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Discussion of Results

Effect of Filter Type

Sampling trains that employed glass fiber filters were observed to have larger FPM loadings than
comparable sampling trains utilizing quartz fiber filters. There was no observable difference in
the CPM loadings associated with filter material.

The most likely explanation for this observation is that the demonstrated alkalinity of the glass
fiber filters. This alkalinity corresponds to active sites on the filter that collect acid gases which
are not retained on the quartz fiber filter. The primary acid gases in flue gas from coal-fired
power plants are SO,, SO,/sulturic acid, and HCI. These species are gases or aerosols at stack
temperatures, and are not filterable particulate. Therefore, sorption of these species onto the filter
leads to a high bias in the FPM measurement. This sorption effect is supported by the significant
increase in chloride and sulfate on the glass fiber filters compared to the quartz fiber filters.

The one site that did not show an increase in FPM loading with glass fiber filters was Flint
Creck. That plant burns subbituminous Powder River Basin coal, a low-sulfur coal which
produces a highly alkaline fly ash that adsorbs acid gases. For that reason, the levels of acid
gases in the flue gas are expected to be very low, and the lack of a positive bias from sorption on
the filter could be explained by this mechanism.

The positive bias from the use of reactive filters has been cited by a number of researchers in
literature references dating back to the early development of stack testing methods in the
] 97OSII4.15,16].

e In 1977, Southern Research Institute reported their experience with glass fiber filter material
used for flue gas sampling"“. The report discusses experiments that were designed to
evaluate filter materials effect on mass collected in inertial cascade impactors. It was found
that the masses increased for all fiber material tested; therefore, a method was developed to
passivate the glass fiber filters to reduce SOx-induced mass gains. The study indicates that a
sulfuric acid wash followed by a distilled water and isopropanol rinse, drying, baking, and in
situ conditioning was the most effective at reducing SOx-induced mass gains.

e In 1997, Batterman, et.al, assessed sampling filter media'”'. This paper discusses static
chamber measurements using FTIR spectrometry developed to measure the uptake of SO,
and other gases on air sampling filter media. The technique was used to estimate filter
uptakes, partition coefficients and diffusion coefficients for 12 filter types, including glass
fiber, Teflon-coated glass fiber, nylon, quartz, Tetlon, Supor, Nylasorb and acrylic
copolymer membranes. Results indicated that Teflon, quartz and acrylic copolymer filters
had minimal sorption of SO,. '

¢ MCERTS Environment Agency (2011} provided guidance to measure particulate
concentrations at stacks with Emission Limit Values (ELVs) below 50 milligrams per cubic
meter (mg/m")"". Besides general criteria related to the measurement of particulates this
reference also provides specific additional criteria to be followed when: 1) measuring
particulate concentrations on stacks with ELVs of 10 mg/m’ or below; and 2) calibrating
particulate CEMs on processes where the particulate concentrations are typically less than 10
mg/m’. The guidance also provides information about fiber loss that can occur from the filter
during initial sampling, which may affect the overall uncertainty of PM measurements
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However, there is apparently little recognition among current stack testing companies or method
developers that the most commonly purchased glass fiber filters have this positive bias.

Conversely, there is literature that suggests that many filters, and in particular quartz fiber filters
such as those used in Method 29, have mechanical breakage and mass loss problems that may
actually lead to a negative bias"". That source suggests that there is some (small) bias associated
with fragility of quartz filters, which could cause low bias due to inadvertent weight loss. The
magnitude of this impact was reported to be from 0.3-1.4 mg per sample. Those masses are well
below the loadings observed in this study, but could have an impact on very low-emitting
sources or for short sampling durations.

It is worthwhile to note that in our study, the increased FPM loading when vsing glass fiber
filters did not result in a corresponding decrease in CPM loading. This finding implies that the
increase in FPM is due to true gas-phase species and not to components which would condense
in the Method 202 impingers and be reported as CPM.

Effect of Sampling Temperature

Sampling trains that employed probe and filter temperatures at 250°F were observed to have
larger FPM loadings than comparable sampling trains utilizing probe and filter temperatures of
325°F. There was no observable difference in the CPM loadings between the two probe and
filter temperatures.

