

6.5.2 Leak-checks during sampling run:

6.5.2.1 If, during the sampling run, a component (e.g., filter
assembly, impinger, or sorbent trap) change .becomes necessary, a
Jeak-check shall be conducted immediately after the interruption of
sampling and before the change {is made. The leak-check shall be
done according to the procedure outlined in Paragraph 6.5.1, except
that it shall be done at a vacuum greater than or equal to the
maximum value recorded up to that point in the_test. If the leakage
rate is found to be no greater than 0.00057 n3/min (0.02 cfm) or 4%
of the average sampling rate (whichever {s less), the results are
acceptable, and no correction will need to be applied to the total
volume of dry gas metered. If a higher leakage rate is obtained,
the tester shall void the sampling vun. (It should be noted that
any "correction® of the sample volume by calculation by calculation
reduces the integrity of the pollutant concentrations data generated
and must be avoided.

6.5.2.2 Immediately after a .component change, and before
sampling 1s reinitiated, a leak-check similar to a pre-test leak-
check must also be conducted.

6.5.3 Post-test leak-check:

6.5.3.1 A leak-check 1s mandatory at the conclusion of each
sampling run. The leak-check shall be done with the same procedures
as those with the pre-test leak-check, except that 1t shall be
conducted at a vacuum ?reater than or equal to the maximm value
reached during the sampling_run. If the Jeakage rate {s found to be
no greater than 0.00057 m3/min (0.02 cfm) or 4% of the average
sampling rate (whichever 1s 1less), the results are acceptable, and
no correction need be applied to the total volume of dry gas
metered. If, however, a higher leakage rate is obtained, the tester
shall either record the leakage rate, correct the sample volume (as
shown in the calculation section of this wmethod), and consider the
data obtained of questionable reliability, or void the sampling run.

Sampling-train operation:

6.6.1 During the sampling run, maintain an isokinetic sampling rate

to within 102 of true i{sokinetic, unless otherwise specified by the
Administrator. Maintain a temperature around the filter of 120 + 14°C
(248 + 25°F) and a gas temperature entering the sorbent trap at a maximum
of 20%C (68°F).
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6.6.2 For each run, record the data required on a data sheet such
as the one shown in Figure 5. Be sure to record the initial dry-gas
meter reading. Record the dry-gas meter readings at the beginning and
end of each sampling time increment, when changes in flow rates are made
before and after each 1leak-check, and when sampling s halted. Take
other readings required by Figure 5 at 1least once at each sample point
during each time i{ncrement and additional readings when significant
changes (20% variation in velocity-head readings) necessitate additional
adjustments in flow rate. Level and zero the manometer. Because the
manometer level and zero may drift due to vibrations and temperature
changes, make periodic checks during the traverse.

6.6.3 Clean the stack access ports prior to the test run to
eliminate the chance of sampling deposited material. To begin sampling,
remove the nozzle cap, verify that the filter and probe heating systems
are at the specified temperature, and verify that the pitot tube and
probe are properly positioned. Position the nozzle at the first traverse
point, with the tip pointing directly {nto the gas stream. Immediately
start the pump and adjust the flow to isokinetic conditions. Nomographs,
which aid in the rapid adjustment of the isokinetic sampling rate without
excessive computations, are available. These nomographs are designed for
use when the Type S pitot-tube coefficient 1s 0.84 + 0.02 and the stack-
gas equivalent density (dry molecular weight) is equal to 29 + 4. APTD-
0576 details the procedure for using the nomographs. If the stack-gas
molecular weight and the pitot-tube coefficient are outside the above
ranges, do not use the nomographs unless appropriate steps (Shigehara,
1974) are taken to compensate for the deviations.

6.6.4 When the stack 1s under significant negative pressure
(equivalent to the height of the i{mpinger stem), take care to close the
coarse-adjust valve before inserting the probe into the stack, to prevent
water from backing into the organic module. If necessary, the pump may
be turned on with the coarse-adjust valve closed.

6.6.5 When the probe 1s 1in position, block off the openings around
the probe and stack access port to prevent unrepresentative dilution of
the gas stream.

6.6.6 Traverse the stack cross section, as required by EPA Method 1
or as specified by the Administrator, being careful mot to bump the probe
nozzle into the stack walls when sampling near the walls or when removing .
or inserting the probe through the access port, in order to minimize the
chance of extracting deposited material.

6.6.7 During the test run, make perfodic adjustments to keep the
temperature around the filter holder and the organic module at the proper
levels; add more ice and, {f necessary, salt to maintain a temperature of
€20°C (68°F) at the condenser/silica gel outlet. Also, periodically
check the level and zero of the manometer. : '
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7.0

6.6.8 If the pressure drop across the filter or sorbent trap
becomes too high, making {isokinetic sampling difficult to maintain, the
filter/sorbent trap may be replaced in the midst of a sample run. Using
another complete filter holder/sorbent trap assembly 1is recommended,
rather than attempting to change the filter and resin themselves. After
a new filter/sorbent trap assembly 1s dinstalled, conduct a leak-check.
The total particulate weight shall 4{nclude the summation of all filter
assembly catches.

6.6.9 A single train shall be used for the entire sample run,
except 1n cases where simultaneous sampling {is required in two or more
separate ducts or at two or more different locations within the same
duct, or in cases where equipment fafilure necessitates a change of
trains. In all other situations, the use of two or more trains will be
subject to the approval of the Administrator.

6.6.10 Note that when two or more trains are used, separate
analysis of the front-half (if applicable) organic-module and impinger
(if applicable) catches from each train shall be perforwed, unless
{dentfical nozzle sizes were used on all trains. In that case, the front-
half catches from the i{ndividual trains may be combined (as may the
impinger catches), and one analysis of front-half catch and one analysis
of impinger catch may be performed.

6.6.11 At the end of the sample run, turn off the coarse-adjust
valve, remove the probe and nozzle from the stack, turn off the pump,
record the final dry-gas meter reading, and conduct a post-test leak-
check. Also, leak-check the pitot 1ines as described in EPA Method 2.
:hedl;nes must pass this leak-check 1in order to validate the velocity-

ead data.

6.6.12 Calculate percent {isokineticity (see Section 10.8) to.

determine whether the run was valid or another test run should be made.

SAMPLE RECOVERY s
7.1 Preparation:

7.1.1 Proper cleanup procedure begins as soon as the probe is
removed from the stack at the end of the sampling period. Allow the -
probe to cool. When the probe can be safely handled, wipe off all
external particulate matter near the tip of the probe nozzle and place a
cap over the tip to prevent losing or gaining particulate matter. Do not
cap the probe tip tightly while the sampling train {1s cooling down
because this will create a vacuum tn the filter holder, drawing water
from the impingers into the sorbent module. .

7.1.2 Beforé wmoving the sample “train to the cleanup site, remove
the probe from the sample train and cap the open outlet, being careful
not to lose any condensate that might be present. Cap the filter inlet.
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Remove the umbilical cord from the last impinger and cap the impinger.
If a flexible 1ine 1s used between the organic module and the filter
holder, disconnect the 1ine at the filter holder and let any condensed
water or liquid drain into the organic module.

_ 7.1.3 Cap the filter-holder outlet and the inlet to the organic
module. Separate the sorbent trap section of the organic module from the
condensate knockout trap and the gas-conditfoning section. Cap all
organic module openings. Disconnect the organic-module knockout trap
from the impinger train inlet and cap both of these openings. Ground-
glass stoppers, Teflon caps, or caps of other inert materials may be used
to seal all openings.

7.1.4 Transfer the probe, the filter, thé organic-module
components, and the i{mpinger/condenser assembly to the cleanup area.
This area should be clean and protected from the weather to minimize
sample contamination or loss. '

7.1.5 Save a portion of all washing solutions (methanol/methylene
chloride, Type II water) used for cleanup as a blank. Transfer 200 mL of
each solution directly from the wash bottle being used and place each in
a8 separate, prelabeled glass sample container.

7.1.6 Inspect the train prior to and during disassembly and note
any abnormal conditions.

7.2 Sample containers:

7.2.1 Container no. 1: Carefully remove the filter from the filter
holder and place it in its {dentified Petri dish container. Use a pair
or pairs of tweezers to handle the filter. 1If 1t {s necessary to fold
the filter, ensure that the particulate cake 1s 1inside the fold.
Carefully transfer to the Petri dish any particulate matter or filter
fibers that adhere to the filter-holder gasket, using a dry nylon bristle
brush or sharp-edged blade, or both. Label the container and seal with
1-in.-wide Teflon tape around the circumferencé of the 1id.

7.2.2 Container no. 2: Taking care that dust on the outside of the
probe or other exterior surfaces does mnot get {into the sample,
quantitatively recover particulate matter or any condensate from the
grobe nozzle, probe fitting, probe 1liner, and front half of the filter

older by washing these components first with methanol/methylene chloride
(1:1 v/v) into a glass ‘container. Distilled water may also be used.
Retain a water and solvent blank and analyze in the same manner as with
the samples. Perform rinses as follows:

7.2.2.1 Carefully remove the probe nozzle and clean the inside
surface by rinsing with the solvent mixture (1:1 v/v methanol/-
methylene chloride) from a wash bottle and brushing with a nylon
bristle brush. Brush unt{l the rinse shows no visible particles;
then make a final rinse of the inside surface with the solvent mix.
Brush and rinse the inside parts of the Swagelok fitting with the
solvent mix in a similar way until no visible particles remain.
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7.2.2.2 Have two people rinse the probe liner with the solvent
mix by tilting and rotating the probe while squirting solvent into
its upper end so that all inside surfaces will be wetted with
solvent. Let the solvent drain from the lower end into the sample
container. A glass funnel may be used to aid in transferring liquid
washes to the container.

7.2.2.3 Follow the solvent rinse with a probe brush. Hold the
probe in an inclined position and squirt solvent into the upper end
while pushing the probe brush through the probe with a twisting
" action; place a sample container underneath the lower end of the
probe and catch any solvent and particulate matter that is brushed
from the probe. Run the brush through the probe three times or more
until no visible particulate matter 1is carried out with the solvent
or until none remains in the probe liner on visual inspection. With
stainless steel or other metal probes, run the brush through in the
above-prescribed manner at least six times (metal probes have small
crevices in which particulate matter can be entrapped). Rinse the
brush with solvent and quantitatively collect these washings in the
sample container. After the brushing, make a final solvent rinse of
the probe as described above.

7.2.2.4 1t is recommended that two people work together to
clean the probe to minimize sample losses. Between sampling runs,
keep brushes clean and protected from contamination.

7.2.2.5 Clean the 1inside of the front half of the filter
holder and cyclone/cyclone flask, {f used, by rubbing the surfaces
with a nylon bristle brush and rinsing with methanol/methylene
chloride (1:1 v/v) mixture. Rinse each surface three times or more
1f needed to remove visible particulate. Make a final rinse of the
brush and filter holder. Carefully rinse out the glass cyclone and
cyclone flask (1f applicable). Brush and rinse any particulate
material adhering to the inner surfaces of these components into the
front-half rinse sample. After all solvent washings and particulate
matter have been collected in the sample container, tighten the 14d
on the sample container so that solvent will not leak out when 1t 1is
shipped to the laboratory. Mark the height of the fluid level to
determine whether 1leakage occurs during transport. Label the
container to identify its contents.

7.2.3 Container no. 3: The sorbent trap section of the organic
module may be used as a sample transport container, or the spent resin
may be transferred to a separate glass bottle for shipment. If the
sorbent trap itself is used as the transport container, both ends should
be sealed with tightly fitting caps or plugs. Ground-glass stoppers or
Teflon caps may be used. The sorbent trap should then be labeled,
covered with aluminum foil, and packaged on {ice for transport to the
laboratory. If a separate bottle 1is used, the spent resin should be
quantitatively transferred from the trap into the clean bottle. Resin
that adheres to the walls of the trap should be recovered using a rubber
policeman or spatula and added to this bottle.
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7.2.4 Container no. 4: Measure the volume of condensate collected
in the condensate knockout section of the organic module to within +1 mL
by using a graduated cylinder or by weighing to within +0.5 g using a
triple-beam balance. Record the volume or weight of 11quid present and
note any discoloration or film in the 1iquid catch. Transfer this liquid
to a prelabeled glass sample container. Inspect the back half of the
filter housing and the gas-conditioning section of the organic module.
If condensate is observed, transfer it to a graduated or weighing bottle
and measure the volume, as described above. Add this material to the
condensate knockout-trap catch.

7.2.5 Contatner no. 5: A1l sampling train components located
between the high-efficiency glass- or quartz-fiber filter and the first
wet impinger or the final condenser system (including the heated Tefion
line connecting the filter outlet to the condenser) should be thoroughly
rinsed with methanol/methylene chloride (1:1 v/v) and the rinsings
combined. This rinse shall be separated from the condensate. If the
spent resin 1s transferred from the sorbent trap to a separate sample
container for transport, the . sorbent trap shall be thoroughly rinsed
until all sample-wetted surfaces appear clean. Visible fiims should be
removed by brushing. Whenever train components are brushed, the brush
should be subsequently rinsed with solvent mixture and the rinsings added
to this container.

7.2.6 Container no. 6: Note the color of the indicating silica gel
to determine 1f it has been completely spent and make a notation of its
condition. Transfer the silica gel from the fourth {mpinger to 1ts
original container and seal. A funnel may make it easier to pour the
silica gel without spilling. A rubber policeman may be used as an aid in
removing the silica gel from the impinger. It is not necessary to remove
the small amount of dust particles that may adhere strongly to the

Ampinger wall. Because the gain in weight 14s to be used for moisture

calculations, do not use any water or other 1iquids to transfer the
sflica gel. If a balance is avaflable in the field, weigh the container
and its contents to 0.5 g or better.

7.3 lImpinger water:

7.3.1 Make a notation of any color or film in the 1iquid catch.
Measure the 1iquid in the first three impingers to within +1 ml by using
& graduated cylinder or by weighing 1t to within +0.5 g by using a
balance (if one 1s available). Record the volume or weight of liquid
present. This information is required to calculate the moisture content
of the effluent gas. .

-

7.3.2 Discard the 1iquid after measuring and recording the volume
or weight, unless analysis of the {impinger catch 1s required (see
Paragraph 4.1.3.7). Amber glass containers should be used for storage of
impinger catch, 1f required.

7.3.3 If a different type of condenser is used, measure the amount
of moisture condensed efther volumetrically or gravimetrically.
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7.4 sample preparation for shipment:  Prior to shipment, recheck all

sample containers to ensure that the caps are well secured. Seal the 1ids of
all containers around the circumference with Teflon tape. Ship all liquid
samples upright on ice and all particulate filters with the particulate catch
facing upward. The particulate filters should be shipped unrefrigerated.

8.0 ANALYSIS

8.1 Sample preparation:

8.1.1 General:' The preparation steps for all samples will result
in a finite volume of concentrated solvent. The final sample volume
(usually in the 1- to 10-mL range) 1s then subjected to analysis by
GC/MS. A1l samples should be inspected and the appearance documented.
All samples are to be spiked with surrogate standards as received from
the field prior to any sample manipulations. The spike should be at a
Tevel equivalent to 10 times the MDL when the solvent is reduced in
volume to the desired level (i.e., 10 mL). The spiking compounds should
be the stable isotopically labeled analog of the compounds of interest or
a compound that would exhibit properties similar to the compounds of
interest, be easily chromatographed, and not interfere with the analysis
of the compounds of interest. Suggested surrogate spiking compounds are:
deuterated naphthalene, chrysene, phenol, nitrobenzene, chlorobenzene,
toluene, and carbon-13-labeled pentachlorophenol. :

8.1.2 Condensate: The “condensate® {s the moisture collected in
the first impinger following the XAD-2 module. Spike the condensate with
the surrogate standards. The volume {s measured and recorded and then
transferred to a separatory funnel. The pH 1{s to be adjusted to pH 2
with 6 N sulfuric acid, if necessary. The sample container and graduated
cylinder are sequentially rinsed with three successive 10-mL aliquots of
the extraction solvent and added to the separatory funnel. The ratio of
solvent to aqueous sample should be wmaintained at 1:3. Extract the
sample by vigorously shaking the separatory funnel for 5 min. After
complete separation of the phases, remove the solvent and transfer to a
Kuderna-Danish concentrator (K-D), filtering through a bed of precleaned,
dry sodium sulfate. Repeat the extraction step two additional times.
Adjust the pH to 11 with 6 N sodium hydroxide and reextract combining the
acfd and base extracts. Rinse the sodium sulfate into the K-D with fresh
solvent and discard the desiccant. Add Teflon boiling chips and’
concentrate to 10 mL by reducing the volume to slightly less than 10 mL
and then bringing to volume with fresh solvent. In order to achieve the
necessary detection 1imit, the sample volume can be further reduced to 1
wL by using a micro column K-D or nitrogen blow-down. Should the sample
start to exhibit precipitation, the concentration step should be stopped
and the sample redissolved with fresh solvent taking the volume to some
finite amount. After adding a standard (for the.purpose of quantitation
by GC/MS), the sample is ready for .analysis, as discussed in Paragraph
8.2.
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8.1.3 Impinger: Spike the sample with the surrogate standards:;
measure and record the volume and transfer to a separatory funnel.
Proceed as described in Paragraph 8.1.2.

8.1.4 XAD-2: Spike the resin directly with the surrogate
standards. Transfer the resin to the all-glass thimbles by the following
- procedure (care should be taken so -as not to contaminate the thimble by
touching 1t with anything other than tweezers or other solvent-rinsed
mechanical holding devices). Suspend the XAD-2 module directly over the
thimble. The glass frit of the module (see Figure 2) should be in the up
position. The thimble 1s contained in a clean beaker, which will serve
to catch the solvent rinses. Using a Teflon squeeze bottle, flush the
XAD-2 into the thimble. Thoroughly rinse the glass module with solvent
into the beaker containing the thimble. Add the XAD-2 glass-wool plug to
the thimble. Cover the XAD-2 {n the thimble with a precleaned glass-wool
pPlug sufficient to prevent the resin from floating 1{nto the solvent
reservoir of the extractor. If the resin is wet, effective extraction
can be accomplished by loosely packing the resin 1in the thimble. If a
question arises concerning the completeness of the extraction, a second
extractfon, without a spike, 1s advised. The thimble 1s placed in the
extractor and the rinse solvent contained 1in the beaker {s added to the
solvent reservoir. Additional solvent 1{s added to make the reservoir
approximately two-thirds full. Add Teflon bofling chips and assemble the
apparatus. Adjust the heat source to cause the extractor to cycle 5-6
times per hr., Extract the resin for 16 hr. Transfer the solvent and
three 10-mL rinses of the reservoir to a K-D and concentrate as described
in Paragraph 8.1.2.

8.1.5 Particulate filter (and cyclone catch): If particulate
loading is to be determined, weigh the filter (and cyclone catch, 1f
applicable). The particulate filter (and cyclone catch, 1f applicable)
_ xot;ansferred to the glass thimble and extracted simultaneously with the

-2 resin. '

8.1.6 Train solvent rinses: A1l train rinses (i.e., probe,
fmpinger, filter housing) using the extraction solvent and methanol are
returned to the 1laboratory as a single sample. If the rinses are
contained {n more than one container, the {intended spike {s divided
equally among the containers proportioned from a single syringe volume.
Transfer the rinse to a separatory funnel and add a sufficient amount of
organic-free water so that the wethylene chloride becomes {mmiscible and
its volume no longer {ncreases with the addition of more water. The
extraction and concentration steps are then performed as described in
Paragraph 8.1.2. - '

8.2 Sample analysis:

8.2.1 The primary analytical tool for the measurement of emissions
from hazardous waste incinerators is GC/MS using fused-silica capillary
6C columns, as described in Method 8270 in Chapter Four of this manual.
Because of the nature of GC/MS {instrumentation and the cost associated
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with sample analysis, prescreening of the sample extracts by gas
chromatography/flame {onization detection (GC/FID) or with electron
capture (GC/ECD) is encouraged. Information regarding the complexity and
concentration level of a sample prior to GC/MS analysis can be of
enormous help. This 1{nformation can be obtained by using either
capillary columns or less expensive packed columns.. However, the FID
screen should be performed with a column similar to that used with the
GC/MS. Keep in mind that 6C/FID has a s)ightly lower detection limit
than GC/MS and, therefore, that the concentration of the sample can be
adjusted either up or down prior to analysis by GC/MS.

8.2.2 The mass spectrometer will be operated in a full scan (40-
450) mode for most of the analyses. The rvange for which data are
acquired in a GC/MS run will be sufficiently broad to encompass the major
jons, as listed in Chapter Four, Method 8270, for each of the designated
POHCs in an incinerator effluent analysis.

8.2.3 For most purposes, electron fonization (EI) spectra will be
collected because a majority of the POHCs give reasonable EI spectra.
Also, EI spectra are compatible with the NBS Library of Mass Spectra and
other mass spectral references, which aid in the {dentification process
for other components in the incinerator process streams.

8.2.4 To clarify some d{dentifications, chemical fonizatfon (CI)
spectra using either positive {ions or negative {fons will be used to
elucidate molecular-weight {information and simplify the fragmentation
patterns of some compounds. In no case, however, should CI spectra alone
be used for compound identification. Refer to Chapter Four, Method 8270,
for complete descriptions of 6C conditions, MS conditions, and
quantftative and quantitative identification.

9.0 CALIBRATION

9.1 Probe nozzle: Probe nozzles shall be calibrated before their
ifnitial use in the field. Using a micrometer, measure the inside diameter of
the nozzle to the nearest 0.025 wmm (0.001 1n.). Make measurements at three
separate places across the diameter and obtain the average of the
measurements. The difference between the high and low numbers shall not
exceed 0.1 s (0.004 in.). When nozzles become nicked, dented, or corroded,
they shall be reshaped, sharpened, and rvecalibrated before use. Each nozzle-
shall be permanently and uniquely fdentified.

9.2 Pitot tube: The Type S pitot tube assembly shall be calibrated
according to the procedure outlined in Section 4 of EPA Method 2, or assigned
a nominal coefficient of 0.84 if 1t is not visibly nicked, dented, or corroded

‘and 1f 1t meets design and intercomponent spacing specifications.
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9.3 Metering system:

9.3.1 Before its f{nitial use in the field, the metering system
shall be calibrated according to the procedure outlined in APTD-0576.
( Instead of physically adjusting the dry-gas meter dial readings to
correspond to the wet-test meter readings, calibration factors may be
used to correct the gas meter dial readings mathematically to the proper
values. Before calibrating the metering system, it is suggested that a
leak-check be conducted. For metering systems having diaphragm pumps,
the normal leak-check procedure will not detect leakages within the pump.
For these cases the following 1eak-check procedure is suggested: Make a
10-min calibration run at 0.00057 m3/min (0.02 cfm); at the end of the
run, take the difference of the measured wet-test and dry-gas meter
volumes and divide the difference by 10 to get the leak rate. The leak
rate should not exceed 0.00057 m3/min (0.02 cfm).

9.3.2 After each field use, the calibration of the metering system
shall be checked by performing three calibration runs at a single
intermediate orifice setting (based on the previous field test). The
vacuum shall be set at the maximum value reached during the test series.
To adjust the vacuum, insert a valve between the wet-test meter and the
inlet of the metering systenm. Calculate the average value of the
calibration factor. If the calibration has changed by more than 5%,
recalibrate the meter over the full range of orifice settings, as
outlined in APTD-0576.

9.3.3 Leak-check of metering system: That portion of the sampling
train from the pump to the orifice meter (see Figure 1) should be leak-
checked prior to initial use and after each shipment. Leakage after the
Pump will result in less volume being recorded than is actually sampled.

( The following procedure is suggested (see Figure 6): Close the main
valve on the meter box. Insert a one-hole rubber stopper with rubber
tubing attached into the orifice exhaust pipe. Disconnect and vent the
low side of the orifice manometer. Close off the low side orifice tap.

Pressurize the system to 13-18 cm (5-7 in.) water column by blowing into

the rubber tubing. Pinch off the tubing and observe the manometer for 1

min. A loss of pressure on the manometer indicates a leak in the meter

box. Leaks, 1f present, must be corrected.

MOTE: If the dry-gas-meter coefficfent values obtained before and after
2 test serfes differ by D5%, efther the test series shall be
voided or calculations for test series shall be performed using
whichever meter coefficient value (i.e., before or after) gives
the lower value of total sample volume.

