“EPA  Evaluation of
Wood-fired Boilers
and Wide-Bodied
Cyclones in the
State of Vermont

>



EVALUATION OF WOOD-FIRED
BOILERS AND WIDE-BODIED CYCLONES
IN THE STATE OF VERMONT

Prepared By:

Cedric R. Sanborn

FOR:

THE ENVIRONMENTAL PROTECTION AGENCY
REGION I
BOSTON, MASSACHUSETTS 02203

AND
THE AIR POLLUTION CONTROL SECTION
AGENCY OF ENVTRONMENTAL CONSERVATION

DIVISION OF ENVIRONMENTAL ENGINEERING
MONTPELIER, VERMONT 05602

MARCH 1, 1979



ABSTRACT

A two part emissions testing program for the evaluation of wood-fired boilers
and wide-bodied cyclones was conducted by the Vermont Agency of Environmental
Conservation during the summer of 1977. The first part consisted of testing for
particulate, gaseous, and organic matter from small (less than 25 x 106 8TU input)
industrial wood-fired boilers. Tests were conducted on 10 boilers for total
particulates, sulfur dioxide (SOZ), nitrogen oxides (NO,), and particle sizing of
the exhaust gases. The second part of the program consisted of testing particulate
emissions from wide-bodied cyclones which are used by the wood products industry
to collect and/or transport wood ''wastes''.

The primary purpose of the testing program was to qualify and quantify
particulate and gaseous emissions from wood-fired boilers and to acquire a workable
knowl edge of the combustion characteristics of wood-fired boilers. The results
of the testing program were used to develop specific regulations for emissions
from wood-fired boilers and wide-bodied cyclones.

The average S0, emission rate was less than the minimum detectable limit of
3.4 mg/DSCM (2.12 x 10'7lb/bSCF). NO, emissions averaged 4.97 mg/DSCM (3.1 x 1077
1b,DSCF), with a high concentration of 30.44 mg/DSCM (1.9 x 10-6 1b/0SCF). The
low sulfur dioxide (502) and nitrogen oxides (NO,) emissions were most likely due
to both the low sulfur and nitrogen content of the fuel and low firebox temperatures.

Results of particle sizing indicated that up to 40% of the particles emitted
by an uncontrolled wood-fired boiler and up to 80% of the particles emitted by a
controlled boiler are one (1) micron or less in diameter. There may be a potential
health problem associated with wood-fired boilers, since a high percentage of the
particles emitted are in the respirable range (0.1 - 1.0 microns).

The particulate emissions ranged from 0.073 - 1.142 g/DSCM (0.032 - 0.499

gr/0SCF) @ 12% CO2 (excluding boiler H), with an average rate of 0.684 g/DSCH
(0.299 gr/DSCF).



The results of comparison testing between EPA Method 5 and the high-volume
test method indicates that statistically there is no significant difference in the
overall means between the two methods. However, it was found on a case by case
basis there may be a substantial difference (up to 53%).

Results of the wide-bodied cyclone tests indicate that if the amount of
sanderdust introduced to the unit is kept to a minimum, the unit will be able to
meet a particulate emission standard of 0.137 g/0SCM (0.06 gr/DSCF). The average
emission rate was found to be 0.114 g/DSCM (0.05 gr/DSCF) with a low rate of .009
g,DSCM (0.004 gr/DSCF). Based on field observations, if the opacity of the cyclone
exceeds 20%, the unit is probably incapable of meeting the 0.137 g/DSCM (0.06 gr/
DSCF) standard.
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INTRODUCTION

A two part emissions testing program for the evaluation of wood-fired boilers
and wide-bodied cyclones was conducted by the Vermont Agency of Environmental
Conservation and the GCA/Technology Division during the summer of 1977. The first
part consisted of testing for particulate, gaseous, and organic matter from small
(1ess than 25 x 106 BTU input) industrial wood-fired boilers. The State of Vermont
conducted tests on 10 boilers for total particulates, sulfur dioxide (SO2), nitrogen
oxides (NOx), and particle sizing of the exhaust gases. The GCA tests were for
evaluation of the organic compounds of the flue gas. GCA tested five of the above
mentioned boilers. The second part of the program which was done by the State of
Vermont consisted of testing particulate emissions from wide-bodied cyclones which
are used by the wood products industry to collect and/or transport wood "wastes"”.

The primary purpose of the testing program was to qualify and quantify particulate
and gaseous emissions from wood-fired boilers and to acquire a workable knowledge of the
combustion characteristics of wood-fired boilers. As more and more facilities turn to
the burning of wood as a primary fuel, the need for specific emission regulations for
wood-fired boilers becomes apparent. The results of the program were used to develop
these regulations for Vermont.

Additional boiler tests were made by the State of Vermont during the summer of 1978.
Some of the data generated from these tests have been included in this report.

In order to maintain the confidentially of the results, each facility has been coded
with a letter (A,B,C, etc.). The boilers in the original study are coded as A, B, C, D,
E, F, G, H, I, and J, with boilers N and 0 added in 1978. The cyclones are designated
as B, D, E, F, I, J, K, L, and M. Each cyclone at a facility was also assigned a number

(1, 2, 3 etc.).
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SECTION 1
CONCLUSIONS

Both sulfur dioxide (SO;) and nitrogen oxides (NOx) emissions are relatively Tow.
This is due to both the low sulfur and nitrogen content of the fuel and a low firebox
temperature. The average SO2 emission rate was less than the minimum detectable limit
of 3.4 mg/DSCM (2.12 x 10-7 1b/DSCF). NOx emissions averaged 4.97 mg/DSCM (3.1 x 1077
1b/DSCF), with a high concentration of 30.44 mg/DSCM (1.9 x 10-6 1b/DSCF) and a low
concentration of 1.59 mg/DSCM (9.9 x 10-8 1b/DSCF).

Results of particle sizing indicated that up to 40% of the particles emitted by
an uncontrolled wood-fired boiler are one (1) micron or less in diameter. The single
unit (N) that was equipped with a multiclone collector had a particulate size distribution
showing 80% of the particles to be less than one (1) micron. There may be a potential
health problem associated with wood-fired boilers, since a high percentage of the particles
emitted are in the respirable range (0.1 - 1.0 microns).

The particulate emissions ranged from 0.073-3.549 g/DSCM (0.032 - 1.551 gr/DSCF) @
12% C02. However boiler (H), with the high emission rate of 3.549 g/DSCM (1.551 gr/DSCF)
@ 12% C02 is not considered to be representative of normal boiler operation. The second
highest emission rate was 1.142 g/DSCM (0.499 gr/DSCF) @ 12% CO2. The average particulate
emission rate for boilers (excluding H and A) was 0.684 g/DSCM (0.299 gr/DSCF) @ 12% CO5.
It is interesting to note that the four boilers which are hand fired had the lowest
particulate emission rates.

It was found that the majority of the boilers operated with 250-400 percent excess
combustion air. This leads to excess particulate (fly ash and unburned carbon) carryover,
as well as reduced combustion and boiler efficiency. Both the placement and amount of
combustion air is critical to proper operation of wood-fired boilers. Since wood is
approximately 80% volatiles, the majority of the required air is needed to provide a
secondary combustion zone for the volatiles which are driven off as the wood first

starts to burn. Only a minimum amount of air is needed to maintain combustion of the
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fixed carbon. Not only is the fly ash carried over, but it is also possible to carry

out unburned carbon particles which are lifted from the bed, as well as the fines in the
fuel which may not even reach the primary combustion zone. Two of the boilers, E and F,
which had emission rates in excess of the Vermont standard of 1.03 g/DSCM (0.45 gr/DSCF)

@ 12% CO2, have had their air systems modified to reduce the amount of combustion air.

The two units were both retested (1978) after modification, and in both cases the
particulate emission rate was reduced by more than 50%. Not only were the particulate
emissions reduced but the overall combustion efficiency and firebox temperature increased,
while the fuel usage was reduced. Therefore, in most cases for boilers similar to the ones
that were tested, a reduction of excess air and proper placement of the air, will reduce
emissions to meet standards. It will not be necessary in most cases to install add on
control equipment.

The resuits of the comparison testing between EPA Method 5 and the high-volumetest
method indicates that there is no significant difference in the overall means between the
two methods. However, it was found on a case by case basis there may be a substantial
difference (up to 53%). The most 1ikely reason for the difference is the overall test
times. A Method 5 test is run for a minimum of one hour, while a high volume test is run
for twenty (20) minutes or Jess. Because of its shorter test period, the high volume
method is more apt to reflect any short term cycle in boiler operation. Disparity between
the two methods can be reduced if five or more high volume tests are run per set. The
high volume sampler is the preferred test method since it is simple and therefore easier
and less expensive to use. Since it is statistically comparable to a Method 5 test, it
can be used as a screening test to determine if a Method 5 test would be required or
perhaps as a compliance test.

Results of the wide-bodied cyclone tests indicate that if the amount of sanderdust
introduced to the unit is kept to a minimum, the unit will be able to meet a particulate
emission standard of 0.137 g/DSCM (0.06 gr/DSCF). The average emission rate was found to
be 0.114 g/DSCM (0.05 gr/DSCF) with a low rate of .009 g/DSCM (0.004 gr/DSCF). A cyclone

that handles hardwood waste has the potential for higher emissions, since hardwood
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particles have a lower resin content than softwood particles and therefore do not have a
tendency to agglomerate. A unit that handles large amounts of sander or planer dust will
probably not be able to meet a 0.137 g/DSCM (0.06 gr/DSCF) standard. Based on field
observations, if the opacity of the cyclone exceeds 20%, the unit is probably incapable

of meeting the 0.137 g/DSCM (0.06 gr/DSCF) standard.



PART 1

WOOD-FIRED BOILERS
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SECTION 2
BACKGROUND

There are approximately 45 industrial wood-fired boilers in Vermont at the present
time. The largest of these is rated at 30.2 million K cal/hr. (120 x 106 BTU/hr),
although the average size is 1.6 million K cal/hr (6.5 x 106 BTU/hr). The largest boiler
tested during the original program was rated at 5.5 million K cal/hr (22 x 106 BTU/hr.).
A wide range of emission rates will be found due to variations in boiler design, feed
system, type of wood fuel, and most importantly the degree of operator control. Several
of the boilers have been modified at least once and may bear lTittle resemblance to the
original unit. Less than 10% of the boilers are equipped with emission control equipment.
The collectors used for the older boilers (pre 1975) are instack fly ash collectors, with
the newer units equipped with multi-clones. The maximum steam pressure that the pre-1975
boilers operate at is 150 psi.

Extensive testing has been done on large, high pressure (200-600 psi) boilers in
the Northwest to determine particulate and gaseous emissions. These units burn Western
woods (Douglas Fir, Redwood, etc.), with the majority of them burning a bark and wood
mixture, with a high percentage of bark. The boilers in Vermont primarily burn Eastern
kiln-dried hardwoods, with little or no bark content. Thus, the results of the Western

stddies may not be applicable to boilers in the Northeast, Vermont in particular.
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SECTION 3
TEST METHODS

3.10 Particulates

Testing for particulates was performed using two different test methods: a) EPA
Method 5, which is the standard test method, and b) a high-volume test method, which is
being considered as an alternate and comparative test method. The original scope of
work called for simultaneous testing with the two methods, however due to the small size
of the stacks (0.81 - 1.22 meters diameter) it was felt that the high volume method would
cause undue interference with the Method 5 test, therefore the two methods were not run
simultaneously.
3.11 Method 5

The Method 5 tests were performed in accordance with 40 CFR 60, Appendix A, Reference
Methods 1-5, as specified prior to the August 18, 1977 revisions. Due to time
restrictions, the sampling time was reduced from five minutes to three minutes per point
for thase locations where the number of required sampling points exceeded 24.

For a Method 5 test, particulate matter is withdrawn isokinetically from the
stack and passed through a heated box containing a fiberglass filter. The gas is then
cooled in an impinger box to 700F or less, before it enters a dry gas meter which measures
the total gas flow in dry cubic feet. The filter is removed and placed in a sample
dish. The nozzle, probe, and any glassware preceeding the filter are washed with acetone
and the wash placed in a sample bottle. The total amount of moisture collected in the
impingers is measured. In determining the separate particulate weight gains of the filter
and acetone wash, each must be dried, desiccated and weighed. See Appendix A for a copy
of the reference methods. See Figure 1 for schematic of test train.
3.12 High-Volume

Testing for particulates was also performed using a manual Rader high-volume sampler.
Testing was performed in accordance with methods (Modified s1ightly for boiler application)

outlined in the Oregon Air Pollution Control Regulations (See Appendix B). The Oregon test
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was used since at the time of the test program no formal ASTM or EPA test method had been
developed for this test method.

For the high volume tests, from three to six sample points were used on each stack
depending on the size of the stack and accessibility. In all cases the sample was drawn
isokinetically for a total test time of 15-18 minutes. The test time was dependant upon
the temperature of the stack, amount of particulate collected, and the moisture content
of the exhaust gas. Unlike a Method 5 test train, the high volume train does not have a
heated probe, glassware, or a dry gas meter. The flow through the system is controlled by
a butterfly valve, while the total flow is determined using the recorded orifice pressure.
After the test, the filter is removed and placed in a sample envelope. The nozzle, probe
and filter housing are washed with acetone and the wash placed in a sample bottle. See
Figure 2 for schematic of high volume test train.

3.20 Gaseous
3.21 Sulfur Dioxide:

Three tests for sulfur dioxide (SO2) were performed on each boiler in accordance with
EPA Reference Method 6 (See Appendix C). A gas sample was extracted from a single sampling
point in the stack at a rate proportional to the stack gas velocity. The gas sample passes
through a midget bubbler containing fifteen (15) milliliters (m1) of 80 percent isopro-
panol, which retains any acid:mist and sulfur trioxide. The SO2 in the gas stream is
captured in a three (3) percent hydrogen peroxide solution in two midget impingers. A
fourth and final midget impinger is left dry.

After the sample has been taken, the probe is removed from the stack and the sample
train is purged with ambient air fifteen (15) minutes. After purging, the contents of the
midget bubbler is discarded, and the contents of the three midget impingers placed in a
sample bottle. The midget impinger and the connecting glassware are washed with distilled
water and the wash added to the sample bottle. See Figure 3 for schematic of SOy sample

train.



3.22 Oxides of Nitrogen (NOx):

Testing for NOx was performed on each of the boilers, following test procedures
outlined in EPA Reference Method 7. A grab sample is collected in an evacuated flask
containing a dilute sulfuric acid - hydrogen perioxide absorbing solution. The nitrogen
oxides, except nitrous oxide, are measured colorimetrically using the phenoldisulfuric
acid (PSD) procedure. See Appendix D for complete testing and analytical procedures
and Figure 4 for schematic.

3.30 .Particle Sizing

In-stack particle sizing of the particulates was performed on each of the boilers,
using an Anderson Mark III eight stage cascade impactor. The sample was withdrawn
isokinetically from a single point in the stack. A single point and constant orifice
pressure drop was used in order to maintain a constant velocity through the sizer. If
the velocity is changed then the size of the particles collected on each plate would
also change. Slotted fiberglass filters were used as the collection media (the backup
filter is not slotted). Boilers C, D and F were tested without a backup filter. This
will bias the results, since the particles in the<0.6 micron range were not collected.

See Figure 5 a, b, and c for schematic of sampler and collection substrate.
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FIGURE 2
SCHEMATIC DIAGRAM
TYPICAL HIGH VOLUME PARTICULATE SAMPLING TRAIN

8

COMPONENTS:

1. Attached pitot tube - '"P'" type or 'S" type,
2, Nozzle

3. Probe

4, Differential pressure gauge or manometer
5. Filter holder

6. Calibrated orifice

7. Differential pressure gauge or manometer
8. Thermometer or thermocouple

9. Control valve or damper

0. Optional flexible coupling

1. High volume blower

_lL_



-12-

FIGURE 3
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SECTION 4
TYPES OF BOILERS

The two main boiler configurations that are used in Vermont are a firetube/Dutch
oven and a watertube/pneumatic stoker.

The firetube boilers operate at a relatively low pressure (less than 150 psi) and
generally involve pile burning of the fuel in the Dutch oven. The fuel, either fed by
hand or gravity, forms a pile on the grates. The height of the pile is maintained by
visual inspection and the feed rate is determined by the plant's steam demand. Underfire
air passes through the grates either by forced draft or natural draft through the ash
doors. Overfire air is either drawn in through the oven doors and/or through air jets
in the bridge wall.

The majority of the firetube/Dutch oven boilers were manufactured pribr to 1930.

On some units, attempts have been made to reduce the size of the pile by feeding the fuel
penumatically. However, this method does not seem to adapt itself readily to Dutch ovens
and higher particulate emissions occur (Plant C).

The Dutch oven acts as a primary combustion chamber, burning the fixed carbon in the
fuel while it is in the pile. The volatiles that are driven off are combusted in the
secondary combustion zone, provided adequate over-fire air is supplied. Generally the
over-fire air is injected through jets in the bridge wall itself.

One interesting note is that almost no soot blowing is done on firetube boilers. The
tubes are generally cleaned once a year, during the July shutdown. What effect this has
on boiler efficiency has yet to be determined.

The watertube boilers generally utilize a pneumatic stoker to distribute the fuel
over the fixed grates. The fuel is blown in pneumatically and forms a thin layer over the
grates. Many of the smaller particles will burn while still in suspension. Underfire air
comes through the grates, which helps promote primary combustion and keeps the ash and fuel

from plugging the grates. Overfire air is added above the grates to form the secondary
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combustion zone for the combustion of the volatiles. The rate of feed is generally
controlled by a screw conveyor whose speed is controlled by the steam demand from the
plant. Once the speed of the screw conveyor has been set to correspond with steam demand,
a watertube/spreader stoker setup (unlike a firetube/Dutch oven) may be almost totally
independent, needing little operator control. However this type of operation may actually
lead to higher particulate emission rates, since the automatic controls cannot make adjust-
ments to compensate for variations within the fuel.

The boilers that were tested ranged from a rated capacity of 150 HP to 425 HP. The
State of Vermont Air Pollution Control Regulations define one (1) boiler horsepower (H.P.)
as a unit that is equal to ten (10) square feet of boiler heating surface. It is common
for a watertube boiler to operate at a rate that is 200% over the rated horsepower, while
firetube boilers may operate at 150% of rated horsepower. Of ten boilers, five utilize
pneumatic firing and five are manually fired. The type of fuel ranged from kiln dried
sawdust and shavings to hogged fuel to large chunks and scraps. The boiler at Plant D
burns hogged kiln dried maple which is wetted with water prior to firing. This technique
increases retention time and minimizes carry over. A complete description of each boiler,

and the feed system used is contained in Tables 1 & 2.
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TABLE 1 - BOILER CAPACITIES

APPROXIMATE*
NO. MANUFACTURER  FEED RATE
PLANT H.P. RATLIG w0. BOILERS AT PLAWT  TESTED OF BGILER . Tn/Hr

A 425 2 1 Riley 1.1

B 150 2 1 D. M. Dillon 0.40
c 167 2 2% D. M. Dillon 0.40
D 150 2 1 D. M. Dillon 0.36
E 250 1 1 Keeler 0.50
F 200 1 1 D. M. Dillon 0.44
6 257 1 1 D. M. Dillon 0.62
H 300 ] ] Erie City 1.29
I 150 1 1 Dillon 0.33
J 150 1 1 D. M. Dilton 0.40

*Test done in common stack with both units in operation

*Feed rate during test - since tests were conducted in summer, this rate does not
represent the maximum possible feed rate.
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TABLE 2 - TYPE OF FUEL & FIRING

TYPE OF FUEL

Maple, Birch & Pine
(Kiln Dried)

Ash
Mixture Kiln
Dried & Green

Mixture of Hard &
Softwoods

Maple - Most Kiln
Dried

O0ak - Maple
& Pine (Kiln Dried)

Maple
(KiTn Dried)

Mixture of Hard &
Softwoods

Mixture of Hard &
Softwoods

Mixture of Maple
& Pine - Mostly
Kiln Dried

Mixture of Hard &
Softwoods

CONDITION OF FUEL

Hogged, shavings, sawdust

Shavings, sawdust,
occasional hand firing

Sanderdust, sawdust-some
hogged fuel

Hogged fuel, shavings, saw-
dus t-material wetted before
firing-occasionally wet
sawdust & bark used

Hogged, shavings, sawdust,
sanderdust

Hogged, shavings, sawdust,

Edgings-Plywood scrap

Hogged-Plywood scrap,
cores, bark, veneer scraps

Shavings, sawdust, hogged
fuel, occasional hand
firing

Cores, plywood trimmings,
sanderdust, sawdust, veneer
scraps

METHOD OF FIRING

Pneumatic stoker

Gravity feed
to pile on grates

Pneumatic feed to
pile on grates

Hand fired

Pneumatic stoker

Pneumatic stoker

Hand fired

Pneumatic stoker

Gravity feed from
collector to pile
on grates

Hand fired &
gravity feed from
collectors
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D. M. DILLON STEAM BOILER WORKS INC., FITCHBURG, MASS.