The increase in FPM at lower operating temperatures is likely associated with the dew point of
various components of the gas. The 320°F temperature specified by Method 5B is intended to
measure “non-sulfuric acid PM”; thus, it is Iogical that the higher temperature would produce
both lower FPM and lower sulfate loadings on the filter catch. However, although there was a
meaningful difference in the FPM on the sampling trains operated at 250°F compared to the
sampling trains operated at 325°F, there was no consistent difference in CPM on the same
sampling trains. Any species that are not captured on the filter held at 325°F do not seem to be
captured in the condensable portion of the sampling train. Yet, the impinger portion of the
sampling train is held at temperatures well below 250°F, and therefore should have captured any
condensable species. This finding cannot be explained by the data collected in this study, but
may be related to the finding of earlier EPRI research that OTM-28 is inefficient at capturing

. . 8
sulfuric acid aerosol'™.

Effect of Sampling Duration

The difference in the FPM loadings associated with sampling duration did not exceed the project
threshold, although those differences that were observed had a trend toward higher loading at
shorter duration. in seven of eleven paired comparisons. The data collected in this study were not
sufficient to determine a mechanism for the observations. Glass fiber filters did not consistently
show a greater sampling duration effect than quartz fiber filters, as would be expected if the
effect was due to the sorption of acid gases.

Sampling trains that operated for 2 hours were observed to have larger CPM loadings than
comparable sampling trains operated for 4 hours. The data collected in this study are not
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sufficient to explain this finding. Additional studies will be required to understand the factors
impacting the accuracy of Method 202.

As demonstrated above, the variability (imprecision) associated with the determination of CPM
is far greater than that associated with the determination of FPM. This is likely due to two
factors:

e There are multiple measurements associated with each resuit. For FPM, there are two
fraction results (probe/nozzle rinse and filter), and one (usually negligible) blank correction
of the gravimetric measurement. For CPM there are also two fractions, but there are two
corrections, one of which is a chemical analysis result, as opposed to just a weighing. This
larger number of resuits, as well as the more significant blank correction, contributes to the
higher variability in these results.

® There are significant technical limitations to the collection of condensable particulate matter.
An EPRI research study found that OTM-28 is less likely to overestimate CPM emissions
than Method 202 because it minimizes the conversion of sulfur dioxide to sulfuric acid in the
sample collection train'™, However, it also found that OTM-28 did not efficiently capture
sulfuric acid aerosol from the flue gas. It was determined that a more accurate CPM
measurement was obtained by measuring sulfuric acid with a controlled condensation system
method in parallel with OTM 28 and using the sulfuric acid result to correct the OTM 28
resuits.

Impact of Blank Levels

Although the study did not include field blanks, FPM filter media blanks and reagent blanks
were collected, subjected to Method 5 or 5B drying procedures and weighed. Blanks were also
submitted for IC analysis. Reagent blank data and IC results are shown in Tables B-1 through
B-4 in Appendix B. The filter blank gravimetric results are shown in Table B-5. Implications of
the blanks are as follows:

e Media (filter) blanks results gained weight on drying; however, the increases were all less
than 0.4 mg per sample. Field sample results for the filter and rinse portion of the sampling
trains were all significantly greater than 0.4 mg. Thus, these blank results have no impact on
the interpretation of the results for this study.

¢ Acetone results for particulate matter were on the order of 0.1 mg per sample. The field
sample results were corrected for acetone background, but as noted above, the level of this
blank/correction is insignificant compared to the results of the sampling trains. These blank
results have no impact on the interpretation of the results for this study.

e Blank glass and quartz fiber filters were dried according to the Method 5 or 5B requirements,
. extracted with water and prepared for IC analysis of major cations and anions. Results for
chloride and sulfate on the glass fiber blanks were up to 0.016 mg and 0.52 mg, respectively.
IC results for the quartz fiber blanks were mostly undetectable. Field sample results for glass
fiber filters were all greater than the loadings from the blanks; thus, the blank levels had no
impact on the interpretation of the results of this study.

L imitations of the Data

This study and its conclusions are based on a limited data set. A total of 15 paired sampling
trains were collected at four sites. Three variables were evaluated in this measurement effort;
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filter type, filter temperature and sampling duration. Where these variables were observed to
have a demonstrated effect, the magnitude of the effect was relatively small, ranging from a
factor of two to a factor of four. The study did not observe the order-of-magnitude decrease in
FPM that some ICR respondents reported compared to compliance test results; however, there
was a very limited number of power plants tested in our study.

The primary effects described in detail above have a fairly solid body of data behind them, and

the conclusions are supportable and defensible. However, there are further questions raised that
cannot be addressed conclusively with this study. The following are examples of processes that
might be occurring, but to verify or reject them will require data outside the scope of this effort:

¢ There may be an interaction between the effect of the sampling train probe and filter
temperature and the effect of the filter material. We have shown that the glass fiber filter has
a positive bias relative to the quartz fiber filter. Is this effect dependent on the probe and filter
temperature?

e The effect of the FPM sampling temperature and filter material on CPM has not been
explained. Why is there no observed CPM decrease associated with the FPM increases?