9.4 Probe heater: The probe-heating system shall be calibrated before
1ts initfal use in the field according to the procedure outlined in APTD-0576.
Probes constructed according to- APTD-0581 need not be calibrated if the
calibration curves in APTD-0576 are used.
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9.5 TePerature gauges: Each thermocouple must be permanently and
uniquely marked on the casting; all mercury-in-glass reference thermometers
must conform to ASTM E-1 63C or 63F specifications. Thermocouples should be
calibrated in the laboratory with and without the use of extension leads. If
extension leads are used in the field, the thermocouple readings at ambient
air temperatures, with and without the extension 1lead, must be noted and
- recorded. Correction is necessary if the use of an extension lead produces a
change >1.5%.

9.5.1 Impinger, organic wodule, and dry-gas meter thermocouples:
For the thermocouples used to measure the temperature of the gas leaving
the impinger train and the XAD-2 resin bed, three-point calibration at
fce-water, room-afr, and boiling-water temperatures {s necessary. Accept
the thermocouples only 1f the readings at all three temperatures agree to
32°C (3.6°F) with those of the absolute value of the reference
thermometer,

9.5.2 Probe and stack thermocouple:  For the thermocouples used to
indicate the probe and stack temperatures, a three-point calibration at
fce-water, boiling-water, and hot-of1-bath temperatures wmust be
performed; 1t is recommended that room-air temperature be added, and that
the thermometer and the thermocouple agree to within 1.5% at each of the
calibration points. A calibration curve (equation) may be constructed
(calculated) and the data extrapolated to cover the entire temperature
range suggested by the manufacturer.

9.6 Barometer: Adjust the barometer initially and before each test
series to agree to within *¥25mm Hg (0.1 in. Hg) of the mercury barometer or

the corrected barometric pressure value reported by a nearby National Weather
Service Station (same altitude above sea level).

9.7 Triple-beam balance: Calibrate the triple-beam balance before each
test series, using Class-S standard weights; the weights must be within +0.52
of the standards, or the balance must be adjusted to meet these limfts.

10.0 CALCULATIONS

10.1 Carry out calculations. Round off figures after the final
calculation to the correct number of significant figures.

10.2 Nomenclature:

An = Cross-sectional area of nozzle, w2 (ft2).
Bws = Water vapor in the ’gas stream, proportion by volume.

Cd = Type S pitot tube coefficient (nominally 0.84 + 0.02),
dimensionless.

I = Percent of isokinetic sampling.
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Ppar =

Pstd =

Vu(std) *

Maximum acceptable leakage rate for a leak-check, eithgr pre-test
or following a component change; equal to 0.00057 m3/min (0.02
cfm) or 4% of the average sampling rate, whichever is less.
Individual ledkage rate observed during the leak-check gonducted
?r}o; to the "ith* component change (1 = 1, 2, 3...n) m°/min

cfm).

%e:k;ge rate observed during the post-test leak-check, m3/min
cfm).

Stack-gas dry molecular weight, g/g-mole (1b/1b-mole).
Molecular weight of water, 18.0 g/g-mole (18.0 1b/1b-mole).
Barometric pressure at the sampling site, mm Hg (in. Hg).
Absolute stack-gas pressure, mm Hg (in. Hg).

Standard absolute pressure, 760 mm Hg (29.92 in. Hg).

Ideal_gas constant, 0.06236 sm Hg-m3/K-g-mole (21.85 1n.
Hg-ft3/°R-1b-mole).

?bs§1ute average dry-gas meter temperature (see Figure 6), X
.R *

Absolute average stack-gas temperature (see Figure 6), K (°R).
Standard absolute temperature, 293K (528°R).

Total volume of 1iquid collected in the organic module condensate
.knockout trap, the impingers, and silica gel, mL.

Volume of gas sample as measured by dry-gas meter, dscm (dscf).

Volume of gas sample measured Sy the dry-gas meter, corrected
to standard conditions, dscm (dscf). :

Volume of waier vapor in the gas sample, corrected to standard
conditions, scm (scf).

Stack-gas velocity, calculated by Method 2, Equation 2-9, using
data obtained from Method 5, m/sec (ft/sec).

Weight of residue in acetone wash, wg.
Dry-gas-meter calibration factor, dimensionless.

Average pressure differential across the orifice meter (see
Figure 2), »m Hy0 (in. H20).
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Pw = Density of water, 0.9982 g/mL (0.002201 1b/mL).
8 = Total sampling time, min.

81 = Sampling time interval from the beginning of a run until the
first component change, min.

8f = Sampling time interval between two successive component
changes, beginning with the interval between the first and
second changes, min.

8p = Sampling time interval from the final (nt") component change
until the end of the sampling run, min.

13.6

Specific gravity of mercury.
60 = sec/min.

100 = Conversion to percent.

10.3  Average dry-gas-meter temperature and average orifice pressure
drop: See data sﬁeet (Figure 5, aBove;.

10.4 Dry-gas volume: Correct the sample measured by the dry-gas meter
to standard conaitions (20°c, 760 mm Hg [68°F, 29.92 1in. Hg]) by using

Equation 1:

T_std Ppar * AH/IB.G Pbar + AH/13.6

Yn(sta) = Yo7 P e 1

where:
’ Ea
K1 = 0.3858 K/mm Hg for metric units, or
K3 = 17.64°R/in. Hg for English units.

It should be moted that Equatfon 1 can be used as written unless the leakage
rate observed during any of the mandatory Tleak-checks h.e.. the post-test
leak-check or leak-checks conducted prior to component changes) exceeds L,.
If Lp or Ly exceeds L,, Equation 1 must be modified as follows:

a. Case I (no component changes made during sampl-lng"run): Replace Vg
Tn Equation 1 with the expressfon:

Vo - (L, - L)
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b. cCase II (one or more component changes wmade during the sampling
yun): Replace Vg in Equation 1 by the expression:

Vo - (L - L8 - i_'s"'_; (L - 18y - (L) - L8,

and substitute only for those leakage rates (L; or Lp)'that exceed
La.

10.5 Volume of water vapor:

w
Yugstd) = Vic 7
w .

4 RTstd

= K2 Vic _ (2)
std
where:

Kz = 0.001333 m3/mL for metric units, or
K2 = 0.04707 ft3/mL for English units.

10.6 Moisture content:

: vu(sid)
B * (3)
vln(std) + vu(std)

"NOTE: 1In saturated or water-droplet-laden gas streams, two calculations
of the moisture content of the stack gas shall be made, one from
the impinger analysis (Equation 3) and a second from the
assumption of saturated conditions. The Tlower of the two values
of B, shall be considered correct. The procedure for determining
the moisture content based upon assumption of saturated conditions
1s given in the Note to Section 1.2 of Method 4. For the purposes
of this method, the average stack-gas temperature from Figure 6
may be used to make this determination, provided that the accuracy
of the in-stack temperature sensor is +1°C (2°F).

10.7 Conversfon factors:

From Jo Multiply b
scf n 6?625%51"!

m
g/ft3 gr/ft3 15.43 3
g/ft3 1b/ft3 2.205 x 10-
g/ft3 g/m3 35.31
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10.8 1Isokinetic varifation:

10.8.1 Calculation from raw data:

100 T [KsFy. + (Vo /T ) (P, + 8H/13.6))

I = (4)
608V P A

+

where:

K3 = 0.003454 mm Hg-m3/mL-K for metric units, or
K3 = 0.002669 in. Hg-ft3/mL-*R for English units.

10.8.2 Calculation for 1nternediate values:

1= m(std) stdloo
TsthSGAnPSGO(l ,

. K T vm std
4 Psv A 8,1-8 i

Kq = 4.320 for metric units, or
Kg = 0.09450 for English units.

(5)

where:

10.8.3 .Acceptable results: If 90X ¢ I ¢ 110%, the results are
acceptable. If the results are low in comparison with the standard and
I s beyond the acceptable range, or 1f I 1s 1less than 90%, the
Administrator may opt to accept the results.

10.9 To determine the minimum sample volume that shall be collected, the
following sequence of calculations shall be used.

10.9.1 From prior analysis of the waste feed, the concentration of
POHCs introduced into the combustion system can be calculated. The
degree of destruction and removal efficiency that s required 1s used to
determine the wmaximum amount of POHC allowed to be present fn the
effluent. This may be expressed as:

(wF) (POHC1 conc) (100-XDRE)

= Max POHC, Mass (6)
100 100

where:
WF = mass flow rate of waste feed per hr, g/hr (1b/hr).

POHC4 = concentration of Principal Organic Hazardous Compound (wt %)
introduced into the combustion process.
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DRE = percent Destruction and Removal Efficiency required.

Max POHC = mass flow rate (g/hr [1b/hr]) of POHC emitted from the
combustion source. -

10.9.2 The average discharge concentration of the POHC in the
effluent gas 1s determined by comparing the Max POHC with the volumetric
flow rate being exhausted from the source. Volumetric flow rate data are
avajlable as a result of preliminary Method 1-4 determinations:

Max POl-IC1 Mass

= Max POHC, conc (7)

DVerf(std)

where:

DVeff(std) = volumetric flow rate of exhaust gas, dscm (dscf).
POHC4 conc = anticipated concentration of the POHC in the
exhaust gas stream, g/dscm (1b/dscf).
©10.9.3 In making this calculation, 1t 1s recommended that a safety
margin of at least ten be included:

LDLPOHC x 10

=V : (8)
PO TBC
Hci conc

where:

LDLpoyc = detectable amount of POHC in entire sampling train.

NOTE: The whole extract from an XAD-2 cartridge is seldom 1f ever,
injected at once. Therefore, {1f aliquoting factors are
involved, the LDLpgyc 1s not™ the same as -the analytical (or
column) detectionp?li'lit. - ,

Vigc = minisum dry standard volume to be collected at dry-gas
meter. ‘

10.10 Concentration of any given POHC {in the gaseous emissions of a
combustion process:

1) Multiply the concentration of the POHC as determined in Method 8270
by the final concentratfon volume, typically 10 mL.

Cponc (ug/ml) x sample volume (mL) = amount (ug) of POHC in sample (%)
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where:
CpoHCc = concentration of POHC as analyzed by Method 8270.

2) Sum the amount of POHC found in all samples associated with a single
train.

Total (ug) = XAD-2 (ug) + condensate (ug) + rinses (ug) + impinger (ug) (10)
3) Divide the total ug found by the volume of stack gas sampled (m3).
(Total ug)/(train sample volume) = concentration of POHC (ug/m3) (11)

11.0 QUALITY CONTROL

11.1 Sampling: See EPA Manual 600/4-77-027b for Method 5 quality
control.

11.2 Analysis: The quality assurance program required for this study
includes the analysis of field and method blanks, procedure validations,
incorporation of stable labeled surrogate compounds, quantitation versus
stable labeled internal standards, capiilary column performance checks, and
external performance tests. The surrogate spiking compounds selected for a
particular analysis are used as primary 1indicators of the quality of the
analytical data for a wide range of compounds and a variety of sample
matrices. The assessment of combustion data, positive fdentification, and
quantitation of the selected compounds are dependent on the integrity of the
samples received and the precision and accuracy of the analytical methods
. employed. The quality assurance procedures for this method are designed to
‘monitor the performince of the analytical method and to provide the required
information to take corrective action ff problems are observed in laboratory
‘operations or in field sampling activities.

11.2.1 Field Blanks: Field blanks must be submitted with the
samples collected at each sampling site. - The field blanks include the
sample bottles containing aliquots of sample recovery solvents, unused
filters, and resin cartridges. At a minimum, one complete sampling train
will be assembled in the field staging area, taken to the sampling area,
and leak-checked at the beginning and end of the testing (or for the same
total number of times as the actual test train). The filter housing and
probe of the blank train will be heated during the sample test. The
train will be recovered as 1f it were an actual test sample. No gaseous
sample will be passed through the sampling train.

11.2.2 Method blanks: A method blank must be prepared for each set
of analytical operations, to evaluate ‘contamination and artifacts that
can be derived from glassware, reagents, and sample handling in the
laboratory.

11.2.3 Refer to Method 8270 for additional quality control
considerations.
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12.0 METHOD PERFORMANCE

12.1 Method performance evaluation: Evaluation of analytical procedures
for a selected series of compounds must fnclude the sample-preparation
procedures and each assocfated analytical determination. The analytical

procedures should be challanged by the test compounds spiked at appropriate
. levels and carried through the procedures.

12.2 Method detection limit: The overall method detection 1imits (lower
and upper) must be determined on a compound-by-compound basis because
different compounds may exhibit different collection, retention, and
extraction efficiencies as well as {nstrumental minimum detection 1imit (MDL).
The method detection 1imit must be quoted relative to a given sample volume.
The upper 1imits for the method must be determined relative to compound
retention volumes (breakthrough). : .

12.3 Method precision and bias: The overall method precision and bias
must be determined on a compound-by-compound basis at a given concentration
level. The method precisfon value would include a combined variability due to
- sampling, sample preparation, and {nstrumental analysis. The method bias
would be dependent upon the collection, retention, and extraction efficiency
of the train components. From evaluation studies to date using a dynamic
spiking system, method bfases of -13% and -16% have been determined for
toluene and 1,1,2,2-tetrachloroethane, respectively. A precision of 19.9% was
calculated from a field test data set representing seven degrees of freedom
which resulted from a series of paired, unsptked Semivolatile Organic Sampling
trains (Semi-VOST) sampling emissions from a hazardous waste incinerator.
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METHOD 0010, APPENDIX A
~ PREPARATION OF XAD-2 SORBENT RESIN

1.0 SCOPE AND APPLICATION

1.1 XAD-2 resin as supplied .by the manufacturer is impregnated with a
bicarbonate solution to fnhibit microbial growth during storage. Both the
salt solution and any residual extractable monomer and polymer species must be
removed before use. The resin s prepared by a series of water and organic
extractions, followed by careful drying.

2.0 EXTRACTION

2.1 Method 1: The procedure may be carried out 1in a giant Soxhlet
extractor. An all-glass thimble containing an extra-coarse frit 1s used for
extraction of XAD-2. The frit {s recessed 10-15 mm above a crenellated ring
at the bottom of the thimble to facilitate drainage. The resin must be
carefully retained in the extractor cup with a glass-wool plug and stainless
steel screen because 1t floats on methylene chloride. This process involves
sequential extraction in the following order. :

Solvent ) Procedure
Water Initial rinse: Place resin in a beaker,

rinse once with Type II water, and
discard. Fi11 with water a second time,
let stand overnight, and discard.

] Water | Extract with H0 for 8 hr.
Methyl alcohol Extract for 22 hr.
Methylene chloride Extract for 22 hr.

Methylene chloride (fresh) Extract for 22 hr.
2.2 Method 2: '

2.2.1 As an alternative to Soxhlet extraction, a continuous
extractor has been fabricated for the extraction sequence. This extractor has
been found to be acceptable. The particular canister used for the apparatus
shown n Figure A-1 contains about 500 g of finished XAD-2. Any size may be
constructed; the choice s dependent on the needs of the sampling programs.
The XAD-2 is held under 1ight spring tension between a pair of coarse and fine
screens. Spacers under the bottom screen allow for even distribution of clean
solvent. The three-necked flask should be of sufficient size (3-11ter in this
case) to hold solvent '
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Figure A-1. XAD-2 cleanup extraction apparatus.
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equal to twice the dead volume of the XAD-2 canister. Solvent is refluxed

through the Snyder column, and the distillate {s continuously cycled up

through the XAD-2 for extraction and returned to the flask. The flow is

maintained upward through the XAD-2 to allow maximum solvent contact and

prevent channeling. A valve at the bottom of the canister allows removal of
solvent from the canister between changes.

' 2.2.2 Experience has shown that {t {s very difficult to cycle
sufficient water in this mode. Therefore the aqueous rinse is accomplished by
simply flushing the canister with about 20 1iters of distilled water. A small
pump may be useful for pumping the water through the canister. The water
extraction should be carried out at the rate of about 20-40 mL/min.

2.2.3 After draining the water, subsequent mwethyl alcohol and
methylene chloride extractions are carried out using the refluxing apparatus.
An overnight or 10- to 20-hr period fs normally sufficient for each
extraction. ' )

2.2.4 Al materials of construction are glass, Teflon, or stainless
-steel. Pumps, if used, should not contain extractable materials. Pumps are
not used with methanol and wmethylene chloride. '

3.0 DRYING

3.1 After evaluation of several methods ""of removing residual solvent, a
flu;dézed-bed technique has proved to be the fastest and most reliable drying
method.

3.2 A simple column with suitable wetainers, as shown in Figure A-2,
will serve as a satisfactory column. A 10.2-cm (4-1n.) Pyrex pipe 0.6 m (2
ft) long will hold all of the XAD-2 from the extractor shown in Figure A-1 or
the Soxhlet extractor, with sufficient space for fluidizing the bed while
generating a minimum resin load at the exit of the column.

3.3 Method 1: The gas used to vemove the solvent s the key to
preserving the cleanliness of the XAD-2. Liquid nitrogen from a standard
commercial 1iquid nitrogen cylinder bhas rvoutinely proved to be a relfable
source of large volumes of gas free from organic contaminants. The )iquid
nitrogen cylinder {s connected to the column by a length of precleaned 0.95-cm
(3/8-1n.) copper tubing, cofled to pass through a heat source. As nitrogen is
bled from the cylinder, 1t 1s vaporized 1n the heat source and passes through
the column. A convenient heat source 1s a water bath heated from a steam
1ine. The final nitrogen temperature should only be warm to the touch and not
over 40°C. Experience has shown that about 500 g of XAD-2 may be dried
overnight by consuming a full 160-1iter cylinder of 1iquid nitrogen.

3.4 Method 2: As a second choice, high-purity tank nitrogen may be used
to dry the XAD-2. The high-purity nitrogen must first be passed through a bed
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resin will float out unless well plugged.) The thimble containing the resin
1s extracted for 24 hr with 200-mL of pesticide- grade methylene chloride
(Burdick and Jackson pest{ cide-grade or equivalent purity). The 200-mL
extract 1s reduced in volume to 10-mL using a Kuderna-Danish concentrator
and/or a nitrogen evaporation stream. Five ul of that solution are analyzed
by gas chromatography using the TCO analysis procedure. The concentrated
solution should not contain )20 ug/mL of TCO extracted from the XAD-2. This
1s equivalent to 10 ug/g of TCO in the XAD-2 and would correspond to 1.3 mg of
TCO in the extract of the 130-g XAD-2 module. Care should be taken to correct
the TCO data for a solvent blank prepared (200 mL reduced to 10 mL) 1n a
similar manner.

4.4.2 Experimental: Use the TCO analysis conditions described in
the revised Level 1 manual (EPA 600/7-78-201). .

4.5 GC/MS Screen: The extract, as prepared 1in paragraph 4.4.1, {s
subjected to GC/MS analysis for each of the individual compounds of interest.
The GC/MS procedure is described in Chapter Four, Method 8270. The extract is
screened at the MDL of each compound. The presence of any compound at a
concentratfon >25 ug/mL in the concentrated extract will require the XAD-2 to
be recleaned by repeating the methylene chloride step.

4.6 Methodol for residual gravimetric determination: After the TCO
value and GC/MS data are obtained for the resin batch by the above procedures,
dry the remainder of the extract in a tared vessel. There must be <0.5 »ng
residue registered or the batch of resin will have to be extracted with fresh
methylene chloride again untfl 1t meets this criterion. This Tevel

:ggresponds to 25 ug/g in the XAD-2, or about 3.25 mg in a resin charge of
g.
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of activated charcoal approximately 150 mL in volume. With either type of
drying method, the rate of flow should gently agitate the bed. Excessive
fluidization may cause the particles to break up.

~ 4.0 QUALITY CONTROL PROCEDURES

4.1 For both Methods 1 and 2, the quality control results must be
reported for the batch. The batch must be reextracted {1f the residual
extractable organics are »>20 ug/mL by TCO analysis or the gravimetric residue
1s 0.5 mg/20 g XAD-2 extracted. (See also section 5.1, Method 0010.)

4.2 Four control. procedures are used with the final XAD-2 to check for
(1) residual methylene chloride, (2) extractable organics (TCO), (3) specific
compounds of interest as determined by GC/MS, as described in Section 4.5
below, and (4) residue (GRAV).

4.3 Procedure for fesidua'l methylene chloride:

4.3.1 Description: A 1+0.1-g sample of dried resin {is weighed into
a small vial, 3 mL of toluene are added, and the vial is capped and well
shaken. Five ul of toluene (now containing extracted methylene chloride) are
injected into a gas chromatograph, and the resulting dntegrated area 1s
compared with a reference standard. The reference solution consists of 2.5 uL
of methylene chloride in 100 mlL of toluene, simulating 100 ug of residual
letlilylene chloride on the resin. The acceptable maximum content 1s 1,000 ug/g
resin.

4.3.2 Experimental: The gas chromatograph conditfons are as
follows:

6-ft x 1/8-in. stainless steel column containing 103 OV-101 on -
100/120 Supelcoport;

Helfum carrier at 30 al/ain; ]

FID operated on 4 x 10-11 AIIV.:.

Injection port temperature: 250°C;

Detector temperature: 305°C;

Program: 30°C(4 min) 40°C/min 250°C (hold); and
Program terminated at 1,000 sec.

4.4 Procedure for residual extractable organics:

4.4.1 Description: A 20+0.1-g sample of cleaned, dried resin 1s
weighed into a precleaned alundum or cellulose thimble which 1s plugged with
cleaned glass wool. (Note that 20 g of resin will 111 a thimble, and the
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-concentrations in the original concentrates exceed 75 ug/

METHOD 0010, APPENDIX B
TOTAL CHROMATOGRAPHABLE ORGANIC MATERIAL ANALYSIS

1.0 SCOPE AND APPLICATION -

1.1 1In this procedure, gas chromatography 1s used to determine the
quantity of lower boiling hydrocarbons (boiling points between 90° and 300°C)
in the concentrates of all organic solvent rinses, XAD-2 resin and LC
fractions - when Method 1 is used (see References, Method 0010) - encountered
in Level 1 environmental sample analyses. Data obtained using this procedure
serve a twofold purpose. First, the total quantity of the lower boiling
hydrocarbons in the sample 1s determined. Then whenever the hydrgcarb:n

m>, the
chromatography results are reexamined to determine the amounts of individual
spectles.

The extent of compound {identification 1s 1limited to representing all
materials as normal alkanes based upon comparison of boiling points. Thus the

method 1s not qualitative. In a similar wmanner, the analysis 1is

semiquantitative; calibrations are prepared using only one hydrocarbon. They
are replicated but samples routinely are not.

1.2 Application: This procedure applies solely to the Level 1 C7-C16
as chromatographic analysis of concentrates of organic extracts, neat
fquids, and of LC fractions. Throughout the procedure, 1t is assumed the

analyst has been given a properly prepared sample.

1.3 Sensitivity: The sensitivity of this procedure, defined as the
slope of a plot o¥ response versus concentration, {s dependent on the
instrument and must be verified regularly. TRW experience indicates the
nominal range is of the order of 77 uvV-Vesec-ul/ng of n-heptane and 79
uV-sec-ul/ng of n-hexadecane. The {instrument s capable of perhaps one
hundredfold greater sensitivity. The level specified here is sufficfent for
Level 1 analysis. s

1.4 Detection 1imit: The detection 1limit of this procedure as written
1s 1.3 ng/ul for a 1 uL {njectfon of n-decane. This limit is arbitrarily
based on defining the minimum detectable response as 100 uv-sec. This s an
easier operational definitfon than defining the minimum detection limit to be
that amount of material which yields a signal twice the noise level.

1.5 Range: The range of the procedure will be concentrations of 1.3
ng/ul and greater.

1.6 Limitations

1.6.1 Reporting limitations: 1t should be noted that a typical
environmental sample will contain compounds which: (a) will not elute in
the specified boiling ranges and thus will not be reported, and/or (b)
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will not elute from the column at all and thus will not be reported.
Consequently, the organic content of the sample as reported is a lower
bound and should be regarded as such.