Setting of Horizontal Return Tubular Boiler

Showing Extension Front or Dutch Oven

This form of setting is used in sawmills and other plants where sawdust, shavings
and slabs constitute the bulk of fuel. Sawdust and shavings are fed through the open-
ings on top of furnace, while the regular fire doors are used for coal and large slabs. On
account of the large grate which is installed with this form of setting, the full rating of
the boiler is obtained when green fuel is used.

FIGURE 7



P2

FIGURE 8
STEAM OQUT STACK
STEAM DRUM
MULTIPLE
AIR HEATER CYCLONE
COLLECTCR

FUEL CHUTE

OVERF!QE\\

ATR

SPREADER

Small spreader-stoker furnace.



-2 3=

FIGURE 9
PNEUMATIC WOOD FEEDER FOR PNEUMATIC STOKER

AIR
PRESSURE

\

DEFLECTOR PLATE —

PNEUMATIC STOKER



-24-

SECTION 5
FUEL

Most of the wood fuel that is burned is generated as waste within the plant, and
has a moisture content that varies from 6% (kiln dried) to approximately 60% (green).

The furniture manufacturers use primarily kiln dried fuel consisting of sawdust, shavings,
hogged fuel, and 1imited quantities of sanderdust. The use of sanderdust is limited, due
to the fact that it can be highly explosive. The species, size, and moisture content of
the fuel varies, depending on the type of wood processed at a given facility, the type of
operation, the availability of the wood waste and the boiler feed systems. (See Table 2)
A spreader stoker requires that the larger pieces be hogged, while a Dutch oven can be
hand fired with chunks and large pieces.

One of the main advantages of wood is that its composition (based on an ultimate
analysis) is relatively constant from species to species, which is beneficial to good
combustion control. Its main disadvantage is that the fuel mixture as it is fed to
the boiler is not uniform. This lack of uniformity may cause a temporary or periodic
"smokey" condition which requires an operator to correct. Wood has Tow sulfur (less
than 0.05%) and ash (Jess than 5%) content.

The average S,, Ny and Esh content (by weight) was 0.02 percent, 0.18, and 0.72
respectively, excluding plants G, H, and J. These three have been excluded since the
fuel used at each plant contains large quantities of plywood scraps. It was felt that
the glue in the piywood adversely affected the results of the analysis. For example
the fuel used at Plant G, which burns exclusively plywood scraps, had an ash content
of eight (8) percent, while the average for raw wood was 0.72 percent. Due to its
overall low S», N2 and ash content, wood is desirable as fuel. Wood fuel contains 70-
80 percent volatiles with the remainder of it being ash and fixed carbon. Due to the
high volatile content, wood has burning characteristics similar to those of a gaseous
fuel, rather than a solid fuel such as coal. Because the volatiles are driven off as
the wood starts to burn, a secondary combustion zone must be provided above the bed in

order to utilize these gases.
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The BTU value for hardwoods is less than 8,500 BTU per dry pound of wood. Bark
and softwoods have a slightly higher BTU value per pound since they conta}n more resins
than the hardwood. However, particulate emissions from bark are higher since they
usually contain large amounts of dirt, sand, etc. Bark also has a higher sulfur
content (up to 0.1%). Dry, resin-free wood has a high heat value (hhv) of 8,300 BTU/1b.,
while the hhv of resin alone is 16,900 BTU/Ib.3 Thus a high resin content will increase
the overall hhv of the fuel.

Less than 10% of the wood-fired steam generators in Vermont utilize bark, keeping
potential emissions to a minimum. There is only one boiler that uses fly ash re-
injection which provides an opportunity for additional combustion of any unburned carbon

particles. However, re-injection may also lead to higher particulate emission rates.
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TABLE 3 - CHEMICAL ANALYSIS OF WOOD BOILER FEED

FACILITY H c ) N
A 6.19 48.57 0.005 0.086
B 6.10. 47.78 0.025 0.10
C 6.12 48.45 0.019 0.88
D 6.11 47.36 0.007 0.074
E 6.24 47.57 0.004 0.065
F 6.26 47.73 0.018 0.083
G 5.93 46.30 0.057 2.00
H - 5.36 45.11 0.032 0.34
I 6.30 49.51 0.014 0.094
J 6.14 47.16 0.032 1.77
N 6.3% 48.52 0.021 0.10
0 6.44 47.51 0.027 0.15

41.

70

38.74

38.
41.

41
41

39.

a7
36

.54
.14
39.

44

44

.69
.21
.46
.84

AsH

0.23
0.85
0.32

0.33
0.44

8.25
7.1

2.80
2.08

0.79
1.17
0.72
1.43

HEATING VALUE, PERCENT
BTU/DRY LB. MOISTURE
8,360 5.5
8,440 23.4
8,392 10.8
8,430 8.3
8,220 5.9
8,387 5.3
8,400 11.4
27.8
8,056
8,856 5.8
8,300 10.5
8,264 50.3
8,241 46.4
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SECTION 6
CONTROLS

The primary control device presently used on most boilers is an optical opacity
monitor. When the opacity reaches a preset point, usually 20% opacity, the operator
is alerted and can then make the necessary changes to combustion conditions to reduce
the visible emissions. In some cases an additional overfire air fan also comes on
automatically when the preset point is reached.

An add-on control device that is used most often for pre-1975 boilers is an instack
fly ash collector. Three of these are in use at this time.

The boiler at Plant E is the only unit equipped with an instack collector that was
tested. The ash that is collected by this system is not reinjected to the boiler. The
newer boilers are all equipped with multiclone type collectors.

While both the instack collector and the multiclone effectively capture the larger
particles (greater than 10 microns), they do nothing to reduce visible emissions caused
smoke. Only an operator can make the necessary adjustments to the boiler feed and air
systems to reduce visible emissions, making him the most important control factor. Also
an automatic feed system cannot compensate for changes in the fuel mixture which may

significantly alter the combustion characteristics causing a temporary smoking condition

by
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SECTION 7
EMISSIONS

7.10 General Discussion

As discussed previously, there are two main types of boiler configurations in
Vermont. Each unit has its own distinct and uniaue set up for providing underfire air,
overfire air, and damper control. The primary responsibility of the fireman has not
been to provide maximum combustion efficiency, but to operate the boiler in a manner that
provides the required steam load and at the same time keeps visible emissions to a
minimum. Since the majority of the plants have an excess of wood waste, which is used
for fuel, maintaining a high combustion efficiency has been of 1ittle concern. However,
with the cost of fuel oil increasing, and excess wood "waste" becoming a saleable item,
most facilities are now trying to increase combustion efficiency.

The amount of particulates emitted is dependent upon the percent excess air, fly
ash carryover, condition of the fuel, and the combustion efficiency of the system. The
amount of excess air required to reduce carryover should be limited to 125% for an under-
fired system and 50% for a primarily overfired system. As the underfire air reaches
125% or more excess airi the rate of carryover increases. On the other hand, when the
percent excess air provfded thru overfire air exceeds 50%, no significant change in
particulate emission has been observed.# The matter that is carried out by the gas is
a combination of fly ash and unburned carbon.

In a system that is equipped with both overfire and underfire air, it is essential
that less than 20% of the total air be underfire air. Recent studies of Junge4 have
shown that for the best combustion efficiency with minimum particulate emissions, the
percent excess air should be held between 100-130%, with an overfire air to underfire
air ratio of 9 to 1.

This helps to reduce carryover, and allows the fuel to remain in the primary
combustion zone longer. The high percentage of over-fire air provides the air necessary

to promote combustion of the volatiles in the secondary combustion zone.
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Average excess air observed during the Vermont study was approximately 300%.
High excess air rates indicate that gas velocities through the boiler are too high,
thus reducing retention time and increasing carryover of fly ash and unburned carbon
particles. Boiler efficiency is further reduced because excess air must be raised from
ambient temperature to boiler temperature, an increase that could be as much as 1800-
2000°F. The placement of the combustionair is just as important as the percent excess air.

In order to burn the pile of wood in Dutch ovens, larger amounts of underfire air
are needed to keep the pile from settling on the grate and smothering the fire. In the
cause of a spreader stoker, less underfire air will be needed, since the fuel forms only
a thin bed that is readily lifted by the incoming air.

Different types of particulate carryover are apparent from a visual inspection of
the test filters. In cases where high rates of underfire were used the material on
the filter is black, indicating partially burned solid carbon which was lifted from the
bed. This condition was more prevalent on the Dutch oven systems. For systems using a
spreader stoker and large amounts of excess underfire air, the filters are brownish in
color, indicating that the fines were being carried out without any combustion. This
condition also exists for boilers that have the overfire air jets located immediately
above the grates. The jets must be far enough above the grates so that the burning bed
is not disrupted. The overfire air should also be introduced such that the fines (from
a pneumatic stoker) are not carried out without ever entering the combustion zone. Where
the excess air was kept to a minimum (100-200%), material on the filter appeared light
grey, indicative of only fly ash carryover.

,A further indication of the combustion efficiency is the color of the impinger water.
Dark brown discoloration indicated high levels of volatiles which were not subjected to a
proper secondary combustion zone.

Even though the percent excess air was found to be high, the stack gas velocities
were found to be fairly low (less than fifteen (15) feet per second). Therefore the

velocities through the boiler itself should also be relatively low, minimizing carryover.
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TABLE 4 - EXCESS AIR VS. COLOR OF FILTER

TEST
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' % EXCESS AIR

447
1121
649

317
328
327

232
298
261

219
269
249

685
532
385

416
374
505

159
131
112

132
201
184

370
311
399

215
174
177

294
279
294

COLOR OF FILTER

Brown
Grey
Brown

Black
Lt. Brown
Lt. Brown

Black
Black
Black

Grey
Black
Lt. Grey

Black
Dk. Brown
Dk. Grey

Black w/wood
Dk. Brown
Dk. Brown

Lt. Grey
Lt. Grey
Lt. Grey

Dk. Grey
Dk. Grey
Dk. Grey

Black
Dk. Brown (2)
Black w/wood

Grey
Lt. Grey
Lt. Grey

Grey
Dk. Grey
Grey
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TABLE 5 : COLOR OF HIGH VOLUME FILTERS

TEST COLOR

1 Grey

2 Brown

3 Brown

1 Black

2 Grey

3 Dark Grey

1 Black

2 Black

3 Black

1 Grey

2 Dark Grey

3 Black

1 Grey with Wood Particles

2 Dark Grey with  Wood Particles
3 Dark Grey with Wood Particles
1 Brown

2 Brown with Fly Ash
3 Light Grey

4 Dark Brown

1 Light Grey

2 Light Grey

3 Light Grey

1 Grey

2 Grey

3 Grey

1 Dark Grey

2 Black with Wood Particles

3 Black with Wood Particles

4 Grey with Wood Particles
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TABLE 6 : COLOR OF IMPINGER WATER

PLANT TEST COLOR
A 1-3 Clear
B 1~-3 Clear
c 1 Slightly Discolored
2 -3 Clear
D 1 -3 Clear
E 1 -3 Slightly Discolored
F 1-3 Brown
G 1-3 Clear
H 1-2 Clear
3 Slightly Discolored
I 1 Brown
2 Dark Brown
3 Light Brown
J 1-3 Slightly Discolored
E* 1-3 Clear

%1978 Retest
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The results of instack particle sizing show that the majority of the particles
emitted are less than five (5) microns in size. As much as half of the particles were
one (1) micron or less. The carryover generally seemed to be Timited to the smaller
size particles, another indication of low velocities through the system, even though
the excess air rate was high. There is also a possibility that the fly ash particles
break up relatively easy, which would increase the percent of fines emitted. The rate
of break up would be increased significantly with high rates of excess air.

Another factor to be considered was the variations in the feed rate due to steam
demands. If the speed of a screw conveyor is dependent upon steam pressure, a sharp
increase in demand may cause temporary smothering of the fire and increase in emissions.
Units that are fired independent of actual steam demand, such as those that are hand
fired, may also undergo temporary smothering if the fuel is improperly charged.

The estimated particulate emission rate for a wood boiler burning bark-free fuel
(5-50% moisture is 2.3 - 6.80 kg (5 - 15 1b) per ton of fuel on an as-fired basis. In
cases where the fuel is kiln dried, the estimated emission rate should be closer to
2.3 kg (5 1b) per ton of fuel.l In most cases the emission rates from the boilers tested
fell within the 2.3 - 6.8 kg (5 - 15 1b) per ton range. The main exception to this was
boiler H which had severe combustion problems, as well as improperly placed overfire air

jets.
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7.20 Calculation Techniques

7.21 (1b/106 BTU Input)

The particulate emission rate (1b/'IO6 BTU input) was calculated using both the
pollutant mass rate (PMR) and the "F" factor technique.

The problem associated with using the PMR approach was that, in most cases for small
industrial boilers, the BTU input to the boiler was not known, nor was the steam output
known. Thus several assumptions had to be made in order to calculate the BTU input,
these assumptions included boiler capacity, percent of boiler capacity in use at time
of test, and overall boiler efficiency. The amount of fuel fed to the boiler may be
measured directly or estimated. Depending on the feed system in use, the estimate may
be based on production figures from the plant or by weighing an average charge. If the
amount of steam produced can be obtained from a chart or intergrator reading, it must be
assumed that the chart or integrator is calibrated. If the output is known, a boiler
efficiency must be assumed in order to calculate the BTU input. In any event the BTU
value of the fuel must be determined, either by estimate or analysis. However, even
with all the assumptions, a workable estimate of the total BTU input can be made.

An alternate method of calculating the emission rate in pounds per million (1b/105)
BTU input is the "F" factof approach. This approach gives an emission rate (E) using

the following equation:

20.9 - %02 (7.1)
where C is the concentration of the particulates in pounds per standard cubic foot of
flue gas (1b/DSCF), 0, is the percent oxygen of the flue gas and F is the ratio of the
volume of dry flue gases generated to the gross calorific value (GCV) of the fuel combusted
(DSCF/106 BTU).
The value for C is obtained using:

C =2.205 x 1076 --2-- (7.2)

where M, is the particulate collected in mg, and Vmstd is the volume of gas sampled

at standard condition (DSCF).
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The value of F is determined using an ultimate analysis of the fuel and the
equation:
106 3.64% H + 1.53% + 0.14% H - 0.46%0
F = mcommemmccmcccmcmcmeccccmcccnc e e m - : (7.3)
GCv
where GCV is the gross calorific value of the fuel.

Equation 7-1 utilizes the particulate concentration determined at the stack (C),
the percent 02 at the test location, and a BTU analysis of the fuel. A1l of these values
are readily available and the calculations fairly straight forward. In the event that
an ultimate analysis is not available, a standard "F" factor of 9223 has been developed.
A 1ist of the calculated "F" factor for each test is contained in Table 7. The calculated
factors are based on an utlimate analysis (Table 3) and equation 7-3. The critical
factor in determining the emission rate using the "F" factor is the percent 02. Tables
8 and 9 contain the calculated emission rates using both the "F" factor and the PMR
techniques.

A comparison of the results obtained using the "F" factor and PMR approach is
contained in Tables 10-11. There was no difference in the two averages, however differences
of up to 50% were observed (Plant D - Table 10). Test I-2 has been excluded since it was
felt, based on Tests I-1 and I-3, not to be a representative test. Plant A has been
excluded from the comparison analysis between E¢ and Ep, since the gas samplé
was_ not valid. This will bias the results obtained using the "F" factor approach,
since the percent 02 is a critical part of the equation. At this point it was felt that
the "F" factor technique was the more appropriate method and would yield a number that
was more representative of the actual emission rate. This was because no assumptions had
to be made as was necessary for the PMR approach.

7.22 gr/DSCF @ 12% CO,

An alternate approach to quantifying the particulate emission rate is grain loading.
In this case the emission rate was given as grains per dry standard cubic foot of exhaust
gas (gr/DSCF). Since the amount of excess air was not the same for all boilers, then a

baseline had to be made so that all grain loadings were compared equally. Therefore all
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measured grain loadings were corrected to 12% COp. This correction was made using the

following equation:

Cc = 12 Cm
% C0p (7.4)
Where:
Cc = corrected grain loading (gr/DSCF) at 12% C02
Cy = measured gain loading (gr/DSCF) at stack conditions
% C02 = percent COp measured at the sampling point.

The concentration in the stack, Cm, was determined as follows:

Cm = 0.0154 (MN) (7.5)
VYMSTD
Where:
MN = total particulate catch in milligrams
VMSTD = volume of gas sampled (FT3) at standard conditions (68°F and 29.92 in. H2)

on a dry basis.
For the grain loading technique, no assumptions regarding the boiler operation in

BTU input had to be made when determining the emission rate.
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TABLE 7 - "F" FACTORS

PLANT DSCM/J DSCF/108 BTU
A 1.045 9291.5
B 1.033 9184.3
C 1.056 9395.1
D 1.009 8978.6
E 1.045 9294.2
F 1.041 9170.2
G 0.998 8880.3
H 0.983 8745.3
I 1.021 9083.3
J 1.041 9245.1
N 1.059 9415.2
0 1.049 9334.2
* 1.038 9233

*EPA-40 CFR 60.45 (F) (4) (v)
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TABLE 8 - EMISSION RATE (EC), WOOD BOILERS - CALCULATED

PLANT X, 1b/108 BTU s g
B 0.258 0.008 0.005
c 0.716 0.337 0.194
D 0.134 0.059 0.034
E 0.836 0.064 0.037
F 1.035 0.193 0.111
G 0.348 0.026 0.015
H 2.724 0.573 0.331
I 1.533 1.287 0.742
I* 0.791* 0.742% 0.524*
J 1.194 0.256 0.148

*Excluding Test No. 2
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TABLE 9 - EMISSION RATE (Ef), WOOD BOILERS - “F" FACTOR

PLANT X, 1b/105 BTU S - Sy
B 0.167 0.006 0.003
c 0.755 0.319 0.184
D 0.068 0.024 0.014
E 1.058 0.331 0.191
F 0.923 0.304 0.175
6 0.238 0.026 0.015
H 2.981 0.610 0.352
I 1.684 1.193 . 0.844
I* 0.996* 0.047+ 0.027+
J 0.702 0.004 0.002

*Excluding Test No. 2
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TABLE 10 - COMPARISON OF EMISSION RATES*, Ec AND Ef, WOOD BOILERS

PLANT Ec, 1b/106 BTU EE._1b/106 BTU DIFFERENCE, d
B 0.258 0.167 0.091
c 0.716 0.755 -0.039
D 0.134 0.068 0.066
E 0.836 1.058 -0.222
F 1.035 0.923 0.112
G 0.348 0.238 0.110
H 2.724 2.981 -0.257
I 1.533 1.684 -0.151
I* 0.791* 0.996* -.205*
J 1.194 0.702 0.492

0.957 AVE. 0.957 AVE. 0.000 AVE.

*Excludes Test No. I-2
+Excludes Plant A
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TABLE 11 - OVERALL COMPARISON* E¢ & Ef

Method X S Sz
Ep 0.957 0.861 0.272
Ec 0.957 0.757 0.239

*Excludes Plant A
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7.23 Emission Rates

For discussion purposes, Plant A is excluded wherever the results are corrected
to 12% COp. Plant H is used only for determining the high average for particulate emissions
and for comparison analysis between Method 5 and the high volume method, since this boiler
is not felt to be representative of normal or proper operation.

The average emission rate, using the "F" factor approach and excluding Plants A
and H is 329 nanogram/J (0.76 1b/106 BTU) or 2.43 Kg/hr (5.36 1b/hr).

Based on the Method 5 tests the average particulate emission rate is 0.684 g/DSCM
(0.299 gr/DSCF) at 12% CO2 which is well below the Vermont standard of 1.029 g/DSCM
(0.45 gr/DSCF) @ 12% COp. This corresponds approximately to 5.44 Kg/hr (12 1b) per ton
of fuel.