¢ The effect of sampling duration on FPM has been evaluated only for two- and four-hour
sampling durations. Shorter durations, such as those typically used in compliance testing,
were not evaluated. It is important to conduct the same kind of parallel tests with shorter run
times, to attempt to identify whether that sampling variable will have an impact on FPM
emissions results.
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CONCLUSIONS AND RECOMMENDATIONS

Conclusions

As detailed in Section 3, the results of this study demonsirate that there are measurable and
significant effects on FPM and CPM results of the three study variables. The following effects
were observed:

Filter: At three of four sites, the use of a glass fiber filter gave consistently higher loadings
for filterable particulate material.

Temperature: At all four sites, the sampling trains operated at 250°F gave consistently higher
loadings for filterable particulate material.

Sampling duration: At all four sites, the sampling trains operated for 2 hours produced higher

loadings of condensable particulate material than trains operated for 4 hours. The impact of
sampling duration on FPM loading was not significant or consistent.

Recommendations

To limit the biases discussed above, the following procedures are recommended:

Filter Material

— The positive bias associated with acid gas adsorption on an alkaline glass fiber filter can
be eliminated by use of a quartz filter. Alternatively, glass fiber filters can be acid-
washed before use'".

—  Quartz filters are brittle, and can lose mass through breakage. A high degree of care
should be taken to avoid losing fibers during filter handling. The use of a capsule-type
filter holder has been suggested as one way to avoid loss during handling"”.

- Research by other organizations has indicated that all types of filters may lose mass in the
initial minutes of sampling, as loose particles from filter manufacture are dislodged. A

brief preconditioning period may help to eliminate this negative bias""

Filter/Probe Temperature

— Select the correct temperature for sampling train operation, based on the applicability
statements in EPA Methods 5 and 5B and the conditions required for permit compliance.
A higher temperature will reduce positive bias in FPM from condensation of acid gases
and sulfuric acid on the filter,

Sampling Duration

— Samples should be collected for a length of time that will collect sufficient FPM and
mass to provide acceptable accuracy. In this study, no consistent trend is observed in
FPM between 2 and 4 hours duration for glass fiber filters. The study results do not
support any specific recommendation for sampling duration. However, a shorter sampling
time may result in a less representative and more variable measurement, particularly if



the mass collected is close to the mass contributed by the blanks. Power plants with lower
FPM emissions than those in this study should pay particular attention to quality control,
including taking measures to fully assess blank contributions to the sample loading, and
possibly preconditioning the filters as suggested above.

Biases in revised Method 202 have not been studied sufficiently for EPRI to make a
recommendation for improved accuracy. A longer sampling duration appears to result in
a decreased CPM loading in mg/dscm; however, the reason for this pattern could not be
determined from the study results. Power plants with low CPM emissions should pay
particular attention to quality control, including collecting field blank samples and using
only recovery solvents that produce very low residues. Additional studies are
recommended to better understand the factors impacting the accuracy of the method.
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PROCESS DATA PLOTS

Time-sequenced plots of key process data parameters and sample collection periods for each of
the four host test sites in this study are provided below and include the following: unit load
(MW), stack SO, (Ib/mmBtu), stack NO, (Ib/mmBtu), and stack opacity (%).
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Process Data for Mountaineer Unit 1 (Opacity)
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Table B-1

Summary of Mountaineer Power Plant Laboratory Resuits

{mg/dscm)