1.6.2 Calibration 1limitations: Quantitation {s based on
calibration with n-decane. Data should therefore be reported as, e.g.,
mg C8/m3 as n-decane. Since response varies linearly with carbon number
(over a wide range the assumption may {involve a 20X error), it is clear
that heptane (C7? detected in a sample and quantitated as decane will be
overestimated. Likewise, hexadecane (C16) quantitated as decane will be
underestimated. From previous data, it 9{s estimated the error involved
is on the order of 6-7%. '

1.6.3 Detection limitations: The sensitivity of the flame
fonization detector varies from compound to compound. However, n-alkanes
have a greater response than other classes. Consequently, using an n-
alkane as a calibrant and assuming equal responses of all other compounds
tends to give low reported values. '

2.0 SUMMARY OF METHOD

2.1 A wmL aliquot of all 10-mL concentrates 1s disbursed for 6C-TCO
analysis. With boiling point-retention time and response-amount calibration
curves, the data (peak retention times and peak areas) are interpreted by
first summing peak areas {in the ranges obtained from the boiling point-
retention time calibration. Then, with the response-amount calibration curve,
the area sums are converted to amounts of material in the reported boiling
point ranges.

2.2 After the instrument 1s set wup, the boiling point-retention time
calibration 1s -effected by i{njecting a mixture of n-C7 through n-Cl6
hydrocarbons and operating the standard temperature program. Response-
quantity calibrations are accomplished by i{njecting n-decane in n-pentane
standards and performing the standard temperature program.

2.3 Definitions -
2.3.1 GC: Gas chromatography or gas chromatograph. .

2.3.2 C7-C16 n-alkanes: Heptane through hexadecane.

2.3.3 GCA temperature program: 4 wmin {sothermal at 60°C, 10°C/wmin .
from 60° to 220°C.

2.3.4 TRW temperature program: 5 wmin {sothermal at room
temperature, then program from 30°C to 250°C at 15°C/min.

3.0 INTERFERENCES
Not applicable.
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4.0 APPARATUS AND MATERIALS

4.1 Gas chromatograph: This procedure is intended for use on a Varian
1860 gas chromatograph, equipped with dual flame fonization detectors and a
1inear temperature programmer. Any equivalent instrument can be used provided
that electrometer settings, etc., be changed appropriately.

4.2 Gases:

4.2.1 Helium: Minimum quality 1s reactor grade. A 4A or 13X
molecular sieve drying tube is required. A filter must be placed between
the trap and the instrument. The trap should be recharged after every
third tank of helium.

4.2.2 Afr: Zero grade s satiSfactory.
4.2.3 Hydrogen: Zero grade. )
4.3 Syringe: Syringes are Hamilton 701N, 10 ul, or equivalent.

4.4 Septa: Septa will be of such quality as to produce very low bleed
during the temperature program. An appropriate septum is Supelco Microsep
138, which 1s Teflon-backed. If septum bleed cannot be rvreduced to a

negligible level, 1t will be necessary to {install septum swingers on the
instrument.

4.5 Recorder: The recorder of this procedure must be capable of not
1:sstthan 1 mv full-scale display, a 1-sec time constant and 0.5 in. per min
chart rate.

4.6 Integrator: An integrator f{s -required. Peak area measurement by
hand is satisgactory but too time-consuming. If manual {ntegration {s
required, the method of "height times width at half height" 1s used.

4.7 Columns:

4.7.1 Preferred column: 6 ft x l/& ifn. 0.D. stainless steel column
of 10X OV-101 on 100/120 mesh Supelcoport.

4.7.2 Alternate éo!uln: 6 ft x 1/8 in. 0.D. stainless steel column
of 10X OV-1 (or other silicon phase) on 100/120 mesh Supelcoport. :

4.8 S¥r1nge cleaner: Hamilton syringe cleaner or equivalent connected
to a suitable vacuum source. ' _

5.0 REAGENTS

5.1 Pentane: 'Distilled-ln-siass' (reg. trademark) or "Nanograde® (reg.
trademark) for standards and for syringe cleaning.
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5.2 Methylene chloride: *Distilled-in-Glass® (reg. trademark) or
“Nanograde™ (reg. trademark) for syringe cleaning.

6.0 SAMPLING HANDLING AND PRESERVATION

6.1 The extracts are concentrated in a Kuderna-Danish evaporator to a
volume less than 10 mL. The concentrate is then quantitatively transferred to
a 10-mL volumetric flask and diluted to volume. A 1-mL aliquot is taken for
both this analysis and possible subsequent GC/MS analysis and set aside in the
sample bank. For each GC-TCO analysis, obtain the sample sufficiently in
advance to allow it to warm to room temperature. For example, after one
ana1¥s1s is started, return that sample to the sample bank and take the next
sample. '

7.0 PROCEDURES

7.1 Setup and checkout: Each day, the operator will verify the
following:

7.1.1 That supplies of carrier gas, air and hydrogen are
sufficient, 1.e., that each tank contains > 100 psig.

7.1.2 That, after replacement of any gas cylinder, all connections
leading to the chromatograph have been leak-checked.

7.1.3 That the carrier gas flow rate is 30 + 2 wL/min, the hydrogen
flow rate is 30 + 2 ml/min, and the air flow rate is 300 + 20 al/min.

7.1.4 " That the electrometer 1s functioning properly.

7.1.5 That the recorder and integrator are functioning properly.

7.1.6 That the septa have been Tleak-checked (leak-checking s
effected by placing the soap bubble -'flow meter 4inlet tube over the
injection port adaptors), and that mo septum will be used for more than
20 injections.

7.1.7 That the 1ist of samples to be run {s ready.

7.2 Retentfon time calibration:

7.2.1 To obtain the temperature ranges for reporting the results of
the analyses, the chromatograph is given a normal boiling point-retention
time calibration. The n-alkanes, their boiling points, and data
reporting ranges are given in the table below:
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NBP,°C Reporting Range,*C Report As

n-heptane 98 90-110 c7

n-octane 126 110-140 c8

n-nonane 151 140-160 c9

‘n-decane 174 160-180 C10
n-undecane 194 180-200 C11
n-dodecane 214 200-220 C12
n-tridecane 234 220-240 C13
n-tetradecane 252 240-260 Cl4
n-pentadecane 270 260-280 C15
n-hexadecane 288 280-300 -C16

7.2.2 Preparation of standards: Preparing a mixture of the C7-C16
alkanes is required. There are two approaches: (1) use of a standards
kit (e.g., Polyscience Kit) containing bottles of mixtures of selected n-
alkanes which may be combined to produce a €7-C16 standard; or (2) use of
bottles of the 1{ndividual C7-C16 alkanes from which accurately known
volumes may be taken and combined to give a €7-C16 mixture.

7.2.3 Procedure for retention time calibration: This calibration
is performed at the start of an analytical program; the mixture is
chromatographed at the start of each day. To attain the required
retention time precision, both the carrier gas flow rate and the
temperature program specifications must be observed. Details of the

procedure depend on the instrument being used. The general procedure is
as follows:

7.2.3.1 Set the programmer upper limit at 250°C. If this

setting does not produce a column temperature of 250°C, find the
correct setting.

7.2.3.2 Set the programner lower limit at 30°C.

7.2.3.3 Verify that the dinstrument -~and samples are at room
temperature. .

7.2.3.4 Inject 1 ulL of the m-alkane mixture.
7.2.3.5 Start the integrator and recorder.

- 7.2.3.6 Allow the f4nstrument to wrun. fsothermally at room
temperature for five min. '

7.2.3.7 Shut the oven door.

7.2.3.8 Change the mode to Automatic and start the temperature
program.

7.2.3.9 Repeat Steps 1-9 a sufficient number of times so that
the(re'lative standard deviation of the retention times for each peak
Is {5%.
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7.3 Response calibration:

7.3.1 For the purposes of a Level 1 analysis, response-quantity
calibration with n-decane 1s adequate. A 10-ul volume of n-decane {s
injected into a tared 10 ®mlL volumetric flask. The weight injected 1is
obtained and the flask {is diluted to the mark with n-pentane. This
standard contains about 730 ng n-decane per ul n-pentane. The exact
concentration depends on temperature, so that a weight s required. Two
serial tenfold dilutions are made from this standard, giving standards at
about 730, 73, and 7.3 ng n-decane per ulL n-pentane, respectively.

7.3.2 Procedure for response calibration: This calibration is
performed at the start of an analytical program and monthly thereafter.
The most concentrated standard 1s injected once each day. Any change in:
calibration necessitates a full calibration with new standards.
Standards are stored in the refrigerator locker and are made up monthly.

7.3.2.1 Verify that the instrument 1s set up properly.
7.3.2.2 Set electrometer at 1 x 1010 A/mv,

7.3.2.3 Inject 1 uL of the highest concentration standard.
7.3.2.4 Run standard temperature program as specified above.

7.3.2.5 Clean syringe.

7.3.2.6 Make repeated injections of all three standards until

the relative standard deviations of the areas of each standard are
£5%.

7.4 Sample analysis procedure:

7.4.1 The following apparatus s required:
7.4.1.1 Gas chromatograph set up and working.
7.4.1.2 Recorder, integrator working.
7.4.1.3 Syringe and syringe cleaning apparatus.

7.4.1.4 Parameters: Electrometer setting fs 1 x 10-10 A/mv;
recorder {is set at 0.5 in./min and 1 mV full-scale.

7.4.2 Steps in the procedure are:
7.4.2.1 Label chromatogram with the data, sample number, etc.

0010-B-6
Revision
Date Se t ESer 1986

P-66



7.4.2.2 Inject sample.
7.4.2.3 Start integrator and recorder.

7.4.2.4 After isothermal operation for 5 min, begin
temperature program.

7.4.2.5 Clean syringe.

7.4.2.6 Return sample; obtain new sample.

7.4.2.7 VWhen analysis 1s finished, allow instrument to cool.
Tur? chromatogram and integrator output and data sheet over to data
analyst.

7.5 Syringe cleaning procedure:

7.5.1 Remove piunger from syringe.

7.5.2 Insert syringe into cleaner; turn on aspirator.

7.5.3 Fi11 pipet with pentane; run pentane through syringe.
7.5.4 Repeat with methylene chloride from a separate pipet.
7.5.5 Flush plunger with pentane followed by methylene chloride.
7.5.6 Repeat with methylene chloride.

7.6 Sample analysis decision criterion: The data from the TCO analyses
of organic extract and rinse concentrates are first used to calculate the
total concentration of C7-C16 hydrocarbon-equivalents (Paragraph 7.7.3) {n the
‘sample with respect to the volume of air actually sampled, f.e., ug/m3. On
this basis, a decision is made both on whether to calculate the quantity of
each n-alkane equivalent present and on which analytical procedural pathway
will be followed. If the total organic content is great enough to warrant
continuing the analysis -- >500 ug/m® -- a TCO of less than 75 ug/m> will
require only LC fractionation and gravimetric determinations and IR_spectra to
be obtained on each fraction. If the TCO is greater than 75 ug/m3, then the
first seven LC fractfons of each sample will be reanalyzed using this same gas
chromatographic technique.

7.7 Calculations:

7.7.1 Boiling Point - Retention Time Calibration: The required
data for this calibration are on the chromatogram and on the data sheet.
The data reduction {s performed as follows:

7.7.1.1 Average the retention times and calculate relative
standard deviations for each n-hydrocarbon.
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7.7.1.2 Plot average retention times as abscissae versus
normal boiling points as ordinates.

7.7.1.3 Draw in calibration curve.

7.7.1.4 Locate and record rvetention times corresonding to
bofling ranges 90-100, 110-140, 140-160, 160-180, 180-200, 200-220,
220-240, 240-260, 260-280, 280-300°C.

7.7.2 Response-amount calibration: The required data for this
calibration are on the chromatogram and on the data sheet. The data
reduction is performed as follows:

7.7.2.1 Average the area responses of each standard and
calculate relative standard deviatfons.

7.7.2.2 -Plot response (uv-sec) as ordinate versus ng/ul as
abscissa.

7.7.2.3 Draw in the curve. Perform least squares regression
and obtain slope (uV-sec-ul/ng).

7.7.3 Total C7-C16 hydrocarbons analysis: The required data for
this calculation are on the chromatogram and on the data sheet. The data
reduction 1s performed as follows:

7.7.3.1 Sum the areas of all peaks within the retention time
range of interest. '

7.7.3.2 Convert this area (uV-sec) to ng/ulL by dividing by the
weight ‘response for n-decane (uV-sec.ul/ng).

7.7.3.3 Multiply this weight by the total concentrate volume '

(10 mL) to get the weight of the C7-C16 hydrocarbons in the sample.

7.7.3.4 Using the volume of.gas sampled or the total wefght_of
sample acquired, convert the result of Step 7.7.3.3 above to ug/m3.

7.7.3.5 If the value of total C7-C16 hydrocarbons from Step
7.7.3.4 above exceeds 75 ug/m’, calculate {ndividual hydrocarbon
concentr;t:ons in accordance with the {1nstructions {n Paragraph"
7.7.5.5 below.

7.7.4 Individual C7-C16 n-Alkane Equivalent Analysis: The required
data from the analyses are on the chromatogram and on the data sheet.
The data reduction {s performed as follow;:

7.7.4.1' Sum the areas of peaks 1in the proper retention time
ranges.

0010-B~-8
Revision

o .
Date September 1986

P-63°



. 7.7.4.2 Convert areas (uV-sec) to ng/uL by ‘dividing by the
proper weight response (uV-sec-ul/ng). -

7.7.4.3 Multiply each weight by total concentrate volume (10
mL) to get weight of species in each range of the sample.

7.7.4.4 Using the volume of gas sampled on the total weight of
sample acquired, convert the result of Step 7.7.4.3 above to ug/m3.

8.0 QUALITY CONTROL

b g.l Appropriate QC s found 1n fhe pertinent procedures throughout the
method. ‘ , '

9.0 METHOD PERFORMANCE

- 9.1 Even relatively comprehensive . error propagation analysis 1s beyond
the scope of this procedure. With reasonable care, peak area reproducibility
of a standard should be of the order of 1% RSD. The relative standard
deviation of the sum of all peaks 1n a fairly complex waste might be of the
order of 5-10%. Accuracy 1s wmore difficult to assess. With good analytical
technique, accuracy and precision should be of the order of 10-20%.

10.0 REFERENCES

1. Emissions Assessment of Conventional Stationary Combustfon Systems:
Methods and Procedure Manual for .Sampling and Analysis, Interagency
Energy/Environmental R&D Program, Industrial Environmental Research
Laboratory, Research Triangle Park, NC 27711, EPA-600/7-79-029a, January 1979.
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PM-10 Emissions and Particle Size Testing

Three (3) determinations of the PM-10 concentration and the flyash
particle size distribution were performed at both the stack and the
ESP Inlet test locations. The proposed methodologies for each of the
two test locations are necessarily different and are described below in
detail.

Stack

The PM-10 concentration and the size distribution were - deter-
mined in accordance with EPA’s interim “Guidelines for Source Testing
for Size Specific Particulate Emissions,” (1) using an inertial cascade
impactor currently manufactured by Anderson 2000 Inc., the exact model
of which is known as "Flow Sensor.”

The Flow Sensor impactor is a high flow rate (10-30 LPM) eight-
stage cascade impactor which is equipped with & special high capacity
preimpactor to collect particles approximately 10 microns and larger
(50x cut point at 0.6 ACFM). This preimpactor has an inlet which is at
90 degrees to the exit.

Since the complete size distribution is required as well as the
PM-10 concentration, the entire cascade impactor with the preimpactor s
used in conjunction with an EPA Method § sampling train except that the
final filter and 1ts support ars removed from the impactor.

The preimpactor and cascade impactor 1s attached to the in-stack
end of the probe. The classifier is equipped with the appropriate
"straight” type nozzle and nozzle plug and inserted into the stack gas -
to preheat for a 20-minute period to prevent condensation prior to in-
itiating sampling. The exact nozzle diameter s selected based on a
pretest velocity traverse. - ’ :

A simple four point sampling grid is used. If the velocities at
the four traverse points are + 20x of one another, one sampler is used
to sample each of the four grid points. Otherwise a separate sample is
required for each traverse point which does not fall in the & 20%
velocity range. Experience has shown that this requirement is not as
stringent as it appears and one sampler can usually be used for all four

points.

(1) PM-10 SIP Development Guideline USEPA EPA-450/2-86-001, June 1987:
Appendix C. '
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The velocity pressure, stack gas temperature, moisture content and
static pressure for each traverse point from a preliminary test is used
together with the impactor 50% cut point curves to select the ap-
propriate nozzle required to give isokinetic sampling with the desired
50X cut points. If the site meets the + 20X velocity requirements, sam-
Pling is initiated after a 20 minute warm up period by uncapping the
nozzle and positioning the in-situ impactor nozzle at the first traverse
point. The pump is activated and the flow is rapidly adjusted using the
calibrated orifice to the desired rate. The data recording by the
operator during the test is identical tc that for Method £ sampling ex-
cept that the flow rate is held constant. Sampling is continued until
211 four points are sampled. '

After sampling is complete, the coarse valve is closed, the pump
turned off and the probe withdrawn from the stack. The preimpactor
sample is recovered in the field and the impactor catch is returned in
tact to the laboretory for gravimetric analysis. The Method 5 Sampling
train is also processed up and through the glass fiber filter since the
in-stack filter in the impactor is not being used. The EPA Method §
probe rinse and filter catch are then substituted for the impactor fil-
ter catch in the calculations.

The impactor may be operated with bare collection plates or with a
coating. The PM-10 Guidelines recommends that a coating be used. A
very light film of high temperature silicone grease is applied to each
stage before conditioning and weighing. Chemical reactions can occur
with this coating which could alter the apparent weight collected by
each stage. A control sampling of the same duration §s run with an 4n-
stack filter assembly in place of the preimpactor. The instack filter
1s discarded at the end of the run. The control sample 1s collected and
processed 1n an identical manner as the other impactor samplings. The
change in weight in the stages in the control run is then used to cor-
rect the subsequent determinations. .

Impactors are not designed in a manner such that they will meet a
Method § leek check, nor need they be. The maximum pressure drop across
the housing is only a few hundredths IN.WC. since the flow has free ac-
cess to the inside of the impactor through the open nozzle. For this
reason, the pre- and post test leak checks are conducted prior to and
after removing the impactor assembly from the end of the probe. The
standard EPA Method 5 leak specifications are then used for this portion
of the sampling train, '

P-7



Inlet

-

The particle size distribution of the flyash aerosol at the inlet
to the electrostatic precipitator is very broad and the loading is qQuite
high. A cascade impactor will not provide accurate data in this ap-
plication due to rapid overloading and subsequent particle bounce off
resulting in a biased size distribution. Fifteen years of development
at Interpoll Laboratories, has however, resulted in a technique which
has proven to be extremely accurate and reliable and has been used suc-
cessfully for hundreds of studies involving dust collector selection and
sizing and dust collector performance diagnostics.

This method relies on a2 modified Method 17 collection of the
flyash aerosol. 1In place of the standard Method 17 filter holde-, an
all stainless steel thimble filter holder is used. The actual filter
medium is an all stainless steel filter thimble which is manufactured
from bundled stainless steel microfibers. The surface of the thimble is
very smooth, and thus near guantitative recovery of the collected flyash
is easily accomplished by tapping the thimble on any solid surface. The
mechanical shock breaks the filter cake much like the shakers of pulse
Jjets on a fabric filter. '

The recovered flyash sample 1s examined by stereozoom microscopy
to get some estimate of the particle size range. A representative ali-
qQuot 1s then taken and sized by X-ray Sedigraph in the range of 0.5 -~ 60
microns as per the below described test protocol. . If particles larger
than 60 microns are present, the sample is wet sieved (acetone) to allow
classification of the »>60 micron portion of the sample. The results of
this classification and the X-ray Sedigraph analysis are then mathemati-
cally recombined to provide a complete size distribution profile.

The X-ray Sedigraph is calibrated monthly with a garnet standard
to ensure accuracy. In seven years, no shift in particle size has been
noted in this quality assurance step. The results of the X-ray
Sedigraph-determined size distribution are compared with the microscopic
observation to ensure the accuracy of the analysis and to determine
whether the redispersion in the sedimentation liquid was complete. In
the case of flyash samples, redispersion has not been a problem in the
more than five hundred samples analyzed. Other aerosols such as food
products and/or resinous materials cannot be accurately sized by this
method but this is readily determined apriori by several simple tests.

In order that the data from the ESP inlet and ouzlet be directly
comparable, a density of 1.0 g/cc will be assigned to the flyash aerosol
at the 1inlet test location so that the data can e reoorted as
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aerodynamic equivalent diameters. The Sedigraph analysis is performed
using Sedisperse A-11 as a sedimentation 1liquid, e& hydrocarbon 1liquid
with known density and viscosity designed for optimal redispersion.

The principle on which this method of particle size analysis is
based is the differing terminal settling velocities of particles of dif-
ferent sizes as described by Stoke's Law. A polydisperse powder or par-
ticulate sample is homogeneously dispersed in a specially designed cell
in a liquid of lesser density. Constant agitation is maintainec until
the sedimentation process is allowed to begin. The progression cf the
sedimentation is then followed by means of a finely collimated x-ray
bear., the attenuation of which is mathematically relatable to the con-
centration of particulate material in the path of the beam (particles
larger than a certain size are removed by sedimentation thus lowering
the mass concentration). 1In order to shorten the analysis time, the
cel) is moved downward through the x-ray beam such that the effective
sedimentation height is decreased at a rate inversely proportioral to
the analysits time. The net effect of this is to decrease the effective
sedimentation times such that a typical analysis in water for particles
of density 2.6 g/cc in a size range of 50 to 0.18 microns can be per-
formed in about 100 minutes.

In the actual analysis, a particulate or powder sample with known
or assigned density is dispersed. in a sedimentation Viquid with a known
viscosity and density. The beaker containing the dispersed sample 1s
placed ‘in a compartment in the x-ray Sedigraph where a stirrer is used
to keep the sample dispersed during the loading operation. A built-in
peristatic pump provides sample circulation into the sample cell. A
calculation is then performed to determine the rate setting of the in-
strument which is a function of the density of the sample and the den-
sity and viscosity of the sedimentation liquid. The instrument is then
set to automatically control the cell movement and the position of the
pen on the X-axis of the X-Y recorder such that the instantaneous con-
centration is recorded at the proper equivalent spherical diameter cor-
responding to the elapsed time and instantaneous sedimentation depth.

During the analysis, & scintillation detector monitors the x-ray
intensity transmitted through the sample cell producing a current
proportional to the logarithm of the x-ray intensity. A net output sig-
nal is generated when the cell is filled with sample which is directly
proportional to the particle concentration at the depth of the x-ray
beam. The signal which is then fed to the X-Y recorder pcsitions the
pen along the Y-axis to show percent concentration. 2ero percert indi-
cates pure liquid with no suspended particles while 100 percent cor-
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responds to the starting concentration in the cell before sedimentation
is allowed to occur. The size distribution (100 to .01 micrometers) is
automatically graphed on 3-cycle semi-log chart paper.

The sample compartment 1s maintained at constant temperature by
built-in heaters and proportional temperature control circuitry to main-
tain constant density and viscosity in the sedimentation liquid. This
close temperature control together with the reduced time of analysis al-
Tow reliable analysis down to submicron particle diameters.
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APPENDIX Q

CALCULATION EQUATIONS



CALCULATION EQUATIONS

METHOD 2

' T
N \/ s(avg)
VS = 85.48 Cp ( Ap)avg -Fs—M-g—

p
- 528 S
Q = 60(1 - B ) V_ A (+——) (55=53)
s,d ws’ 's Ts(avg) 29.92
Qa = 60 Vs A
Y - 4'995 Qs.d Gd
g 1= By

RH* = 100 (vptwb 0.0003641 Ps (Tdb - wa))/thdb

Bus = RHlvpygp)/Pg

4.585 x 1072 PsMs
Ts (avg)

*Alternate equations for calculating moisture content from wet bulb and
dry buld data.
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METHOD 3

%EA

BNS

CALCULATION EQUATIONS

100(%02 - ).5% C0)
. Nz- 2+ .