The lowest particulate emission rate was 0.073 g/DSCM (0.032 gr/DSCF) @ 12% CO2
and 1.055 g/DSCM (0.461 gr/DSCF) at 12% CO2 respectively, both had their air feed systems
modified in early 1978. These boilers were retested in August 1978, and the emission
raes were then found to be 0.398 g/DSCM (0.174 gr/DSCF) at 12% CO2 and 0.599 g/DSCM
(0.262 gr/DSCF) at 12% CO2. This represents a 35% reduction in emissions for boiler E
and a 43% reduction in emissions for boiler F. These reductions are due to reducing and
reapportioning the flow oé combustion air. Therefore it is possible to substantially
reduce emissions by uti]iiing proper combustion air placement and quantities. For

boilers of the type tested, add-on control equipment may not be necessary.
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TABLE 12 - COMPARISON OF PARTICULATE EMISSION STANDARDS

EXISTING, 1b/106 BTU PROPOSED, GRAINS/DSCF (12% co,)
Plant Actual Allowable Actual Allowable
A 0.382 0.34 + 0.450
B 0.258 0.50 0.081 0.450
c 0.716 0.50 0.380 0.450
D 0.134 0.50 0.032 0.450
E 0.836 0.32 0.493 0.450
F 1.035 0.50 0.461 0.450
e 0.348 0.50 0.119 0.450
H 2,724 0.26 1.551 0.450
1 0.791 © 0.50 0.499 0.450
J 1,194 0.50 0.330 0.450
EX 0.395 0.32 0.174 0.450
Fx 0.586 0.50 0.261 0.450

*Gas Analysis not valid, emission rate (gr/DSCF) not known.
*Proposed . regulations adopted, August 1978.
XRetested 1978
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7.30 Comparison of High Volume and Method 5 Tests
7.31 Emission Rates

Comparison testing was originally performed on nine of the boilers, although the
tests were not always run simultaneously due to limitations of the locations and/or stack
size. Boiler J was not tested with the high volume sampler due to the high (greater than
5000F) stack temperature, which adversely affects the operation of the sampler. From
Table 15 it can be seen that the overall grain loadings corrected to 12% CO, determined
using Method 5 average 6.6 percent higher than the loadings determined using the high-
volume sampler. For purposes of this comparison, the results of Plants A & H were
included since only a comparison of the results obtained using each test method is being
made. However the results of Plant A are not representative of actual emissions when
corrected to 12% CO» due to an invalid gas sample. The average grain loading for Method
5 and the high-volume method were 1.007 g/DSCM (0.440 gr/DSCF) at 12% C02 and 0.940 g/DSCM
(0.411 gr/DSCF) at 12% CO respectively. In both cases the standard deviation (S) and
the standard error of the mean (Sy) were essentially the same. A comparison of the two
methods is contained in Tables 15 and 16. Although the overall difference is only 6.6
percent, it should be noted that differences of up to 53% were observed on a test by test
basis. In order for the shért-term high-volume sampler to produce results similar to
those of Method 5, more thah three runs will be needed per test site. A set of at least
five runs would help to minimize the bias obtained using the high-volume sampler. The
bias is due to the fact that high volume tests may reflect short-term cycles in the boiler
operation, since the test period is 20 minutes or less. A Method 5 test will have less
bias since the test must be conducted over a period of at least one hour. It may also
be advantageous to increase the high-volume test time.

The high-volume sampling was performed using a manual Rader high-volume sampler.
The major drawback of using this system to test boilers is that control of flow through
the sampler is extremely difficult when stack temperature exceeds 3500F. Under such
high temperatures, the sampler butterfly valve is affected. Therefore, it is possible

that the total volume reported may not be equal to the actual volume sampled because the



flow must be adjusted constantly. This could account for, in part, the overall 6.6
difference in grain loading as shown in Table 15.

An automatic high volume sampler is available which, among other things, records
the total amount of air sampled. This would remove most of the doubt about the total
volume of air used for the calculations. It would be worthwhile to do some comparison
testing between the automatic and manual samplers in order to determine if there is a

significant difference in results.



-46-

TABLE 13 GRAIN LOADINGS CORRECTED TO
12% COy - METHOD 5

RECORDED
PLANT TEST % _COo LOADING (gr/DSCF) CORRECTED LOADING (gr/DSCF)

A 1 2.2 0.083 0.453
2 1.8 0.093 0.620

3 1.4 0.087 0.746

Average 0.087 0.606

B 1 4.6 0.030 0.078
2 4.2 0.031 0.089

3 4.6 0.029 0.076

Average 0.030 0.081

c 1 5.0 0.237 0.569
2 4.2 0.083 0.237

3 5.2 0.145 0.335

Average 0.155 0.380

D 1 6.2 0.014 0.027
2 5.8 0.022 -0.046

3 5.4 0.011 0.024

Average 0.016 0.032

E 1 2.2 0.129 0.704
2 3.2 0.113 0.424

3 4.2 0.123 0.351

Average 0.122 0.493

F 1 3.4 0.136 0.480
2 4.0 0.094 0.282

3 2.8 0.145 0.621

Average : 0.125 0.461

G 1 6.8 0.078 0.138
2 8.2 0.071 0.104

3 9.0 0.087 0.116

Average 0.076 0.119

H 1 7.4 0.901 1.461
2 5.8 0.654 1.353

3 6.6 0.012 1.840

Average 0.856 1.551

1 1 3.8 0.163 0.515
2 4.2 0.552 1.577

3 3.6 0.145 0.483
Average 0.154% 0.499%
Average 0.287 0.858

J 1 6.0 0.164 0.328
2 7.0 0.191 0.327

3 6.6 0.185 0.336

Average 0.180 0.330

*Excludes Test No. 2



Table 13 (continued)

PLANT TEST
E* 1
2
3
Average

+1978 Retest

Z COop

Ut Ut
[

0
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RECORDED
LOADING (gr/DSCF)

CORRECTED LOADING (gr/DSCF)

0.071
0.098
0.061

0.165
0.217
0.141
0.174



PLANT

Average

1

2

3
Average

1

2

3
Average

1

2

3
Average

1

2

3
Average

WM -

Average

1

2

3
Average

1

2

3
Average

S who —

Average
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TABLE 14 GRAIN LOADINGS CORRECTED

TO 12% CO, - HIGH-VOLUME

~
OO

.0\01 lbm?\ N P W -+ P oo,
* . . - . - . A4 . . . . .
o ™o DS EACEAN] + 00 N OO

L P
N0 O

0O H

RECORDED
LOADING (gr/DSCF)

0.128
0.070
0.061
0.086

0.048
0.037
0.013
0.033

0.097
0.090

0.086
0.091

0.027
0.018
0.026
0.024

0.094
0.084

0.089
0.089

0.156
0.110
0.073
0.210
0.137

0.068
0.056
0.060
0.061

0.535
1.167
0.809
0.837

0.093
0.190
0.251
0.086
0.155

CORRECTED
LOADING (gr/DSCF)

0.698
0.4767
0.523
0.563

0.125
0.106
0.034
0.088

0.233
0.257
0.198
0.229

0.052
0.037
0.058
0.049

0.513
0.315
0.254
0.361

0.551
0.388
0.219
0.900
0.515

0.120
0.082
0.080
0.094

0.868
2.414
1.47
1.584

0.294
0.600
0.717
0.287
0.474
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RECORDED CORRECTED
PLANT TEST % C0, LOADING (gr/DSCF) LOADING (gr/DSCF)

E* 1 5.2 0.069 0.159

2 5.2 0.054 0.124

3 5.5 0.07M 0.154

4 5.1 0.069 0.162

5 4.9 0.062 0.151

Average ) 0.150

*1978 Retest
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TABLE 15 - COMPARISON OF GRAIN LOADINGS

CORRECTED TO 12% COp. METHOD 5
VS. HIGH-VOLUME

PLANT METHOD 5 HIGH-VOLUME
A 0.606 0.563
B 0.081 0.088
C 0.380 0.229
D 0.032 0.049
E 0.493 0.361
F 0.461 0.515
G 0.119 0.094
H 1.551 1.584
" 0.499* 0.474
EY 0.174 0.150

0.440 Ave. 0.411 Ave.

*Excluding Test No. 2
*Retested 1978

X
0.043
-0.007
0.151
-0.017
0.132
-0.054
0.025
-0.033
0.025
0.024
0.029 Ave.

% DIFFERENCE

7.1
-8.6
39.7

-53.1
26.8
411.7
21.0
-2.1

5.0
14.0

6.6 Ave.



METHOD
High Volume
Method 5
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TABLE 16 - OVERALL COMPARISON OF METHOD 5
AND HIGH-VOLUME, CORRECTED TO 12% CO»

X,_gr/DSCF S Ave.
0.411 0.454

0.440 0.440

0.144
0.139
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7.32 Statistical Analysis

In order to determine if there is a significant difference between the particulate
emission rate determined using Method 5 and the emission rate determined using the Rader
high volume method, a statistical analysis of the overall results of the two test methods
was made. In the event there was a significant difference between the two methods, it
was hoped that a correlation between the Method 5 tests and the high volume test could be
made by using linear regression techniques. A paired sample analysis of the Vermont
data was made to determine if the results obtained using the two methods were statistically
equivalent. Additionally, data from the Boubel Study5 was added to the Vermont data
for purposes of performing a linear regression analysis. The combined data base should
generate a line that better represents the differences, if any, in the two test methods.
STATISTICAL ANALYSIS OF METHOD 5 VS. HIGH VOLUME. CONCENTRATIONS GIVEN IN GRAINS
PER DRY STANDARD CUBIC FOOT CORRECTED TO 12% COp.

Vermont Data

DIFFERENCE

PLANT M-5 H-V d
A 0.606 0.563 0.043
B 0.081 0.088 -0.007
C 0.380 0.229 0.151
D 0.032 0.049 -0.017
E 0.493 0.361 0.132
F 0.461 . 0.515 -0.054
G 0.119 0.094 0.025
H 1.551 1.584 -0.033
I 0.499 0.474 0.025
E* 0.175 0.150 0.025

*1978 Retest
PAIRED SAMPLE ANALYSIS

N=10 dF -9 d = 0.029 S4 = 0.066 =X = 0.05
U; = mean grain loading (gr/DSCF) of Method 5

U, = mean grain loading (gr/DSCF) of high volume method
Ho: Uy = Up

Ha: Uy /£ Up

REJECT Hy IF /T/ > T;‘
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T= d =0.029 = 1.389 (7.6)
Sg//N  0.066/710

Tos, fromT Tables = 2.262

Since 2.262 > 1.389 Accept Hull Hypothosis (Hy)

95% Confidence Interval For Difference in Means (U1 - Uz = 0)

d=3=L/z;§%

(7.7)
d = 0.029 + 2.262 (0.066)
Vo
d = 0.029 + 0.047
B Analysis of Null Hypothosis (Hj)
oL = 0.05 Two-sided T Test
O Lol " Ogse (7.8)
d=0.71
From OC Curves
B=0.30
Linear Regression (Vermont only)
V=8 + 81 X (7.9)
From HP-25 Program
B, = -0.038
By = 1.021
¥ = -0.038 + 1.021 X
Where:
X = Grain Loading Determined Using Method 5
Y = Grain Loading Determined Using High-Volume
R? = 0.979

Linear Regression (Vermont & Boubel)

Additional data points (Boubel)
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Modified M-5 High-Volume Difference
0.138 0.204 -0.066
0.263 0.223 0.040
0.186 0.265 -0.079
0.234 0.240 -0.006
0.116 0.106 0.010
0.086 0.113 0.027
0.254 0.246 0.008

A A N
Y = By + By X

From HP-25 Program
A

Y = -0.007 + 0.990 X
RZ = 0.971

From the paired sample analysis of the Vermont data, using a significance level of
X = 0.05, it can be seen that the critical T value (T,) of 2.262 is greater than the test
statistic (T) of 1.389. Since the value of T does not exceed the T, value, the null
hypothesis (Hy), that the values of the two mean grain loadings U7 and Uy are not
significantly different (i.e., Uy = Uz) can be accepted.

However there is still some risk or probability that the null hypothesis (Hy) is
incorrectly accepted using the above technique. This is known as the B risk. From the
results of the B test abové, it can be seen that there is a 30% probability of incorrectly
accepting the null hypothe;is (Ho) that there is no significant difference in the means.
Therefore, there is a possibility that 30% of the time the two means (Uy and Uz) may be
significantly different even though the T test indicates no difference. This difference
can be seen from the results of Table 15, where the following differences in the means
are observed; Plant C-40%, Plant E-27%, and Plant D-53%.

A linear regression was done in order to correlate the values obtained using the high
volume method and Method 5. For the first regression analysis, the ten data points from
the Vermont Study only were used (See Figurel0). The calculated equation for the line
(y = 0.038 + 1.021x) shows almost a one to one relationship between the two test methods.
The R2 value of 0.979 reflects minimal scattering of the data and indicates a good fit
of the 1ine to the data points.
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For the second linear regression, the results of the Boubeld study were added to
the Vermont data. The calculated equation of the 1ine (y = 0.007 + 0.990x) changed
slightly due to the overall effect of the additional data points. (See Figure 11).
Again, a relatively high RZ value (0.971) was obtained.

It can be shown statistically that at a significance level of 0.05 there is no
significant difference between the results obtained by the two test methods. It would
appear in the case of wood-fired boilers that the shorter and easier high volume test
method could be used in place of the more complex Method 5. However, it can be seen
from the results of the Vermont study that the actual differences may be as much as 50%
on a case by case basis. This should be képt in mind if the high volume test is sub-
stituted for the Method 5 test.

One possible way to minimize the difference would be to conduct a series of at
least five (5) high volume tests per test set rather than the customary three. Because
the high volume test is generally only 15-18 minutes, it is possible to bias the test
due to fluctuations in the boiler load and feed rate which may cause a corresponding
change in the emission rate. By performing more than three tests, the overall test time
will be increased and the bias minimized. Currently, more comparison testing is being
conducted by the State of Vermont to substantiate the hypothesis that the two test methods
are not significantly different. In any event, the high volume test method can be used
as a relatively inexpensive screening method to see if the more complex Method 5 test is
required. With a sufficient number of tests (5 or more) per test location, the results

obtained using the high volume test method should be equivalent to those obtained using

the Method 5 tests.
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7.40 Particle Sizing.

The results of the instack particle sizing is shown in Figure 12 and in Table 17.
Boilers C, D, and F were tested without.a backup filter. It should also be noted that
boiler N was equipped with a multi-clone collector which significantly reduces the
amount of large particles (> 5u) that are emitted. This effect can be seen from Figure
12. Boiler E was equipped with an instack fly ash collector. However the collector
does not seem to substantially alter the particle size distribution, when the results
are compared to the size distribution of the other boilers. All of the remaining boilers
did not have particulate control devices.

There was the possibility that some of the larger particles would break up when
either entering the impactor or moving through the collection plates. This would
indicate that the percent of small particles (less than 5 microns) actually emitted
was less than indicated by the impactor. In order to verify the cascade impacted results,
an alternate method of sizing should be performed. Assuming the results were unbiased,
for an uncontrolled small industrial wood-fired boiler, it would appear that 40% (by
weight) of the particles emitted were less than one (1) micron in size, while only 20%
(by weight) were larger th?n 10 microns. For a boiler controlled with a multiclone,

the size distribution will be similar to that of boiler N.



BOILER TEST
ct 1

*Back Up Filter Not Used

£1.0 u

21.9
37.0
24.6

0.0
6.4

56.7
49.6
38.3

9.5

48.8
38.4

76
68
56.5

4.4
3.6
1.9

34.4
30.0
=40.0

50.5
58
52.5

TABLE 17 - IMPACTOR DATA - BOILERS

PERCENT (BY WT)
£5.0u

45.9
65.6
57.0

5.9
24.5

67.5
69.4
57.7

20.7
61.6
58.1

92
87.8
87.4

10.6
9.2
9.9

38.3
33.0
47.1

58.3
62.5
68.4

5; 10.0 u

74.77
86.1
84.2

42.0
71.4

79.5
82.6
72.5

36.6
71.8
69.9

96
92.6
94.3

21.3
25.5
25.4

45.5
39.6
57.5

68.7
68.6
77.4
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PERCENT (BY WT)

Table 17 (continued)

BOILER TEST £1.0u £.5.0 u 410.0 u
N* 1 85 98.5 99
2 81 93.3 99
*Equipped With Multi-Clone
Gt 1 63.0 80.0 87.9
2 57.5 76.0 83.0

+
1978 Retest
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SECTION 8
GASEOUS EMISSIONS

NOy

The samples from boilers J and D were contaminated in the laboratory and samples
A and C were stored improperly making these four sample sets invalid. In most cases
there was less than one microgram of NOy detected in the sample. The maximum calculated
emission rate was 0.32 kg/hr (0.718 1b/hr). The average emissions rate was 4.97 mg/DSCM
with a high concentration of 30.44 mg/DSCM and a low of 1.59 mg/DSCM. The NOx emission
rate was determined using the concentration determined from the laboratory analysis in
conjunction with the stack gas flow rate.

An elemental analysis was performed for each wood fuel sample (Table 3). The
nitrogen present ranged from 0.065-2.00 percent by weight. Thus, the amount of nitrogen
available for NOx formation from the fuel itself was minimal. Using a Leeds & Northrup
optical pyrometer, the fire box temperatures ranged from 1800-22009F, with the average
temperature being 1900°F. A low fire box temperature minimizes NOy formation from the
free nitrogen in the combustion air. As a contrast, the fire box temperature in boiler H
was 22000F, (the highest value recorded) which corresponded with the higher NOy emission
rate (0.32 Kg/hr). Due to overall low fire box temperatures and low nitrogen content of
the fuel, relatively low emission rates of NOyx were expected.

S0x

A laboratory analysis of the sample for the sulfur dioxide fraction was done by the
barium-thorin titration method. The analysis showed the S02 content in all of the samples
to be less than the minimum detectable limit of 3.4 mg/DSCM (Method 6). It can be seen
from Table 3 that the average sulfur content of the wood fuel is less than 0.022 percent
by weight, with a maximum sulfur content of 0.057 percent. .Because of the small
quantities of sulfur present in the fuel, a low quantity of SO, was emitted. Using the
minimum detectable 1imit of 3.4 mg/DSCM and an average stack gas flow rate of 9905 m¥hr, the
amount of SO emitted would be less than 33 g/hr (0.1 Tb/hr). ’



PLANT: F
o

Tp - 66°F

Tp - 250°F

Flask No.
102
103
107
108
109
1
121
105
104
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TABLE 18- RESULTS OF NO, SAMPLING

Emission
Rate, Lb/hr

0.141

0.058*
0.058*
0.058*
0.058*

- o -

Pg - (30.09 - Ap) in Hg August 18, T977
Py - 29.97 in. Hg
Vol. Concentration
AP, in. Ho0 Flask, m  No,, ug 1b/DSCF

+1.2 2032 2.5 3.4 x 1077
-38.1 2034 1.0 1.4%
-18.6 2031 1.0 1.4*
-26.8 2014 1.0 1.4%
-37.2 2051 £1.0 1.4*
VOID -——-- - ——--
-25.8 2034 2.5 3.4
VOID -——- — —
VOID - - —e--

*NOx present is less than value given

PLANT: B
Tp - 689F

TI - 205°F

Flask No.

102
103
104
105
107
108
109
m

121

Pp - (29.40 -4P) in. Hg August 31, 1977

P; - 30.21 in. Hg

Emission

Rate, Lb/hr

Vol. Concentration
AP, in. H,0 Flask, ml N_p*_,__lﬂ 1b/DSCF
-40.2 2032 1.0 2.2 x 1077
-15.0 2034 1.0 2.2
+1.2 2041 £1.0 2.2
+0.4 2049 £1.0 2.2
-13.7 2031 £1.0 2.2
-13.4 2014 1.0 2.4
-12.2 2051 1.0 2.2
-0.2 2031 1.0 2.2
-39.3 2034 {1.0 2.2

*NO, present is less than value given

0.075
0.075
0.075
0.075
0.075
0.075
0.075
0.075
0.075



Table 18 (continued) -64-

PLANT: I

Tp - 70°F Pe - (29.55 - AP) in. Hg

Ty - 360°F P - 30.08 in. Hg

Vol.