) Lo M5B M5 Acetone

Run - : 1A 1B 2A 28 3A 38 Blank { Blank Blank
General Test Information
Test Date 2/1/11 2111 | 2/2/11 | 2/2/11 2/2{11 | 2/2/11 — — —
Start Time 11:17 11:00 08:00 08:00 13:30 13:30 — — —
Stop Time 14:02 10:40 09:37 12:30 18:00 18:00 — e —
Test Conditions
Filter Type HP HP 58 58 5B 5 — — —
Run Time (hr) 2 4 2 4 4 4 — - —
Temperature {°F) 325 325 325 325 325 250 — — —
Volume sampled (dscf) 89.214 | 174246 | 89.442 | 172.747 1783'14 173,853 | — — —
PM Laboratory Results
Fitter {mg) 7.7 16.3 32.8 51.2 51.8 77.3 — — —
PNR {mg} 2.7 8.8 4.4 7.4 12.4 13.4 _— — —
Acetone Blank {ma) 0.1 0.1 0.0 0.0 0.1 0.1 — — —
Organic Fraction {mg) 1.8 1.9 8.1 13.6 1.1 0.7 — e —
Inorganic Fraction {mg) 23.0 25.1 10.1 34.4 26.4 17.7 — — —
Ammonia Correction {mg) 3.6 5.5 1.8 5.2 7.1 34 — o —
,(C\r(r:]e;t)one/MeCIz Field Blank 0.6 0.6 06 0.6 06 0.6 - o o
DI Water Fleld Blank (mg) 1.3 i3 1.3 1.3 1.3 1.3 — — —
Total Field Biank (mg) 1.9 1.9 1.9 1.9 1.9 1.9 — — e
FPM (mg) 10.3 25 37.2 58.6 64.1 80.6 — — —
FPM (ma/dscm) 4.08 5.07 14.70 11.99 12.71 18.41 — — —
FPM (Ib/hr) 47.6 59.4 171.8 136.0 146.3 212.6 — — —
FPM (Ib/mmBtu) 0.0035 00044 | 0.0125 | 0.0102 [ 0.0109 | 0.0158 — — —
CPM {mg) 19.3 19.6 14.5 40.9 18.5 13.1 o — —
CPM {mg/dscm) 7.64 3.97 5.73 8.37 3.67 2.66 — — —
CPM {ib/hr) 89.1 46.6 67.0 97.0 42.2 30.7 — — —
CPM (Eh/mmBtu) 0.0066 | 0.0034 | 0.0049 | 0.0071 | 0.0032 | 0.0023 — — —
IC Laboratory Results
Leachable Bromide {mg) <0.01 <0.01 <0.01 0.06 <0.01 0.16 <0.01 | <0.01 <0.01
Leachabie Chloride (mg) 0.024 0.013 0.056 0.07 0.036 0.153 0.016 | 0.013 0.017
Chloride (mg/dscm) 0.0095 0.0026 | 0.0221 | 0.0143 | 0.007t | 0.03i1
Leachable Fluoride (mg) <0.03 0.013 <0.01 0.011 0.013 0.01% <0.01 | 0.025 <0.01
Ammonia (as NHa4) {mg) 0.263 1.66 1 1.88 2.74 2.9 <0.01 | <0.01 <0.01
Calcium (mg) 0.031 0.16 0.283 0.377 0.326 0.466 0.2i5 | 0,177 <0.01
Lithium {mg) <0.01 <0.01 <0.01 <0.01 <{.01 <0.01 <0.01 | <0.01 <0.01
Magnesium {mg) 0.055 0.246 0.254 0.569 0.482 0.503 0.0496 | 0.046 <0.01
Potassium (mg) <0.01 0.063 0.095 0.137 0.099 0.132 0.028 | 0.018 <0.01
Scdium {mg) 0.036 0.108 8.76 9.81 9.2 8.87 2.64 2.49 <0.01
Leachable Nitrate (mg) 0.013 <0.01 0.077 0.053 0.674 0.08 <0.01 | <0.01 <0.01
Leachable Nitrite (mg) <0.02 <{.02 <0.02 0.061 <0.02 0.16 <0.02 | <0.02 <0.02
Leachable Phosphate {mg) <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 | <0.02 <0.02
Leachable Sulfate {mg) 1.95 14.3 30.2 48.7 50.6 64.4 0.459 0.5 <0.01
Leachable Sulfate 077 | 290 | 11.93 | 996 | 1004 | 13.09

°F - degrees Fahrenheit

dscf — dry standard cubic feet
hr - hour

ib — pounds

{b/hr — pounds per hour

Ib/mmBtu — pounds per miilion British thermal units

mg — milligrams

mg/dscm ~ milligrams per dry standard cubic meler

NH, - ammonivm




Table B-2

Summary of Cardinal Power Plant Laboratory Test Results

(mg/dscm)

—— HP M5B
Run - 5A 5B 6A 6B 7A 7B 8A 8B Blank | Blank
General Test Information

Test Date 2/8/11 2/8/11 2/9/11 2/9/11 | 2/9/11 2/9/11 2/10/11 2/10/11 — —
Start Time 10:50 11:45 16:42 10:40 13:25 15:35 07:45 07:45 — —
Stop Time 15:02 13:54 15:13 12:56 17:45 19:43 12:00 12.00 — —
Test Conditions

Filter Type HP HP 5B 5B HP HP HP HP — —
Run Time (hr) 4 2 4 2 4 4 4 4 — —
Temperature (°F) 325 325 325 325 250 325 250 325 e —
Volume sampled {dscf) 181.384 | 80.362 | 166.369 | 89.538 | 179.642 | 161,739 186.612 166.018 — e
PM Laboratory Results