0.44(%002) + 0.32 (%02) + 0.28 (%N2 + %C0)

Vu(std)

Ve(std) ¥ Vm(std)

Q-2



CALCULATION EQUATIONS

METHOD 5
P, .. + AH/13.6
bar
v = 17.65 V_v (
M(Std) m Tm(avg)
Va(sta) = 0-0472 Vi
B = vw(std)
" | Vu(std) * Ym(std)
T, v
I = 0.0944 (y—S(ava) m(std) ,
Ps Vsﬂn g (1 - BHS)
| 15.43 M
C s _V_.E
s m(std)
272.3 M_P
. =7 oot
s(avg) Yw(std} m(std)
-3
(h); = 8.5714 x 1077 ¢, Qg 4
1.3228 x 107} M, A
‘ n
" _ () ; (h),
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SYMBOLS
Cross sectional area of stack, SQ. FT.
Cross sectional area of nozzle, SQ. FT.
Water vapor in gas sfream, proportion by volume
Pitot tube cpefficient, dimengion1ess

Concentration of particulate matter in stack gas,
wet basis, GR/ACF

Concentration of particulate matter in stack gas, dry
basis, corrected to standard conditions, GR/DSCF

Excess air, percent by volume

Dr& test meter correction factor, dimensionless
Specific gravity (relative to air), dimensionless
Isokinetic yariation, percent by volume

Molecular weight of stack gas, dry basis, g/g - mole.
Mass flow of wet flue gas, LB/HR

Particulate mass flow, LB/HR

Molecular weight of stack gas, wet basis, g/g, mole.
Total amount of particulate matter collected, g
Atmospheric pressure, !N. HG. (uncompensatéd)

Stack static gas pressure, IN. WC.
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RH

Tdb

Tm(avg)

Ts(avg)

Tstd

VPtdb

Absolute pressure of stack gas, IN.HG.
Standard absolute pressure, 29.92 IN. HG.
Actual volumetric stack gas flow rate, ACFM

Dry volumetric stack gas flow rate corrected to standard
conditions, DSCFM

Relative humidity, %

Dry bulb temperature of stack gas, Of

Wet bulb temperature of stéck gas, OF
Absolute average dry gas meter temperature, OR
Ab§olute average stack temperature, OF
Standard absolute temperature, 528 OF (68 OF)
Total sampling time, min.

Total volume of 1iquid collected in impingers and
silica gel, m

Volume of gas sample as measured by dry gas meter, CF

Volume of gas sample measured by the dry gas meter
corrected to standard conditions, DSCF

Volume of water vapor in the gas sample corrected to
standard conditions, SCF

Average actual stack gas velocity, FT/SEC

Vapor pressure at Tq4p, IN. HG.
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VPtwb = Vapor pressure at Typ, IN. HG
.\] = Average pressure differential across the orifice
meter, IN. WC.
Ap = Velocity pressure of stack gas, IN. WC.
Y = Dry test meter -correction coefficient, dimensionless
P = Actual gas density, LB/ACF
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CALCULATION EQUATIONS

METHOD 6
Vme
v = 17.64 221 (MIDGET IMPINGER VERSION)
std Tm
M
17.64 Vm (Pb + 13.6)Y
Vstd = T . (LARGE IMPINGER VERSION)
m
vsoIn
MEQ = (Vt - th) N (-vf—-) DF
2
c = -5
s 7.06x10 MEQ
vstd

_20.90 Cst FC

Cs (MG/DSCM) = 1.60186x107 Cq
Cs (GR/DSCF) = 7000 Cq
Cs (ppm, dry) = 6.02119x106 ¢,

MC
Cs (ppm, wet) = 6.02119x106 Cg (1 - 155)
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Cs (GR/DSCF)
Cs (MG/DSCM)

DF

Fd

MC

MEQ

SYMBOLS

Average oxygen content in flue gas, % v/v, dry

Average carbon dioxide content in flue gas, ¥ v/v,
dry

Concentration of sulfur dioxide in flue gas, dry
basis, corrected to standard conditions, LB/DSCF

Concentration of sulfur dioxide in flue gas, dry
basis, corrected to standard conditions, GR/DSCF

Concentration of sulfur dioxide in flue gas, dry
basis, corrected to standard conditions, MG/DSCM

Dilution Factor
Emission factor, LB of S0,/1068TU
Dry oxygen F-Factor for given fuel type, DSCF/106BTU

Carbon dioxide F-Factor for given fuel type,
DSCF/1068TU

Average pressure drop across calibrated orifice, IN.

Dry test meter correction factor, dimensionless
Moisture content of flue gas, % v/v

Total milliequivalents of SO2 iq gas sample
Normality ofbarium‘perchlorate titrant

Barometric pressure at the dry gas meter, IN. HG.

Q-8



Concentration of sulfur dioxide in flue gas, dry

Cs (ppm-dry) ,
basis, (v/v), ppm

Concentration of sulfur dioxide in flue gas, wet

Cs (ppm-wet)
. basis, (v/v), ppm

Tm = Absolute average dry gas meter temperature, OR

Va = Volume of sample aliquot titrated, cc

Vm = Dry gas volume as measured by the dry gas meter, DCF

Vstd = Dry gas volume as measured by the dry gas meter,
corrected to standard conditions (at 68 OF and 1
atmosphere), DSCF

Vsoln = Total volume of the solution in which the sulfur dioxide
sample is contained, cc

Vi = Volume of barium perchlorate titrant used for the sample,
cc (average of replicate titrations)

Vib = Volume of barium perchlorate titrant used for the blank,

cC

Q-9



CALCULATION EQUATIONS

METHOD 7
P P,
Vocrqy = 17-64 (V, - 25) T,
-5 M
c = 6.243 X 10
s Vin(std)
2090 C_F
E T W09- 5

2

C_ (GR/DSCF) 7000 C
s s

C, (MG/DSCM) 1.60186 X 107 C,

C, (ppm-dry) 8.37552 X 10°® C,

o 36-3
- A . 2
C, (ppm-3% 0,)= 8.37552 X 10 C, I+ 5373-:-55' .

- 6 - —
C. (ppm-wet) = 8.37552 X 10° C, (1 = 755)

CE6-1



Cs (GR/DSCF)

C (MG/DSCM) .

Cs (ppm-dry)
C, (ppm-3% o)

Cs (ppm-wet)

SYMBOLS

Average oxygen content in flue gas, % v/v

‘Concentration of nitrogen oxfdes in flue gas, dry basis,

corrected to standard conditions, LB/DSCF

Concentration of nitrogen oxides in flue gas, dry basis,
corrected to standard conditions, GR/DSCF -

Concentration of nitrogen oxides in flue gas, dry basis,
corrected to standard conditions, MG/DSCM

Emission factor, LB/1Q°BTU

F-Factor for given fuel type, DSCF/10*BTU

~Mass of nitrogen oxides as nitrogen dioxide in gas

sample, [Jg

Moisture content of flue gas, %

Final ab;olufe pressure in flask, IN. HG
Initial absolute pressure in flask, IN. HG

Concentration of nifrogen oxides In flue gas, dry basis,
(v/v), ppm .

Concentration of nitrogen oxides in flue gas, dry basis,
corrected to 3% 0, , (v/v) ppm

Concentration of nitrogen oxides in flue gas, wet basis,
(v/v), ppm '

CE6-2



Tf = ‘Final absolute temperature In flask, °r
= Initial absolute temperature In flask, °rR
= Volume of f[ask and valve, cc

m(s+d) = Sample volqme at sfandard'condifio§s, dry basis, cc

- - -~ CE6"3
Q-12



CALCULATION EQUATIONS

Calculation Equations for Gas Concentrations

Dry Standard Volume (V )

std
v ) 17.65 me Pb
- std (T + 460)
m
) Qher;?."_nvm = volume of gas as recorded on'dry test meter in CF
= correction coefficient of dry test meter derived
from calibration against standard wet test meter,
dimensionless
Pb = barometric pressure in IN. HG.
?; = average temperature of gas in dry test meter in °F

_Bas Concentration of Component i (Ci)

. .03531 m
C. = v

K

i1

std

where; Ci = concentration of gas in MG/DSCM
m. = total amount of corresponding ion in the collected
! samples as reported by laboratory in ug.
Ki = stoichiometric conversion from ion to gas for
component | (Ki=HF = 1.05306, KI=HCI = 1.02843,
Ki=HzSOu = 1.02099, Ki=NH3 = 0.94412)

CE9-1
Q-13



Gas Concentration in- GR/DSCF

GR/DSCF

4.3705 x 104 C;

Gas Concentration in PPM-DRY

'24.04 Ci
PPM-DRY =
e M
where: Mi = molecular weighT of component or gas i
(Mi=HF = 20.006, Mi=HCI = 36.461, Mi=H2$Ou = 98.076,
= 17.031)

Mi=NH3

_Gas Emission or Mass Rate (hi)

T T Ty E 85714 x 1070 (GR/DSCRIQ, ) T T T

where: ﬁi = mass or emission rate of gas i in LB/HR
GR/DSCF = concentration of gas i in GR/DSCF, and
Qs d°= dry standard volumetric flow rate at point of
'

concentration measurement in DSCFM

CE9-2
Q-14



METHOD 10

Where

- €0co,-free,

CO-PPM-DRY

CO-PPM-WET

GR/DSCF

mg/dscm

€024

02,4

CALCULATION EQUATIONS

COCo,-free,dry,avg (1 - C02,4/100)

CO-PPM-DRY (1 - MC/100)

5.0885 x 10-% (CO-PPM-DRY)

1.165 (CO-PPM-DRY)

8.5714 x 10-3 (GR/DSCF)(Qs,g) =~

2.9857 x 1075 Fy (GR/DSCF)
~20.9-70, 4

dry,avg = average of two determinations of carbon
monoxide on a dry, CO2-free integrated
flue gas sample reported in ppm by
volume

carbon dioxide concentration of flue
gas on a dry percent by volume basis

oxygen concentration of flue gas on a
dry percent by volume basis

Q-15



MC moisture content of flue gas on a percent

by volume basis

CO-PPM-DRY = carbon monoxide concentration in ppm by
: " volume on a dry basis

CO-PPM-WET = carbon monoxide concentration in ppm by
volume on a wet or actual basis

GR/DSCF . = concentration of carbon monoxide in
flue gas on a grains per dry standard
cubic foot basis (68 OF, 29.92 IN.HG.)

concentration of carbon monoxide in
flue gas on a milligrams per dry
standard cubic meter basis (60 OF,
29.92 IN.HG.)

mg/dscm

m = emission or mass rate of carbon
monoxide on a LB/HR basis

"Qs,d = volumetric flow rate of flue gas in dry
' ‘standard cubic feet per minute

E = emission factor of carbon monpxide in
pounds of carbon monoxide emitted per
million BTU heat input (LB/MMBTU)

Fg = F-Factor of respective fuel in dry
standard cubic feet of exhaust gas at
0% oxygen per million BTU of heat input
(DSCF/MMBTU) : _

Q-16



Field Blank-Based MDL Rather Than Analytical MDL

In those cases when the pollutant is not present in the
gas stream, the samples may be less than or almost equal to
the field blank. Under these circumstances the best es-
timate of the minimum detectable mass of analyte in the
sample is not the analytical minimum detectable mass (MDL),
rather the minimum detectable mass of analyte in the sample
is estimated from a statistical analysis of the field blank
and the field samples closely approximating or less than the
mass of the analyte in the field blank. The best estimate
of the true field blank is taken to be the average of the
field blank and those field samples which closely ap-
proximate the field blank. The standard deviation of the
"field blank samples"™ is then calculated. The minimum
detectable mass of analyte in the sample is then reported as
3 times this standard deviation.
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CHAIN OF CUSTODY SHEETS



Interpoll Laboratories
(612)786-6020

Field Sample Chain Of Custody Sheet

Job USSP RED tozw &

Date of Sampling_ S-2/-FY Site LUZTI ESP _TWLET ,
Test / Runs l',2',3 Team Leader Tk F. SUCESH v Bom Aos
Type of Sample Train: /’M -S

Sample Collection/Recovery

Person per@mingéé(pl recovery: '
Signature ,4. /%M Title F 7 ENGINER
Location aé/whichkr_eeo/very was done___ OM <.ite_

Special transport/storage requirements?

No. of Assigned

Sample Description “Ttems Log Number
l. T RO Glass Flher Fllier sk { 5978 - o/
2. T‘E ?m'oe. Q“ﬁ'&. E,WL } - 02
3. T.7?%a t et eocfele Bluwls 1 ~ D3
4. T R Gluss Fiver Fbr ¥ 79 ) oS
5. TP, Rebe Clesh : =03
6. T 2Ry ggg‘4’ cete b { — o6
7' Y -E; GtaSS F, 'bQ" £, ‘HQLM_ ! -10-1
8. T _Rs Robe . -03
9. T R - ) ot codkh ] -9
10, ¢ e Sksstipe Flhe # cosd ( -/0
11° T E_‘: ?/bbc. LJasA ' -
12, 0 _Cq Lete vt \ =12
ii- T, Ri=s 2 vt OrsaT 3 ‘/3/- /‘V’ /75
15.
16.
17.
18.

Sample Transport
Method of transport TUEQE TR Ucle
Recipient of samples uporr;e_c,overy (if not recovery person):
Signature - Title
Date of receipt Time of receipt HRS

S-0157RR-1

R-1



Sample Check-In at Interpoll Labs

Laboratory person receiying samples:
SignatureMM Title_{4ndngs %ég é
Date of réceipt VY 9-92-8% Time of receipt /030D HRS

Sample storage location__ sy/k . Loptfiqa

Special storage conditions? -

Analysis

Sample Date of Method of Initials
Log No. " Analysis Analysis of Analyst
1. 59728 -0/ 2%5-32 _rPR___ -5 g,
2. -7 %
3. - 0_3 %
4, —~ O '
5. y-ys p
6. -04
7. -57
8. -0%
9, -0%
10. -/
11. ~// T
12. . -/ 2 —
13. -~/3 32y- %2 AR m-3
14, ~/% / "
15, ~/ < 7 ’¢
16. ‘ '
17,
18.

Signature of each analyst:

ln}:ials Sigzature :2:,222 /L»

S-0157RR-2

R-2



Interpoll Laboratories
(612)786-6020

Field Sample Chain Of Custody Sheet

Job NP RED LS NG .
Date of Sampling 3-24-g¢ Site anrT ol
Test S2 Run l',’A-','B Team Leader T RUREEH + ?.T’-,‘Mw

Type of Sample Train: | . . /an’/ Qa_g

Sample Collection/Recovery.

Person performing s ecovery: |
Signature % i Title Z7 FAGZNEER,

Location a overy was done ON SZTE
Special transport/storage requirements?

No. of Assigned

Sample Description Items Log Number

. TaRo - et et Rh L ( 5925 - 2%

- Ta® (et Coted [ M4  pMadit ¢ _ 29

. _TaPa pWef eatel o (A pbdl ¢ =30

T, R Wt Mc(— lm M) Lo 0T { -3/
To R, aq T OesaT N - 32,33 3y

T Ty ’
WMN = OWOONOYOLD WN
L ] - [ ] [ ] [ ]

Sample Transport
Method of transport
Recipient of samples upon recovery (if not recovery person):
Signature Title |
Date of receipt Time of receipt HRS

S-0157RR-1

R-3



Sample Check-In at Interpoll Labs

Laboratory person recefy; amples:
Signature / Titleﬁﬁgﬂ%p,{
Date of Yeceipt '3-272 €% Time of receipt o= HRS

Sample storage location_¢1)p/k s Copler

Special storage conditions?

Analysis

Sample Date of Method of Initials
Log No. Analysis Analysis of Analyst

1. _5978- 25 H-1-€% ¢S 00-3co |

2. - 27

3. -34

4, -3/

5. - 22 2-29-%% PR - m-3

6. - 33 ]

7. -3y . {

8.

9. .

10.

11,

12.

13.

14,

15.

16.

17.

18.

Signature of each analyst:

Initials Signature

S-0157RR-2

R-4



Interpoll Laboratories
(612)786-6020

Field Sample Chain Of Custody Sheet

Job ASP D wZrs™
Date of Sampling 3-22-35 Site W I7 RESP IMLET™
Test_ 3 Run__/,2 3 Team Leader__ JadocBuresd v £3u Bucaz/é./

Type of Sample Train: Y )5

Person p form;rj#/ ple recovery:
Signatur% -ﬁma( Title_F7_ ENGIUFER

wh(i-eh/recovery was done O s,

Sample Collection/Recovery

Location
Special transport/storage requirements?
No. of Assigned
Sample Description Items Log Number
1. _—‘3 Lo G/n.ss Febor /“-’/144-# O / 5915~ 25
2. 73 Po Ja sd : / - 36
3- 73 ?o Tom Oinye s f’ﬂt.. / -~ 37
4. 7;20 .Zvo\q’pi‘i—yerj 3 / -\35
5. T3 R Glass Foer F'lb, # 00! / -3¢
6- TS E‘ Phb& ‘dﬁv‘— / - T
7- TJ r< i‘.‘—ﬂ-\—el"ilfj [~ - S =&/
8. T, &, ‘2”’/-‘-]",’ 73 / - & Z
9. T3 ®s GuessYFiperflnE  QBER - - 3
10. Ty akipnbc s b i A4
11, Tz La J-v:ai'n.ftr-r [~ / - 445
12. B2, :zm.',,“,%.,,ug ! - b
13. T3 Py Glesy ;.'écé £ g # 0037 o - Y2
14, T3 s Poke e / - ¥4
15, T4 Bn  Tupingere /v - -/ 7
16. T1 83 Tar glumer ZP / ~-50
17 7 Rian "DPOT O0RsaAT 3 - 575253
18. )
Sample Transport
Method of transport o)L TR
Recipient of samples upon recovery (if not recovery person):
Signature Title
Date of receipt Time of receipt HRS
S-0157RR-1

R-5



Sample Check-In at Interpoll
Laboratory person receiving samples:
Slgnature ,,,‘,Uy/,/f Title_@_@é@l{

Date of recelpt ./ 227 B Time of receipt 2030 HRS
Sample storage location_ <., ¢ 54, ///44474 /Mﬂ/

Special storage conditions?

Analysis
Sample Date of Method of Initials
Log No. Analysis Analysis of Analyst
\. 59728~ 35 H-12-89 ARl6r ELPR- M~ INE ﬁMM
2. 3¢ He /D57 'y ; [
3. 32 _Hos# ! - | !
4, 3% HG-94  AB/Gv [ {
5. 39 - 25 pAplLE | /
6. ~/o / ~ | f
7. P - : | f
8. ¥2 -l -5 ARGV / |
9. 73 A-jR-2Y AR5/ / f
10. gy [ /i [
11, o J A i {
12. Lo -5 ARV | |
13. &/ 7 Ho12-88 _ARLLLS / [
14. V5 7 3 | i
15. Ye L / /
16. So 2~6-58  RRL Y — —
17. S/ B IDELS -3 7.
18. &9 ' %/
783 7 ’ 2

Signature of each analyst:

Initials Sigpature %M
=#70N, = Ltk 7] T

S-0157R-2



Test*3

Interpoll Laboratories

(612)786-6020
Field Sample Chain Of Cust

ody Sheet

Job /USP/ ] b Jeos

Date of Sampling_3-22- S& site

Gzt 0O STt

_?M/ ;)a Sz 447lééfé

Test_ 2.3 Run_ /-7 Team Leader

Type of Sample Train:

Yo 3

(Eﬁ7f7knlf\>

Sample Co]lection/Recovery

Person pgrfo ;3m recovery:
‘2;22&@5222& Ti

tle frs z/a/ 7 éfaq:zc@SC

Signatur
Location at wh1ch recovery was done fS/%QfafT
Special transport/storage requirements? —
No. of Assigned
Sample Description v Items Log Number
1. %ou® O /%0 Rt / 597 8- 59
2. ¥ O =75 i/ / - 55
3. XaP O oo a™/d 7 Cadih / - 56
4. upw+o oS 384 Blavk i - 57
5. xaw+/ z/7's / - 85
6. kwv®] J=2 / Y- ¥4
1. Ruxr B  Tom #/LD cateh / Y
8. BuoB/ éwﬁ 2 EDIL cutr) [ =&
9. yw*X 7% p / -4z
10. Fo®2 Pl / -£3
11, Ra® P2 P /7 / -l
T i o ey £
13, Rge3 S UA)) / - &L
14, et 3 O / =
15, Pan®3 — Tompmesr 2772 Ca2ih / -9
16, [Jun®3 :fmﬂ.%wz ER¢H (‘#f/; / ~ 61
17. T2 7—, i LT SSe AT Sle e M /.y / -33
18. ~/ ays ”’/,\' S ey, / -~ 24
_ 7
J”nr‘;lfv" T H )2 {52 4/f 773’z Y
Trapza JL< F39Y foa K

Sample Transport
Method of transport

Covpiey Touk 7

Recipient of samples upon recovery (if/ﬁot recovery person):

Signature

Title

Date of receipt

Time of receipt HRS

S-0157RR-1
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Sample Check-In at Interpoll Labs

Laboratory person receiving samples:

Signature
Date of receipt

=2-25-%%

WL(J Title
) HRS

Special storage conditions?

Time of receipt

Sample storage location_, 1ok . c,gglér

Analysis
Sample Date of Method of Initials
Log No. Analysis Analysis of Analyst
l. 893% -zl 2/ f2-58  AR/LF £LPR_ M- 9mzs _LrIal)
2. -55 / iz i Oyl
3. -54 /%% “ L/
4, -5 -6~ Arjcv 9 n/
5. -5 AH-J2-5 AR/EF PN
6. e ) ” Ehaj
7. ~60 Z 2mng
8. ~él 4- AAR/Cy L1900
e 62 1299 AAIGF 77
10. £ / “ /770]
11, ~64 \J “ W2z
%?32 ~65 Y-/ AAR/C v szon/
. “bb H-1R-§¢ AALCE 20N
14, ~67 / ~ L)
15, = -3 \lr “ _Lrgn/
16, - 69 //—é 55 ARV — e/
17. ol 20¢ anelijasecs
18. - 34 Y P
Signature of each analyst:
Initials Signatup ﬂg/
_rnd %ﬁf % . WIM
174
S-0157RR-2



Interpoll Laboratories
(612)786-6020

Field Sample Chain Of Custody Sheet

Job MNs?P RPEDWING
Date of Sampling 3 -2 -F Site €5P Asw Cawn e oo
Test 33 Run 12> Team Leader

Type of Sample Train: /]é/‘?

Sample Collection/Recovery L:.j"
Person performmg sample recovery: P cow €
— )
Signature ’I)ob (“Ua'K o/ Title " lest Qcar&(wﬂ'c(‘
Location at which recovery was done s Gsw Q\.,r\ueu/cv"
Special transport/storage requirements? “Teflow 1o i«»o"-
No. of Assigned
Sample Description Items Log Number
1. TSP RSt CoNvVeypR 1A - | &978 -27
2. 1] [ ' '3 ' iﬁ
3_ Y] ©“ | C t - ?f
4, " A { -20
5. “ Can { -6/
6. B 3 4 { -%2
7. " 2R { -53
8. _&ﬁ;nggmuh W ~20 6
9. ” ’ [ - 20?
10. /¢ ‘4 ‘ -RO08
11,
12.
13.
14,
15.
16.
17.
18.
Sample Transport o
Method of transport o VEC _
Rec1p1en};-of sa p]es/bjon recovery (if not recovery person): P
Signature. ~:¢/ /"-»\ Title I Tl" /4 /J—/U N
Date of /r@cve'ipt AN ~§2f<§ Time of receipt_ |50 | HRS

S-0157RR-1

R-9



Sample Check-in at Interpoll Labs

Laboratory person receiving.s ples;

Signature - Title /ﬁ M%
Date of rgceipt /2-27-88 Time of receipt__ J,=o HRS

Sample storage location__ /e /£ wm Qzé( 2z

Special storage conditions?

Analysis
Sample Date of Method of Initials
Log No. Analysis Analysis of Analyst

1. 3976793 33655 _ Gmolip Crmamibl v |
2. - 75 { [
3. - 77 ] /

g. 'y ; /I

. -f/ )

6. ~£2 ] ] = -
7. < a3 —_— - = ,
8. - Ro< Hi2-2> = BALGE Flaoms lcy ’
9, - 207 ] I ‘

10. ~R8Z I !

11, '

12,

13,

14,

15,
16.
17.
18,

Signature of each analyst:

s 2

y
—ZnT Z k7 17/1/0//%/‘;/

S-0157RR-2



Blomk

Interpoll Laboratories
(612)786-6020

Field Sample Chain Of Custody Sheet

Job NSP RED WG
Date of Sampling 3-3a-<T< Site ESP TITN-ET
Test 4 Run O " Team Leader “J BURESH ~ R ROSENTHAL.