Flask No. 4P, in. Ho0 Flask, ml  NO,, ug
102 -29.8 2032 <1.0
103 -28.5 2034 1.0
104 -31.2 2041 £1.0
105 -34.3 2049 £1.0
107 -35.3 2031 1.0
108 -33.7 2014 {1.0
109 -32.9 - 2051 1.0
m -10.1 2031 {1.0
121 -33.1 2034 {1.0

*NOx present is less than the value given

PLANT: E
Tp - 68°F Pr - (29.45 - AP) in. Hg
T, - 3309F P; - 29.70 in. Hg
Vol.
Flask No. 4P, in. Hy0 Flask, ml NO,, ug
102 -25.9 2032 5
103 -19.2 2032 <1
104 -17.5 2041 5
105 -20.9 2049 2.5
107 -16.5 2031 10
108 -19.4 2014 1
109 -16.7 2051 4
11 -18.6 2031 4
121 -19.4 2034 4

*NO, present is less than the value given

September 7, 1977

Concentration Emission
1b/DSCF Rate, Lb/hr
1.15 x 1077 0.023
1.17 0.023
1.17 0.023
1.16 0.023
1.17 0.023
1.18 0.023
1.16 0.023
1.17 0.023
1.17 0.023

September 30, 1977

Concentration Emission
1b/DSCF Bate, Lb/hr
4.9 x 10~/ 0.170
9.8 x 10-8* 0.034"
4.9 x 10~7 0.170
2.4 x 10°7 0.083
9.8 x 107 0.339
9.9 x 10-8* 0.034*
9.7 x 10-8* 0.034%
9.8 x 10~8" 0.034*
9.8 x 10-8* 0.034*



Table 18 (continued)

PLANT: G
Tp - 759F
Ty - 4000F

Flask No. AP, in. HQO

102
103
108
109

-10.6
+1.6
-5.7
+6.5

-65-

Pg - (29.35 -AP) in. Hg October 4, 1977

P; - 29.31 in. Hg

Vol. Concentration Emission

Flask, ml  NOy, ug 1b/DSCF Rate, Lb/hr
2032 8 6.7 x 10°7 0.218
2034 5 4.2 x 1077 0.137
2014 3 2.5 x 1077 0.082
2051 < 8.2 x 10°8" 0.027*

*NO,, present is less than the value given

PLANT: H

Tp - 75°%F

Ty - 240°F

Flask No. AP, in. Hy0
104 -6.9
105 +6.7
107 +1.5
m +1.5
121 +9.2
140 -2.0

Pg - (29.35 - AP) in. Hg October 5, 1977
P; - 29.98

Vol. Concentration Emission
Flask, ml  NOy, ug 1b/DSCF Rate, Lb/hr

2041 7.5 1.1 x 1076 0.416
2049 13 1.9 x 1078 0.718
2031 <1 1.5 x 10°7* 0.057*
2031 3 4.4 x 10~7 0.166
2034 1.5 1.7 x 1077 0.064
2026 8 1.2 x 1076 0.454

*NOx present is less than the value given
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SECTION 9
ASH SAMPLES

Samples of wood ash were collected from the fire box of each of the boilers that
were sampled. Some additional samples were taken in the breeching area, and at the base
of the stack where possible. A preliminary analysis of thirteen ash samples was made
using both atomic adsorption (AA) and x-ray/fluorescence (XRF) techniques. Fourteen
elements were analyzed for using the AA, with the major emphasis on heavy metals, while
eleven elements were analyzed for using the XRF. The results of these analyses are
contained in Tables 19 and 20.

Concentrations obtained using XRF may not be representative of actual concentrations
due to the lack of sensitivity of the instrument and the fact that no sample preparation
is required prior to analysis. Additionally the print out from the unit doesn't lend
itself easily to quantification. In most cases, the concentrations determined using XRF
vere consistantly lower than the concentrations found using AA techniques.

A1l of the samples which were analyzed on the AA were run in duplicate in order
to verify the results. Four of the samples required additional ashing due to a
high percentage of unburned material. These samples were analyzed both before and after
ashing. ‘

As can be seen from Table 19, the concentration of a given element varied consid-
erably from sample to sample. This variability could result from:

1. The species of wood;

2. The soil characteristics where the tree was cut; or

3. Process or boiler contamination.

From the results of the AA analysis, it can be seen that wood ash contains high
concentrations of aluminum, calcium, iron, potassium, and magnesium. However the ash
also contained appreciable amounts (greater than 10 ppm) of cobalt, copper, chromium,
nickel and lead.

The fourteen elements that were found using the AA represents 40-60 percent of the

total ash sample. It is felt that large portions of the remaining ash consists of
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siliconcompounds. There are also small quantities of heavy metals (spch as
Vanadium, Titanium, Strontium, etc.) present.

Presently the wood ash is either 6umped in a landfill type environment or used on
a limited scale as fertilizer for agricultural purposes. At the existing level of use,
wood ash disposal is not felt to be a problem. However, the ramifications of increased
use of wood and the disposal problems that go with it are unknown and should be fully
investigated before long term financial committments to burn wood on a Targe scale are

made by industry, municipafities and the general public.



TABLE 19 - VERMONT WOOD ASH ANALYSIS BY AA TECHNIQUES

Sample 1.D. ELEMENTS -
AL Ca Cd Co CR Cu Fe K Mo Mn Na Ni Pb In
176-11179 8a.16% | 131.95 0.002 0.613 0.1288 0.1602 39.51 21.265 | 187.405 | 3.703 17.53 0.059 0.0762
177-11204 7.11 19.62 | 0.0006 0.0030 | 0.0069 0.0245 0.3715 3.907 5.922 | 0.808 0.691 0.004 0.0132 0.0177
177-11204* | 64.63 178.4 0.005 0.0268 | 0.0624 0.2224 3.3737 35.50 53.77 7.351 6.281 0.0365 0.1204 0.1608
178-11206 14.02 428.9 0.0023 0.0292 | 0.0409 0.0690 12.26 15.99 206.15 8.856 2.209 0.079 0.0432 0.1139
179-11207 8.9 231.0 0.0033 0.0256 | 0.0170 0.5440 5.272 58.51 318.70 0.500 1.674 0.038 0.0380 2.8860
180-11176 21.07 101.81 { 0.164 0.0232 | 0.0592 0.5075 27.42 23.03 223.5 7.794 7.595 0.1M 0.3164 8.0866
181-11175 16.47 425.6 0.0075 0.0398 | 0.1131 0.1072 22.01 16.00 391.25 20.809 4,324 0.094 0.0817 0.4166
182~11121 0.154 12.96 | 0.004 0.0027 | 0.0110 0.0114 3.8284 1.852 3.258 | 0.474 1.703 0.0059 0.0053 0.0053
182-11121* 2.56 214.0 0.0059 0.0439 | 0.1815 0.1885 63.22 30.57 53.79 7.822 28.13 0.0978 0.0874 0.0896
183-11122 21.08 241.45 | 0.003 0.0868 | 0.0572 0.5309 113.14 25.06 253.9 16.114 9.829 0.102 0.1187 0.3159
. 184-11123 4.34 38.23 | 0.0021 0.0092 | 0.0237 0.0267 4.3517 1.834 5.934 | 1.163 2.793 0.0228 0.0228 0.0112
$ 184-11123* | 13.61 119.80 | 0.0067 0.0287 | 0.0742 0.0837 13.64 5.75 18.60 2.644 8.75 0.0540 0.0716 0.0352
185-11124 11.86 151.4 0.078 0.0621 { 0.0354 0.0339 122.95 31.13 22.86 17.615 12.112 | 0.0553 0.2143 2.3804
186-11125 13.54 441.5 0.0024 0.0173 | 0.0357 0.1775 17.63 11.60 16.91 5.735 11.625 | 0.148 0.0862 0.1173
187-11126 6.61 60.52 | 0.001 0.0040 | 0.2165 0.0800 41.44 17.897- |- 12.39 1.782 10.980 | 0.0649 0.0139 0.0033
187-11126* | 15.63 142.3 0.0025 0.0304 | 0.5089 0.1881 97.43 42.07 29.14 4.190 25.81 0.1525 0.0326 0.0078
188-11127 17.46 99.6 0.0019 0.0170 | 0.0278 0.1647 16.86 4,304 7.40 2.426 0.0365 | 0.037 0.0299 0.2566

*Sample Completely Ashed

*A11 concentrations are given in mg/g (parts per thousand)
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20 - Vermont Wood Ash Analysis by XRF*

Ti \4 Cr Mn Fe Rb Ni Cu Zn Pb Sr
11204 <100 <30 <20 760 130 31 <4 <6 50 <9 54
11122 200 66 <20 2,180 12,500 33 36 90 20 13 10
11123 200 66 <20 790 1,500 22 <4 13 37 9 88
11124 1,050 130 22 3,740 3,700 55 <4 30 210 94 360
11125 <50 <30 <20 940 1,040 44 <4 20 16 27 560
11126 200 <30 44 1,500 2,300 51 13 30 37 <9 590
11127 750 100 66 550 4,700 35 <4 10 50 18 150
11175 400 130 <20 2,960 3,000 44 9 23 50 22 540
11176 850 130 44 1,600 7,000 100 22 60 1,010 76 230
11179 700 100 66 780 5,600 80 7 66 92 18 370
11121 <50 <30 <20 600 450 <7 <4 16 27 <9 110
11206 100 <30 <20 650 400 15 <4 6 7 <9 220
11207 200 66 66 62 530 120 <4 96 370 9 450

1.

Samples analyzed directly on XRF.

Quantitation performed by standard addition technique. Cr, Cu, Pb and Rb added
to sample 11204.

H:Ln:unum detection limit expressed as x for each metal. In general, lower detection
limit for higher atomic number elements.

Accuracy estimated to be + 30% for low values, + 15% for high values.

Concentrations in parts per million (ppm).

*X-ray Fluorescence
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TABLE 21
ASH SAMPLE LOCATIONS

SAMPLE I.D. PLANT LOCATION
11204 I Firebox
11122 E Firebox
11123 H Boiler house roof
11124 C Breeching
11125 J Firebox
11126 G Firebox
11127 H Base of stack
11175 E Fly ash collector
11176 A Firebox
11179 F Firebox
11121 c Firebox
11206 D Firebox
11207 B Firebox
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PART I1

WIDE-BODIED CYCLONES
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INTRODUCTION

The primary purpose of testing the cyclones was to develop particulate emission
standards for wide-bodied cyclones. The emission standard is based on the high volume
method. Additionally for ease of computation and applicability, the emission standard
was to bein grains per dry standard cubic foot of exhaust gas. In order to determine
overall particulate size collection efficiency under various load conditions particle
sizing was conducted at the cyclone outlet and a sample of the material entering such

unit was collected for a sieve analysis.
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SECTION 1
TEST METHODS

Particulates

Testing for particulates was performed using a manual Rader high-volume sampler.
Testing was performed in accordance with methods outlined in the Oregon Air Pollution
Control Regulations (See Appendix B). The Oregon test was used since at the time of the
test no formal ASTM or EPA test method had been developed for this test method. The test
procedure involves “"mapping out" the face (outlet) of the cyclone to determine the flow
pattern. The point with the highest flow rate and at least five (5) representative points
were selected for testing. Each point was sampled isokinetically for three minutes, for
a total test time of at least 18 minutes. After the testing was completed the filter was
removed and placed in an envelope. The nozzle probe and filter housing were cleaned with
acetone and the acetone wash placed in a sample jar.

Particle Sizing

Particle sizing was performed at the outlet of the cyclone. An Anderson Mark III
eight stage cascade impactor was used. The sample is drawn isokinetically from a
single sample point mainﬁaining a constant orifice pressure drop in order to keep the

velocity through the sizer constant.
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SECTION 2
DISCUSSION

A total of twenty-four (24) dif%erent cyclones were tested, with two of the cyclones
(I-5 and L-1) tested under two different load conditions for a total of twenty-six
sets of tests. Cyclone I-5 which was tested once when handling only softwood wastes
and again with primarily hardwood wastes, is listed as Cyclone I-5A while handling hard-
woods and I-5 for softwood wastes. Cyclone L-1 was tested once when handling only planer
dust and shavings and again when handling only hogged material. The cyclone is denoted
as L-1P and L-1H respectively. From Table 22 it can be seen that a wide variety of wood
species and types of wood waste (hogged, sanderdust, shavings, etc.) were handled by the
cyclones that were tested.

The average particulate emission rate for the cyclones was 0.114 grains per dry
standard cubic meter (g/DSCM) [0.05 grains per dry standard cubic foot (gr/DSCF)], with
a high emission rate of 0.448 g/DSCM (0.196 gr/DSCF) (I-5A) and a low emission rate of
.009 g/DSCM (0.004 gr/DSCF) (M-3). (See Table 23) The testing showed that five of the
units had an emission rate of 0.137 g/DSCM (0.06 gr/DSCF), the.limitation presepntly set by
the State of Vermont. Cyclone No. I-5A had an average emission rate of 0.448 g/DSCM
(0.196 gr/DSCF) when carrying mixed kiln dried hardwood waste and an average emission rate
of 0.119 g/DSCM (0.052 gr/DSCF) when handling softwood waste. This was probably caused by
the fact that hardwood dust (sander, planer, etc) is generally smaller in size then the
dust from softwood. Also since the resin content of the hardwood wastes is low, these
particles do not readily agglomerate as do the softwood particles. In the case ¢f
cyclone I-5, only seven (7) percent of the softwood particles emitted are 10 microns or
smller in size, while 41 percent of the hardwood particles were smaller than 10 microns
in size. Therefore it could be expected that wide-bodied cyclones handling hardwood
waste would have a higher emission rate and would emit smaller size particles than a

similar unit handiing only softwood waste.
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Sanderdust, due to its small size (2-80u) is not effectively collected by a wide-
bodied cyclone. Cyclone J-2 handles sanderdust exclusively and had an emission rate of
0.371 g/DSCM (0.162 gr/DSCF) with 68.5 percent of the particles less than 10 microns
in size and 26 percent of the particlesless than 5.0 microns in size. Cyclone E-6
was also fed a large amount of sanderdust, however there were also planer shavings
and hogged material mixed in with the dust which help reduce the number of sanderdust
particles emitted. In this case only 40 percent of the particles are less than 10 microns
in size.

The average emission rate of those collectors which were meeting the particulate
emission standard of 0.137 g/DSCM (0.06 gr/DSCF) was 0.071 g/DSCM (0.031 gr/DSCF). In
most cases if there is 1ittle or no sanderdust introduced to the collector, a wide-
bodied cyclone will be able to operate within standards. A summary of the test results

is contained in Table 23.
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TABLE 22- MATERIAL HANDLED BY CYCLONES DURING TESTS

CYCLONE ID. TYPE OF WOO0D CONDITION OF WOOD

E-1&6 Oak - Maple Hogged, sawdust, planer
shavings (Kiln dried)

E-4 &5 Oak - Maple Sanderdust, shavings, sawdust
(Kiln dried)

F-1 Maple Sanderdust, sawdust (Kiin dried)

F-2 Maple Sawdust, shavings, planer

shavings, sanderdust, hogged
(Kiln dried)

D-1 Maple Shavings (Kiln dried)
D-2 * Maple Sawdust, planer shavings
(Kiln dried)
D-4 Maple Hogged (Kiln dried)
B-1 Ash Shavings, sawdust (Kiln dried)
B-2 Ash Shavings, sawdust (Kiln dried & Green)
M-1&2 Oak, Birch, White Ash Hogged, sawdust
M-3 Birch, Oak, White Ash Chips, sawdust
I1 Pine Planer shavings, sawdust (Kiln dried)
I2 Pine Sawdust, planer shavings, sanderdust
(Kiln dried)
I3 Pine Hogged (Kiln dried)
1I-5&7 Pine Hogged, sawdust, sanderdust,
planer shavings (Kiln dried)
I-5-A Maple Hogged, sawdust, sanderdust,
planer shavings (Kiln dried)
L1P Assorted Hardwoods Planer shavings (Kiln dried)
L 1-H Assorted Hardwoods Hogged (Kiln dried)
J 1 Assorted Hardwoods & Softwoods Sawdust, shavings

J 2 Assorted Hardwoods & Softwoods Sanderdust
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TABLE 23- CYCLONE EMISSION DATA

Emission Kate Average

Cyclone I.D. Test No. gt/DSCF Rate, gn./DSCF

0.047
0.049
0.048 0.048

WM —

0.038
0.035
0.035 0.036

W N —

0.075
0.209
0.150 0.145

0.112
0.076
0.073 0.087

0.040
0.042
0.074
0.066 0.055

W N — W N —

Hwn —

0.027
0.042
0.021 0.030

0.009
0.009
0.008 0.009

W N -

W N —

0.018
0.029
0.019 0.022

wWnN ~

0.015
0.020
0.023 0.019

0.020
0.020
0.010 0.017

W N =

w N —

0.019
0.026
0.027 0.024

W N =

0.008
0.187
0.102 0.099

0.027
0.025
0.009 ) 0.020

]
—

M

W N =

WMN —
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Emission Rate Average
Cyclone I.D. Test No. gr/DSCF Rate, 4n./DSCF

0.003
0.007
0.003 0.004

0.018
0.020
0.021 0.020

0.027
0.007
0.009 0.014

M -3

WN — WP —

W N =

0.010
0.014
0.008 0.011

0.275
0.178
0.134 0.196

W N =~

wWnN -

0.041
0.068
0.046 0.052

0.039
0.039
0.040 0.039

0.028
0.070
0.079 0.059

0.020
0.030 0.025

WA — wWN - WN —

N =

0.022
0.019
0.013 0.018

0.209
0.050
0.228 0.162

W N =t

W N —

0.024
0.022
0.033 0.026

W N e

L-10 0.085
0.090

0.094 0.090

WM =
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SECTION 3
PARTICLE SIZING

Particle sizing was performed on nine different cyclones, with Cyclones I-5 and
L-1, each tested twice under different conditions for a total of eleven sets of sizing
data. The size distribution for the cyclones is presented in Figures 13A and 138. It
can be seen that in the majority of cases less than 35% of the particles (by weight)
are smaller than five microns, while 60% of the particles (by weight) are greater than
ten microns.

The original scope of work called for sizing to be done in each inlet to the
collectors. Due to the high concentrations and generally large size of the material enter-
ing the collector, it was not pogsib1e to conduct in line tests. However, samples of
wood waste entering the collectors was taken for most of the units that were tested.

A size distribution by weight of the material entering the cyclones is presented in Table

24.



CYCLONE I.D.  TEST
F-1 1
2
3
I.g* 1
2
3
L_sa? 1
2
3
I-7 1
2
3
J-2 1
2
3
E - 1
2
3
E -5 1
2
3
E -6 1
2
3
K 1
2
3

TABLE 24- IMPACTOR DATA - CYCLONES

51.0 U

0.0
0.0
0.0
0.0
0.8
4.5
0.0
1.0
1.0
2.9
5.8
2.0
0.0
0.0
1.1

0.2
0.2
0.2
0.9
0.1

0.0
1.6
0.0
0.3
0.2
0.0
0.0
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PERCENT (BY WT)
<5.0u
3.3
4.7
7.8
47.7
0.9
5.3
35.7
25.9
23.6
7.7
16.3
5.5
12.1
24.0
27.2
25.0
31.2
44.7
10.4
7.4
6.1
11.7
5.7
7.5
13.0
4.5
0.0

73.6
67.8
65.0
12.9
92.2
94.7
64.3
74.1
- 39.0
92.3
75.0
94.5
40.6
28.4
25.4
62.2
59.0
35.3
72.0
78.6
76.1
66.9
51.0
63.3
59.8
52.4
87.1
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TABLE 24 - IMPACTOR DATA - CYCLONES (CONTINUED)

PERCENT (BY WT)

CYCLONE I.D.  TEST <l.0wu £5.0 u
L -P 1 1.8 42.7

2 2.6 23.6
L -H 1 14.4 42.1

* - Handling Softwood

* - Handling Hardwood
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SECTION 4
. WOOD FUEL SIEVE ANALYSIS

An analysis was done on samples of wood fuels taken from various wood-working
plants in Vermont. This analysis consisted of quartering samples taken from boiler
feeds, cyclones, and the like, and running a known amount (about an ounce) of this
material through six sieves on an automatic sieve shaker for 5 minutes. The sieves
were then dismantled, and respective weights of collected materials were noted.

Results are exhibited on a percent of total sample basis. Samples were weighed

to the nearest 1/10th of a gram. A small amount of material was lost in transfer.