Filter mass (mg) 27 1.2 34.0 23.5 53.4 -0.4 34.1 3.6 — —
Extra fitter mass {mg} — — 20.0 — o [ e — — e
PNR {mg) 21.3 8.4 13.5 7.1 14.9 24.3 20.3 1%.1 — —
Acetone Blank {mg)} 0.4 0.4 0.3 0.2 0.2 0.3 0.3 0.5 — —
Organic Fraction (mg) 39 1.8 1.7 1.5 1.5 2.1 2.2 1.5 — —
Ingrganic Fraction (mg) 71.3 58.0 51.1 324 48.6 60.3 93.2 61.7 — —
Ammonia Correction (mg) 11.0 126 10.7 4.7 11.0 14.¢ 19.8 16.9 — —
’(";th”ef MeCl, Field Blank 12 12 1.2 1.2 1.2 1.2 12 1.2 — —
DI Water Field Blank {(mg) 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 — —
Total Field Blank {mg} 2.0 2.0 20 2.0 2.0 2.0 2.0 2.0 — e
FPM {mg} 23.6 9.2 67.2 30.4 68.1 23.6 54.1 22.2 — —
FPM {mg/dscm) 4.60 4.05 14.27 12.00 13.40 5.16 10.24 4.73 — —_
FPM {Ib/hr) 25.9 21.8 78.2 66.9 74.7 27.7 59.0 26.1 — —
FPM {Ib/mmBtu) 0.0044 [ 0.0038 | 0.0134 | 0.0115 | 0.0128 0.0048 0.0098 0.0044 — —
CPM (mg) 62.2 45.2 40.1 27.2 37.1 45.5 73.6 44.3 — —
CPM (mg/dscm) 12.1 19.9 8.5 10.7 7.3 9.9 13.9 9.4 — —
CPM (Ib/hn) 68.2 i0/.1 46.7 59.8 40.7 53.5 80.2 52,1 — —
CPM (Ib/mmBiu) 0.0116 | 0.0188 0.008 0.0103 0.007 0.0083 0.0133 0.0087 — —
IC Laboratory Results

Leachable Bromide (mg) <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Leachahle Chloride {(mg) 0.066 <0.01 0.101 0.097 0,038 0.063 0.063 0.051 <0.01 <0.01
Chloride (mg/dscm) 0.013 <0.004 0.021 0.038 0.007 0.014 0.012 0.011

Leachable Fluoride (mg) 0.036 <0.01 0.018 0.02 0.014 0.021 0.011 0.015 <0.01 0.026
Ammonia (as NH4) (mg) 0.771 0.296 0.818 0.324 0.494 0.779 0.514 0.775 <0.01 <0.01
Calcium (mag) 0.765 0.192 0.531 0.384 0.165 0.32 0.317 0.191 <0.01 0.127
Lithium (mg) <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Magnesium (mg) 0.163 0.035 0.183 0.142 0.082 0.128 0.123 0.111 <0.01 0.037
Potassium {mg) 0.087 0.033 0.234 0.147 0.147 0.075 0.073 0.055 <0.01 0.025
Sodium (mg) 0.158 0.076 12 8.23 0.21 0.129 0.15 0,097 <0.01 1.91
Leachable Nitrate {mg) 0.015 <0.01 0.064 0.086 0.015 0.015 0.03 0.01 <0.01 <0.01
Leachable Nitrite {mg) 0.026 <0.02 0.027 0.027 <0.02 0.028 0.02%9 0.022 <0.02 <0.02
Leachable Phosphate {mg) <002 <0.02 <0.02 <0.02 <0.02 <0.02 0.072 <0.02 <0.02 | <0.02
Leachabie Sulfate (mg) 12.9 4,14 53.3 26,9 16.7 15.7 29 13.9 <0.01 0.521
Leachable Sulfate 251 | 1.8 | 1132 | 1062 | 328 | 343 5.49 2.96

°F — degrees Fahrenheit
dscf — dry standard cubic feet
hr — hour

Ib - pounds

Ib/hr — pounds per hour

Ib/romBtu — pounds per million British thermal units

mg — milligrams

mg/dsem — milligrams per dry standard cubic meter

NH, — ammonium




Table B-3

Summary of Flint Creek Power Plant Laboratory Test Resulis

Run 1A | 18 [ 2a | 2B 3A 3B 48 [ am
General Test Information

Test Date 2/15/11 2/15/11 2/16/11 2/16/11 3/1/11 3/1/11 3/2/11 32711
Start Time 11:30 11:30 08:10 08:1C 11:20 11:20 10:45 10:45
Stop Time 16:24 16:23 12:52 12:53 13:55 13:52 15:25 15:25
Test Conditions