Type of Sample Train: MM -5

Sample Collection/Recovery

Person performj sale recovery:
Al Nssond Title_~A T ELGIWEER
Location whiovery was done_ TNITERPDLL FTELD LAB TRAILER

Special transport/storage requirements? TEFLOAN TADE

No. of Assigned

Sample Description Items Log Number
. TH4RO _Glass Fller Filter # 0103 179 i <928 -5
- THYRO SOLLERT TIMSE ofH ! -85
. T 4RO KAD a2 REST A 2efd 1 - 26
e TdRO (OndewsaT: TRaP dof 1 27

b bbb b b o pd s
NOOBWNHOWONOUTD WN =
L L]

18.

Sample Transport
Method of transport TVECD TRucK
Recipient of samples upon recovery (if not recovery person):
Signature Title
Date of receipt Time of receipt HRS

S-0157RR-1



Sample Check-In at Interpoll Labs

Laboratory person receiving-samples:

Signature_z‘mnﬂy_zmm_z Title_Lon (Doiss é/n £

Date of receipt__ 3.2:- 8% Time of receipt /030 HRS
~ Sample storage location_ 7,34tk ran  Cnrdsa,

Special storage conditions?

Analysis
Sample Date of Method of Initials
Log No. Analysis Analysis of Analyst

1. 45932 -8y

2. l -85

3. [ -8l

4. ! ‘ﬁ?

5. -

6.

7.

8'.'

9.

10.

11.

12.

13.

14,

15,

16.

17.

18.

S.ignature of each analyst:

Initials Signature

S-0157RR-2



Interpoll Laboratories
(612)786-6020

Sample Custody Transfer Form

JObJUéP//eec{ Mm Date_3-29-8%
Inter]aboratory transfer-

Person in custody of samples Init gg_
Person to receive custody Init, —

Out of laboratory transfer: ' /
Date shipped 3-25-85 Date received 3/3() &%)

Method of shipment £ [%4“ 2.0 Carrier_ A4,

Person releasing sampl es_%‘%:éﬁw Init.
Person receiving custody Y gQ A Init.

VA | il TS,
V
Sample Log Initials of Person Initials of Person
Number in Custody of Samples Receiving Samples

5228- 34 j%?’q ' sfé{)P

.7 =) Z

W

A

O 00O U W NI
[
fod
N

Storage Instructions:

Instructions for Receiving Laboratory:

1. Fill out form and return to Interpoll Laboratories.

2. Initiate your laboratory chain-of-custody. When analysis is
complete, mail copy of your chain-of-custody documents with
analytical results.

3. Store samples for four (4) months.

S-365

R-13



Interpoll Laboratories
(612)786-6020

Field Sample Chain Of Custody Sheet

Job WNSP PED WG

Date of Sampling 3-23-2% Site UNTIT & ESP TOLET
Test 4 Run t Team Leader T BURESH ~ R. Rosewtwac
Type of Sample Train: MM-5

Sample Collection/Recovery
Person performing sa% recovery:
2

Signature Title F7 EMGINEER
Location aé/whichLPeévery was done_ T MTER PoLL FIELD LAB TRAILER.
Special transport/storage requirements? TEFLON TAPE
No. of Assigned

Sample Description Items Log Number
. _BJ Gluss Flbar Filter & 01O jofd | S1729 =—%9
. Ty By Solvent Riuge SefY = "ﬁ_
. _TyBp ¥aD-3 RELTV o€ \ -4
. TH ?‘ €c uc’.ehswrg Trep Ho &Y [ -9/

b e b pd pd ek el b e
ONOOPBRBWNHOWOUORNOUIH WN
L] L]

Sample Transport
Method of transport T (JECOd TRuUci
Revcipient of samples upon recovery (if not recovery person):
Signature Title
Date of receipt Time of receipt HRS

S-0157RR-1

R-14



Sample Check-in at Interpoll Labs

Laboratory person receivi ples:
Signatur%@m Tiﬂe_am&-f—_/;e/é

Date of receipt ¥ 2 o¢ - 88 Time of receipt o330 HRS
Sample storage location__ .1y 4/4 on @Q/

Special storage conditions?

Analysis

Sample Date of Method of Initials
Log No. Analysis Analysis of Analyst

L2727 =39
- 3¢
.t £ )
‘f’

WONRA TS WA -
*

Signature of each analyst:

Initials Signatufe

S-0157RR-2



Tw et 657

Interpoll Laboratories
(612)786-6020

Sample Custody Transfer Form

JobJsp/,@-,/[z/ww Date__3-23-5%
Inter]aboratory transfer:

Person in custody of samples In1t
Person to receive custody In1t
Out of laboratory transfer:

Date shipped 2-29-8% Date received ,/_JQ/P(C‘)
Method of shipment é é;gi load/ Carrier 4, ~

Person releasing samples_j%mW Init.
Person receiving custody e,,o Init.

L3\l AN .

Sample Log Initials of Person Initials of Person
Number in Custody of Samples Receiving Samples
s A .
. - 89 ¢ 4
; = == i
. - G
6.
7.
8.
9.
10.
11,
12,
13.
14,
15.
16.
17.
18.

Storage Instructions:

Instructions for Receiving Laboratory:

1. Fill out form and return to Interpoll Laboratories.

2. Initiate your laboratory chain-of-custody. When analysis is
complete, mail copy of your chain-of-custody documents with
analytical results.

3. Store samples for four (4) months.

S-365



Interpoll Laboratories
(612)786-6020

Field Sample Chain Of Custody Sheet

b A)SP LCED IOE
Date of Sampling_ S -2 <, a5 ¥FSite (lnd 2 ESP Tolet
Test < Run <2, Team Leader Lontosentdel and Tid. Bwes(,

Type of Sample Train: PHN7Y -5~

Sample Collection/Recovery,

Person p mipg recovery:

S1gnaturw4/f Title. F1 £/ GZNEER
Locatw:( wh1c overy was done _Lwior'LH Freld Leb  Trwiler
Spec1a1 transport/storage requirements? Te-flow Ta le oo Seaf

No. of Assigned
Sample Description Items Log Number
1. TuRs Glasy Fiher Eilters 42 2105, 0107 .g £225- 12
2. T.T Soloeet Ringe - : ~§3
3. TR, XaPed RPes v ' - 74
4. T s Cbu.oth}T; \rﬁﬁ { - %5
g: T 22— ﬁ,’_’mg{«j«,f C aTC v { 4
7.
8.
9.
10.
11.
12,
13,
14,
15.
16.
17.
18.
Sample Transport
Method of transport TUECco VR Wce ik
Recipient of samples upon recovery (if not recovery person):
Signature Title
Date of receipt Time of receipt HRS

S-0157RR-1



Sample Check-In at Interpoll Labs

Laboratory person recejvipng samples:

S gnaturelmﬁl&lm&L. Tit‘e_ém_&uz?al
Date of receipt 3-23F-%2 Time of receipt /242 HRS

Sample storage location Walk C:nakr'

Special storage conditions?

Analysis
Sample Date of Method of Initials
Log No. Analysis Analysis of Analyst
l. _g938- 92
2. -~ 43
3. - ¢
4, -9s
50 "qh
6.
7.
. 80
9.
10.
11.
12.
13.
14,
15.
16.
17.
18,

Signature of each analyst:

Initials Signature

S-0157RR-2
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Fan 2

£5P

Interpoll Laboratories
(612)786-6020

Sample Custody Transfer Form

Job_A)s P/(ca/w//nfj Date_ =-29-2%
Inter]aboratory transfer-
Person in custody of samples Init. ;;:Z
Person to receive custody Init.”

Out of laboratory transfer: ‘
Date shipped 32-29-3% Date received _5/30/,0»
[]
Method of shipment A4~ Carrier £ £
Person releasing samples _ 54L2;Z; Init.
Person receiving custody pbﬂﬁ i)',z- Init. ’
VA LY T
U 1]
Sample lLog Initials of Person Initials of Person
Number in Custody of Samples Receiving Samples
. _5728-92 P
. -93 » Y
. -9y WP
. 94 i
. - 9% — b

[ S I e W .
ONOANPDPWNHHOWOOSNOI L WN -
L]

Storage Instructions:

Instructions for Receiving Laboratory:

1. Fill out form and return to Interpoll Laboratories.

2. Initiate your laboratory chain-of-custody. When analysis is
complete, mail copy of your chain-of-custody documents with
analytical results.

3. Store samples for four (4) months.

S-365



Interpoll Laboratories
(612)786-6020

Field Sample Chain Of Custody Sheet

Job____ RSP FED LTS
Date of Sampling_<3 -5 —-FK Site_ UNET @ EBESP PNLETS
Test ¢ Run 3 Team Leader F.00 SENTHM ~ SRURES [

Type of Sample Train:

Sample Collection/Recov r{y

Person p@yﬁ g ﬁracovery: |
—_——r -

Signature éi . M Title ~/ E/V@C/VEER

Locationé:/nhiWery was done _LNTERPILL FTELD LAR VRAILER

Special transport/storage requirements? ~7 CPLON | APE SCAL.

No. of Assigned
__Sample Description Items Log Number
V. TqRx Glass Fider F'/hr # 0104 J 5978 —9%
2. Ty  SOUPEUT PZMNSE a -9
3. TRz XAD-9 RESZIKI =~ \ -99
g. TYRr _ LopDBMSA7r  FT \ - /00
6.
7.
8.
9.
10.
11.
12.
13.
14,
15.
16.
17.
18,

Sample Transport
Method of transport Z:.?:[/EC/O
Recipient of samples upon recovery (if not recovery person):
Signature Title
Date of receipt Time of receipt HRS

S-0157RR-1
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Sample Check-In at Interpoll Labs

Laboratory person recej amples:
Signature itle
Date of receipt Va-23 8% Time of receipt_s230 HRS

Sample storage location__ ;)4 “g m Cmgg ,

Special storage conditions?

Analysis

Sample Date of Method of Initials
Log No. Analysis Analysis of Analyst

kY Bk
=i%
b ]
=/

WOONOTO D WN) =
°

Signature of each analyst:

Initials Signature

S-0157RR-2

R-21



Zst?

5P
;iVJkgb

Interpoll Laboratories
(612)786-6020

Sample Custody Transfer Form

Job mse/ﬂ-:/d/mo? ~ Date_z-29 -2«

Interlaboratory transfer:
Person in custody of samples Init.;;Z;
Init.

Person to receive custody

Out of laboratory transfer: //
Date shipped 3-29-55 . Date received > 30/{)‘}')
Method of shipment 4/~ Carrier £
Person releasing samp]es% Init.
Person receiving custody (F”( AT Init.
7N KA e g
. ) '
Sample Log Initials of Person Initials of Person
Number in Custody of Samples Receiving Samples
1. $776= 77 A Jé‘{@]/
0 - '9 ’ fa)
3. - 72 , ﬁ# \yb
g. —/22d "Tfff;/ ‘%?
6.
7.
8-
9.
10.
11.
12,
13.
14,
15.
16.
17.
18.

Storage Instructions:

Instructions for Receiving Laboratory:

1. Fil1l out form and return to Interpoll Laboratories.

2. Initiate your laboratory chain-of-custody. When analysis is
complete, mail copy of your chain-of-custody documents with
analytical results.

3. Store samples for four (4) months.

S-365
R-22



Interpoll Laboratories
(612)786-6020

Field Sample Chain Of Custody Sheet

Job NSP RED WI NG

Date of Sampling__ 3-a25-€8  Site (WIT @ ESPOUTLET (STACK)
Test v Run. O Team Leader J RURESH ~ R.ROSENTHAL
Type of Sample Train: MM-&5

Sample Collection/Recovery

Person p@/rm% le recovery:
Signatur /a Title_ F7 EMNGINEEIR

Locatiozt/j'é ecovery was done __PUTERPOLL. FIELD LAR TRAILER
r

Special“transport/storage requirements? TEFLON TAPR
No. of Assigned
Sample Description Items Log Number
1. TuRo GlessFibes Tilter a'_cl tof 4 | E2?¥ —=s0%
2. Te B Sclucat Rinsze - ety { -r05
3- Ty Ro Xﬂbj Rotia et | - /06
4, Ty R Condensare Trap “eofd 1 - 107
5. ) N
6.
7.
8.
9.
10.
11,
12.
13.
14,
15.
16.
17.
18.
Sample Transport
Method of transport_ T VE(® TRucK
Recipient of samples upon recovery (if not recovery person):
Signature Title _
Date of receipt Time of receipt HRS

S-0157RR-1

R-23



Sample Check-In at Interpoll Labs

Laboratory person receivin p'les-
- Date of recCeipt 2- ' 23} - €% Time of receipt /030

HRS
Sample storage location 4 uwalk o Cootu
Special storage conditions?
Analysis
Sample Date of Method of Initials
Log No. Analysis Analysis of Analyst

1. _&8278- j0v

2. (25

3. yz-Y:

4, /7037

5.

6.

7.

8.

9.

10.

11.

12,

13.

14,

15,

16.

17.

18.

Signature of each analyst:
Initials Stgnature
S-0157RR-2

R-24



Interpoll Laboratories
(612)786-6020

Sample Custody Transfer Form

Job /Ué/’//fa/(ﬂma Date_g-24-35

Interlaboratory transfer:
Person in custody of samples Inlt
Person to receive custody In1t

Out of laboratory transfer:

Date shipped 3-29-3% Date received 5/30/36

Method of shipment A4/, Carrier /2 £

Person releasing samples % / Init.

Person receiving custody \ i)/ 1i+77 Init.

) v h v
Sample Log Initials of Person Initials of Person
Number in Custody of Samples Receiving Samples

— Ly 1. 5778 - 04 Z 1P
/&5 ‘/ 2. - 705 2 o .

3. - /06 7#4/'
Kun O ; 4, -70 7 “Up
;;‘/C/ﬂ/amﬁ 5. = o)
stack ;'

8.

9.

10.

11.

12,

13.

14,

15,

16.

17.

18.

Storage Instructions:

Instructions for Receiving Laboratory:

1. Fill out form and return to Interpoll Laboratories.

2. Initiate your laboratory chain-of-custody. When analysis is
complete, mail copy of your chain-of-custody documents with
analytical results.

3. Store samples for four (4) months.

S-365

R-25



Interpoll Laboratories
(612)786-6020

Field Sample Chain Of Custody Sheet

Job PSP RED W TG _
Date of Sampling 3-23-¢¢ Site_ (/WIT R -FSP OUTLET (s7sk)

Test__“ Run  / Team Leader JBuecss « RROSENTHAL
Type of Sample Train: M M-S

Sample Collection/Recovery
Person performing sample recovery:
Signature

Title_ F7Z FWGTROEER
recovery was done_ TA/TCRROL FIELD +AB_ TRATLER

Special™*transport/storage requirements? TEFLOL TAPE
No. of Assigned
Sample Description Items Log Number

1. TYyR, Gless Bber Fillem 40102  iofy ! S92 — ioz
2. TyB,_ Soluewt Rluse 3oy [ = /0%
3. T, B XAD-Q Resin - 3 o€t / -740
g’- Tq Z, Condtnassve Trapm o of / -r7/
6.

7.

8.

9.

10.

11.

12.

13,

14,

15.

16.

17.

18.

~ Sample Transport

Method of transport
Recipient of samples upon recovery (if not recovery person):
Signature Title
Date of receipt Time of receipt HRS

'S-0157RR-1

R-26



Sample Check-In at Interpoll Labs

Laboratory person receiving samples:
Date of receipt Y3/27/5% Time of receipt /030 MRS

Sample storage location /) n/f L» CLoeler
Special storage conditions?

Analysis

Sample Date of Method of Initials
Log No. Analysis Analysis of Analyst

- B8 — 405
. =L27
~ /70
-/ 77

b
O WM N UL WAR e
L]

Signature of each analyst:

Initials Signature

———————
———————
——————————

S-0157RR-2
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c o Interpoll Laboratories
(612)786-6020

Sample Custody Transfer Form
Job 4!554_@45_/@, Y Date_43-.29-s%

Interlaboratory transfer°
Person in custody of samples Init. ;%é;;;
Init. _

Person to receive custody

Out of laboratory transfer: _
Date shipped 2-29-58 . Date received 3/30/%
/ Il .

Method of shipment 4.~

Person releasing samples , i g
Person receiving custody a%hJ) v )1y Init. Yp>
WA Lt o

A AAaT
. S RV,
Sample Log Initials of Person - Initials of Person
Number in Custody of Samples Receiving Samples
_ 1. 5778-/05 ﬂ. Yp
/esé;’ g 109 / < wp
. -//0 _

ZM}( 4, -1/ , £

- L 5. ~
S$tA e
' 7.
8.
9.
10.
11.
12,
13.
14,
15.
16.
17.
18.

Storage Instructions:

Instructions for Receiving Laboratory:

1. Fi1l1 out form and return to Interpoll Laboratories.

2. Initiate your laboratory chain-of-custody. When analysis is
complete, mail copy of your chain-of-custody documents with
analytical results.

3. Store samples for four (4) months.

S-365
R-28



Interpoll Laboratories
(612)786-6020

Field Sample Chain Of Custody Sheet

Job_ MSP RED «=zr&
Date of Sampling__ 3-2%,25-8¢ Site_ L/ MZT R Jull<? stk
Test___ </ Run___ Team Leader_Ron Fogewtal w Tol Duresh

¥

Type of Sample Train: M M-S

Sample Collection/Recovery

Person per rmmg /j?ecovery
S1gnature cﬁj Title Frfﬂffﬂ/ffle

——

Locatwny/whmh very was done _J-m’er-w// Ficdd 2ed Treile

Special transport/storage requirements? Ie_‘F\ovx [ape Sel
No. of Assigned
Sample Description Items Log Number
1. FuRa Glegs £/ber Filler #ﬂ/%-_ / 543%- 13
2. Ty B2 Soluek Biuge / : “3i%
3. T R. XAD-2 RELTA / - 119
4, Tuera Condewsate Tear 14 - 120
2.' Ty Lo TMPTLIgeR AT r - j21
7.
8.
9.
10..
11.
12.
13.
14,
15.
16.
17.
18.
Sample Transport
-_
Method of transport ALY ELO TR wlkk
Recipient of samples upon recoveﬁry (if not recovery person):
Signature Title
Date of receipt Time of receipt HRS

S-0157RR-1

R-29



Sample Check-In at Interpoll Labs

Laboratory person receiving samples:

Signature itle
Date of receipt 3-2%-38 Time of receipt 02D HRS
Sample storage location Ldalk em m

Special storage conditions?

Analysis

Sample Date of Method of Initials
Log No. Ana'l_ysis Analysis of Analyst

- 591 % =//3
/{5
~//9
. /20

1

2

3

4

5. -y

e 2/ .
7

8

Signature of each analyst:

Initials Signature

S-0157RR-2

R-30



Test ¢
foun 2

J-ﬁpcﬁ(

Interpoll Laboratories
(612)786-6020 RS

Sample Custody Transfer Form e v

Job d&i;éﬁd _4_/‘%47 Date =-29-8%

Person to receive custody Init.

Interlaboratory transfer:
Person in custody of samples Init. Eé;;g

Out of laboratory transfer: ;
Date shipped 3-29-8> Date received 3/3()/?,?,
{ -~

Method of shipment A/ Carrier g,/ ézeacge
Person releasing samples Im‘t.ﬁ

Person receiving custody (ﬁap .Aﬁkﬂ?‘ Init.

N L
Sample Log Ikitia]s 6f Person Initials of Person
Number in Custody of Samples Receiving Samples
. 1275 <47 % ¥p
2. “//B Hy
3. 77 Up
4, ~/2d P
5. -/2/ =/ ' Y
6. — )
7.
8.
9.
10,
‘11,
12,
13.
14,
15.
16.
17.
18.

Storage Instructions:

Instructions for Receiving Laboratory:

1. Fill out form and return to Interpoll Laboratories.

2. Initiate your laboratory chain-of-custody. When analysis is
complete, mail copy of your chain-of-custody documents with
analytical results.

3. Store samples for four (4) months.

S-365
R-31



Interpoll Laboratories
(612)786-6020

Field Sample Chain Of Custody Sheet

Job____MsP KED WTHNG
Date of Sampling__3-95-88  Site_ (NZT S QUTLET _
Test -4 Run S Team Leader ??o<ew‘lf,~aﬂ. ‘*’mﬁélsh‘-

—

—
Type of Sample Train: VI M-S
Sample Collection/Recovery
Person p@gﬂl;é recovery
Signature Title /= / EN G EL—/?
Location &t wh1c ery was done LA7ERPILL FIFL) LAS //GQTLL.R
Special t nsport/storage requirements?
No. of Assigned
Sample Description Items Log Number
1. 7«;/?3 Glass F:'écr?’//i‘ezr&mo‘f 1 §93% 122
2. TyR> Solventuse ! -12>
3. T«Rx XAD-2 RESTS ‘ - 124
g- TuR = Coa ol¢4 INTE TRAP 1 e ]
6.
7.
8'
9.
10.
11.
12,
13.
14.
15.
16.
17.
18.
Sample Transport
Method of transport L UECD
Recipient of samples upon recovery (if not recovery person):
Signature ' Title
Date of receipt Time of receipt HRS

S-0157RR-1

R-32



Sample Check-In at Interpoll Labs

Laboratory person receiving samples:

i Tiﬂelm.dx_m%ué
Date of feceipt Time of receipt/039 HRS

Sample storage location ULLEk 20 Cooler
Special storage conditions?

Analysis
Sample Date of Method of Initials
Log No. Analysis Analysis of Analyst
l. _5928-,22
2. /23
3. -/2
4, ~)25
5.
6.
7.
8.
9.
10.
11,
12.
13.
14,
15,
16.
17.
18.

Signature of each analyst:

Initials Signature

S-0157RR-2

R-33



Interpoll Laboratories
(612)786-6020

Sample Custody Transfer Form

Job dggpg&:ﬁ/a/mj Date 3-2v- 3%

Interlaboratory transfer:
Person in custody of samples Init.{EEZ;ZL_

Person to receive custody Init.

Out of laboratory transfer: : /ﬂ
Date shipped 3-29-85 Date received 3/3(,‘/ bb
Method of shipment ,Az;,* Carrier '
Person releasing samples Init.
Person receiving custody ‘j@él fT*‘\ Init.
//ri L ok .
Sample Log Imitials of Person Initials of Person
Number in Custody of Samples Receiving Samples
1. 8928 ~/22 - : : P
2. /23
FestY 2. 72 Y = .QJD
. . ~/2 ' (e
Kun3 5 - = Lt
by (:Acl’ ;:
8.
9.
10.
11.
12.
13.
14,
15.
16.
17.
18.

Storage Instructions:

Instructions for Receiving Laboratory:

1. Fill out form and return to Interpoll Laboratories.

2. Initiate your laboratory chain-of-custody. When analysis is
complete, mail copy of your chain-of-custody documents with
analytical results.

3. Store samples for four (4) months.

S-365
R-34



Blomke

Interpoll Laboratories
(612)786-6020

Field Sample Chain Of Custody Sheet

Job NP RED wZrS

Date of Sampling__ 3-2b~8&  Site UNFPT & 5TaK

Test el Run [ Team Leader I RURESH v?..Rosed\'L-g*
Type of Sample Train: NP ACCOR C cevd'ml\'

Sample Collection/Recovery
Person pe rming ample recovery: Yo
Signature r[g v f 0‘4/4’/ T1t1e
Location a hich recovery was done ON 3TTE ~
Special transport/storage requirements? KEEP UWRRTERAT Josdiow

No. of Assigned
Sample Description Items Log Number
1. _ Coileckion Fortl_____0 - : / 5928 -3¢
2. o -2 / /30
3. o -3 g - 13/
4, o -7 : -/32
5. o-5 i -/ 33
6. n-6 . ~/3
;. O -3 / ~-/35
9. \/ \——’ — A\_/\\/ /-\‘ AN =2
10.732) ¥R® vw?- ﬁc‘e(t u*-'ﬁsH / -/3¢&
11. /r/eo?eos.z, LS &S+ ’ - /332
%g. TeRD  Slass Flpen £, Idtq ‘ -/38
14,
15.
16.
17.
18.
Sample Transport
Method of transport N/ V)]
Recipient of samples upon recovery (if not recovery person):
Signature Title
Date of receipt Time of receipt HRS

S-0157RR-1

R-35



Sample Check-In at Interpoll Labs

Laboratory person recejvin mples:
Signature Title /ﬂW
Date of receipt 3-272- 27 Time qf receipt //d.:r& HRS

Sample storage location A ki
Special storage conditions? '

Analysis
Sample Date of Method of Initials
Log No. Analysis Analysis of Analyst

l.59 28 —i129 -34-9p m-i10 ZPA - a-—w“:gi;
20 - 130
3. ~ §
4, =132
5- -133 Z
6. — "lg
7. =135
g. . “13é -

O _J - Isq
10. - 1.3% ’
11.
12,
13.
14,
15.
16.
17.
18.