TABLE 2 5 - SIEVE ANALYSIS
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SIEVE SIZES
Sample #10 #18 #40 #80 #140 #400
Description 0.0787" 0.0394" 0.0165" 0.0070" 0.004" 0.0015"
E  Boiler 51.6% 20.8% 18.7% 6.6% 1.5% 0.8%
E - #1 Cyclone 14.8% 19.7% 32.5% 20.9% 9.1% 6.3%
E - #3 Cyclone 73.7% 14.6% 9.9% 1.4% 0.5% 0.5%
E - #4 Cyclone 2.3% 10.1% 33.0% 26.7% 15.6% 10.4%
E #5 Cyclone 53.8% 25.0% 18.2% 1.8% 0.2% 0.2%
C Main Boiler Feed 37.8% 16.6% 11.4%2 8.4% 7.8% 11.2%*
C Hammer Mil1l 92.5% 7.3% 0.2% 0.2% 0.2% 0.2%
1 - - Boiler Feed 28.4% 25.3% 30.4% 9.6% 3.4% 2.9%
I - Cyclone #] 11.3% 17.1% 29.6% 20.3% 14.0% 8.4%
I - Cyclone #2 86.0% 7.3% 4.1% 1.1% 0.4% 0.2%
Rip Saw 32.3% 41.0% 20.3% 5.5% 1.4% 0.5%
#5 and #7 Cyclones 36.1% 24.2% 19.8% 9.8% 5.2% 3.5%
#10 Cyclone 21.1% 75.9% 2.5% 0.2% 0.2% 0.1%
B Boiler Feed 66.3% 22.7% 9.3% 1.0% 0.3% 0.3%
J Boiler Feed - Scrap (100%) A1l Pieces Larger Than 1st Siewve
J - Cyclone #] 0.2% 3.6% 31.3% 34.9% 17.9% 9.8%
K Cyclone #1 41.8% 28.2% 21.6% 5.5% 1.1% 0.7%
L - Cyclone #1-H 98.7% 1.0% 0.2% 0.1% 0.1% 0.1%
L - Cyclone #1-P 49.1% 23.9% 15.7% 7.6% 5.2% 3.4%
D - Boiler Fuel & Cyclone #4 95.7% 3.8% 0.4% 0.2% 0.2% 0.2%
D Cyclone #1 58.4% 31.1% 8.8% 0.5% 0.3% 0.3%
D Cyclone #2 25.6% 24.4% 34,3% 12.4% 2.0% 0.5%
M Boiler Feed 59.0% 20.1% 13.3% 5.2% 1.6% 0.5%
M  Shaker #3 96.9% 2.0% 0.4% 0.2% 0.2% 0.2%
M Cyclone #4 6.0% 23.2% 46.1% 14.1% 4.0% 2.6%
F -- Boiler Feed Cyclone 82.5% 10.4% 1.9% 1.1% 1.5% 1.9%
A - Boiler Feed 76.4% 19.4% 3.0% 0.9% 0.2% 0.2%

*6.5% less than last sieve
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APPENDIX A

REFERENCE METHODS 1 - 5



App. A

(1) Mcthod 5 for concentrnlion of par-
Aeulnte matter and . nssoclnled molsturo
content;

(3) Method 1 for snmple and velocity
traverses;

(8) Method 2 for velocity and volue
metric flow rate; and

(4) Mcthod 3 for gas analysis.

{b) Yor Method §, the sampling time
for each run shall be at least four hours.
When a single EAF is sampled, the sam-
pling time for cach run shall also in-
clude an integral number of heats.
Shorter sampling times, when necessi-
tated by process variables or other fac-
tors, may. be approved by the Admin-
istrator. Tho minimum sample volume
shall be 4.5 dsem (160 dscf).

(c) For the purpose of this subpart,
the owner or operator shall conduet the
demonstration of complinnee witlt 60.~
2712(a)(3) and furnish the Adminis.
trator s written report of the results of
the test.

(d) During any performance test ree
quired under § G0.8 of this part, no gase-
ous dilucnts may be added to the
cfluent gas stream after the fabric In
any pressurlzed fabric filter collector,
unless the amount of dilution is sepne
rately determined and considered In the
determination of emissions,

. (e) When more than one control de-
vice serves the EAF(s) being tested, the
concentration of particulate matter shall

“ho determined using the following

. equatlon'

e Z.,(C'aQ n
C.-

2(0Q0)a

LT

-l 0.-oonemthon of Iculnte matter
p/dsein {gr/

1) s doterminod
hymelhod
- . ‘ Natolal aumber’ of control dnm

V- Qimyolumatric Sow raté of the offiaent ’
stecam in dsemyhr (dse(/hr) w3

" (€10 of (@Qumvaino s tho o bﬂ?&%’i«ﬁ?&momm

e T ¥each control dovico tos tosted.

7 Any control device subject to tho
provlslons of this subpart shall be de-
signed and constructed to allow mens-
urement of emissions using nppl(cable
teat. methods and procedures,* .

{g) Where cmissions fromn any EAT(8)
. 'oro combined with emissions from facille

., ties not subject to tho provisions of this

subparl'. but controlied by o common oap« |

ture system pd control device, the owner

Title 40—Protoction of Environmant

ar operntor may usc any of the follow-
{“Kt procecures duritg o perfornmmuce
o8t

(1) Baso complinnce on control of tho
combined cinissions,

(2) Utillze a method acceptable to
the Administrator which compensates
for the cmisslons from the facilitics not
subjecct to the provisions of this subpart.

(3) Any combination of the criterin
of paragraphs (g) (1) and (g)(2) of this
section,

(h) Where emissions from any EAF(s)
are combined with emissions from facili-
tles not subject to tho provisions of
this subpart, the owner or operator may
usc any of the following procecdures for
((le;x:gr)\straung compliance with § 60.372

a .

(1) Base compliance on control of the
combined cmissions.

(2) Shut down operation of facilitics
not subject to the provisions of this
subpart.

(3) Any combination of the criteria
of paragraphs (h) (1) and (h) (2) of this

_sectlon.

ArrINDIX A—REFERENCE METIIODS

BELTTIOD $—SAMPLE ANDO VELOCITY TRAVERSKS.

FOR BTATIONARY BOURCES

1. Principle and Applicability,

1.1 Prinelple. A sampling alte and tho
number of traverse points are golsoted to ald
in tho oxtraction of o ropresentative sample.

13 Applicability. This method should
be spplied -only whon spocified by tho test
_ procedurcs for dstermining compliance with
" the New Source Performance Standards, Une

* less otherwiso specified, this method s not
- {ntended to apply to gas streams othor than
‘those omitted directly to the atmosphore

! without further processing.

. 3. Procedure, . .

. 31 Scleetionof o mmpllug sito and mini-
mum number of traverso points,

3.1.1 Select o sampling site that 15 at leant
elght stack or duct diomoters downstroam
‘ and two dlametors upstream from any flow
disturbanco such ns a bond, expansion, cone
: traction, or visiblo flame, For rectangular
-.cross scotion, dotermine an equivalent diam-

- otu from the tollowlng oquntlon'

fi ooty !, {lcogth) (width)
t P4
Q! equlvalonb' dlamow lenut.h Fwidth.

LU BN IR

P I L cquation 1-1

-+ 213 When tho nbcvo sampling site
« eritoeln oan be mod, the minimum aumber
.. 0f travorso pointa.is twelve (13). . .

" 213 Somosampling situntions rondor tho

“* .abovo . mmr‘nng site oriterin impractical, *

+Whoen this s theé cnse, choose o convenient
uunpllng location nnd o Plguro 1-1 1o de-

Tna

T . . sy | v, .
: Chupu':r I—Environmontal Protection Agoncy

tormine tho minimum numbor of truvurse
puints, Undor no condivions chould o oume
plug polut be solooled within 1 Inch of tho
stick woll, To obtain the nwmbor of travorss
puinta for olacks or ducls with o dinmoter
loss thon 3 foot, multiply the numbor of
points obtalned from Figure i~1 by 0.67.
214 To uso Figure 1-1 Arot mensure tho
distance from the choaen sampling location
to the noorest upstream and downstrenm dia-
turbances. Dotermine the curresponding
aumber of traverse points for ench distance

App. A

from [igure 1-1. Belect tho highur of the
iwo nmumbors of Lraver:0 poltita, or o grenter
vaino, suoh that for circutar stnchks thv hune
bor 10 o multiplo of 4, and for roctangular
otacks the numnbor follows the oritorlu of
soulion 2.2,

23 Oross-soctionnl layout and location of
traverso points,

32.3.1 Por olroulor otacks locate tho tra-
voruo points on at least two diameters nce
cording to Figuro 1-2 and Tablo 1-1. Tho
travorso axocs ohall divide tho stack croad
section into oqual parts.

NUMBLR OF DUCT DIAMETERS UPSTREAM®
(DISTANCE A)

05 1.0

1.5 2.0 2.5

80 T i -

MINIMUY NUESR OF TRAVCRSE POINTS

\ [o:sruuumc:
| L sawkuine
t sITe

KDDS!UHHANCE

*FROM POINT OF ANY TYPE OF ' 7
DISTURBANCE (BENO, EXPANSION, CONTRACTION, ETC.)
; ‘
0 I 1 : | I ! |
? 3 4 3 6 1 ® 9 10

e ol e

NUMBER OF DUCT DIAIETERS DOWNSTRLAW"
(DISTANCE 0}

Flguro -1, Minimum numbor of travorse polints,



Figure 1-2. Cross seclion of circular stack divided into 12 equal
areas. showing location of traverse points at centroid of each area.
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Figure 1-3. Cross section of rectangular stack divided into 12 equal

areas, with traverse points al centrpid of each area.
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Jablie 1-1, Location of traverse points in circular stacks

{Percent of stack diameter

from inside wall to traverse poaint)

Traverse
point
number

——
—

Number of traverse points on a diameter

on a
diameter| 2 4 6 8 10

12 114 |6 | 18] 20 | 22 | 24

1 14,61 6.71 4.4 3.3] 2.5

2 |e8s.4)25.0{V4.7|10.5] 8.2] 6.7 5.7 4.9] 4.4] 3.9] 3.5].3.2
3 75.0129.8119.4 (14,6 11,8 9.9] 8.5} 7.5] 6.7] 60 5.5
4 | 19%3)r0.5]32.3f22.6[17.7 |ra.6]12.5]10.9] 9.7 8.7 7.9
5 85.3| 67,7 3.2 25,0 | 20.1 [ 16.9]14.6 [ 12.9 {11.6 | 10.5
6 95.6| 80,6 | 65.8 | 35.5 | 26.9 | 22.0 | 18.8 | 16.5 [ 14.6 {13.2
7 89.5|77.4164.5 | 36.6 | 28.3] 23.6 | 20.4 | 18.0 | 16.
8 96.7 [ 85.4]75.0 [ 63.4 [ 37.5] 29.6] 25.0 | 21.8 | 19.4
9 ) . |91.8]82.3 |73.1 ] 62.5] 38.2] 30.6 | 26.1 { 23.0
10 . |ons|es.2 [79.9]|Nn.7|61.8]|38.8]31.5]27.2
n 93.3 |85.4 78,0} 70.4 ] 61.2|39.3 | 32.3
12 97.9 | 90.1 | 83.1} 76.4 | £9.4 | 60.7 | 39.8
13 94.3|67.5]81.2) 75.0 | 68.5 | 60.2
4 198.2|91.5]85.4]|79.6 |73.9]67.7
15 ' 95.1| 89,1 83.5 78,2 | 72.8
16 98.4| 92.5|87.1 | 82,0 [77.0 5,
1} "195.6|90.3|85.4 |80.6 [,
18 98.6 | 93.3 | 83.4 | 03.9
19 96.1|91.3 |86.8
20 96.7 [ 94.0 [ 89.5
2 96.5 | 92.1
22 98.9 | 94.5
23 . 96.8
24 98.9

211 1.8} 1.6] T.4] T3] 1] 1

2323 For roctangular stacks divide the
cross section {nto as many oqual rectangular
arens na traverse points, such that tho ratio
of the length to the width of the slemental
areas is botween ons and two. Locate the
traverso points at the esntrold of each equal
area according to Figure 1-3.

3. Reforences.

Determining Dust Concentration in & Gas
Stream, ASME Performance Tost Codo #27,
Now York, N.Y., 1857,

Devorkln, Howard, et al,, Alr Pollution
Sourco Testing Manual, Alr Pollution Control
Distrist, Los Angales, Callf, Novombor 1903.

Mothods for Dotormination of Velocity,
YVolume, Dust and Mist Content of Gnacs,
Waostarn Precipitation Division of Joy Manu~

faoturing Co., Los Angeles, Calif, Bullotin
WP-50, 1008,

Standard Method for Sampling Staoks for
Particulate Mattor, In: 1071 Book of ASTM
Standards, Part 23, Philadclphin,. Pa. 1071,
ASTM Designation D-2028-71. ~ -

METHOD 2A—DETERMINATION OF BSTACK 0AS
VILOCTTY AND VOLUMETRIC FLOW RATE (TYPE
8 PIT0T TUDE) .

1. Principle and applicability, .

1.1 Prizciplo. Stack gas veloolty Is deter-
mined {. 7 the ges density and from moes-
uromont of the velocity head using a Type S
{Btauscholboe or roverss typo) pitot tubo,

12 Appiicability, This mothod should be
applied only when speeificd by tho teat proe

67
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codurea for doternuning compllanco |
Now Source Pcrformanco sua:dnrd:.wuu tne
g.llppara!us.

1 Pltot tubo—Typo S (Flguro 2-1), or
oquivalent, with a coefliciont within ):'57.
ovg; th‘g t:orklng range.

orentlsl pressure gauge—Inelined
manometer, or equivalent, to measure veloce
z:ym!e\ead to within 10% of the minimum

Tile 40—Protection of Environment

2.6 Baromoter—71'0 measuro ntmoapl

pr;sgura to within 0.1 In, XTg, spherlo
K us annlyzer—To anulyze gns com .

tion for detormining moleculnr weight. post

2.7 Pitot tubo--Standard typo, to calfe
brate Typo S pitot tube,

3. Procodure,

8.1 Set up thoe apparatus as shown in Mg.

' 'ure 3-1, Make suro all conncotions are tight

28 Temporature gouge=—=Thermooouple or"

oequivalent attached to the pitot tu
measure stack temperaturo to glt.mn 1.‘5’9% ::g
the minimum absoluto stack tempcrature,

2.4 Pressure gauge—Mercury-filled U-tubo
manomoter, or equivalent, to measure stack
pressuro to within 0.1 in, Hgz,

, PIPE COUPLING

LY

and leak fres, Monsure tho velooity bead and

temporaturo at the travers

hysgotil‘od A 0 polnts spocifiod

casure tho sta

stoss. tic pressuro in the
.38 Determine tho stack gas molecular

welght by gns annlysis and appropria -

culations as indicated in Mcthgg s.p o el

TUBING ADAPTER

[ -

a | -
8 X -u--

o TYPE S PITOT TUBE/v

.
e e e

TV S PSR  N

AR | LI
i e

a et

LN et

Pltot t

1. —~ ‘... AT ;
N .

PR

?

4

1
|
|
|

L O e .

Loanum s

Sé-h\anpmater assembly,v:: L -

08

{

.,

ltat e

L N A o
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t. Calibration,

41 7o callbrato tho pltot tubo, monsure
e veluclty hend at some polnt n a Sowing
a3 strenm with both a Type 8 pitot tubo and
s stundard typo pitot tube with known co-
+Actent. Colibration should bo done in tho
{sboratary ond tho velooity of the Sowing gns
siream should bo varled over the normal
vorking rango, 1t {8 recommended that the
allbration bo ropeated after uso at cach fold
[117 N
¢2 OCalculnte the pitot’ tubo coeficien
wing equation 31, .

Gy /B
Cotenv=Cosiay/3ns equation 2-1

where!
Cruesy=Pltol tubo cooflolent of Type 8
.. pitot tube, .
Cy¢=Pitot tubo coeficlont of standard
typo pitot tuboe (if unknown, use

speresa Veloclty hend measured by stand. -

ard typo pitot tube,

Apuenezs Velacity nend mensured by Type B :

pitot tube,
43 Comparo the cosfliclonts of the Type 8
pitot tube determinod first with one leg and
then the other pointed downstream. Use the

pitot tube only if the two cooflicionts dilfer by

0o mors than 0.01, :
5. Calculations. H

Use equation 3-3 to calculate the stack gas

veloolty. et

i

(Vo)ans.= K,G,(w/ AP)'
- -+ = - Equation 2-2
whers

o) wbia st
O,=Pitot tulo cosfMcient, dimoensionless, ..
('l‘-)m..:A'ggm lbuluh'e"m gos feroporature,

- . .y

:";"”‘“i%.
b e - m

J O L Skl

N PRt

(Viduve. =Stk gas volosity, 1eet per second (£p.5).~

App. A

(YD) avs. = A vsrags veluelly hoad of stnek gy, Inclins
1HO (e Kl 2-2).
' Abwlnte staek yoas Im'smro. Inclies Hg,
Alse Mulecular welht of stiuck gos (wet bosis)

M(l=Uy )+ 18000 4
M4~Dr¥ moloculur welght of stack gus (from
D r"‘"’ﬁ“’s lume of wuter vapor
wPropurtion by valume of wa!
v lh'o yus stroam (from Method 4).

Figure 2-2 shows & sample rocording sheed

‘" for velooity traverso data, Use the nverages

in the last two columns of Figuro 3-2 to de-
tormine the nveruge stack gas veloolty from
Equation 2-3.
Uso Equation 2-3 to calculate the stack
gas volumetrio flow rate.
T-Id Po

Qu=3000 (1B Ver(i3e) (i
Equation 2!

whare;
Q.=Volumstris flow rate, dry basls, standard condi
fons, [t.yhe,
AwCross-soctiona! area of stack, £8.?
'l‘.u-Mm;}ulo teuporature at standard . conditlons

P.u-ltbaoluto’ assure at stsndard eonditions, 2.92
{nohes §lg. :

6. Refercnces.

Mark, L. 8., Mechanical Engineers' Hand.
book, McCiraw-Hill Book Oo., Inc., New York,
N.X,, 1053,

Perry,-J. H., Chemical Engineers’ Hand-
book, MeGraw-1ill Book Co., Ine.,, Now York,
NY., 1000,

Shigohara, R, T., W. ¥, Todd, and W, 8,
Bmith, Significance of Errors in Stack Sam-
i pling Measuremonts. Paper presented at the
- Annual Meeting of the Alr Pollution Control
i Association, Bt. Louls, Mo, June 14~18, 1970,
7" Standard Mothod for Bampling Stacks for
~ Particulate Matter, In: 1071 Book of ASTM
. Standards, Part 23, Philadciphis, Pa, 191,
.+ ASTM Designation D-2028-71,

Vennard, J, K., Flomontary ¥Fiutd Meschane
+" tes, John Wiley & Sons, Inc., Now York, N.X,
1047,

.
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App. A
PLANT,

DATE

RUN NO.,

STACK DIAMETER, in.

BAROMETRIC PRESSURE, in. Hg,

STATIC PRESSURE IN STACK (R, ), in. Ha,

Tilo 40—Protection of Environmont

OPERATORS, SCHEMATIC OF STACK
CROSS SECYION
. . Velocity head, : Stack Temperature
Trav:ne point n. HZO \/g "s | og
3 ks
AVERAGE:

sentid]

Figure 2-2, Velocity travorse data.

WETIIOD 3——0AS ANALYSIS FOR CARBON DIOXIDX,
EXCESS AIR, AND DRY MOLEQULAR WEIOKT

1. Principle and applicability.

1.1 Principle, An integratod or grodb gas
sample i ox from & sampling point
and for it ts using an

Orsat 3
1.3 Applicability. This method should be
Cobures for Hereriiag oomplAnSe wih e
ures for comp U]
New Source Performanse Standards, The test
procedure will indicate whether & grab same
ple or an integrated samplo i3 to be used,

2. Apparatus,

2.1 Grab snmple (Flgure 3-1).

2.1.1 Proho—Stainless steel or Pyrex!?
glass, equipped with o filter to yemove partis.
ulate mnttor,

313 Pump—Onc-way squeezs buldb, or
equivalent, to transport gns sample to
analyser,

4.3 Integrated sample (Figure 3~3),

7(0!5
FILW.K;S WOOL)

. () et
. " SN O Y
(O | RIRT PN I
’ ekt ety Tanrt g,

“..; ~AIR-COOLED) CONDENSER . .

[y

riorenfotass wooyy |

.

[IPTELPO PP T 8 M)

.
ARPYIFOERE B I TN G

7T LAC HVATIPH SECRERY IS

[ LY I PR RPN
A T R IR LN .
BT N P TR RPN
R NTY I I BT L T LT
[ENPPIN FRT L P LS R TN

T T S T R T S P

Flgure 3-2, Integrated gas - sampling traln,

Chapter [=—Environmeontal Protection Agoncy

oo T Figure 3-1. Grab-sampling traln.