Filter Type 5B HP 5 HP 5B HP HP HP
Run Time (hr) 4 4 4 4 2 2 4 4
Temperature (°F) 325 325 250 250 325 325 325 250
Volume sampled (dsch) 260.055 272,262 136.381 189,272 126.238 90.01% 183.726 251.3170
PM Laboratory Resuits

Filter mass (mg) 121.9 113.0 81.6 91.5 55.3 379 773 90.3
PNR (mg) 4.9 16.3 12.3 20.3 2.8 8.9 11.5 24.8
Acetone Blank {mg) 0.1 0.1 0.1 0.2 0.1 0.2 0.1 0.2
Organic Fraction (mg) 0.8 1.1 0.7 0.3 4.9 4.2 3.0 6.7
Ingrganic Fracticn (mg) 25.6 44.6 48.5 54.5 17.0 258 454 45.2
Ammenia Correction (mg) 5.7 10.9 11.7 12.2 4.0 5.8 11.4 11.6
Acetone/MeCl, Field Blank (mg) 0.5 0.5 0.5 0.5 0.1 0.1 0.1 0.1
DI Water Field Blank (mg) 0.3 0.3 0.3 0.3 1.0 1.0 1.0 1.0
Total Field Biank (mg) 0.8 ¢.8 0.8 0.8 1.3 1.1 1.1 i1
FPM (mg) 126.7 129.2 93.8 111.6 58 46.6 88.7 114.9
FPM (mg/dscm) 17.2 16.8 24.3 20.8 16.2 18.3 17.1 16.2
FPM {Ib/hr) 83.8 82.9 116.2 106.0 79.6 86.1 85.5 772
FPM {Ib/mmBtu) 0.0159 0.0155 0.0225 0.0193 0.015 0.0169 0.0161 0.0153
CPM {mg) 19.9 34 36.7 41.8 16.8 23.1 359 39.2
CPM (mg/dscm) 2.70 4.41 9.51 7.80 4.70 9.G7 6,90 5.51
CPM (lb/hr) 13.2 21.8 45.5 39.7 23.1 44.2 34.6 26.3
CPM (Ib/mmBtuw) 0.0025 0.0041 0.0088 0.0072 0.0043 0.0084 0.0065 0.0052
IC Laboratory Results

Leachable Bromide (img) 0.071 0.025 0.039 0.027 0.072 <0.01 <0.01 <0.G1
Leachable Chloride (mg) 0.79g 0.092 1.49 0.162 1.42 0.079 0.035 0.065
Chloride (mg/dscm) 0.109 0.0i2 0.386 0.030 G.397 0,031 0.007 0.G09
Leachabie Flugride {mg) 0.083 0.094 0.107 0.122 0.955 0.035 0.058 0.068
Ammonia (as NH4) (mg) 0.077 0.012 — — <0.01 <0.01 <0.01 <0.01
Calcium (mg) 4.35 4.7 2.72 3.69 2,12 2.12 3.48 3.84
Lithium (mg) <0.01 <0.01 <0.01 <{.01 <0.01 <0.01 <0.01 <0.01
Magnesium {mg) 0.05 0.042 0.068 0.058 0.095 0.089 0.068 0.115
Patassium {mg) 0.164 0.024 0.085 0.034 0.0582 6.019 0.026 0.045
Sadium (mg) 8.78 0.34 7.56 0.306 5.54 0.166 0.246 0.357
Leachabfe Nitrate {mg) 0,196 0.098 0.337 0.245 0.122 0.187 0.072 G.206
teachable Nitrite (img) 0.036 0.012 0.012 0.012 6.046 0.013 0.01 <0.01
Leachable Phosphate {mg) <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02
Leachable Sulfate (mg) 20.8 6.03 17.2 4,69 11.1 1.72 3.8 5.23
Leachable Sulfate (mg/dscm) 2.83 0.78 4.46 0.88 3.11 0.68 0.73 0.74

°F — degrees Fahrenheit
dscf — dry standard cubic feet
hr — hour

ib - pounds

Ib/hr — pounds per hour

Ib/mmBtu — pounds per millicn British thermal units

mg — miifigrams

mg/dsem — milligrams per dry standard cubic meter

NH, — ammonium
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Table B-4

Summary of Pirkey Power Plant Laboratory Test Results

Run [ 1A [ w8 1 28 | 28 3A 3B 4A 48
General Test Information :