Signature of each analyst: _
Inftials Signaturegi QZ Z ,
S-0157RR-2

R-36



Interpoll Laboratories
(612)786-6020

Field Sample Chain Of Custody Sheet

Job P RED ez
Date of Sampling =2-2e6-¥ & Site__ [N IT B SiACk
Test S Run { Team Leader___ T3 REsm ¥ 2 /?0-'.:-4-7%./

Type of Sample Train: LT PIPAC 7R

Sample Collection/Recovery
Person perforging sample recovery:
Signaturegﬁl,féa%/*w Title
Location {/t which recovery was done
Special transport/storage requirements? KEERUPRZGKT 0% i+ow

No. of Assigned
Sample Description Items Log Number v
1. _ ¢olliebun Fojl 1= : ‘ 5978 -/37
2. 1-2 ! —/¥0
3. . ‘ I‘_3 ’ ‘/ ‘//
g. L4 d /42
-1 . /-5 / - /¢3
lest 5 6. 1< 7 - /<47
RM\ ' 7. /- ? ! 'ﬁj
. 80 ] il - i SN =
9, = S — —— ; -
10. _TT5R PRE TumPpcTof (JIASH / =/ YL
11. T, PRORBRE uiRSH / -/97
%g. TR, GClass Fibm Filtkr # 0069 ! =198
14,
15.
16.
17.
18.
Sample Transport
Method of transport TUECO
Recipient of samples upon recovery (if not recovery person):
Signature Title
Date of receipt Time of receipt HRS

S-0157RR-1

R-37



Sample Check-In at Interpoll Labs

Laboratory p
Signature a4 447/ Title_ /4 W
Date of receipt / z-27-s53 Time of receipt Loso HRS
Sample storage location
Special storage conditions? :
Analysis
Sample Date of Method of Initials
Log No. Analysis Analysis of Analyst
Jowe 37

1. 5928 —139 3 -3:-35 -4 £LR -450/a - B& 00/

2. - /90

4, —f 42 =

5. - 193 r

6. -r 4% é

7. -/ 495 5%;

8. -/&L

9, - 197 i

10. ‘/‘/5— e —— z

11.

12,

13.

14,

15,

16.

- 17.
18.

Signature of each analyst:

C AN Wy 70 A

S-0157RR-2



TestS
Run L

Interpoll Laboratories
(612)786-6020

Field Sample Chain Of Custody Sheet

Job MNSP RED wWenG .
Date of Sampling_Q3-6- ¥¥ Site UNZT 3 $TACK
Test e Run oL Team Leader_JBRURESY ¥ 2@4;-—/&/

Type of Sample Train: :;E;¢%#?czc7ér’

Sample Collection/Recovery

Person performjng sample recovery:
Signature 5% ;;,_Jé A Z;%:Z e Title
Location which recovery was done

Special transport/storage requirements?

No. of Assigned
Sample Description Ttems Log Number
1. Cotts et Joi | 2 -1 ! 59728 “rtyq
2' z2-2 -/50
3. _2-3 / -157
4, 2-4 ! - /52
5. 2-5 ] -/52
6. 2:-6 / -/ 5¥
g. 2-7 ! —/.55
5. T/ - T N e N
10. TS Ra Pre (mpga o Ingl 4 12
11. 74 Bo Probe wasH / ~ /57
i.g. TE R Sluss Frpor FA'fferti ODO(o ( -/5%
14,
15.
16.
17.
18.
Sample Transport
Method of transport TUECO
Recipient of samples upon recovery (if not recovery person):
Signature Title
Date of receipt Time of receipt HRS

R-39

S-0157RR-1



Sample Check-In at Interpoll Labs

yandlZs / Title £4
/4
Date of réceipt /sm-27-85 Time of receipt 2030 HRS

Sample storage location ' / »
Special storage conditions?

Analysis
Sample Date of Method of Initials
Log No. Analysis Analysis of Analyst
dirrns- 83
1, 6928 — /199 3-3/-3% P - 1D oz:ea-‘_lquz-ze vy
2. - /50
3. -/5/
4, ~-/52
5. -/52 &
6. ‘/57
7. —(35
g. -/56 i e
. - /57 ==
10. -/5% - —_—
1. =
12, '
13.
14,
15,
16.
17.
18.

Signature of each analyst:

In;tials Sizn:ture; Zééz Z ::

v

e ——————
———————
—————————————
T —————————
———————————

S-0157RR-2

R-40



Interpoll Laboratories
(612)786-6020

Field Sample Chain Of Custody Sheet

Job___ WP RED wrns

Date of Sampling_3-30- ¥y Site preT S STACK _ U
Test__ & Run 3 Team Leader TBurpesu v R. Roges
Type of Sample Train: 7 v paBr

4

Sample Collection/Recovery
Person performjn sample reco ery: .
Signature gl’ vlﬂ Ay»/’ - Title
Location aé/whlch recovery was done
Special transport/storage requirements?

No. of Assigned

Sample Description Items Log Number
. _cptdre lon Lol 3-/ : / 2 35-/5F
2, __3-2 . ( 277
3. z- 2 _ ¢ -réy
4. =-Y ( —/é2
5. 7~ t -/¢3
6. 3 { 7Y
7. 3-7 ' 765
8.
9.
10. T Pm:mﬂ&dﬁv (S as / —/ 64
11, 753 Probe w ash ‘ N
%§~ T P Gluss Frbea Fittq 4 poy o / - 5
14,
15.
16.
17.
18.

Sample Transport
Method of transport_ . Z/Fed
Recipient of samples upon recovery (if not recovery person):
Signature Title
Date of receipt Time of receipt HRS

S-0157RR-1
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Sample Check-In at Interpoll Labs

Laboratory person recejvin

itle_Lag e st

Signature
Date of réceipt_/z-27-5% Time of receipt_ %oso ___ HRS
Sample storage location Ko Jodoor,

Special storage conditions?

Analysis
Sample Date of Method of Initials
Log No. Analysis Analysis of Analyst
1. 5928 ~/5% =-3(-%D -/ EPAR —450/2 -84 -po/
2- —/6_2
3. —f b/ '
4. =442
5. -/é3
6. —Le¥
7. -/és
8. =/éé
9. =/67 |
12.
13.
14,
15,
16.
17.
18,

Signature of each analyst:

Initials Signature : 5 ;:Z : y

S-0157RR-2

R-42



Interpoll Laboratories
(612)786-6020

Field Sample Chain Of Custody Sheet

Job_ AMS P REDING

Date of Sampling 2 -24-~47 Site___yw’/77 2 £SP ZANSET
Test_ 5  Run_/, 2, 3 Team Leader Dby A iz y

Type of Sample Train:___ Mg 7HoD /7

Sample Collection/Recovery
Pérson perfopming sample recovery:
Signature j“ 73 oot Title L/5LD TES7 SHEIVEER

Location at which recovery was done 282 Lioof sp R D IME
Special transport/storage requirements?

No. of Assigned
Sample Description Items Log Number
- TsRo STawesss stegze Fi2758 #* 22 / -1et R
o Te R, SImuwesss sTese  ZFye7cl /3 / - 14
. 2 STAINLESS STX 2L » 28 / - 1320
o TER3 Spapecss <7ie FRTLRL ¥ 7 / =131
. Is Re PReB: tipsh 7 -13
- Tgl, PReBeE phsy Vd -113
- Tska PrLRs whcH / NEY
. TRz PRAES _phsSH /l o /35
e T Loz THNTLLRATED ORZAT 3 TN EINE,;

et bt b b b et
NOOBRWNHOWONAUIEHWN =

18.

Sample Transport
Method of transport 7Ruce K
Recipient of samples upon recovery (if not recovery person):

Signature Title
Date of receipt Time of receipt HRS

S-0157RR-1
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Sample Check-in at Interpoll Labs

Laboratory person receiyin :
o Lo AT e e
Date of receipt_z VY27 - 2% Time of receipt /03 HRS

Sample storage location ,je ¢ “442 éé@na

Special storage conditions? - g
Analysis
Sample Date of Method of Initials
Log No. Analysis Analysis of Analyst
1. 5578 <~/62 B3RB-82 o4 -3 ?
2. —/£F \ céls
3. =/ 7o '
4, —/* ==
5. /72
6. "/;.3
7. -/ 7Y '
. _@ - “”? £’” M'L .
10, -/ 27 .i /7 ) .
11. ~L22 —_— !
12.
13.
14,
*15,
16.
17.
18.

Signature of each analyst:

aﬂ:ials Sé:nature :2 ;ﬁ Z ,:/

——————
———————
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Interpoll Laboratories
(612)786—6020

Project: NSP/Red Wing Compliance Test
March 1988

Laboratory Log Number 5978

QUALITY ASSSURANCENGUAL ITY CONTROL, REPORT

A statement documenting the Quality Assurance activities associated with
this report, signed by the OQuality Assurance Manager for Interpoll
Laboratories, is presented at the end of this report. Quality Control
data are summarized in Table 1.

DETECTION L IMITS

The detection 1limits stated are based on the published instrument
sensitivity, At the beginning of each analysis, a standard near the
detection 1limit is analyzed to verify that the instrument is performing
optimally.

CONTINUING CAL TBRATION VERIFICATION

To assure calibration accuracy during each analysis run, a continuing
calibration standard is analyzed for each analyte at a frequency of 10%4.
The standard is also analyzed for each analyte at the beginning of the run
and after the last analytical sample. If the percent recovery of this
standard is not between 90 and 100, the instrument is recalibrated and all
samples since the last ver‘;f.xcat:.cn standard are rerun.

BLANKS
1. Calibration Blank Analysis

A calibration blank is analyzed each time the instrument is
calibrated, at the beginning and the end of the run, and at a
frequency of 10% during the run.

2. Preparation Blank Analysis (Method Blank)
At least one preparation blank (or reagent blank), consisting of
deionized distilled water processed through the entire sample

preparation procedure is prepared and analyzed with each batch of
samples.

S-1



Interpoll Laboratories
GA/0GC Report

NSP/Red Wing

Page Two

Table 1. Quality Control Results

Precision Accuracy
EPA Detection Percent Relative Difference Percent Recovery
Analyte Method Limit Result Limit Result Limits
Hg M-101A 0.20 ug/L 2.9 27 100 95-118
F 300.0 0..60 ug 1.3 22 97 25102
Br 300.0 0.80 ug : 6.7 40 100 89-108
C1 300.0 0.40 ug 1.2 16 105 91-111
804- 300.0 1.00 ug 0.13 2.5 106 71-127
N:I:s 300.0 12.5 ug -0 12 105 66148

S-2



Interpoll Laboratories
@A/0C Report

NSP/Red Wing

Page Three

ACCLRACY

The accuracy d‘f the method i;s determined by the analysis of spiked
samples. Accuracy, expressed as percent recovery, is calculated by the
following equation: '

= (Final Result) = (Initial Result) X 100

Percent Recovery (PR) Spike Concentration

where "“Final Result" is the value obtained when the spiked sample was
analyzed, "“Initial Result" is the value obtained for the unspiked sample
and "Spike Concentration" is the known quantity which was added to the

sample.

Control limits are based on the mean percent recovery and the standard
deviation of the percent recovery over time. Mean percent recovery and
standard deviation are calculated according to the following equations:

_— z
Mean percent recovery (PR) = :R
where N is the number of spiked samplés analyzed.
(PR - PR)Z
Standard deviation = N - 1

The lower control limit is set at the mean percent recovery minus three
standard deviations and the upper control limit is set at the mean percent
recovery plus three standard deviations.

It was not possible to match sample and standard matrices for the
determination of metals and therefore, samples were analyzed by the method
of standard additions. In this case, the sample was spiked at two lewvels
and the spiked samples were used as the calibration standards. The
concentration of the sample is back calculated from this calibration line.
The percent recovery calculation and thus the control limits do not apply
in this case. .

The percent recoveries for the remaining determinations were within the
established control limits.
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Interpoll Laboratories
QA/QC Report

NSP/Red Wing

Page Four

PRECISION

The precision of a method is determined by the analysis of duplicate
samples. At Interpoll Laboratories, precision is expressed as relative
percent difference calculated by the following formula:

= Absolute difference

Average value X 100

D

The control limit is established by calculating the mean percent recovery
and multiplying by a Shewart factor based on the number of observations in
the sub—group, which in this case is two.

— I RPD
RFD = =\~
Control limit = 3.27 (RFD)

Some of the precision control limits listed in Table 1 are higher than
expected. This is due to the limited size of the data set for those
determinations. Based on the performance of these determinations in the
past, the control limits will be significantly lower as more data is
collected. The.precision data collected during this project is well below
the established control limits. :

Precision data is not available for the method of standard additions for
the determination of metals.

QUALITY ASSURANCE STATEMENT

This study was reviewed by the Buality Assurance Unit prior to isssuance
of the final report. To the best of my knowledge this data was collected
in accordance with our Quality Assurance Plan using the methods described
in the report. The quality control data accurately represents data
generated during the study. ’ S

Respectfully submitted,

b

Suzanne M. Lee
Quality Assurance Manager

SM./cqg
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Interpoll. Laboratories
(612)786-6020

QUALITY ASSURANCE FOR EPA METHOD 6

1-4 Instructions for use of Environmental Protection Agency Compliance
S02> samples (see back side).

5.  INTERPOLL INSTRUCTIONS

Note 1 The 100 cc sample in the volumetric flask 1is the
reference sample not the vial.

Note 2 Take a 20 cc aliquot from the reference sample for
titration, add 80 cc of isopropanol, ijndicator and
titrate with barium titrant,

) 32.03 (Vt - th) N vso'ln
CSO - Vm v
2 std "aliq
= = = '3

If Veorn 100 cc, \Iqu 20 cc (normally) and Vo 21 x 10
LABORATORY DATA
sample No. A4 o /¢//3 ' Audit Date /-&-8F
Analyst T7rm ' Aliquot Size (Va1iq) _20.02 cc

Vol. of titrant for blank V., 6%  Normality of titrant 0.0/003

Buret Readings: Trial l Trial 2 Trial 3
Start _0.60 0.00 0.0
End 3.5 218/ 375/
Diff (v,) 3457 357 3/57 Avg. vV, 345/

Copp = 7626 ( 345/ - .08 ) (0100003 ) = 2404 _mgrdsnd

Data Results Reported to 124 ﬁ&éﬁ‘ﬂ !Eéﬂﬁ of MP@A'

By 7247 Date _ #-/2 -3y

Results }Q Within 7 Not Within Specifications

$-322R
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Interpoll Laboratories
(612)786-6020

QUALITY ASSURANCE FOR EPA METHOD 6

1-4 Instructions for use of Environmental Protection Agency Compliance
S0 samples (see back side).

5.  INTERPOLL INSTRUCTIONS

Note 1 The 100 cc sample 1in the volumetric flask 1is the
reference sample not the vial.

Note 2 Take a 20 cc aliquot from the reference sample for
titration, add 80 cc of isopropanol, ijndicator and
titrate with barium titrant.

) 32.03 (Vt - th) NV

c =
SO
2

soln

V
Mstd val iq

= 20 cc (normally) and V_ = 21 x 10-3

IfV 100 cc,

soln va'liq

LABORATORY DATA

Sample No. A o/oév/ = Audit Date q’é -85
Analyst 177m N Aliquot Size (Va14q) 20 _¢cc
Vol. of titrant for blank th Normality of titrant.p /003 »
Buret Readings: Triall = Trial 2 Trial 3

Start .00 0.00 . 0.00

End 22,32 A2.32 22.32

Diff (v,) 22.32 23,32 22.32  Avg. Vi 22,32

," 7626 (2232 - .08 ) (001003 )= _/70]) _ mg/dsm3

Data Resylts Reported toﬁgmw_of MPCA
by _ﬁmz_ﬁédzg owte _473-£7
Results ﬁ ithin [7 Not Within Specifications

S-6
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Interpoll Laboratories
(612)786-6020

QUALITY ASSURANCE FOR EPA METHOD 7A

1-4 Instructions for use of Environmental Protection Agency Compliance
NOx Samples (see back side).

5.  INTERPOLL INSTRUCTIONS

For I1C evaluation: (Method 7A)

m = mass of NO_ as NO,~ in ug in reference sampte
(500 cc vofumetria)

_ Fu(NO) 443,

C = —— = 0.371m
FW (NO3) 2000

where C = mg/dsm3

Sample No. 6 00 422— Audit Date 3"30—- 847
Analyst B3n) '

Mass of nitrate in reference sample (m) /2 2 & ug

c-031(7226)= S ngrdsn’

oo bt . MPOA

Data Resylts Reported to
By __7 %’fwazz éﬁﬂz L7 Date _ ¢~/ - FX
Resultsﬂ hin [7 Not Within Specifications

S-323RR
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Interpoll Laboratories
(612)786-6020

QUALITY ASSURANCE FOR EPA METHOD 7A

1-4 Instructions for use of Environmental Protection Agency Compliance
NOy Samples (see back side).

5.  INTERPOLL INSTRUCTIONS

For IC evaluation: (Method 7A)

m = mass of NO_ as NO.,~ in ug in reference sampILe
(500 cc vo*umetrig)
W (NO,) 443 .
¢ = ——2 328 = 0.371n
Fu (N03)
3
where C = mg/dsm
sample No. /B 026/ 2 Audit Date 3-30-¥ ¥
Analyst GBI
Mass of nitrate in reference sample (m) Py G 2 ug

=031 (3692)= 277  mg/dsn’

" LY

Data Results Reported to @7&‘4 4i7@j ul? of MPLA
By _ﬁMf(_W bate __ 4-/2-2¢
Results 9@ ithin [ Not Within Specifications

S-323RR



Interpoll Inc.
- (612)786-6020

~ Stack Sampling Department
MM5 Train XAD-2 Resin Batch Quality Assurance Form

Batch No. /4 Rcc,_lv:gk Supplier A//‘}‘C—cj\ 4“00,
Mesh 20/5%

Residual Extractable Organics

Summary of Analysis: 20 g of resin is Soxhlet extracted in 200 ml of
methylene chloride for 24 hours. After extraction, the methylene
chloride is concentrated to 10 m1 and 5 ul are analyzed by gas
chromatography using the total chromatographable organics (TCO) analysis
procedure.

Individual Performing Test Marcdi.!nn J-Ed-\c'w'
Results for Test <10 ug/g Maximum allowable 10 ug/g

Date of Test ;& mAR £§
/oo
natung of [Bhalyst 7

Summary of Analysis: The concentrated methylene chloride from the
residual extractable organics is then placed in a preweighed evaporating
dish. The methylene chloride is evaporated off and the evaporating dish
weighed. The preweighed evaporating dish is then subtracted from this.
The weight from the residue is then corrected for the 5 ul taken out for
the residual extractable organics. S

Individual Performing Test LMM
25 ug/g

Results for Test £ 25 ug/g Maximum allowable
Date of Test_2-/0 -*¥ %

Residual Gravimetric Determination

LSA-08
S-9



To: Kathy Eickstadt
From: Karen Riggs
Subject: Compounds/Amounts in Field Spiking Ampoules

Per your request, the field spiking ampoules for the Red Wing compliance test
shipped to you on March 16, 1988 contained the following compounds:

Inlet Ampoule Qutlet Ampoule
20 ng l,2,3,4-TCDD-13C12 20 ng 1,2,3,4-TCDD-13C12
5.0 ug di2-perylene 0.5 ug dl2-perylene
5.0 ug dlz-benzb(e)pyrene 0.5 ug dl2-benzo(e)pyrene

Please give me a call if you need any other information concerning these
spiking ampoules.

L RTINS £ R STNOOLNGS T e 1 8 OF WA
B G, Vi o 6 i S A R ST AL A

T
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Concentration of the compound in the sample extract as
determined above (ng/uL)

Final volume of Sample extract (uL;

Factor for extract splitting (0.25).

Ce

M<
o

PAH results for MM5 samples duplicate the trend detected in the
PCDD/PCDF -results for these samples. Run 1 levels of PAH are significantly
higher than PAH levels in Run 2 and 3 samples and are higher than levels
previously detected in MM5 samples collected at Red Wing. PAH levels in Runs
2 and 3 are comparable to levels detected in previous tests. Inlet and
outlet levels between runs are comparablie although a direct comparison is
limited because sample volume is not considered in these data. The
laboratory method blank processed with these samples was relatively free of
PAH contamination except for trace levels of naphthalene and phenanthrene.

4.0 QUALITY ASSURANCE/QUALITY CONTROL

A statement attesting to the QA/QC activities associated with this
report, signed by Battelle's Quality Assurance Manager for this program, is
presented at the end of this report. The quality control objectives
established for the PCDD/PCDF and PAH analyses are presented in Table 15.
For each analysis, estimated mass detection }imits and accuracy, precision,
and completeness goals are presented.

11



TABLE 15. QUALITY CONTROL OBJECTIVES

-

Mass Detection Limit QC Goals
Low Expected
Analysis Recovery Recovery Accuracy Precision Completeness
PCDD/PCDF 40 pg 25 pg +50% +75% 100%
PAH 20 ng 12.5 ng +50% +75% 100%

4.1 MASS DETECTION LIMITS

The mass detection 1limit of 25 pg/sample for PCDD/PCDF was
established specifically for 2,3,7,8-TCDD in MM5 samples. This detection
limit was met for all MM5 samples analyzed. Detection limits achieved ranged
from 14 pg/sample to 1.4 pg/sample.

For PAH analyses, an estimated quantification limit of 20 ng was
achieved for all samples. The estimated quantification 1imit is based on the
lowest concentration of standard used for calibration. Analytes can be
detected but not quantified at levels lower than the quantification limit.
The detection limit for PAH analyses is typically half the quantification
limit. For these analyses, therefore, a detection limit of 10 ng was
achieved which meets the QC objective of 12.5 ng. ‘

4.2 ACCURACY
Analytical accuracy is determined by calculating the recoveries of
the field spikes and internal standards added to the samples. Recoveries are

calculated by the following equation.

Percent Recoveries = 1¥l x 100%

12



where X is the quantity of analyte determined by analysis of the spiked
sample, and T is the known quantity of the analyte which was added before
analysis. ~ The field spikes included 1,2,3,4-tetra-CDD-13C12, dj2-
benzo[e]pyrene, and diz-perylene which were added to the XAD-2 resin of the
MM5 trains in the field immediately before sampling. The internal standards
added to -the samples before extraction are listed in Section 2.1.1. The
field spikes provide an evaluation of accuracy through sampling and analysis.
The internal standards provide an estimate of the accuracy of the analytical
procedure.

Recoveries of the PCDD/PCDF field spike and internal standards are
presented in Table 16 and 17 for the MM5 and ash samples, respectively.
Recoveries of PAH field spikes and internal standards are presented in Tables
18, 19, and 20 for the inlet MM5, outlet MM5, and ash samples, respectively.

Recoveries of the 1,2,3,4-TCDD-13C12 field spike were above 65
percent in all but one case. The exception was the Run 2 inlet MM5 sample
which has a field spike recovery of 46 percent. Although this recovery does
not meet the QC objective for this program, it is considered acceptable for a
field spike of this nature. Recoveries of PCDD/PCOF laboratory internal
standards for the MM5 samples were above 75 percent in all cases. The high
PCOD/PCDF recoveries obtained for the MM5 samples 1indicate that the
analytical method is accurate and that PCDD/PCDF are efficiently removed from
the sample matrix.

PCDD/PCDF recoveries for the ash samples were variable and
decreased with increasing level of chlorination. Recoveries for tetra-
through hexa-CDD/COF ranged from 15 to 75 percent, while recoveries for
hepta- and octa-CDD/CDF ranged from 0 to 6 percent. For the 2,3,7,8-TCDD-
13C12 internal standard, recoveries were acceptable and ranged from 48 to 75
percent. The laboratory method blank and native spike associated with this
sample set had recoveries greater than 84 percent in all cases. These
results indicate that the analytical method is performing within expectations
and that the ash sample matrix is contributing to the variable recoveries for
the ash samples. This result is supported by the PAH recoveries discussed
below. :
Recoveries of the PAH field spikes from the MM5 samples ranged from
35 to 100 percent. The QC requirement of 50 percent was met in all but two

13



cases. Recoveries of PAH laboratory internal standards from the MM5 samples
ranged from 42 to 102 percent.- The QC requirement of 50 percent was met in
all but four cases. The outlying recoveries are within expected levels for
this sample type. Overall, these results indicate that PAH are efficiently
extracted from the sample matrix and that the analytical method is accurate
as performed.