VALVE

" RIGIO CONTAINER

T BT A P TR

App. A

22.1 Prohbo—Stainless stcel or Pyrex?
glnss, cquipped with a tifter to remove par-
ticulnto master,

222 Alr-cooled condenser or equivnlente
‘To removo any excess motsture, .

223 Needle valve~To ndjust flow rate,

224 Pump—Llenk-free, dinphragm type,
or equivnlent, to pull gas, .

225 Rate meter—To measuro a flow
ranges from 0 t0 0.035 ofm,

2.2.6 Floxible bag—Tedlar! or equivalent
with a capacity of 3 to § cu. ft. Leak test the
bag in tho 1nboratory beforo using,

227 Pitot tu pe 8, or equivatlent
attachod to the probe so that tho sampling
flow rate can be regulated proportional to
the stack gas veloclty when velocity is vary-
ing with ume or a sample traverso is
conducted,

23 Analysts.

23.1 Orsat analyzor, or equivalent.
$Trado namo, T
FLEXIBLE TUBING

TO ANALY2ER

S-v

SQUEEZE BULB

RATE

AY

o o
y . P )
e [N et et
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3. DPrucedure,

3.1 Orab sampling.

3.1.1 Sot up tho cquipment ns shown in
Mgure J-1, making sure all conncctions are
foak«free, Plnco tho probo {n tho stack nt o
samnpiing point and purpo thoe snmpling line,

3.1.3 Draw snmiplo into tho abalyzer,

3.3 Integrated sampling,

8.2.1 Evaocunto the fcxible bag, Set up the
equipment as shown in Flgure 3-3 with the
bag disconnceted, Placa the probo in the
stack and purgo tho sampling line. Connoct
tho bag, making sure that nil conncotions are
tight anc that there ars no leoks.

3.23 Samplo at o rato proportionnl to the
stack veloclity.

3.3 Analysis,

3.3.1 Determine the CO,, O,, and CO con.
contrations ns soon as possible, Mnke a3 many
prases a3 are necossary to glve constant reads
ings, If more than ton PASSO3 Gro NCCOSIArY,
replaco the absorbing solution,

332 Tor grab sampling, ropeat tho same
pling and ancalysis until three consccutive
samples vary no mors than 0.5 percent by
volume for ench component belng annlyzed,

333 For Integrated sampling, repeat the
annlycls of tho samplo until throo connocu.
tivo analyses vary no mors than 0.2 porcont
by volumo for esach component being °
annlyzed, :

4. Calculations. R

4.1 Cnrbon dloxide, Averagoe the threo cone
senutive runs and report the rosult to tho
nearcst 0.1% CO,.

4.2 Excess alr. Use Equation 3-1 to enleus
iate sxcoas alr, and avernge the runs, Roport
the result to the nearest 0,1% excees air,

(%_05)—0.5(% CO) % 100"
1,284(%% Nj) ~ (% 01) +0.5(% 60;

cquation 3-1
vhere: ,
% EA=Porcent excess alr, . ! v o
%0,=Percent oxygen by volume, dry basls,
‘I-N,=P¢;:::§ nitrogen by volume, dry

% CO=Percent carbon monoxide by vole
ume, dry baals, Lo
0204:=Ratlo of oxygea to nitrogen in air |
by volumo, .
43 Dry moleculsr weight. Use Equation.
-2 to ealculnts dry molccular weight and °
vernge the runs. Report the résult to the
wearest tenth.

44=0.44(%CO,) +032(%0,) - -
‘ +038( %N, + %CO)

- equation 3-3
horo? H
MeuDry moleculnr weight, 1h./1b-mole.
% COmPoreent carbon dioxide by volumo,
dry bosts,

%0mPorcont oxygen by volume, dry
L Ne=Porcont nityogen by volume, dry
basla, B

YA

.. - STradio namo, .

Title 10—Protoction of Environmonit

0.44 =Molooulnr woight of carbon dloxtido
divided by 100,
0.33=Molccular welght of oxygen divided
by 100,
0.28==Molecular weight of nitrogen and
CO divided by 100,
8. References,

Altshuller, A, P, ot all,, Storage of Gasos -
and Vapors In Plasilo Bags, Int, J, Alr &

Water Pollutton, 6:75-81, 10068,

Conner, Willlam D., and J, 8, Nader, Alr
Sompling with Plaatio Dags, Journal of the
Amorican Industrinl XMygieno Assoclation,
25:201-207, May-Juno 1064,

Devorkin, Howard, et al, Alr Pollution
Sourco Teating Mnnunl, Alr Pollution Con-
iﬂ:ll District, Los Angeles, Callf., Novomber

803.

WETHOD ¢—DXTERMINATION OF MOISTUNE
IN 8TACK CASES

1. Principle and appleadbility.

1.3 Prineiple. Moisturo 18 removed from
tho gas stroam, condensed, and determined
volumetrically,

1.2 Applicabllity. This mothod !s appl-
onblo for tho determination of molsture o
stack pas only whon spocified by test pro-
cedurcs for dotormining complinnco with Now
Sourco Yerformaico S8tandardn. This mothod
doos not apply whon liquid droplets are pros-
ont in tho gas strecam! and tho molsture 1s
subsuquontly used (n tho dotorminntion of
atack gas molcoular wolght,

Othor mothoda such as drylng tubes, wot
bulb-dry bulb techniquos, ond volumetrio
oondonsation techniqueca may be used,

2. Apparatus,

2,1 Probe—=B8tainlesa steel or Pyrex? glasa

... wufficlantly heated to prevent tondonsation

and equipped with a fiiter to remove portiou-
1ate matter,
22 Impingers—Two midget impingers,
each with 80 ml, capacity, or squivalent.
23 Ics bath contalnor—To condonse
molsture in impingors,
2.4 Stitca gol tubo (optional)~To proteot
pump and dry gas motor. .
25 Necdle valve—To rogulate gas flow

rate,

3.0 Pump-—Lonk-froe, diaphragm typo, of
equivalent, to pull gas through train,

27 Dry gas moteor—To moasure to within
1% of the total samplo volume.

28 Rotameter—To mensuro a flow yange

from 0 to 0.1 cf.m.
39 Graduated cylinder—25 ml,

_2.10 Baorometer—Sufficlent to roead o
‘within 0.1 inch He.

T 211 Pitot tube—Type B, or equivalont,
attached to probe so that the sampling flow

11t Mquid droplets are present in the gas
stroam, sssume the atroam to bo saturated,
detormine the averngo stack gns tempsorature
by traversing sccording to Method 1, and
use o psychrometric chart to obtain an ape-
proximation of the molature porcontago.

..

™.
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rato can bo roguinted proportionsl to tho
utnck gos volocity when velocily s varying
with tuno or o samplo traverso §8 conducted.

8. Procedure,

9.1 Place exnctly 8 mil, distilied water in
cach impingor. Asscmblo the apparatus with-
out the probo as shown in Figure 41, Leak
check by plugging tho inlet to the first lm-
plugor and drawing o vaocuum. Insure that
flow through the dry gas moter ia 1cas than
1% of the sampling rato,

3.4 Conncot the probo and samplo ot o

'.ﬂ

PusMuyo

whore:
Vwo=Volumo of water vapor collected
(standard conditions}, cu. ft.
¥:=Final volume of impinger contents,

v|=1nm'nl volumo of impingor con-
tents, ml.

R=1Ideal gas constant, 21.88 Inchos
Hg—~ou. 1t./1h, mole«*R,

SILICA GEL TURC

(g}”u
(

HEATED PROD

- RT, :
Vi Voo B0 g 0474 (v, vy

App. A

constant rate of 0.076 o.f.m. or at o rato pro-
portionul to thu stack gas volocity. Contlnuo
snmpling until the dry gas moter roglaters 1
cubloe fuol or until visible 1iyuid droplols aro
carried over frum the first implnger to the
sccond, Record temperaturo, prcmuro= and
dry gas meter rondings as required by Figurs
4-~2.

83 After collecting the cample, measure
tho volume increase to Lho nearest 0.6 mi.

4, Caleulations.

.1 Volunw of water vapor collectod,

cquation 4-1

pmo=Deusity of water, 1g./ml.

T.a=Absolute tcmperature av staniard
condltions, 530°* R.

Pete=AbsOIUto pressuro at stnndard con-
ditions, 29.02 inches Hg.

Mn,o=Molccular weight of water, 18 by
1b,-mole.

>

HOTAMETER

VALVE

y

L ) . / . , st&f IMPINGERS PUMP

iceBATH. ., L
Ve . ”w;‘ e, vt Lo .

REEE . 'Fl'gu"o 4-1, Molsture-sampling train,

9-y
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LOCATION COMMENTS

TEST

DATE

OPERATOR

BAROMETRIC PRESSURE

GAS VOLUME THROUGH
METER, (Vim), ROTAMETER SEYTING METER TEMPERATUNE,
CLOCK TIME nd 1t3/min of

Figure 4-2, Fleld moisturo determination.

Tm =Absolute temperature at moter (*F4-
4603, *R.
4.9 Molsturo content,

43 Cas yolume.

Vae=Va P.u) T"‘)

Vn v'.
wn e (%) Beem gV, T B =y v, + (0.026)
in Hg equation 4~2 . equation 4-3
o ume through moter at  WhASIe:
Voo D B dasd conditions, o, Tt Bro=FProportion by volume at watet vapor
e gns stream, dimensiontens,
Va ‘-‘m S“ volumo measured by meter, . Ve =Vo‘mmo g:‘ “?1;1 vnx)aor c;tl.leoted
g standard conditions), ou.
Pa =8m:ﬂo pressure st the dry gos Vae=Dry gos volumo through moter
g standard conditions), cu. $¢t,

Hg,
PaesPressuro at standard oonditions, 20.92
ioches

Hg,
TIICBAMQQB umpmeuro l‘ lf«lnmd
onditions, 83 :

wuz=Approximate volumetric proportion
. . ©f water vapor in the gas stream
' leaving tho impingers, 0.025,

8. References,

Alr Pollution Engineoring Manual, Danlel-
son, J. A, (ed.), U.S. DHEW, PHS, National
Conter for Alr Pollution Control, Olnoinnatl,
Ohlo, PHS Publisation No, 090-A¥.40, 1007,

Dovorkin, Howard, et al, Alr Pollution
Source Testing Manual, Alr Pollution Con-
mls Distriet, Los Angoles, Oalif., Novombor

Mothods for Detormination of Veloelty,
Volume, Dust and Mist Content of Ciases,
Western Precipitation Division of Joy Manue
facturing Co., Los Angcles, Calif,, Bullotin
We-30, 1068,

MerHOD G—DRTENMINATION OF PARTICULATE
EMISSIONS From STATIONARY SOURCES

1. Principle and applioability.

1.1 Principlo. Partioulate matter {s with-
drawn isokineticnlly from the source and ito
weight {s determined gravimetrioally after res
moval of uncombined water,

1.2 Applteabllity, This mothod i3 applica=
ble for tho determination of particulato emis«
sions from stationory sources only whon
specified by the test procedures for detormine
ing complinncs with New Source Poriorme
ance Standards,

2. Apparaius,

2.1 Sampling train, The design spoecincas '

tions of tho partioulats sampling train used
by EPA (Figuro 8-1) are described in APTD-
03581, Commercinl modols of thia traln are
nvallablo.

2.1.1 Nozzlo—Stainless stoel (318) with
aharp, topered leading cdge,

212 Probo—Pyrex! glass with a heating
systom capablo of maintaining & minimum
gas temperature of 250° F. at the exit ond
during sampling to prevent coudensntion
from ocourring. When length Ilimitations
(groater than about 8 £t.) are encounteored at
temperatures lezs than 600° F., Incoloy 8254,
or equivalent, mny bo used. Probes for same
pling gns streams at temperatures in exccus
of 600° ¥, must have beon approved by the
Administrator,

213 Pitot tube~Type 8, or equivaient,
attached to probe to monitor stack gns
voloclty.

1 Trade name,

. Chapter I—Environmental Protection Agency
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214 Miter lolder—DPyrex: glass with
heating systom capable of matntaiuing mini.
mum wemperaturo of 225° ¥,

2.1.6 Impingers/ Condensor—Four Impine
geras connected in serles with glass ball joint
fittinga, Tho firat, third, and fourth impin.
gers aro of tho Greonburg-Smith design,
modified by replacing tho tip with a J-inch
ID pglass tubo cxtending to onc<half inch
from tho hottom of tho finzk. Tho sccond im.
pingor is of the CGreenburg-Smith design
with thoe standnrd tip. A condonser may be
used in plneo of the impingors provided that
the molsturs content of tha stack gus can
otill Lo determined.

2.1.0 Motlering system—Vacuum gauge,
leak-freo pump, thermomotors capable of
moasuring temperaturo to within §5° ¥, dry
gas meter with 2% accurncy, and reinted
equipmont, or equivaleat, a3z required to
maintaln an izokinetic snmpling rate and to
determino samplo volume,

3.1.7 Barometer—To mensure atmospherie
pressuro to £:0.1 inches Hg,

22 Sumple recovery.

22.1 Probe brush—At least ns long es
probo,

222 QOlass wash botties—~Two,

223 Glaas snmplo storago containers,

2234 Gradusted cylinder—260 ml,

23 Analysis.

23.1 Olnas weighing dlshes,

23.2 Doalcentor,

2.3.8 Aunlytieal balance—To mooasure to
+0.1 mg.

23.4 Trip balance—300 g. eapacity, to
measuro to 4-0.06 g,

3. Reapenta,

3.1 Bampling.

8.1.1 TFliters—Glass fiber, MSA 1108 BEH®S,
or equlvalent, numborced for identification
ond prowsighed,

,3.1.2 Sillea pel—Tndicating type, 8-18
mesh, dried at 173° C, (350° P.) for 2 hours

3.1.3 Wator,

8,14 Crushed {ce,

3.2 Sample recovery.

332 Acetono—Resgent grade,

33 Analysts.

3.3.1 Water.
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HEATED AREA  FILTER HOLDER

PROBE

!
RCVERSE-TYPE
PITOY YUBE

/
PITOT MANOMETER

THERMOBETERS
DRY TEST METER
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IMPINGER YRAIN OPTIONAL. MAY BE REPLACED
BY AN EQUIVALENT COXDENSCR

CHECK
VALVE

THERMOMETER

,VACUUM
LINE

AIR-TIGHT
PUMP

Figure 5-1. Particulate-sampling train.

3.32 Desiccant—Drieritot indleating.

4, Pmc:etlsa ulr‘:. .

4. mpling

4.1 M&r sclecting the sampling site and
10 minimum number of sampling points,
termine the stack pressure, temperaturs,
oisturo, and ranpge of velocity hend.

412 Preparmtion of ocollestion train,
elgh to the nearcst gram approximately 200
of silica gol. Label & filter of proper diamse
er, desiccato® for ot lenst 24 hours and
11gh to tho mearest 0.5 mg. in a room whero
& relative humidity is less than 50%. Flace
0 mil, of water in cnch of tho first two
ipingers, laave the third impinger empty,

{ Trade name. o
' Dry using Drierite st T0* P.£10° P.

and place spproximately 200 g. of prowelghed
ellle: gol mp gho fourth lmpinger, et up the
traln without tho probe as in Pigurs B-1.
Leak check the sampling traln at the sam-
Ppling sito by plugging up the inlot to tho file
ter holder and pulling a 16 in. Hg vasuum, A
feakngo rate not in excess of 0.02 ofm. at &
vacuum of 18 in. Hg is accaptable, Attach
the probe and adjust the heater to provide o
gas temperature of about 250° P, at the probo
outlet. g‘urn .on the fliter heating system.
Place crushed ico around the impingers, Add
more ico during the run to keep the temper-
aturo of the gasea loaving the last impinger
as low as possible and preferably at 70° P
or less, Temperatures above T0° I, may pesult
in damage to the dry gas meter from elthor
molsturs condonsation or exccssive heat,

. Chapler I—Environmental Prolection Agency

4.1.3 Particuluto train operation, For each
run, record tho data requirod on tho cxiunple
vheot shown 1n Figuro 6-3, Take readings at
onch sampling point, at least every 8 minutes,

« ond whon significant changos in stack cone
ditlons nccossitate additional adjustmonts
in flow rato, To begin sampling, position the
nozzle at the firgt travorso polnt with tho
tip pointing dircotly into tho gns strcam,
Immedlately start the pump and adjust the
flow to lsokinotic conditions. Sample for at
fonst 5 minutea at cach traverso point; sam-

App. A

pling timo must be tho same for each point.
Mulutain 1aokinetic sampling throughout the
sampling period, Nomographe are avallable
which ald In tho rapid sdjustmont of the
snmpling rato without othor computations,
APTD-0570 detalls the proceduro for using
these nomographs, Turn off the pump at the
conclusion of each run and record the Qpal
rendings. Remove the probe and nozzle from
the stnck and handle in accordanco with the
samplo recovery process described in section
4.2.

PLANT,
LOCATION,
OrRATOR

O
wwwo___
BHRYOINO
1A 808 KO,

WHEGH,

Smte—————

AVBIIT TPCRATUN
SAROUS 1R1C PRCSSUA
Mo oI S
VEATCR 8O3 SLOVNG
L Y
NOIAC DIAVCILR, 1a
PO CKALR SENING

T

SCIRVATIC OF STACK CHOSS S14 1100

LR
DIFIRINTIAL
dcams CAS SAMME MITBATAC il
SAWAWNG | STATIC STACK wveLoziry wie GAS saunt il L snaor fedttin
TAAVIRSE POINT | 1 PaissURt | rtuecanrunt | san fem, v e OUILEY | rmpraatun. f:{' '3.";2:
WUVt fo) mn. Jorgl. bn Mg | (7). %F te Mt la. 4,0 .v.‘u:’ e 100 | Wm_b.tF g o

rotat

A, Avy.

AVIRAGE

Avy.

L . .

4.3 Sample recovory. Exercise caro In move
ing the collection train Yrom the teat alte to
the sample reccovery sron to minimixo the
loss of colleoted sample or the gain of
extraneous particulate matter, Sct aside o

i portion of tho acstone used in the sample
recovery a8 a blank for analysis. Moasure tho

yolumo of water from the first threo ime. .

pingors, then discard, Placs the snmples in
- contolners as follows:.  «:... .. .-
.., Container No, 1, Remove the @iter from
*1ta holder, pince In this container, and seal.

Flowe 52, Paticulsis fialé dap,

Container No. 2. Place loose particulnte
matter and acotono washings from all
samplo-axposed surfaces prior to the fliter
in this contalner and scal. Use & razor blade,
brush, or rubber policeman to lose adhering
particles. :

Gontatner No. 3. Transfer the siliea gol
‘from the fourth Impinger to tho original cone
talner and scal, Uso a subber policoman ns
an old In removing sflica gol from the
impinger, '
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4.3 Analysiz. Record tho data required on 63 Volumo of wator vapor.
tho oxample shcot shown Iu PFiguro B-3. 1,0 1T, b
4andlo ench sample contutnor ns follows: V.“‘-V;.’ ) el 0. |

Container No. £, Trausfor tho Dlter ond Muo Peu 454 gm,
sny locso particulato matler from the samplo Hiina o, b
cotitainer to o tared glass wolghing dish, =0.0474=2=V),
dulmta.l :.nd dg to 8 c:tn%t;nt welght. Roe L“o
t res to the ncare mg, -

”soaumer No. 2. Transfer tho acetone equation 5-3
_washings to s taved beaker and evaporate to  where!

dryness st ambient temporaturo and pres- Vv.u-V:!;x:O of water vzpor in the gos

suve. Desiconte and dry to a constant weight. ple (standar tions),
Report results to the nearest 0.5 mg. ou. ft.
Container No. 3. Welgh the spent ailics gel - N, = Total volume of liquid collected in
snd report to the noarest gram. tmpingers and sillca gel {seo Fig-
8. Calidration. ure 8-3), ml.
Use mothods and equipment which have sp==Density of water, 1 gv/ml.
been approved by. tho Administrator to Muo—Moleoular weight of water, 18 1b/
calibrate the orifice meter, pitot tube, dry ib.-mole.
gas moter, and probe heater. Recalibrate ReIdoal gos constant, 21.83 inches
l!zcramhw l::mﬂu- Hg—ou, 15./1b.-mole-*R.
. Galou s T, ~Absolute tompozature 'at standard
8.1 Aversge dry gas metoer temperature 4 conditions, 830" B.
and average orifice pressure drop. Seo data P, = Absclute pressure at standard con-

sheet (Pigure 5-3).
63 (Dry gas volume, Correct the sample ditions, 20.93 inohes Hg.

yolumo measured by the dry gas meter to 0.4 Molsture content.
standard conditions (70° F'., 20.92 inches Hy)

by using Equation 5-1. B - Ve d
Pbu""'lea% " Vet Voead )
Va,u=Va %f) — L equation 5-3

whete:
Al Bea =Proportion by vn}un;:'gl wator vapor In thogas
i}

on . an-l'-m v sterain, dimensionioes.
(17.71 s Va 'M-v%%m?t&mﬁ l& tho gns sample (standsrd

in- llg L Vo, g=Volumo of Iothrough thad otee
» qm
cquation 5-1 “ %ﬂ"nﬁ&mmﬂofu)‘:gﬂ.‘n. edrygasmn

where: 65 Total particulats weight, Dotermine
Vi, ¢™= Volumo of gas sample through the  tno %otal particulate catch from he sum ot
dry gos meter (standard condl= the woights on the snalysis data aheet
tions), cu. ft. (Pigure 5-8).
Vo= Volume of gos sample through the  ~ 66 Concentration.
dtgm)ﬂ:“ D}:Mr (meter condl- 0.0.1 Concentration in gr./a.ct.
[ ] 1] L]
T e Absolute temperature at stundard M. \
conditlons, 830° R. o'y (0.0154--’-) o
'A‘.-Av.orm dry gos metor temparatuse, mg. LY
R. :

Py, Baromotric pressure at tho orifico : . equation 5-4
metor, inches Heg. whero!

