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The Stack Test

An Allegorical Tale

Step 1: Test Prepa ratlon

Wednesday, September 14, 11



The Stack Test

An Allegorical Tale

Step 2: The Test
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The Stack Test

An Allegorical Tale

Step 3: Data AwaLgsLs




What is Particulate!?
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What I1s Particulate?

Filterable PM
Total Suspended Particulate (TSP)
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What I1s Particulate?

Filterable PM Condensable PM
Total Suspended Particulate (TSP)
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What I1s Particulate?

Filterable PM
Total Suspended Particulate (TSP)
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What I1s Particulate?

Filterable PM
Total Suspended Particulate (TSP)
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Particulate Is
defined by the
method used to
measure It...
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Filterable Condensible
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Front Half Back Half

11






‘\ Filterable
\)\ x \\Method 5; Total Suspended PM
a ’&\0
‘ 5‘“ Method 55:  Non-sulfate Total PM
// Method sF: Non-sulfate FCCU Total PM
Method 17: In-stack Particulate
Method 201;  Filterable PM 10

Method 201A:  Filterable PM 10/2.5

Condensable

Method 202:  Condensable PM
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Method 5
248 °F
No BH

Method 5B
320 °F
No BH

Method 5F
320 °F
No BH

Sulfate Filter
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Sampling Components
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Too many options - inconsistent results
Creation of sulfate artifacts (high bias)

There are iIssues with the new method
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Solubility of NHz in Water

Solubility of SOz In Water
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The presence of free NH;

i :
for the dissolution o So. nthe flue gas is the Catalyst
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NHz raises pH in impinger
which greatly enhances...

SO:2 collection effciency
resulting In...

Formation of ammonium salts
In Impinger

NHz (gas) + SO (gas) + H20 (lig) =NHa (liq) + HSOz (lig) + time, Oz <-> (NH4)HSO4

2NH3 (gas) + SO2 (gas) + H20 (liq) =2 NHaNHg4 (lig) + SOs (lig) + time, Oz <-> (NH4)2SO0q4
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The Problem

Run 1 Run 2
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H,SO, < 1 ppm by simultaneous CCM
Flue Gas |NH,>> 10 ppm by simultaneous FTIR
SO, ~ 35 ppm by simultaneous FTIR

Wednesday, September 14, 11



Investigation
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The sulfate found was far
B4 In excess of the sulfate
s ‘ ‘ ’ TA.I ] b A ! I : .
o o e L available from the H,SO,
Retention Time (min) |n the ﬂue gas

o
o
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Conclusion: NH; is absorbed in the impinger, increasing the pH
and greatly enhancing the scrubbing and oxidation of SO.,.
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Bottom Line...

eated ,n th 1 -
'Mpingers of th € dry
e
train. Method 202 Sampling
_—_—— !
\

It Is “false-particulate”
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EPA’s Take on This Issue
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If you measure it,
it’s particulate.

New Definition of CPM From The New Method 202

“CPM means material that is vapor phase at
stack conditions, but condenses and/or reacts
upon cooling and dilution in the ambient air to form solid or
liguid PM immediately after discharge from the stack." |

EPA believes that gaseous SO, and gaseous NH; stack will quickly react in
the ambient air to form ammonium sulfate (or bisulfate) at or very near the
stack exit.

Therefore, even though the components are gaseous when they leave the
stack, they must be counted as particulate emissions.
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To Bolster Their Argument

They cite studies...

1. Landreth, R. et al., “Ther

Modynamics g
Presence of Water Vapo

' MMmonia ang Sulfur Dioxide in the
", The Journal of Physica] Chemistry, Vol. 79, No. 17, 1975, pp. &’
1786-1788
2. Hartley, E.H., ang Matteson, M.J., “Sulfur Dioxide Reactions With Ammonia in Humig Air Industrig| §
Engineering Chemica] Fundamentals, Vol. 14, No 1, 1975, Pp. 67-72. f
3 Hirota, K. et al., Reactions of Sulfur Dioxide with Ammonia Dependence of Oxygen and Nitrjc j
Oxide” Ing Ng. Chem. Reg Vol. 35, 1996 PP. 3362-3368
4, Yanxia, G, etal, “Reaction Behavior of Sulfur Dioxide with Ammonig”
44, 2005, PP. 9989-9995

\,

e stu h h | 1 |deed aseous SO, al |d
| | , g .
s NH»; can COlIIbille to form ammonium salts
gaseOu 3
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Our/lake on This Issue




First of all...

All the tests EPA cites were conducted in small closed glass vessels

NH; inlet The cross sectional view

Filter paper lining

SO, inlet Filter paver linine Reactor

L ee—— S

The studies themselves indicate that most of the observed SO,/NH;

reactions take place on the glass surfaces of the vessels not in the interior
volume of the vessels.

Studies in small enclosed glass vessels are not necessarily representative
of actual reactions that will occur in ambient air
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And Then...

!

) tal
Interstitial To

Aerosol i '
A study by Hanson* in a cloud Ehannel [% e Sdion trough
chamber found no appreciable £ {' . movanlepreRe
sulfate formation observed in the ! @'
] . Droplet Interceplor 3
presence of NH5 with water in the Mesh -
vapor phase. i Buer = %
(when used) k ! Double w-a“ed
: Glass Cylinder
'
Hansen’s study also indicates that Miina
these reactions would not occur z\oo;
Immediately at the exit of the Heat Exchanger
stack but atysome distance SR DML G — Diwtion
d ind s2°CH| k\l llr' 11 LPM
ownwind. - DgL—* Pors Aatrioerant
'f\‘chxea. NH3 —‘ &

il Yatle Temparanas

aLPM _

I—

*Hansen, A.D.A., Benner, W.H., and Novakov, T., “
1991, pages 2521-2530.
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Sulfur Dioxide Oxidation in Laboratory Clouds”, Atmospheric Environment, Volume 25A, No. 11,



And Finally...

At the boiler in question there were
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No Visible
Emissions

even though the amount of

TPM measured would have

been sufficient to produce a
visible plume.






The Takeaways...

The new Method 202 potentially produces an extremely high bias (false
particulate) when SO, and NH; are present in the gas stream

The cloud chamber work by Hansen shows that SO, and NH; will not

react in the absence of water droplets and will not occur immediately
upon exiting the stack

Ammonium sulfate or bisulfate formed in the Method 202 dry impingers
should be considered an artifact.

EPA should allow for correction of this artifact by substituting

Inorganic CPM values obtained through controlled condensation (CCM)
testing in place of the Method 202 inorganic CPM values.

Particulate Correction | oM
TPM = FPM (MD5) + Organic CPM (M202) + Inorganic CPM (CCM)

——NP
s
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Other Condensable
R




Allowable recovery blank value in Method 202:

Any blank value above this Is added to PM
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Glassware |ISSUues
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Static Issues
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During a filter weighing, static charge on the filter
iInduces image charges in the conducting areas of the
balance and the filter is electrostatically attracted to the
Image charges. The balance interprets this attraction as
mass, which adds to the overall mass of the filter.

Swanson, J. “A Method to Measure Static Charge on a Filter Used for Gravimetric Analysis”, Aerosol Science and Technology, 2008
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Implementation of stringent glassware
cleaning and static control procedures
reduced blank values to of
the previous values

a7




lab and field reagent blanks
baked glassware

field train proof blank

field train recovery blank
best practice for static control
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