For the three ash samples, recoveries of the d12-chrysene ranged
from 43 to 46 percent; recoveries of the dl2-benzo[a]pyrene were below 1
percent. Recoveries of these PAH internal standards from the laboratory
method blank were above 50 percent. As with the PCDD/PCDF recovery results,
these PAH recoveries indicate that the method is performing within the stated
QC objective although the sample matrix is interfering with efficient
recovery of the analytes of interest.

4.3 PRECISION

Precision-is determined by the following equation.

n
- (xj-x)2
Standard deviation () = i=1
(absolute units) - ne-

where xj is the experimentally determined value for the ith measurement, n is -
the number of measurements performed, and x is the mean of the experimentally
determined values. The precision is reported in Table 21 as the relative
standard deviation (RSD) or coefficient of variation which is the variation
about the mean experimentally determined value, x, expressed as a percentage.

RSD (%) = __ x 100%
X

where is the standard deviation calculated from the preceding equation.
Precision was evaluated using results obtained for the laboratory

14



internal standards in Runs 1-3. Using native PCDF/PCOD or PAH to evaluate
precision is inappropriate because the exact amount of these compounds in the
samples will naturally vary across sampling runs. As shown, the precision
for the PCOD/PCDF and PAH analyses was within the QC goal of + 75 percent in
all cases.

4.4 COMPLETENESS

Completeness in meeting the data recovery objectives was assessed
by the following equation:

Completeness (%) = (Dp/Dc) x 100%

where Dr is the number of samples for which valid results are reported and D¢
is the number of samples which are received at Battelle for ana1y51s during
the study. For the Red Wing/Compliance Test, Battelle received eight M5 and
three composite ash samples for PCDD/PCOF and PAH analysis. PCDD/PCDF and
PAH results are presented in this report for all eleven samples. Therefore,
the QC goal for completeness of 100 percent has been met.

15
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TABLE 17. ' PCDD/PCDF RECOVERIES FOR ASH SAMPLES (%)

-

Ash Ash Ash La:::;:zry Native

3/23/88 3/24-25/88 3/25/88  Blank Spike
TCDD-13C32 48 68 75 89 84
PeCDD-13Cy2 44 38 45 119 98
HxCDD-13C12 32 18 15 107 96
HpCDD-13C32 4 4 1 121 109
0CDD-13¢;5 1 1 0 108 92
TCOF-13¢15 61 60 91 89 - 84
PeCDF-13C32 41 34 43 104 95
HxCDF-13Cj2 36 21 22 113 96
HpCDF-13C12 6 5 2 103 87
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TABLE 18. PAH RECOVERIES FOR INLET MM5 SAMPLES (%)

Laboratory

Run Run Run Run Method

0 1 2 3 Blank
Field Spikes
d12-benzo[e]pyrene 99 50~ 81. 100- NA-
dl2-perylene 55- 35 61 59/ NA
Laboratory Internal Standards
dl2-chrysene 101 48 100 99 94
d12-benzo[a]pyrene 79 42 88 89 48
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TABLE 19. PAH RECOVERIES FOR OUTLET MM5 SAMPLES (%)

Laboratory
Run Run Run Run Method
0 1 2 3 Blank
ield Spik
d12-benzo[e]pyrene 91- 78 - 76 84 - NA.
d12-perylene © 61 57 49- 55- NA-
Laboratory Internal Standards
d12-chrysene 99 102. 100 - 99. 94
d12-benzo[a]pyrene 84 94. 84 93 48
33



TABLE 20. PpAH RECOVERIES FOR ASH SAMPLES (%)

-

Laboratory
Method
3/23/88 3/24-25/88 3/25/88 Blank
d12-chrysene 43 . 46- 44+ 103 /
d12-benzo[a]pyrene 0.47. 0.24: 0.24' 51/
34

S-20



GENERAL REVIEW GUIDE
FOR
EMISSION TEST REPORTS

Results of the March 21-26, 1988 Air Emission Compliance
Emission Test Report Title Test on the No. 2 Boiler at the Red Wing Station

Test IV (High Load)*

Report Number 8-2526

Project Title Municipal Waste Combustion Study

Project number 86/1%a

PREPARED FOR U.S. ENVIRONMENTAL PROTECTION AGENCY
EMISSION STANDARDS AND ENGINEERING DIVISION
RESEARCH TRIANGLE PARK, NORTH CAROLINA

*Companion Analytical Report: PCDD/PCDF and PAH Analyses of Modified Method 5 and
Ash Samp]es from Red Wing Compliance Test, by Battelle Columbus, April 26, 1988.
Compan]on QA/QC Plan: Final Draft, Cuality Assurance/Quality Control Plan,

Analysis of Stack Emission Samples from Red Wing Power Plant, by Battelle Columbus
January 8, 1988. ’
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I. REVIEW SUMMARY

Results of the March 21-26, 1988 Air Emission Compliance Test

TitTe of report ©On the Mo. 2 Boiler at the Red Wing Station Test IV (High Load)

Plant name Red Nj_ng__EQ_wg Station
Report date May 10, 1988 Report number _8-2526

Testing conducted by _Interpoll Laboratories/CDD/CDF/PAH Analysis by Battelle

Report issued by Interpoll Laboratories/Companion Analytical & OA/OC Reports by
Battelle

Plant location Red Wing, Minnesota

Process(s) Operation Tested Sampling Location Pollutants Sampled
1 Unit 2 Boiler - RDF ESP Inlet PM, PM-10, Trace Metals,
2. CDD/CDF, PAH, 02, ng, co
3. _Unit 2 Boiler - RDE ESP Qutlet/Stack PM, PM-10, HC1, HF, SO,,
4 NO_, Trace Metals, CDD/CDF

Purpose of test Compliance testing for Minnesota PAH, 02, COZ’ C0, VEO's

Pollution Control Agency (MPCA)
Purpose of review _Add data to EPA's MWC standard setting data base following

evaluation to determine if data meet EPA criteria.
Process operation during tests _Unit 2 1is water tube boiler burning RDF with

360 Tpp _capacity and design steam flow of 109 k1b/hr

Control equipment status during tests Unit controlled by mechanical collecter/FSP

system, which was in normal operation during test

sampling and analytical procedures Brief descriptions with deviations noted in text.
+ and OA/QC Plan. The

Full explanations in Appendices and companion analytical repor

procedures are summarized below.

Pollutant(s) Method(s)
PM FPA Method & ; i _ -
(ExtEﬂcﬁ1%n{Grav1metr1c) included

Organic Condensibles MPCA Method-—1N tota

HC1, HF, SO2 EPA Method 6 with large impingers/IC analysis

NOy EPA Method 7A

Trace Metals Multi Metals Train/GFAAS + CVAAS

CDD/CDF uMs Train (Method 0100)/EPA Method 8280 w/ HRMS

PAH MM5 Train (Method 0100)/EPA Method 8270

02, CO2, CO EPA Method 3 Sample Collection/Orsat (C0,,0,)
and Method 10 (CO)

PM-10 Inlet-Modified Method 17/X-ray Sedigraph
analysis

Stack-8-stage cascade impactor/Gravimetric



I. Review Summary (continued)

Summary of results The emission results are summarized in Section III of this

review on the summary data sheet. The results presented in the report and
in the summary table of this review have not been corrected to 12% C02. Based
on the review, the data appear to be of good quality with exception of the

inlet emission values of CDD/CDF, Comparison of the measured inlet and outlet
emission values and emission values calculated from the particulate catch and
CDD/CDF content of the ESP ash (see table -below. ) show the outlet

values with good agreement and _the inlet values with very poor agreement.
This comparison indicates that the inlet values reported may be low by 1 to 2 orders

of magnitude, and it is recommended that they not be used for calculation
of CDD/CDF control efficiency.

Recommendations and conclusions _Data appear to be acceptable and chould be
used by the EPA, with the exception of use of the inlet CDD/CDF data for

calculation of CDD/CDF control efficiency.

Total CDD/CDF (ng/dscm)

Run 1 Run 2 Run 3

Inlet Measured 137.7 14.4 12.7
Calc 2,000 4,224 6,790

Qutlet Measured 22.6 23.4 29.2
Calc 16.26 71.06 51.95

Report reviewed for (Individual, Agency, Department) _Gene Riley/FMB/EPA
Firm Entropy Env. Date 11/18/88
Date

Reviewed by B. DeWees/R. Segall

Approved by




IT. REPORT REVIEW
A. INTRODUCTION

Item Yes | No | OK Comments™
. Plant name X Northern States Power, Red Wing Station

and address Red Wing, Minnesota

2. Plant repre-} X Bob Evans, NSP
sentative

3. Process
operation X Water tube boiler burning RDF, see Section 1.2
identified

4. Control de-

vice identi-| X Mechanical Collector/ESP

fied See Section 1.2

5. Test dates X March 21-26, 1988

6. Test company| X Interpoll Laboratories

7. Test X Not mentioned
observers

8. Purpose of X Compliance with state regulations
test

. Analytical X Batelle- CDD/CDF & PAH
company Interpoll- Remainder

- Place NA (Not Applicable) for items that do not apply.
3



II. REPORT REVIEW
B. SOURCE OPERATION

Item Yes | No | OK Comments*

1. Description
of process X See Section 1.2

2. Flow diagram X
of process

3. Rated capacity X 360 TPD RDF
of process 109 k1b/hr steam flow

4. Process opera- X
tion was moni-
tored

See Table T and Appendix 0
(submitted by NSP)

5. Process data

and results X Calculations shown in Appendix 0
with example
calculations
6. Raw materials [ X Fuel analysis submitted ; ]
e e y submitted by NSP; see Appendix N

7. Description

of gontro1 X See Section 1.2
equipment

8. Control
equipment was X
monitored

9. Continuous
monitors
Tist:

N/A

* Place NA (Not Applicable) for items that do not apply.



II. REPORT REVIEW

C. TEST PROCEDURES AND RESULTS
Item Yes | No | OK : Comments*
1. Pollutan - sampled < Identify: particulate, 02. C0p, CO condensibles
2. Sampling location Identify:ESP Inlet, Outlet Stack of Unit 2
3a. No. of sampling
points Number: 42 and 24, respectively
3b. As per method Method 1
4, Schematic of )
sampling location X See Appendix B
5a. No. of test runs Number: 3 each location
5b. Minimum sample
vo]um: P X A1l greater than 40 dscf
6. Sampling procedures .
andpequ?pgent X See Section 1.3 and Appendix P
described
7. Reference methods
Lsed X Method 5, Method 3, Method 10 analysis
8. Reference method Distilled H20 used in back half to allow
deviations X MPCA method for condensible organics,
described condensibles added to PM results
9, Components cali-
brated X See Appendix A
10. Field and labora-
tory data recorded | X See Appendices C and K
11. Sample recovery
procedures X .
described See Appendix P
12. Sample collection
system leak checked| X See Appendix C
13. Sampling rate cor-
rect per method X Isokinetics OK for all 6 runs; see Table 1
14. Quality assurance
procedures X
15. Analytical pro-
cedures described X See Section 1.3 and Appendix P
16. Sample blank N/A
correction
17. Emission results
calculated X Verified by reviewer
correctly

* place NA (Not Applicable) for items that do not apply.
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REPORT REVIEW

C. TEST PROCEDURES AND RESULTS
Item Yes | No | OK . Comments*
1. Pollutan - sampled Identify: PM-10
2. Sampling location Identify: ESP Inlet, Outlet Stack of Unit 2
3a. No. of sampling ] '
points Number: 42 and 4, for inlet & outlet, respectively
3b. As per method Method 1, N/A, for inlet & outlet, respectively
4. Schematic of .
sampling location X See Appendix B
5a. No. of test runs Number: 3 each location
5b. Minimum sample
volume N/A
6. Sampling procedures .
andpequ?pﬁent X See Section 1.4 and Appendix P
described
Intet: Modification of Method 17
7. Reference methods
used X Qutlet: PM-10 SIP Development Guideline Method
8. Reference method
deviations X See Section 1.4 and Appendix P
described
9. Components cali- .
braged X See Appendix A
10. Field and labora- ]
tory data recorded X See Appendices D and E
11. Sample recovery
procedures X See Appendix P
described
12. Sample collection .
system leak checked X See Appendices D and E
13. Sampling rate cor- Inlet: Isokinetics within + 10% acceptable range
rect per method X Outlet: Isokinetics within + 20% acceptable range
14. Quality assurance
procedures Unknown
15. Analytical pro- X See Appendix P
cedures described
16. Sample blank
correction N/A
17. Emission results
calculated X Verified by reviewer
correctly 1 —

* place NA (Not Applicable) for items that do not apply.
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I1. REPORT REVIEW
C. TEST PROCEDURES AND RESULTS

Item Yes | No | OK . Comments*
1. Pollutan - sampled Identify: HC1, HF, SO,
2. Sampling location Identify: OQutlet Stack of Unit 2
3a. No. of sampling
points . Number: < €ach run, 20 minutes per point
3b. As per method Method 6
4. Schematic of .
sampling location X See Appendix B
5a. No. of test runs Number: 3
5b. Minimum sample
volume P X Adequate

6. Sampling procedures| y

and equipment See Section 1.5 and Appendix P

described
7. Reference methods ‘s .
| Leed X Modification of EPA Method 6
8. Reference method X .. .
deviations Lqrge impingers and alkaline impinger reagent
described with analysis by IC. See Section 1.5 & Appendix P
9, Components cali-
braged X See Appendices A and K

10. Field and labora- X

tory data recorded See Appendices F and K

11. Sample recovery
procedures X See Section 1.5 and Appendix P

described

12. Sample collection X
system leak checked

13. Sampling rate cor- [ X
rect per method

See Appendix F

14. Quality assurance X See Appendix F
procedures

15. Analytical pro-
cedures described X See Section 1.5 and Appendix P

16. Sample blank ;
corgection X According to Appendix P

17. Emission results
calculated X Verified by reviewer

correctly |

* place NA (Not Applicable) for items that do not apply.
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II. REPORT REVIEW
C. TEST PROCEDURES AND RESULTS

Item Yes | No | OK : Comments*

1. Pollutan - sampled ' Identify: NO,
2. Sampling location Identify: OQutlet Stack of Unit 2
3a. No. of sampling

points Number: Single point
3b. As per method Method 7A
4. Schematic of .

sampling location X See Appendix B
5a. No. of test runs Number: 3
5b. Minimum sample .

volume X 2 liter  flasks

6. Sampling proceduresf y
and equipment
described

See Section 1.6 and Appendix P

7. Reference methods
used X Method 7A

8. Reference method
deviations X None
described

9. Components cali-
brated X See Appendix K

10. Field and labora- X

tory data recorded See Appendices G and K

11. Sample recovery

procedures X See Section 1.6 and Appendix P
described
12. Sample collection X See Appendix G

system leak checked

13. Sampling rate cor-

rect per method X
14. Quality assurance X See Appendix G
procedures
15. Analytical pro- X See Section 1.6 and Appendix P
cedures described
16. Sample blank .
corgection X According to Method 7A
17. Emission results Some numbers needed for verification not
calculated X available.
correctly NOx values seem S1ightly low.

* place NA (Not Applicable) for items that do not apply.
8



I1. REPORT REVIEW

C. TEST PROCEDURES AND RESULTS
Item Yes | No | OK : Comments*
1. Pollutan - sampled < Identify: Trace Metals**
2. Sampling location Identify:ESP Inlet, Outlet Stack of Unit 2
3a. No. of sampling
points Number: 42 and 24, respectively
3b. As per method Method 1
4. Schematic of .
sampling Tocation X See Appendix B
5a. No. of test runs Number: 3 each Tocation
5b. Minimum sample
volume X A11 greater than 30 dscf
6. Sampling procedures . .
andpequ?pgent X See Section 1.7 and Appendix P
described
7. 5§:§rence methods X Draft EPA Methods Protocol approved by MCPA
8. Reference method
deviations X See Section 1.7 and Appendix P
described
9. Components cali-
brated X See Appendix A
10. Field and labora-
tory data recorded | X See Appendices I and J
11. Sample recover . .
progedures Y X See Section 1.7 and Appendix P
described
12. Sample collection X See Appendix I
system leak checked
13. Sampling rate cor- . . . bs . .
rect per method X Isokinetics within 100% + 10% range
14, Quality assurance .
procedures X See Appendix I
15. Analytical pro- . .
cedures described X See Section 1.7 and Appendix P
16. Sample blank X OK.
correction Field blank reported, but not used for caorrection
17. Emission results
Eglﬁ:gi%;é X Verified by reviewer

* place NA (Not Applicable) for items that do not apply.

**As, Be, Cd, Cr, Pb, Hg, Ni, Se.
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II.

REPORT REVIEW

C. TEST PROCEDURES AND RESULTS FOR DIOXINS/FURANS (CDD/CDF)

Item

Yes

No

OK

Comments

. CDD/CDF

isomers
measured

Identify: Total Tetra- thru Octa-CDD and CDF,
plus all 2,3,7,8-substituted isomers

. Sampling

location

Identify: ESP Inlet, Outlet Stack of Unit 2

. No. of

sampling
points

Number: 42 and 24, respectively

. Schematic

of sampling
location

See Appendix B

. No. of test

runs

Number: 3 each location

. Specific

sampling &
analytical

protocol refer -

Sampling: MM5 (Method 0100)
Analysis: Method 8280 with HRMS
See Section 1.8 and Appendix P

. Sampling &

analytical
procedures
described

Same as above

. Sampling

equipment
calibrated

See Appendix A

. Field data

recorded

See Appendix J

10.

Sampling rate
correct per
method

Isokinetics within 100% + 10% range

11.

Sample
collection
system

leak checked

See Appendix J

10



II.

REPORT REVIEW

C. TEST PROCEDURES AND RESULTS FOR DIOXINS/FURANS (cont.)

Item

Yes

No

OK

Comments

12.

GC/MS
calibrated

See Appendix B of Battelle analytical report

13.

Analytical
criteria used
to verify data
specified

According to Method 8280

14.

Confirmation
analysis
conducted
(which isomers)

Unknown

15.

Appropriate
internal
standards

See Section 2.2.1 of Battelle report

16.

Surrogate
standards

Field spike of XAD-2

17.

Recovery
acceptable
for standards

Internal standards all between 75% and 124%
Field spikes between 46% and 80%

18.

Equipment/
glassware
preparation
described

Not in text or Method 0100

19.

Proof blank(s)
taken for
analysis

20.

Method blank(s)
taken and
analyzed

See QA/QC Plan and Appendix M

21.

Field blank(s)
taken and
analyzed

See QA/QC Plan and Appendix M

22,

Audit
sample(s)
analyzed

23.

Calculations
correct &
example provided

Verified by reviewer
Examples in Battelle report

11



IT.

REPORT REVIEW

C. TEST PROCEDURES AND RESULTS FOR DIOXINS/FURANS (cont.)

Item Yes No OK Comments
24 Toxle Tes 15, 16, and 19
equivalencies X See Tables s » an
calculated
25. P 1 .
° txgisioiamp °s X Ash Samples - Internal standard recoveries
CDD/CDF analysis low for ash samples
26. Analytical .
procgdures X See Battelle analytical report

described for
process samples

12



II. REPORT REVIEW

C. TEST PROCEDURES AND RESULTS FOR :POLYAROMATIC HYDROCARBONS (PAH)

Iten Yes No OK Comments
1. Cmpds : Identify: * See list below
measured
2. Sampling Identify: ESP Inlet, Outlet Stack of Unit 2
location
3. No. of Number: 42 and 24, respectively
sampling
points

4, Schematic

of sampling X See Appendix B
location
5. No. of test Number: 3 each location
©uns '
6. Specific
sampling & X Sampling: MM5 - Method 0100

analytical v Analysis: Method 8270
protocol refer:

7. Sampling & ,
analytical X See Section 1.9 and Appendix P
procedures
described

8. Sampling ’
equipment X See Appendix A
calibrated

\O

. Field data
recorded X See Appendix J

10. Sampling rate X Isokinetics within 100% + 10% range

correct per
method

11. Sample
collection X See Appendix J
system
leak checked

*Napthalene ' Pyrene
Acenaphthylene Benz{a)anthracene
Acenapthene, dihydro Chrysene
Fluorene Benzfluoranthenes
Phenanthrene Benzo(a)pyrene
Anthracene Indenopyrene
Fluoranthene Dibenz(ah)anthracene

Benzo(g,h,i)perylene

13



II. REPORT REVIEW

C. TEST PROCEDURES AND RESULTS FOR PAH (cont.)

Item Yes | No | OK Comments
12. GC/MS . .
calibrated X .See Appendix C of Battelle analytical report
X According to Method 8270

13. Analytical
criteria used
to verify data
specified

14. Confirmation
analysis
conducted
(which isomers)

N/A

15. Appropriate

internal X Specified by Method 8270
standards

16. Surrogate Field spike of d]2-benzo(e)pyrene and
standards X d12-pery1ene

17. Recovery Internal standards: 42% to 100%
acceptable X Field spikes: 35% to 100%

for standards

18. Equipment/
glassware X Not mentioned

preparation
described ,

19. Proof blank(s)
taken for X
analysis

20. Method blank(s)
taken and X See Battelle analytical report

analyzed

21. Field blank(s)
taken and X See Battelle analytical report

analyzed

22. Audit
sample(s) X
analyzed

23. Calculations Computer printouts not provided for PAH
correct & X in emission samples
example provided

14



II. REPORT REVIEW
C. TEST PROCEDURES AND RESULTS FOR PAH (cont.)
Item Yes No OK Comments
24, Toxic
equivalencies VN/A
calculated
25. Processﬂ samples Ash samples taken and analyzed, but results
taken for 1 ox not reported by Interpoll (results are in
CDD/CDF analysis Battelle report)
26. Analytical
procedures X See Battelle report

described for
process samples

15



I1. REPORT REVIEW
D. DOCUMENTATION

[tem as’| No | OK Comments*
1. Raw field data X See Appendices C through J
sheets
2. Complete results X See Section 3 and Appendix Q
with example calc-
ulations
3. Analytical raw X See Appendices K through N and Battelle
data sheets analytical report

4. a) Process data
with statement X See Appendix 0
of process rate

b) Control equip- X
merit log
c) Continuous
monitor data N/A
5. Calibration pro- X Data in Appendix A
cedures and data
6. Test log X
7. Standard sgmpling
and analytical X One draft method used
procedures and
methods
8. Visible emissions X Two 1-hr runs concurrent with PM tests
rgsu1ts cgncurrent One 1-hr run concurrent with CDD/CDF test
with testing
9. Particle size data | X See Table 2 and Appendix D
10. Quality assurance
data X See Appendix S
11. Discussion of data | X See Section 2
12. Other miscellane- Explain:

ous data

*
Place NA (Not Applicable) for items which do not apply.
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Table 5. Results of the March 22,

1988 Trace Metal Deter-

minations on the No. 2 Boiler ESP Inlet at the NSP
Red Wing Station.

Item Run 1 Run 2 Run 3
(Concentration ug/dscm)
Arsenic 104 324 170
Beryllium 1.9 1.2 1.9
Cadmium 740 930 690
Chromium 437 284 392
Lead 27540 17250 26140
Mercury 125 113 173
Nickel 389 294 322
Selenium < 206 < 508 <1105
(Emission Rate 10~ 3LB/HR)
Arsenic 16 46 24
Beryllium .29 .17 .27
Cadmium 110 130 100
Chromium 67 404 56
Lead 4197 2452 3763
Mercury 19 16 25
Nickel 59 42 46
Selenium < 29 < 72 < 145
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Table 6. Results of the March 22, 1988 Trace Metal Deter-
minations on the No. 2 Boiler Stack at the NSP Red

Wing Station.