ARw= AvOrage pressuro drop ngrou tho - o'.-conunuum of perticulate matter in stack

orifice meter, inches H,0, " eTotol Siiount 'of partioulate matter collscted,

13.6w Bpecific gravity of moroury,
P, = Absolute prcssure at standard con= .V, 1 t
™ ¥ divtons, 20.92 inches H, ; -VewwVelams of gss semple Seoish dcy gos meter

78

. Chaptor I—Environmontal Protoction Agoncy App. A
PLANT
DATE
RUN NO.

S - WEIGHT OF PARTICULATE COLLECTED,
CONTAINER | ™o
NUMBER
FINAL WEIGHT | TAREWEIGHT | WEIGHT GAIN
1
2
TOTAL =1 .

VOLUME OF LIQUID
WATER COLLECTED
IMPINGER SILICA GEL
VOLUME,' WEIGHT,
ml g
FINAL
INITIAL
£10UID COLLECTED
TOTAL VOLUME COLLECTED [ d m }

CONVERT WEIGHT OF WATER TO VOLUME 8Y DIVIDING TOTAL WEIGHT
INCREASE BY DENSITY OF WATER, (1 g. mi):

INCREASE. § _
o/l = VOLUME WATER. mi

Figure5=3. Analytical data.
(]
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6.0.2 Concentration in Ib/cu. ft.
1b.

1
. =(453,soo g, ) e
,=453,000 mg./ *

Y]
where:
ce=Coneeontration of partioulate mattee fn stack

ens, 10./s.¢.0., 3
633,600mMER, el dry busis

t=T.[

0.00207 in. Hg-cu.
mi—°Q

whare:
I=Parcent of tsokinetic sampling.
Vi, =Total volums of liquid cl;llegnd {n impingers

and silies get (Seo Fly, 8-3), ml.
smyn= Density of wator, 1 p./inl.

R-!denlff;s constant, 21.83 Inches 1Tg-cu. 11D,

Mu 0 whMolcoutar weight of water, 13 Ib./ib~mole.

Ve =Volume ¢l ens saimpla througt
T hetar conthitiomy, gl e dry pus wotor

TuwAbsolute averuy )
weAolifa areris diy et metur vumpersture
Puwr=Durotncteie presaira ut sampling site, tnchos

'y
AllwsAvarage pressuro d b
e &5. pheure d ;r& across the oriico (see

'l‘.-:\lu;:‘_,lme sv.c;r‘nne stack pos tomperature {ses
'0-'l‘ol.|l snmﬁllnr time, iy,
Sk put veluclly enteulated by Method 2,
Equation 2-2, {L./sve.
Py=Absalute stuek i:ay pressure, tnehes 1ig,
As=Cross-sectional ures of nozals, sq. f1.

G.8 Acceptable results, The following
range sets the limiit on aceeptable isokinetis
sampling results:

If 90% < 110%, the results aro accoptahle;
otherwiso, refect the results and ryepeat
tho test.

7. Reference,

Addondum to Specifications for Incinerator
Teating at Federal Ifaclliities, PIHS, NCAPC,
Deo, 6, 1007,

Martin, Robert M., Construction Details of
Isokinotic Bource Sampling Equipment, En-
vironmental Protection Agency, APTD-5081.

Rom, Jeromo J., Maintonancs, Callbration
and Operation of Isokinetic Sourcs Same
pling Equipment, Environmental Protection
Ageney, APTD-0576.

Smith, W..8., I, T, Shigehara, and W. I
Todd, A Method of Interproting Stack Bame
pling Data, Paper proscnted at the 63d Ane
nual Mesting of the Alr Pollution Control
Association, St. Louls, Mo,, June 1410, 1870. -

Smith, W. S, ot al,, Stack Gas Bampling
Improved and Simplificd with New Fquipe
meant, APOA papoer No. 07-110, 1007,

Spooificntions for Inclnorntor Teating at
Fodoral Paellitios, PHS, NCAPA, 1007,

on
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- M.
=2.205X10-*5—=-

equation 5-5
Me=Total amount of particulate mattor oollectod

mg.
Ve, =Volume of 03 sample through dry gas moter
(standurd conditions), vu. ft,
0.7 Isokinetio variation.

e R

s o G )| i)
oV.P.A,

cquation 5-8

METHOD 6—DETERMINATION OF SULFUR DIOXIDE
IMISSIONS FROM STATIONARY SOURCES

1. Principle and applicadility.

1.1 Principle. A gas samplo 13 extractod
from the sampling polnt tn the stack. The
seld mist, including sultur trioxide, 1s sepse
roted from the sulfur dloxido. The sulfusr
dioxide fraction ia moasured by tho bariume
tborin titration mothod,

13 Applcablifty, Thiy mothod s appile
eable for the determinntion of sulfur dioxide
emissions from stattonary sources only when
specified by the teat procedures for determine
ing compllance with Now Source Performance
Standards,

2. Apparatus,

2.1 Sampling, S8eo Figurs 6-1,

2.1.1 Probo—-Pyrox?! glass, approximately
8 to 6 mm. ID, with & hcating system to
prevont condensation and a filtering medium
to ramove particulate matter including sul-
furio acld mist, :

2.13 Midget bubbler—One, with glass
wool packed in top to prevent sulfurlo aoctd
mist carryovor.

213 Qlasy wool,

2.14 Midget impingors~Three,

2.1.8 Drylng tubo—DPacked with 6 to 16
mesh (ndieating-typo slllca gol, or equivalont,
to dry the snmple,

3.1.0 Valve—Nceodlie valvo, or equivalont,
to adjust flow rate,

217 Pump-Lesak.fres, vacuum type.

3.1.83 Rate metor—Rotamoter or equivas
lent, to mensure a 0-10 s.of.h, flow range.

219 Dry gaa metor—Sufiiclently accurate
to measuro the sample volume within 1%.

2.1.10 Pitot tubo—Type 8, or equivalant,
necessnry only if o sample traverss is ro-
qQuired, or it stack gas velocity varles with

2.3 Sample recovery,

2231 Qlass wash hottles—Two,

333 Yolyothyleno stornge bottles—To
store impingor samples,

323 Analysis.

* Trado namos,

Choptor I—Environmental Protccll.on Agencey

PROBE {END PACKED
WITH QUARTZ OR

PYREX \VOOL\m .
TYPE S PITOY UBE}L

STACK WALL

SILICA GEL DRYING TUBE

MIDGET BUDCLER MIOGET INMPINGERS

/
PITOT MANOMETER

THERMOMETER

DRY GAS METER

-
1CE BATH

1 NEEDLE
It VALVE

ROTAMETER

Figure 6-1, SOz sampling train,

2.3.1 Pipottes—Transfer type, 6 ml. snd
10 ml, sizes (0.1 ml d@ivisions) and 36 ml
size (0.2 ml. divisiona).

23.2 Volumetric flasko—60 ml.,, 100 mi,
and 1,000 ml,

2383 Burettes—3 ml. and 50 ml,

234 Erlanmeoyer finak—1356 ml,

3. Reagents.

3.1 Bampling,

3.1.1 Water—Delonized, distilled.

$.1.3 Isopropnnol, 80%—Mix 80 nil, of 150~
propauol with 20 ml, of dtetilled water,

8.1.3 Rydrogen peroxide, $%--dilute 100
ml, of 30% hiydrogon peroxide to 1 iiter with
diatilled wanter. Preparo fresh dally,

8.2 Sample recovery,

321 Water—=Declonived, distilied,

8.2.2 Isopropanol, 80%.

3.3 Analysia,

3.3.1 Water—Delonlized, distilled,

3392 Isopropanol.

$3.3 Thorin indicator—1-(o-arsonophen~
yinzo) -3-naphthol-3,6-disulfonio acld, disoe
dium salt (or equivalent). Dissolve 0.20 g. in
100 ml, dlstillod water, .

83.4 Barlum porchlorate (0,01 N)——Dls-
solve 1056 g. of barium perchlorate
[Ba(010,),* 8H,0] tn 200 ml, distilied water
and dllute to 1 liter with isopropanol. Stand-
ardize with sulfurie acid, Barjum chloride
mny be used. .

3.94.56 Bulturic nold standard (008 N)ee
Purchnse or standardise to £00002 N
agninat 0.01N NaOH which has previovsly
been stnndnrdized against potrssium scld
phthalate (primary standerd grado).

4, Procedure, R

4.1  Bampling,

(3

4.1.1 Proparation of collection traln. Pour
15 ml. of 80% isopropanol into tho midget
bubbler and 15 mi. of 3% hydrogen peroxide
into ench of the [irst two midget impingers
Leave tho final midget tmpinger dry. Assem-
ble tho train as shown in Figure 6-1. Leak
chock the sampling train at the sampling
slte by plugging tho probe inlet and pulling
o 10 inches Hg vacuum. A leakapo rate not
In exceas of 1% of the sampling rate s ac-
coptable, Carefully rcleaso tho probe inlet
plug and turn off the pump, Place crushod
ice around the impingers, Add more ico dur.
tng the run to keep the tomporature of the
gases leaving tho last impinger at 70° F, or
less,

4,12 Samplo collcction. Adjust the sam-
ple flow ratc proportional to the stack gns
volocity, Tako readings at lenst evory five
minutes and when significant ehapges in
stack conditions necessitate ndditional ad-
justinents in flow rato. To begin sampling,
position the tip of the probe at the first
ssmpling point and start the pump, Sam.
ple proportionally throughout the run. At
tho concluslon of esch run, turn off the
pump and rocord the Onal rondings. Remova
the probo from tho stack nud discomnect it
from tho train, Drain the {co bath and purge
the romaining part of the train by drawing
cloan ambient air through the systom for 15
ninutes.

43 Sample rocovery, Disconnect the ime
pingers aftor purging. Discard the contents
of the midget bubbler. Pour the contents of
the midgot impingers into a. polyethylens
shipmont bottie, Ringo tlie threo midgot im«
pingors and the counocting tubes with dis-

App, A
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OREGON DEPARTMENT OF ENVIRONMENTAL QUALITY
AIR QUALITY CONTROL DIVISION
May, 1972
STANDARD SAMPLING METHOD

DETERMINATION CF PARTICULATE EMISSIONS FROM CYCLONES
(High Volume Method)

l. Principle and Applicability

1.1 Particulate matter is withdrawn from the source under isokinetic
conditions as a component of the flowing gas stream. The particulate
is removed from the sample stream by filtration through a glass fiber
filter. Particulate mass is determined gravimetrically.

1.2 This method is applicable for the determination of particulate
emissions from cyclones exhausting directly to the atmosphere.

1.3 It is recognized that this sampling method is not necessarily consistent
with other standard methods of source testing. The Department of
Environmental Quality and other agencies may re-evaluate this method
in comparison with other methods, as more data becomes available,
and will revise this method as required.

2. Range and Sensitivity

2.1 The range of the method is dependent upon the sampling time and
flowrate. To obtain the minimum required sample weight of 100 mg.
on a filter in the minimum acceptable time of 15 minutes, the particulate
concentration must be at least . 002 gr. /scf. when sampling at 50 cfm,
or 0.02 gr./scf. at 5 cfm. The maximum practical loading on the
filter is not known at this time. '

2.2 The sensitivity of the method is better than 1. 0% of the measured
concentration, based on the ability to discriminate an increment of
sample weight of 1.0 mg. in a sample of at least 100 mg.

3. Interferences
3.1 Particulate matter present in a gaseous phase at the filtration temperature
will probably not be collected. This method should not be used if
significant quantities of condensible particulate matter are expected,
unless the temperature of the sample gas can be reduced to approximately
70° prior to filtration.

4. Apparatus
4.1 Sampling - A schematic diagram of a typical sampling train is shown in
Figure 1. The recommended design of this device is described in Reference
10. 1, and commercial models are available.
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Nozzle - The sampling nozzle shall be made of metal, and shall
be sharp-edged. Nozzle diameter shall be such that isokinetic
conditions can be maintained at flow rates to be used on each
test. The typical range of nozzle sizes is from 1/2 inch to 2
inches in diameter. The nozzle shall be connected to the probe
by means such that deposition of particulate matter in threads

or joints is minimized.

Probe - The probe shall attach to the filter holder either directly
or by the shortest possible length of smooth-walled tubing.

Filter Holder - The filter holder shall be air tight. A quick
disconnect assembly is recommended for ease of changing filters.
Metering System - The filter holder shall be followed by a
calibrated orifice, a therrnometer or thermocouple, a flow
control and a high volume blower capable of 60 cfim free air capacity.

4.2 Sample Recovery

4.2.1

4.2.2
4.2.3

Probe Brush - It should be of 2 length at least equal to that of the
probe and any tubing connecting it to the filter holder.

Clean manila envelopes for handling and storing filters.

Wash bottles and storage containers for liquid samples.

4.3  Analysis - The laboratory in which samples are to be analyzed shall
include standard laboratory equipment such as glass weighing dishes,
an analytical balance accurate to the nearest milligram, and other
necessary equipment.

5. Reagents

5.1 Sampling

5.1.1

Filters - Glass fiber filters, type A, type E, or equivalent,

shall be used. Prior to sampling, each filter shall be exposed

to a lightsource and inspected for pinholes, particles, or other
imperfections. Filters with visible imperfections shall not be
used. A small brush is useful for removing particles. Filters
shall be pre-conditioned by equilibrating at 20-24° C, 50% relative
humidity or less, for a minimum of 2 hours. Filters shall be
numbered for identification, and pre-weighed to the nearest 1
milligram. Filters shall not be folded before collection of the
sample. . '

5.2 Sample Recovery - Reagent grade acetone, methanol, or other suitable
solvent shall be used for cleaning up the sampling train.

6. Procedure

6.1 Determination of Air-Flow Rates and Properties

6.1.1

A sampling site for determining system flow rate shall be

selected in the approach-duct to the cyclone. The point

selected shall be as close as possible to the ideal location described .

in standard source sampling literature (e. g., eight diameters
downstream, and two diameters upstream, from the nearest obstruction
or bend in the duct), keeping in mind the necessity of having an
accessible location. The cross section of the duct shall be divided

into equal areas and a velocity traverse conducted according to standard
sampling methods (Reference 10. 2). )
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SCHEMA. DIAGRAM
TYPICAL HIGH VOLUME PARTICULATE SAMPLING TRAIN

COMPONENTS:

1. Attached pitot tube - "P'" type or "S'" type.
2. Nozzle

3. Probe

4. Pressure gauge or manometer
5. Filter holder

6. Calibrated orifice

7. Pressure gauge or manometer
8. Thermometer or thermocouple
9. Control valve or damper
10. Optional flexible coupling
11. High volume blower

v-8
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6.1.2 Either an S-type or P-type pitot tube may be used in conducting
a velocity traverse, according to Reference 10.2.°
6.1.3 Temperature, static pressure, and moisture of the gas stream
shall be measured in order for duct flow rate to be corrected
to standard conditions.
6.1.4 Record data on Form 2 of Appendix I, or equivalent.
6.1.5 A pitot traverse is probably impractical for high pressure
pneumatic conveying systems, in which case it is permissible
to use manufacturer's data relating air flow to pressure drop
and rpm at the blower.
Sampling
6.2.1 Velocity Survey at Cyclone Exhaust
6.2.1.1 Use a pitot tube to roughly map the velocity
distribution across the cross section of the
cyclone exhaust.

6.2.1.2 At each point at which velocity is measured,
measure the flow in the direction that gives
maximum deflection on the manometer or
pressure gauge. Record data on Form 3,
Appendix I,

6.2,1.3 Select six points at which emissions will be
sampled. Each of these points shall be in an
area of positive {(out-going) flow. One point
shall be near the point at which maximum
velocity occurs. The points shall provide
a representative sample of the flow pattern,
and shall be numbered and referenced on the
sketch of the exit cross section flow pattern.
Ift six points with positive flow cannot be obtained,
use the maximum number possible.

6.2.2 Preparationiof Sampling Train - The following steps shall
be conducted prior to each run.
6.2.2.1 All parts of the sampling train shall be cleaned

and properly calibrated as directed in Paragraph 7.
6.2.2.2 Place a filter in the filter holder, coarse side
facing the flow, being careful not to damage it.
6.2.2.3 Perform a leak check by plugging the nozzle, turning .
on the blower, and observing the deflection, if any,
on the flow orifice pressure gauge. Leakage shall
not exceed 5% of the expected sample flowrate.
6.2.3 Sample Collection

€.2.3.1 With the probe out of the exhaust stream, turn on
the blower and adjust the flowrate so that the velocity
at the sampling nozzle corresponds with the velocity
at first point to be sampled in the cyclone exhaust.
When the correct flowrate has been established, turn
off the blower. Note* This step should not be done
if the local environment is extremely dusty and there
is danger of extraneous particulate contaminating
the sample. The same applies to similar steps below.
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6.2.3.2 Locate the probe at the first point to be sampled and
move it around until the velocity pressure matches
that for swhich the sampling flowrate was pre-set.

6.2.3.3 Turn on the blower and sample for the desired period
of time. The sampling period at each point should
be such that total run time for the cyclone is at
least 15 min,

6.2.3.4 Continually monitor velocity during the sampling
period and move the probe around as required to
keep it in an area where the velocity matches the
rate needed to match the pre-set sampling flowrate.
Record on the data sheet (Form 4, Appendix I) the
temperature and pressure drop at the orifice meter.

6.2.3.5 At the conclusion of the sampling period for the
first point, move the probe to the next point and quickly
readjust the flowrate to the previously established
isokinetic rate. In the event conditions make it
impossible to adjust the flowrate rapidly enough, the
probe should be removed from the cyclone exhaust
and the rate pre-set as in 6.2.3.1. Note on the data
sheet (Form 4, Appendix I) the exact time of the sample
period.

6.2.3.6 Repeat steps 6. 2. 3.1 through 6. 2. 3. 5 until all points
are sampled. If excessive loading of the filter should
occur or the pressure drop should increase such that
isokinetic conditions cannot be maintained, replace the
filter and continue the test,

6.2.3.7 Extreme caution should be taken that the nozzle does
not touch the walls of the cyclone. Doing so may
dislodge the deposited material from the wall and cause
it to enter the sampling nozzle, thus invalidating the
sample. If there is reason to believe this has happened,
discontinue the sample, clean the train and start over again.

6.3 Sample Recovery

6.3.1 Immediately upon removing the probe from the stack after completing
the final point, plug the nozzle until it can be cleaned. Take the sampler
to a reasonably clean area, turn on the blower, insert the probe
brush into the probe and brush the particulate from the nozzle and
probe into the filter. *Using a preweighed wash solution, rinse the
probe section into a clean container.

6.3.2 Open the filter holder, and use a fice brush to brush any particulate
matter deposited on the front side of the holder onto the filter. Fold
the filter once length-wise, with the dirty side in, and place in a
folded rpanila tagboard, folded edge down. Put a paper clip on the
outside edge of the tagboard, and place in a manila envelope.
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6.3.3 At the conclusion of testing of each cyclone, or more frequently
if desired, wash the inside of.the nozzle, the probe, the front
half of the filter holder and the probe brush with solvent. Place
the washings in a labeled container for gravimetric analysis.

Analysis

6.4.1 Filter - Equilibrate the sample for at least 16 hours at 68-75° F
(20-24°C) and 50%, or less, relative humidity. In the case of
extremely wet particulate, oven drying at 150° F (65° C) may
precede equilibration. Weigh the filter to a constant weight to the
nearest mg.

6.4.2 Solvent Wash - Transfer the solvent washings to a tared beaker,
and evaporate to dryness at room temperature and pressure.
Alternatively, the solvent may be evaporated in an oven at 150 F
(65° C) or less. Equilibrate for at least 16 hours. Weigh to a
constant weight and report the results to the nearest mg.