Test Date 2/22/11 222111 2/23/11 2/23/11 2/23/11 2/23/11 2/24/11 2/24/11
Start Time 09:00 09:00 09:00 05:00 13:55 13:55 08:15 08:15
Stop Time 13:15 13:15 13:15 13:15 16:10 16:10 10:30 10:30
Test Conditions

Filter Type 5B HP 5 HP 5B HP 5 Hp
Run Time (hr) 4 hr 4 hr 4 hr 4 hr 2hr 2 hr 2 hr 2hr
Temperature (°F) 325 325 250 250 325 325 250 250
Volume sampled (dsch 206.564 200,283 191.743 192.626 97.541 96.499 99.510 97.813
PM Laboratory Results

Fitter mass {mg) 30.3 13.9 26.3 291 19,5 4.8 21.8 12.0
PNR {mg) 9.1 10.6 13.7 7.7 8.6 7.7 13.3 11.1
Acetone Blank (mg) 0.1 0.2 0.1 0.2 0.2 0.2 0.1 0.2
Organic Fraction {mg) 1.3 0.8 1.0 1.6 1.0 0.6 1.3 1.8
Inorganic Fraction {mg) 22.6 18.0 16.0 19.6 12.1 14.7 10.1 8.8
Ammaonia Correction (mg) 4.7 4.1 3.9 5 2.1 3.1 24 1.9
Acetone/MeCl; Field Blank (mg) 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
DI Water Field Blank (mg) 0.5 0.5 0.5 Q.5 0.5 0.5 0.5 0.5
Total Field Blank {mg) 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6
FPM (mg) 35.3 24.3 39.9 36.6 27.9 12.3 35 229
FPM (mg/dscm) 6.72 4.29 7.35 6.71 10.11 4.50 12.43 8.27
FPM (Ib/hr) 714 46.5 726 68.9 100.0 45.7 126.3 85.3
FPM (Ib/mmBtu) 0.0075 0.0048 0.0083 0.0076 0.0114 0.0054 0.0141 0.0093
CPM {mg) 18.6 14.1 12.5 15.6 10.4 11.6 8.7 8.1
CPM {mg/dscm) 3.18 2.49 2.30 2.86 3.77 4.25 3.09 2.83
CPM {Ib/hr} 338 27.0 22.7 29.4 37.3 43.1 314 30.2
CPM (lh/mmBtu) 0.0036 0.0028 0.0026 0.0032 0.0042 0.0048 0.0035 0.0033
IC Laboratory Results

Leachable Bromide (mg) 0.079 <0.01 0.052 <0.01 0.0341 <0.0% 0.041 <0.01
Leachabie Chloride (mg) 0.351 0.069 0.496 0,123 0.449 0.061 1.06 0.069
Chloride (mg/dscm) 0.060 0.012 0.091 0.023 0.163 0.022 0.376 0.025
Leachable Fluoride (mg) 0.135 0.108 0.141 0.084 0.096 0.041 0.25 0.064
Ammoenia {as NH4) {mg) 0.533 0.882 0.836 0.827 0.177 0.485 0.496 0.473
Calcium {mg) 0.729 0.644 0.601 0.191 0.165 <0.01 0.539 0.013
Lithium {mg) <0.01 <0.01 <G.01 <0.01 <0.01 <0.01 <0.01 <0.01
Magneasium (mg) 0.337 0,317 0.369 0.174 0.14 0.087 0.239 0.103
Potassium (mg) 0.092 0.053 0.103 0.063 0.096 (.025 0.087 0.033
Sedium (mg) 9.77 0,251 8.09 0.207 7.19 0.097 7.34 0.219
Leatchable Nitrate {(mg) 0.219 0.058 0.152 0.052 0.079 0.047 0.111 0.049
Leachable Nitrite {mg) 0.034 0.023 0.031 0.024 0.031 0.026 0.036 0.027
L.eachable Phosphate {mg) <0.02 <0.02 <0.02 0.081 <0.02 <0.02 <0.02 <0.07
Leachable Sulfate (mg) 28.6 10.2 30.9 18 17.2 5.75 211 8.78
Leachable Sulfate (mag/dscm) 4.89 1.80 5.69 3.30 6.23 211 7.45 3.17