Item Run 1 Run 2 Run 3
(Concentration ug/dscm)

Arsenic 22 14 1.1
Beryllium < .17 < .17 < .17
Cadmium 5.0 2.5 .086
Chromium 135 60 9.5
Lead 69 36 25
Mercury 30 15 26
Nickel 213 84 54
Selenium < 213 143 < 43

(Emission Rate 10~ 3LB/HR)

Arsenic 4.0 2.5 .20
Beryllium < .03 < .03 < .03
Cadmium .90 .45 .015
Chromium 24 11 1.7
Lead 12 6.6 4.4
Mercury 5.4 2.3 4.6
Nickel 38 15 9.6
‘Selenium < 38 26 < 7.6
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Table 8. Results of the March 23-25, 1988 PAH Determina-
tions on the No. 2 Boiler ESP Inlet at the NSP Red

Wing Station.

ITEM Run 1 Run 2 Run 3
(Concentration ug/dsn3)

Napthalene 6.5 < .10 1.3
Acenaphthylene .46 .013 .013
Acenapthene, dihydro .017 .012 .019
Fluorene < ,073 < ,.,071 < .071
Phenanthrene 1.9 .20 .078
Anthracene .036 .0081 .0067
Fluoranthene .44 .024 < ,010
Pyrene : .44 < .040 < .04
Benz(a)anthracene <,0080 < .0078 < .0078
Chrysene .023 < .0031 .011
Benzfluoranthenes .024 < .011 < .045
Benzo(a)pyrene < .017 < .016 < ,016
Indenopyrene .0024 < .0078 < .0078
Dibenz(ah)anthracene <.0039 < ,0038 < .0038
Benzo(g,h,i)perylene .021 <,00085 <,00086

(Emission Rate 10 Sg/sec)

Napthalene 117 < 1.8 24
Acenaphthylene 8.3 24 .24
Acenapthene, dihydro .31 .22 .35
Fluorene < 1.3 < 1.3 < 1.3
Phenanthrene 34 3.6 1.4
Anthracene .65 «15 .12
Fluoranthene 7.9 .44 < .18
Pyrene 7.9 < .73 < .73
Benz(a)anthracene < .14 < .14 < .14
Chrysene 42 < .056 .20
Benzfluoranthenes .43 < .20 < .82
Benzo(a)pyrene < ,31 < .29 < .29
Indenopyrene .043 < .14 < .14
Dibenz (ah)anthracene < ,070 < .,069 < .069
Benzo(g,h,i)perylene .38 < .015 < .016
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Table 9. Results of the March 23-25, 1988 PAH Determina-
tions on the No. 2 Boiler Stack at the NSP Red
Wing Station.

ITEM - Run 1 Run 2 Run 3
(Concentration ug/dsn3)

Napthalene 18 1.9 1.3
Acenaphthylene 9.9 .014 .012
Acenapthene, dihydro .12 < ,036 < ,037
Fluorene .64 < .14 < .14
Phenanthrene 5.2 .044 .029
Anthracene .16 .0012 .0079
Fluoranthene 1.3 .0061 .040
Pyrene 1.4 < ,.,0013 .018
Benz(a)anthracene .016 < .0022 < ,0023
Chrysene .030 .0010 .00042
Benzfluoranthenes .042 <.00091 <.00094
Benzo(a)pyrene <.0040 .0044 .0050
Indenopyrene .0095 < .0024 < ,0025
Dibenz(ah)anthracene <.0016 < .0016 < ,0017
Benzo(g,h,i)perylene .024 < .0048 < ,0050

(Emission Rate 10'6g/sec)

Napthalene 384 40 26
Acenaphthylene 211 .30 24
Acenapthene, dihydro 2.6 < .76 < «75
Fluorene 14 < 3.0 < 2.8
Phenanthrene 111 .93 .59
Anthracene 3.4 .025 .16
Fluoranthene 28 .13 .81
Pyrene 30 < .028 .36
Benz(a)anthracene .34 < .047 < .046
Chrysene .64 .021 .0085
Benzfluoranthenes .90 < .019 < .019
Benzo(a)pyrene < .085 .093 .10
Indenopyrene .20 < .051 < ,051
Dibenz (ah)anthracene < .034 < .034 < .034
Benzo(g,h,i)perylene .51 < .10 < .10
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Table 11. Results of the March 23-25, 1988 Dioxin Homolog
Analysis on the No. 2 Boiler ESP Inlet at the NSP

Red Wing Station.

Homolog Run 1 Run 2 Run 3

(Concentration ng/dsn3)

TCDD 4.1 .20 .17
PeCDD 8.2 .55 .45
HxCDD 8.7 .38 .22
HpCDD 12 .40 .24
oCDD 9.0 .31 .16
TCDF 41 6.6 6.2
PeCDF 27 3.3 3.1
HxXCDF 15 1.7 1.4
HpCDF 10 .88 .74
OCDF 2.7 .097 .059

(Emission Rate 10'8g/sec)'

TCDD 7.4 .36 .31
PeCDD 15 1.0 .82
HxCDD 16 .69 .40
HpCDD 22 .73 .44
ocDD 16 .56 .29
TCDF 74 12 11
PeCDF 49 6.0 - 5.7
HXCDF 27 3.1 2.6
HpCDF 18 1.6 1.4
OCDF 4.9 .18 .11
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Table 12. Results of the March 23-25, 1988 Dioxin Homolog
Analysis on the No. 2 Boiler Stack at the NSP Red
Wing Station.

Homoloq Run 1 Run 2 Run 3

(Concentration ng/dsm3)

TCDD .50 .57 .54
PeCDD 1.6 1.6 1.8
HxCDD 1.8 1.7 1.9
HpCDD 3.0 2.8 3.5
0CDD 2.8 2.4 3.1
TCDF 3.4 3.8 4.6
PeCDF 3.2 3.6 4.8
HXCDF 3.0 3.2 4.2
HpCDF 2.4 2.8 3.5
OCDF .91 .97 .1.3

(Emission Rate 10'8g/sec)

TCDD 1.1 1.2 1.1

PeCDD 3.4 3.4 3.6
HxCDD 3.8 3.6 3.8
HpCDD 6.4 5.9 7.1
OCDD 6.0 5.1 6.3
TCDF 7.2 8.1 9.3
PeCDF 6.8 7.6 9.7
HxCDF 6.4 6.8 8.5
HpCDF 5.1 5.9 7.1
OCDF 1.9 2.1 2.6
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Results of the March 23-25, 1988 2,3,7,8~-Isamer Analysis on
the No. 2 Boiler ESP Inlet at the NSP Red Wing Station.

Table 13.

Run 2 Run 3

Rmn 1

Iscmer

(Concentration rm&é)

.029

.0083
.014

<.0021
.021
A1

aNdRS

3838"
VRV
898872

> NN O
63n118222
e O o ¢ OO0 O
. ¢ o .
[al- A omMmw
RBIARAIRRY
oO-- o o .o. |°.

-~ - LI S
NeANAAANAA

)

-eg/sec

(Emission Rate 10

.053
.015
.026
.038

.20

<.0038

044
.042

< .0016
.065
.062

.35

1.2
.069
.20
.31
22
.15
.053
.40
.053

1.3
l16
.25
.40
.36
24
0044
.65
»060

- N
NNt~ NAHA
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Table 14. Results of the March 23-25, 1988 2,3,7,8-Iscmer Analysis on
the No. 2 Boiler Stack at the NSP Red Wing Station.

2,3,7,8-TCID <.0022  <.0026 <.0029
1,2,3,7,8-PeCtD .085 .075 .087
1,2,3,4,7,8-HxCID .093 .091 .10
1,2,3,6,7,8-HxC0D 16 .15 .16
1,2,3,7,8,9-HxCID .22 .19 .25
1,2,3,4,6,7,8-HpCID .16 1.5 1.9
2,3,7,8-TCDF .68 .81 1.0
1,2,3,7,8-PeCDF A1 .13 A2
2,3,4,7,8-PeCDF .28 .30 .37
1,2,3,4,7,8-HxCDF .58 .67 .83
1,2,3,6,7,8-HXCOF .54 .67 .85
1,2,3,7,8,9-HxCOF .40 .48 .58
2,3,4,6,7,8-HpCOF .20 .13 .19
1,2,3,4,6,7,8~HpCOF 1.4 1.5 1.8
1,2,3,4,7,8,9-HpCDF .30 .36 .50
(Bmission Rate 10 8q/sec)
2,3,7,8-TCID <.0047  <.0055 <.0059
1,2,3,7,8-PeClD .18 .16 .18
1,2,3,4,7,8-HxCID .20 .19 .20
1,2,3,6,7,8-HxCID .34 .32 .32
1,2,3,7,8,9-HxCID .47 .40 .51
1,2,3,4,6,7,8-HpCID 3.4 3.2 3.8
2,3,7,8-TCOF 1.4 1.7 2.0
1,2,3,7,8-PeCOF .23 .28 .24
2,3,4,7,8-PeCDF .60 .64 .75
1,2,3,4,7,9-HxCOF 1.2 1.4 1.7
1,2,3,6,7,8-HxCOF ' 1.2 1.4 1.7
1,2,3,7,8,9-HxCDF .85 1.0 1.2
2,3,4,6,7,8~HxCOF .43 .28 .38
1,2,3,4,6,7,8-HpCOF 3.0 3.2 3.6
1,2,3,4,7,8,9-HpCDF .64 .76 1.0
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Table 15.

Results of the March 1988 Dioxin Determination on the No. 2
Boiler ESP Inlet at the NSP Red Wing Station (presented in
2,3,7,8TOD Rguivalents).
2 131718-I® EHLlivalalts
TEF Rn 1 Rm 2_ Run 3 -
Concentration (I'J/ds-3 )
2,3,7,8-TCID 1 .036 < .00090 < .0021
Other TCIDs .01 .041 < ,0020 < ,L,0017
2,3,7,8-PeCID 5 27 < .018 .015
Other PeCTOs .005 .040 < .0026 .0021
2,3,7,8-HxCTD .04 092 .0032 .0017
Other HxCTDs .0004 .0026 .00012 .000072
2,3,7,8-HpCID .001 .0058 .00019 .00011
Other Hp(TDs .00001 .000062 .0000021 .0000013
2,3,7,8-TCDF .1 .56 .071 .067
Other TCDF's .001 035 .0059 .0055
2,3,7,8-PeCDF -1 .21 .023 .015
Other PeCDFs .001 .025 .0031 .0030
2,3,7,8-HxCDF .01 .081 .0057 .0040
Other HxCDFs .0001 .00069 .00011 .00010
2,3,7,8~HpCDF .001 .0072 .00039 .00025
Other HpCDFs 00001 .000028 .0000049 . 0000049
Total 1.4 < <14 < .12
Emission Rate (108 g/sec)
2,3,7,8-TCID 1 .065 < .0016 < .0038
Other TCIDs .01 .073 < ,0036 < ,0031
2,3,7,8-pPeCID 5 .48 < .033 .027
Other PeDs .005 070 < .0047 .0039
2,3,7,8-HxCQD .04 .17 .0060 .0032
Other HxCIDs .0004 .0048 .00022 .00013
2,3,7,8-HpCTD .001 .010 .00035 00020
Other Hp(IDs .00001 .00012 .0000038 .0000024
2,3,7,8-TCDF .1 1.0 .13 .12
Other TCDFs .001 .064 011 .0098
2,3,7,8-PcCDF .l «37 .041 027
Other PeCDFs .001 .045 .0056 .0054
2,3,7,8-HxCDF .01 .15 .010 .0073
Other HxCDFs .0001 .0012 .00021 .00019
2,3,7,8-HpCDF .001 .013 .00071 .00045
- _Other HpCDFs .00001 .000050 .0000089 .0000095
Total 2.5 < .25 < .2
TEF = Toxicity equivalence factor
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Table 16.

Results of the March 1988 Dioxin Determination an the No. 2
Boiler Stack at the NSP Red Wing Station (presented in
2,3,7,8-TD Bguivalents).
2 ,3,7,8-TCID Byuivalents_
TEF Run 1 Run 2 Rm 3
Concentration (rg/<h3 )
2,3,7,8-TOD 1 < ,0022 < .0026 < ,0029
Other TCDDs .01 < .0050 < 0057 < ,0054
2'3’7,8-m 05 0043 0038 0044
Other Pe(TDs .005 .0075 .0075 .0085
2,3,7,8-ExCID .04 .019 .017 .020
Other Bx(XDs 0004 00052 00096 00056
2,3,7,8-HpCTD .001 .00016 .0015 .0019
Other Hp(TOs .00001 000028 .000013 .000016
2,3,7,8-TCDF 1l .068 .081 .10
Other TCDFs .001 0027 0030 .0036
2,3,7,8-PeCDF ol .039 .043 .049
Other PeCDFs .001 .0028 .0032 .0043
2,3,7,8-HxCDF .01 .017 .020 .025
Other HxCDFs .0001 .00013 00012 «00017
2,3,7,8-HpCDF .001 .0017 .00036 .0023
Other HpCDFs .00001 . 0000070 . 000024 .000012
Total < .21 < .22 < .27
Emission Rate (1078 g/sec)
2,3,7,8-TCID 1 < .0047 < .0055 < .0059
Other TCIDs .01 < .011 < .011 < 011
2,3,7,8-PeCTD 5 .090 .080 .090
Other Pe(IDs .005 016 .016 .017
2,3,7,8-ExCTD .04 .040 .036 .040
Other HxCIDs .0004 .0011 .0011 .0011
2,3,7,8-HpTD .001 .0034 0032 .0038
Other HpIDs .00001 .000030 .000027 .000033
2,3,7,8-TCOF A .14 "7 .20
Other TCDFs .001 .0058 .0064 .0073
2,3,7,8-PcCDF a1 .083 .092 .099
Other PeCDFs .001 .0060 0067 .0087
2,3,7,8-HxCDF .01 .037 .041 .050
Other HxCDFs .0001 .00027 00027 .00035
2,3,7,8-HpCDF .001 .0036 .0040 .0046
Other HpCDFs .00001 000015 .000019 000025
Total < .44 < .47 < .54
TEF = Toxicity equivalence factcr
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2.9 Ash Sampling

The results of the dioxin and furan analysis of the
composite flyash samples collected by NSP personnel from the
hoppers of the ESP during the three dioxin test runs are
presented in Tables 18 and 19. The 2,3,7,8-TCDD equivalent
concentration of the flyash is only 2.8 ng/g (ppb, wW/W).

It is interesting to note, in 1light of the above
proposed thermal equilibrium of PCDDs and PCDFs with the
flyash particulate material, the strong molecular weight-
dependent association of the CDDs and CDFs with the flyash:

" Concentration (ng/q)

Run 1 Run 2 Run 3
TCDD 6.4 3.4 3.4
PeCDD 17 18 18
HxCDD 17 32 46
HpCDD 110 130 390
OoCDD 200 240 460
TCDF 40 35 32
PeCDF 39 46 51
HxCDF 21 44 58
HpCDF 51 71 250
OCDF 65 84 171
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Table 18. Results of the Dioxin and Furan Analysis of the
Flyash Samples Collected from the ESP Hoppers
During the March 23-25, 1988 Dioxin Stack Test on
No. 2 Boiler at the NSP Red Wing Station.

Isomer Run 1 Run 2 Run 3

(Concentration ng/qg)

TCDD 6.4 3.4 3.4
(2378) .18 .16 .14
PeCDD 17 18 18
(12378) .97 1.4 1.6
HxCDD 17 32 46
(123478) .80 1.8 2.6
(123678) 1.2 2.2 4.4
(123789) 1.4 2.8 4.5
HpCDD 110 130 39

(1234678) 48 58 180
OCDD 200 240 460
TCDF 40 35 32
(2378) 6.1 5.3 5.0
PeCDF 39 46 51
(12378) 1.5 2.2 2.4
(23478) 2.7 4.0 4.0
HxCDF 21 44 58
(123478) 4.2 8.1 11
(123678) 4.1 9.1 13
(234678) 2.5 6.1 7.5
(123789) .69 1.7 1.9
HpCDF 51 71 250
(1234678) 28 39 137
(1234678) 3.9 5.3 22
OCDF 65 84 171
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Table 19. Results of the Dioxin and Furan HRGC/HRMS Analysis
of the Flyash Samples Collected During the March

23-25,

1988 Dioxin Stack Test (2,3,

Equivalents).

7 ,8-TCDD

2,3,7,8-TCDDEquivalents (ng/q)

Moiety TEF Run 1 Run 2 Run_ 3
2,3,7,8~-TCDD 1 .18 .16 .14
Other TCDDs .01 .062 .032 .033
2,3,7,8-PeCDD .5 .49 .70 .80
Other PeCDDs .005 .080 .085 .080
2,3,7,8-HxCDD .04 14 .27 .48
Other HxCDDs .0004 .0056 .010 .014
2,3,7,8-HpCDD .001 .048 .058 .18
Other HpCDDs .00001 .00062 .00072 .0021
2,3,7,8-TCDF o1 .61 .53 .50
Other TCDFs .001 .034 .030 .027
2,3,7,8-PeCDF o1 .42 .62 .64
Other PeCDFs .001 .035 .040 .045
2,3,7,8-HxCDF .01 11 .25 .33
Other HxCDFs .0001 .0010 .0019 .0025
2,3,7,8-HpCDF .001 .032 .044 .16
- _Other HpCDFs .00001 ,00019 .00027 .00091
Total 2.2 2.8 3.4

TEF = Toxicity equivalence factor
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Sampling and Analytical Procedures: Sampling and analytical procedures

should be adequately described. Sampling location, equipment, sample recov-
ery, analysis, calibrations, and quality assurance procedures should b
yeviewed. Each step of the sampling and analytical procedures should be
properly documented. Generally, EPA reference and/or proposed methods should
have been used if applicable. If EPA reference methods were not used, evalu-
ate the test method used and compare to the applicable EPA reference method.
This comparison should be in detail and should determine if a bias in the
results is evident.

Sampling and analytical procedures for each pollutant should be evaluated
separately. This includes but is not limited to visible emissions, particle
size determinations, and process materials sampling.

Summary of Results: Summarize the emission data (average pollutant

concentration, visible emissions, particle size distribution, etc.) applicable
to the specific project. Extraneous data should not be included in this
summary. Note any bias (positive or negative) in the results d;e to sampling
or analytical procedures, process operation, etc. State why the results were

biased.

Recommendations and Conclusions: Specifically state how the data con-

tained in the report should be utilized in the project. Make concise recom-
mendations on how to improve or alleviate the data deficiencies. Conclusions
should address accuracy, precision, and reliability of the results. These

judgments should be discussed in the conclusions.
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C. REPORT DATA REVIEW INSTRUCTIONS

There are four sections to the review checklist: Introduction, Source
Operation, Test Procedures and Results, and Documentation. A separate page
has been provided for each section. The reviewer will have to use more than
one page for. portions of the review if multiple pollutant sampling, several
~test locations, and/or various process operating conditions are encountered.
For example, if a source was tested for sulfur dioxide and particulate at a
single location, use two separate pages for the Test Procedures and Results.
In addition, a blank form has been provided to encourage additional item
1isting and review comments.

The reviewer should address each item by placing a check in the appropri-
ate column(s) or by indicating that this item is not applicable by writing
NA in the comments column.

The YES column should be checked if the report provides complete or
partial information requested for the item and the NO column if the informa-
tion was not provided. The OK column has been provided to indicate that the
data presented in the report for the specific item met project requirements.
A1l deficiencies or other observations should be entered in the comment
column. Every item will not be applicable to the general review requirements.
In this case, enter NA in the comment column for Not Applicable.

Project requirements should be established for each item in order to
effectively review the emission test report. The reviewer should consult
with the individual(s) for whom he is performing the review to establish the
specific project requirements. This approach is recommended to minimize
rejection of valid emission test reports/data due to report deficiencies not

applicable to the project goals.
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Following are some general guidelines and explanations for each section

of the Report Review:

C 1. INTRODUCTION
This section determines if the report includes who, what, when, where,

and why. A1l items in this section are self-explanatory.

C 2. SOURCE OPERATION

The emission test report should address the process and control equipment
status during the test period. Item 2 and 6 of this section refer to process
and‘control equipment monitoring. The emission test report should indicate
that the test team and/or monitor were aware of the process and control
equipment operating status. Statements in the report concerning normal
process operation, process upsets, or control equipment malfunctions during
testing are indications that process and control equipment monitoring were
performed during the testing. The raw materials input to the process éhou]d
be addressed. For example, the type of waste burned in an inciﬁerator during
the tests should be described and compared to the normal type of waste burned
in the incinerator.

List any process, control equipment, or pollutant monitors mentioned in
the emission test report. Comments should be made concerning operation and

calibration status of the monitor.

C 3. TEST PROCEDURES AND RESULTS
Each page should address one type of pollutant and one sampling location.
This approach should be used to organize and clarify the comments for a

specific pollutant at a specific sampling location.
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The emission test report should address the items listed in this section
and the reviewer sﬁbu]d be able to determine how each phase of the sampling
and analysis were‘performed. For example, if the sampling method requires
the sampling train to be purged, did the report mention this, along with how
long the train was purged? If the sample pH has to be adjusted during sample
recovery prior to analysis, did the report mention this was done?

Quality assuhance procedures should be evident in the data presented if
not specifica]]} addressed. Were audit samples used by the laboratory? If
samples were analyzed by another laboratory, were spike samples provided?

Was the dry gas meter calibration checked in the field? These are all examples
of quality assurance procedures. As a minimum, calibration requirements

specified by thé test method should have been performed.

C 4. DOCUMENTATION

A1l field énd analytical data used in the calculations should be recorded
on a data sheet. The reviewer should be able to perform the complete calcu-
Jation procedure from the recorded data provided in the emission test report.
Any assumptions; such as the exhaust gas was assumed to be air with a molecular
weight of 29, should be specifically stated and validated.

All ca]ibrétion procedures and data should have been provided in the
emission test report. Pre- and post-test calibrations required by the test

method should be available in the report.

D.  SUMMARY DATA SHEET INSTRUCTIONS

This sheeﬁ has been provided to summarize the emission test report data.
Blank columns have been provided for the reviewer to summarize data of speci-
fic interest to the project. This could be visible emissions, particle size

data, or source stack conditions (percent moisture, stack temperature, etc.).
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IV. INSTRUCTIONS FOR PERFORMING THE EMISSION
TEST REPORT REVIEW
A.  INTRODUCTION

Emission tests are conducted for a specific Burpose and seldom address
all areas concerned with a detailed emission evaluation. Related data and
documentation such as process operation during the testing is seldom presented
in emission test reports. The primary purpose of the emission report review
is to evaluate the available data and to determine if the data can be used in
support of the specific project. Project data requirements should be estab-
lished before performing the emission test review. Data requirements differ
for standard setting, supporting existing standards, and screening studies.
Otherwise test data may be eliminated due to some minor déficiency unrelated
to the specific project data requirements.

Deficiencies in the report should be noted and properly explained. Recom-
mendations should be made for obtaining the desired information when the
report does not meet the established project requirements. Perform additional
Qisib]e emission observations, obtain a detailed process description, and
contact the state observer for additional data are examples of recommendations.
Important comments, observations, and determinations should be fully expressed
and explained to support the recommendations.

The following instructions describe the parameters used in performing the
emission test report review. If a section of this review is not applicable
(used) in the review procedure, the reviewer should write NOT APPLICABLE
across the entire page. Leave the instructions attached to the final review
so that any reader can use the review. The instructions are 1isted in chrono-

logical order for reference.
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B. REVIEW SUMMARY INSTRUCTIONS

This section is to briefly sumﬁ;;ize the results of the report review.
Each phase of the emission measurement program should be adiressed; specifi-
cally the purpose 6% the test, process operation, control eyuipment operation,
sampling and analytical procedures, and summary of results. Deficiencies
should be noted and specific recommendations and conclusions made.

Two pages haVé been provided for the review summary. Additional attach-
ments may have tb be included for reports dealing with muitiple pollutants or

sources.

Purpose of Test: State the purpose of the emission test. The following

are normal types:of emission tests: compiiance, control efficiency (manu-
facturer's guarantee), research, continuous monitor certification, etc.

Purpose of Review: Summarize what the data will be used for; such as in

the specific project, New Source Performance Standard background information.

Process Operation During Tests: Determine if process operations met

test requirements and summarize with conclusions. As a minimum,:the report
should provide a, process description and flow diagram and state whether-thé
process operated?hormally during the testing period. Summarize key process
data such as rated capacity, type of fuel used and other raw materials, and if
the process is cyclic, batch, or continuous.

Control Equipment Status During Testing: Summarize control equipment

data contained in the report and determine information necessary to complete
the specific project requirements. The report should ifentify the type,
manufacturer, ahd operating status of the control equipment during the test

period.
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