°F — degrees Fahrenheit

dscf - dry standard cubic feet
hr — hour

Ik — pounds

Ib/hr — pounds per hour

Ib/mmBtu — pounds per million British thermal units

mg — milligrams

mg/dscm — milligrams per dry standard cubic meter

NH, — ammonium
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Table B-5

Media Filter Blank Gravimetric Results

Oven Weight
Temperature | Gain (mg)
(°F)
M5B Filter (Glass Fiber) 320 0.4
M35 Filter (Glass Fiber) 250 0.2
Quartz Fiber 320 0.2
Quartz Fiber 250 0.2

°F — degrees Fahrenheit
mg — milligrams
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LABORATORY FILTER STUDY

Lab Report
E Youngerman
29 March 2011

Problem

Preliminary observations indicates that glass fiber and quartz fiber filters behave differently in
EPA Method 5 and Method 5B sampling trains.

Hypothesis

There is a chemical difference between these filters. Tt has been suggested that the glass fiber
filters are more alkaline than quartz fiber filters. Test this by extracting the filters with water, and
measuring the pH of the water.

Materials

Deionized water, boiled and cooled
Un-used polyethylene petri dishes
Disposable pipets
Filter material
47 mm filters, Whatman Glass Fiber, EPM-2000
47 mm filters, Whatman Quartz.Fiber, QOMA
47 mm filters, Pall Corporation Glass Fiber, Type A/E
47 mm filters, Pall Corporation Quartz Fiber, Tissuquartz

pH meter, calibrated using pH 7 and pH 10 standards

Procedure

Place 4 filters of each type in individual 100 mm petri dishes. The area of 4 47 mm filters
18 approximately the same as the area of one 90 mm filter,

Add 20 milliliters of water

Cover, swirl, and allow to sit for at least 10 minutes



Remove approximately 10 miliiliters of water from the petri dish using disposable pipet.
Measure the pH of the water used to soak the filter.

Repeat with four more filters of each type.

Results
Filter Material pH, Run 1 pH Run 2
Whatman Glass Fiber 9.95 10.07
Pall Glass Fiber 10.3 104
Whatman Quartz Fiber 6-.9-7.0 ~7.4
Pall Quartz Fiber <7 ~7.0
Water 6.0-7.0

Conclusions

There is a marked and significant difference in the chemistry of the filters. The water from the
quartz fiber filters is indistinguishable from the water blank. On the other hand, the water from
the glass fiber filters shows a pH of 10 or more.

It is likely that, due to the alkaline nature of the glass fiber filter, the glass fiber filters will absorb
or adsorb acidic components of the flue gas, which are not truly particulate material. Due to the
potential absorption of gaseous acidic components, the use of glass fiber filters has a great
potential to impart positive bias on particulate determination.
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Export Control Restrictions

Acoess to and use of EPRI Intellectual Property is granted
with the specific understanding and requirement that
responsibility for ensuring full compliance with all applicabie
U.S. and foreign export laws and regulations is being
undertaken by you and your company. This includes an
obfigation to ensure that any individual receiving access
hereunder who is not a U.S. citizen or permanent U.S.
resident is permitted access under applicable U.S. and
foreign export laws and regulations. In the event you are
uncertain whether you or your company may lawfully obtain
access to this EPRI Intellectual Property, you acknowiedge
that it is your obligation to consult with your company’s legal
counsel to determine whether this access is lawful.
Although EPRI may make available on a case-by-case
basis an informal assessment of the applicable U.S. export
classification for specific EPRI Intelfectual Property, you and
your company acknowledge that this assessment is solely
for informational purposes and not for refiance purposes.
You and your company acknowledge that it is stifl the
obligation of you and your company to make your own
assessment of the applicable U.S. export classification and
ensure compliance accordingly. You and your company
understand and acknowledge your obligations to make a
prompt report to EPRI and the appropriate authorities
regarding any access to or use of EPRI Intellectual Property
hereunder that may be in violation of applicable U.S. or
foreign export laws or regulations,
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The Electric Power Research Institute Inc.,
(EPRI, www.epricom) conducts research and
development relating to the generation, delivery
and use of electricity for the benefit of the public.
An independent, nonprofit organization, EPRI
brings together its scientists and engineers as well
as expeits from academia and industry to help
address challenges in  electricity,  including
reliability, efficiency, health, safety and the
environment. EPRI also provides technology, palicy
and economic analyses to drive long-range
research and development planning, and supports
research  in emarging technologies. EPRI's
members represent more than 90 percent of the
electricity generated and delivered in the United
States, and international participation extends to 40
countries. EPRFs principal offices and laboratories
are located in Palo Alto, Galif.; Charlotte, N.C.;
Knoxvilte, Tenn.; and Lenox, Mass.
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