6.4.3 Blanks - At least one filter for each four filters used in the
field shall be inserted in the filter holder, a leak check performed,
and removed and returned to the laboratory for analysis as a
blank. A portion of the solvent used for field clean-up shall
also be analyzed as a blank. Results from field samples shall
be adjusted according to the blank values.

alibration
The pitot tube, orifice flowmeter, pressure gauges and temperature measure-
ment devices shall be calibrated at least once a year against a primary standard
or a device which has been calibrated against a primary standard. The date and
method of calibration of these instruments shall be recorded on Form 1, Appendix I

Calculations

Total particulate emissions from the cyclone shall be calculated by multiplying the
particulate concentration measured at the cyclone exhaust by the flow measured at
the inlet duct.

8.1

Particulate Concentration - The following calculations shall be conducted

for each run.

9.1.1 Total Sample Weight - Calculate the total sample weight from
laboratory results by adding the net weight gain of filter samples,
adjusted for blank value, to the net weight or particulate matter in
the acetone washings. If the solvent washings represent more
than one run, they should be pro-rated for each run according to
the relative net weights of particulate collected on the filters. Record
results on Form 4, Appendix L. )

8.1.2 Total Sample Air Volume - Calculate the sample volume for each
sample point by multiplying the duration of the sample in minutes,
times the average flowrate (cfm). Add the volume of all sample
points to get the total sample air volume for the run. If each
point was sampled for an equal period of time, the total flow can
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be calculated as simply the total sample time multiplied by the
average flowrate for all sample points. Flowrate for each point
shall be determined from the calibration curve for the flow orifice,
corrected to standard temperature and pressure. Express the
results in the space provided on Form 4, Appendix I to the nearest
cubic foot both on a wet basis (cu. ft.) and on a dry basis (scf.),
using 60° F and 29. 92 in. Hg. as standard conditions.

8.1.3 Calculate the particulate concentration in gr. /scf. by the following
equation: :

w
Q
Where Cg = Particulate concentration, gr./scf.

W= total particulate sample weight, mg.
Q= total volume of gas sample, scf.

Cg = 0.0154 x

Record this result in the space provided on Form 4 and Form 5,
Appendix I.

8.2 Total Flowrate . .
Use data from the velocity traverse of the approach duct to calculate flow
through cyclone in scfm, using the tabular computing equations in Form 5,
Appendix I. For some cyclones, the total flow may be adjusted to account
for air purposely vented out the bottom of the cyclone.

.3 Total Emissions
Calculate the total particulate emission in lb/hr by the following equation,
using Form 5, Appendix I:
E = . 00857 (Cg)(Qa)
Where E = total emission, 1b/hr
Qa= total cyclone flowrate, scfm.

8.4 ©Percent Isokinetic
Use the tabular computing equations in Form 5, Appendix I to compute the
percent isokinetic (1), defined as the ratio of the average velocity of the
sample gas entering the sample nozzle to the average local velocity at the
sampling points. In order to achieve acceptable results, the value of this
parameter must be between 82% and 120%. Test results falling outside this
range shall be discarded and the test repeated.

9. Test Reports
The following outline shall be considered the minimum acceptable contents of a source
test report for a cyclone or group of cyclones at a plant site.
I. Introduction and Summary of Results and Conclusions.
II. Description of Source(s) - may be in tabular form for a large number of
cyclones.,
A, A plant site plot diagram and a process flow diagram in which each
cyclone is clearly identified.
B. Process equipment involved - type, size.
C. Process material flowrates, fuel rates, etc...include assumptions

used in evaluating process variables.
D. Cyclone system design, type, size, cfm, etc.
E. Special conditions occurring during the source test penod
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III. Sampling and Analytical Methods.
A. Field equipment - include dates of calibrations.
B. Field procedures - describe deviations from the standard method,
if any.
C. Analytical methods - describe deviations from the standard method,
if any.
. Special problems or considerations.
IV. Detailed results - may be in tabular form for a large number of cyclones.
. Emissions in gr. /scf. and in'1lb/hr.

. Gas volume, temperature and moisture content.
. Percent isokinetic sample rate.
. Other results - particle size analysis, chemical analysis, or other
optional data that may have been obtained.
V. Appendix
A. Forms, 1, 2, 3, 4, and 5, or equivalent,
B. Other field or laboratory data.

D
D
A
B
C
D

10. References
10.1 Boubel, Richard W., "A High Volume Stack Sampler,' APCA Journal,
Vol. 21, No. 12, December, 1971.
10. 2 "Methods for Determination of Velocity, Volume, Dust and Mist Content
of Gases,' Bulletin WP-50, Western Precipitation Group, Joy
Manufacturing Company,
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App. A

tilled water and add these washings to the
same storage container.

4.3 Sample analysis. Transfor the coutents
of the storage contaliner to a §0 ml. volue
metric Oask, Dilute to tho mark with de-
lonized, distilled water. Pipeite o 10 mi,
aliquot of this solution into o 125 ml, Erlen-
meysr flask. Add 40 ml, of isopropanol and
two to four drops of thorln indicator. Titrate
to & pink endpoint using 001 N barium

Bun s blank with each series
of samples.

8. Calidration.

8.1 Use standard methods and equipment
which have been approved by the Adminis-
trator to calibrate the rotameter, pitot tube,
dry gas meter, and probe heater,

8.3 Standardize the barijum perchlorate
againss 23 ml. of standard sulfurioc acid con-
taining 100 ml. of isopropanol,

0, Calculations.

8.1 Dry gas volume, Correct the sample
volume measured by the dry gas meter to

Cuny= 7.osxxo-t"";—_l-‘j"') :

where:

COsoy= Concentration of sulfur dioxide
at standard conditions, dry
. baals, Ib./ou, {t.

7.03 X 10-%= Convorsion factor, including the
number of grams por gram
equivalent of sulfur dioxide
(32 g/g.~¢q.), 453.0 g/1b,, and
1,000 . Ib~1/g.~ml,

V,=Volume of barium perchiorate
titraut used for the sample,

ml.

V= Volump of barium psrchlorate
*" "titrant used for the blank, ml.
N Normality of barium psrchlorate

titrant, g.~6q./1.

V,01s=Total solution volume of sulfur
dioxide, 80 ml, )

V,=Volums of sample aliquot ¢i-
trated, ml.

Va, o™ Volums of gas samplo through
the dry gas moter (standard
oconditions), ou. ft., see Equa-
tion 6-1.

7. Referenoces.

Atmospheric Emissions from Sulfurio Acld
Manufscturing FProcesses, U.8, DHEW, PHS,
Divialon of Alr Pollution, Public Health Serv-
ios Publication No. 989-AP-13, Cinoinnati,
Ohio, 1088,

Corbett, P. ¥., Thoe Determination of 80,
and in Fiue Gases, Journal of the Insti-
tute of Puel, 24:337-3248, 1001,

Matty, B. B and £, K. Diohl, Measuring
Plue-Qas 80, and 80,, Powsr 101:04-97, No-
vember, 1057,

Patton, W. P. and J. A, Brink, Jr, New
Zquipment and Teohniques for Sampling
Chomical Process Gases, J. Alr Pollution Oon-
tro} Association, 13, 162 (1989).

Title 40—Protection of Environmen!

standard conditions (70° P. and 20.932 Inches
Hg) by using oquation 6-1,

1) (72)-

.l‘ V.l’...
‘”Hn. ﬂs( Ta ) equation 6-1

where:

Va, o~ Volume of gaa sample through the
dry gas meter (standard oondl-
tions), cu. £t

V™ Valume of gas sample through the
dry gas meter (motor condi-
tions), cu. ft,

T,a=Absolute temperature at standard
oonditions, 830° R.
Ta™ Av.ear'lgo dry gas meter tempontm.

Py Barometric pressure at the orifice
meter, inches Hg.
Py Absolute pressure at standard con-
ditions, 2093 inches Hg.
62 BSulfur dioxide concentration,

vV N ()
T-.u equation 6-2

METHOD T-—DETEAMINATION OF NITROOEN OXIDS
EMIASTONS FROM STATIONARY SOURCES

1. Prinoiple and applicability.

1.1 Principlo. A grab sample is collocted
in an evacuated flaak containing a dllute
sulfuric acid-hydrogen peroxide absorbing
solution, sand the nlitrogon oxides, except
nitrous oxide, are measure ocolorimetricslly
wing the phenoldisulfonio aold (PDS)

procedure.

1.3 -Applicabliity. This method is applica-
ble for the measurement of nitrogen oxides
from stationary sources only whon specified

the test procedures for determining com.
co with New Bource Performance

2. Apparatus,

3.1 Sampling, See Figure 7-1,

2.1.1 Probe—Pyrext glass, hoated, with
fliter to remove particulate mattor, Heatlng
s unnecessary if the probe remnains dry dur-
ing the purging period.

2138 Oollection flask—Two-liter, Pyrex}
round bottom with short neck and 24/40
standard taper opening, protocted against
imploaion or breakage.

3.1.8 Flask valve—T.bore stopcook comne
nected to & 24/40 standard taper joint.

2.14 Temperature gauge—Dial-typo ther.
momater, or equivalent, capabls of measur-
ing 3° ¥. intervals from 98° to 135° P,

2.18 Vacuum line—Tubing capable of
withstanding a vacuum of 8 inches Hg abeoe
lute pressure, with “T™ sonnection and Tebore
stopcock, or equivalent,

2.1.6 Prossure gauge—U-tube manometer,
36 inches, with 0.1-jnch divistons, or
oquivalent.

S Trade name,

v"ou =Va

Chapter I—Environmental Protection Agency

31,7 Pump—Capable of producing & vac-
uutn of 3 inches Hg nbsolute pressure.

3.1.8 8queoze bulb—Oneo way.

2.2 Samplo reoovoery.

FLASK VALVIT
o
T

App.

2.2.1 TPlpotto or dropper.
232 Qlass storage containers—Cushioned

for ahipping.
) svacuan
( | SR B s
Cl) pusst VALVE
o

SAWPLL

STANDARD TAPE.
FRUVENO. 2008

* O BUMING TLASK -
LTI’ AOUND-SOTTOM. SHORT NECK,
[ 11 i RIIVE NO. 2690

Figwo 7-t. Sampting train, 11a:x valve, ang Haia.

249.3. Gloss wash bottle.

23 Analysis,

23,1 ESteam bath.

233 Beakers or oasseroles—3260 ml,, one
for each sample and standard (blank),

248 Volumetric pipettes—1, 9, and 10 ml,

334 Transter pipette—10 ml. with 0.1 ml,
divisiona.

285 Volumetrie fiask—100 ml., one for
each sample, and 1,000 m!. for the standard
(blank).

23.8 Bpectrophotometer—To mensure abe
sorbnnce at 420 nm.

237 Oradunted coylindor—-100 mil. with
1.0 ml, divisions.

23.8 Analytical balance—To measure to
0.1 mg.

8. Reagenta.

8.1 Samplng.

8.1.1 Absorbing solutlion—Add 2.8 ml of
conoentrated HBO, to 1 lter of distilled
wmr.mxmﬂmﬁnﬂdoml.of!mnt
hydrogen peroxide. Prepare a fresh sclution
weekly and do not expose to extreme heat or
direct sunlight,

3.2 Bample recovory.

831 Sodium hydroxide (1N)—Dissolve
40 g. NaOH in distilied water and dilute to 1
lter. .

9.3.2 Red litmus paper.

838 Water—~Delonized, distilled.

83 Analysla. .

3.3.1 Fuming suifuric acid—15 to 18% by
welght fres sulfur trioxide.

352 Phenol—White solld reagens grade.

3.5.3 Bulfurtie scid-—Caoncentrated reagent

grade.
334 Btandard solution--Dissolve 0.5498 g.
lum nitrate (KNO,) in distilled water
and dilute to 1 liter. For the working stand.
ard solution, dilute 10 ml, of the resulting
solution to 100 ml. with distilled water. One
ml. of tlie working standard solution s
equivalent to 25 xg. nitrogen dioxlds,

83.3.0 Water-—~Dolonized, distilled,

3.3.0 Phonoldisulfonic acid solution—
Dissolve 28 g. of pure white phonol in 160 ml,
concentrated sulfuric acld on a stoam bath.
Cool, add 78 ml. fuming suifurio acid, and
heat at 100° C. for 2 hours. Store in e dork,
stoppered bottle,

4. Proocedure.

4.1 Bampling.

4.1.1 Pipetts 28 ml. of absorbing solution
into & sample flask Insert the flask valve
stopper into the flask with the valve in the
"“purgo” position. Assembls the sampling
train os shown in Figure 7-1 and place the
probo at the sampling point. Turn tho finsk
valve and the pump valve to thelr “avacuate”
positions. Evacuate the flask to at least 8
inches Hg absolute pressure. Turn the pump

83
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8.6.3 Conccntration In 1b./cu, ft.

b b )
¢ = 453,600 mg.

LT
where:
ce=Concentration of partioulate matter in stack

s, Jb./s.e.f, usls,
433,800 = 31578, fa.c.b dry busia

1-'1‘.[

0.00267 In. Hg-ou,
ml—"°R

Tilo 40—Protaction of Environmeont

-2.205x10~°VM—'-

equation 5-5
MJ=Total amount o! particulnts matter cotleotod

mg.
Ve, = Volume of gas rample through dry gas moter
{standard conditions), en, ft,
8.7 Xsokinotio varlation,

=it (i) | (Lo )

oCIAI

whare:
I=Parcent of tsokinetio sampling.
V1,=Tatal volume of liquld collected in tmpingers
aud sitien gel (Sro Fiy, 5-3), mil.
smyn=Density of wator, 1 p./inl.

Reldeal Fiy ‘romwu, 21.8) Inches lig-cu. ft.f1b.

mole-*It,
3,0 = NMoleculur weight of water, 18 Ib.Ab.-mole.
Vi wVolumo el gus sumplo through e dey oS woter
Cnstor eumhu.mﬂ. cu. ft,
Ta=Absolute uverars diy yus mietur tamnporature
o Flpare 5-4), * 18,
!‘t.o-nnvt:;nnctrln pressuce at sanupling alte, tnehes
M!-Avm.nco pressure drop across tho orlfco (seo
Fig. §-2), inches lhg. ¢
’l‘.-)\ll-_.s;:'lngs nv.elr‘ugo sack got tompernture (soe
'O-Tul.ul'mmﬂune' timo, 1in,
VireStack pus veloclty enlealated by Method 2,
Equation 2-2, ft.fsec.
Tyw Abnbute stuek nx preseara, liches g
Ay=Crass-sectional ures of noxals, 'sq. fi.

G8 Acceptable results. The following
rango cets the limit on aceeptable isokinstis
sampling resuits:

I£90% < 110%, tho results aro acceptable;
otherwiso, rojeot the results and ropeat
tho test.

7. Reference.
Addendum to Specifications for Incinerator

Teating at Pederal Pacllities, PHS, NCAPC,
Deo, 0, 1007,

Martin, Robert M., Construction Detalls of
Isokinetic Source Ssmpling Equipmont, En.
vironmental Protection Agenocy, APTD-B0BL,

Rom, Jerome J., Malntenance, Calibration
and Operation of Isokinstic Source Ssm-
pling Bquipment, Environmental Protection
Agoncy, APTD-0576.

Smith, W, 8, R. T. Shigehara, and W, ¥,
Todd, A Mothod of Intorproting Stack SBame
pling Data, Faper prosontod at the 034 Ane
nual Meeting of the Alr Pollution Control

Aasociation, 9t, Louls, Mo, June 14-19, 1870, .

Bmith, W. S, ot al,, Stack Gas Bampling
Improved and Simplified with New Fquipe
mant, APCA paper No. 07-11D, 1067,

Speoifications for Incinorntor Teating at
Todoral Facilitles, PHB, NCAPA, 1007,

cquntion 5-6

METIIOD ¢—DETERMINATION OF BULFUR DIOXIDE
EMISSIONS FROM STATIONARY BOURCES

1. Principle and applicability,

1.1 Principlo. A gas samplo s extractod
from the sampling point in the atack. The
acld mist, including sulfur trioxide, is sopa-
rated from the suifur dioxide. The sulfur
dloxido fraction ls monsured by tho barlume
thorin titration meothod.

13 Applicabllity, This mothod is applle
cablo for the determinntion of sulfur dloxtde
emisalons from stutlonary svurces only when
spocified by the test procedures for dotermin-
ing compliance with Now Source Performance
Standards.

2. Apparatus,

3.1 Sampling. 8co Figure 6-1,

2.1.1 Probho—-Pyrex! glass, approximately
8 to 6 mm. ID, with & heating aystom to
prevent condensation and a filltering medium
to remove particulate matter including sul-
furio acid mist. :

213 Midget bubbler—Omneo, with glass
wool packed in top to prevent sulfurlo acld
mist casryover.

213 Qlass wool.

214 Midget impingers—Thres,

215 Drying tubo—DPacked with 6 to 10
meshs Indieating=typo slifca gol, or equivalont,
to dry the sample.

3.1.80 Valve—~Noedle valvo, or equivalont,
to adjust flow rate,

2.1.7 Pump~—Loak-free, vacuum type,

3.18 Rate motor—Rotamoter or equivae
lont, to meansure a 0-10 s.0f.h. flow range.

319 Dry gas motor—Sufficiently accurate
to measure the sample volume within 19%.

2.1.10 Pitot tubo—Typs 8, or equivalent,
neoessnry ouly if o samplo traverse is rs-
quired, or {f stack gns velocity variss with

23 Bample recovery.

232.1 Qlass waah hottles—Two,

233 Polyothyleno storage botties—To
store impingor samplea,

33 Anatysia

' Trado names.,

PRORE (ENO PACKED
WITH QUARTZ OR

FYREX \VOOL\ .

STACK WALL

GLASS Y/OOL -

Chaptor I—Environmeantal Prolection Agency

TYPE S PITOY !UUE);l(

SILICA GEL DRYING TUBE

MIDGET BUDBLER MIDGET IMPINGERS

!
PITOT MANOMETER

THERNOMETER

ORY GAS METER

ROTAMETER

Figure 6-1, 805 sampling train,

239.1 Pipettes—Transter type, 6 ml. and
10 ml, sizes (0.1 ml, divisions) and 36 mi,
size (0.9 ml, divisiona),

233 Volumetric fiasko—80 ml., 100 ml,
and 1,000 m!,

2.3.3 Burettes—3 ml. and 50 ml.

2.3.4 Erlenmoyer flask—138 ml,

3. Reagents.

3.1 Sampling,

3.1.1 Water—Dslonized, distilled.

$.1.2 Isopropanol, 80%—Mix 80 ml, of lso~
propano! with 20 ml, of distilled water,

3.1.3 Hydrogen peroxido, S%--dllute 100
ml, of 30% hydrogon peroxide to § Hier with
distilled water, Prepare fresh dally,

8.4 Samplo recovery.

341 Wnter—-Delonivod, distilied,

8.2.2 Isopropanol, 80%.

3.3 Analysis,

331 Water~Deolonised, distillod,

333 Isopropanol,

38.8 Thorin indicator—1-(o-arsonophen~
Yinzo) -3-naphthol-3 8-disulfonic acld, diso-
dium salt (or equivalent). Dissolve 020 g. in
100 ml, dtstillod water, .

8.0.¢4 Barium porchlorate (001 N)—~—Dis-
solve 105 g. of Dbarium perohlorate
{Ba(Q10,), * 8H,0] 1n 200 ml. distilled water
and diluts to 1 liter with {sopropanol, Stand-
srdirze with sulturlo acld. Barium chloride
may be used, .

398 B8ulturio acid standard (0.0 N)me
Purchaas or siandardizse to £00002 N
agninat 001N NaOR which has previovuly
boen standnrdized sgeinst potassium sold
phthalate (primary standerd grade). .

4, Procedure, TR

4.3 Sampling,

App. A

o

)
4.1.1 Preparstion of collcction train. Pour ™

16 ml, of 80% lsopropanol iuto the midgot
bubbler and 18 ml. of 3% hydrogen peroxido
into each of tho first two midget implingers.
Leave tho final midget 1mpinger dry. Asseme~
ble tho train as shown in Figure 0-1. Leak
chock the sampling tralo at tho sampling
site by plugging tho probe inlet aud pulling
a 10 inches IIg vacuum. A lenkago rato not
in oxceas of 19% of the sampling rate is no-
coptable. Carofully roleaso tho probe inlet
plug and turn off the pump. Plnco crushed
lco around the impingers. Add more ico dur.
ing the tun t0 kecp tho tomporature of the
gases leaving tho inst tmpinger at 70° P, or
lcas,

4,12 Bamplo collcction. Adjust the same-
ple flow rate proportional to the stack gns
volocity, Take rendings at least evory five
minutes and whon significant changes in
stack conditions nocessitate additionnl ade
Justments In flow rate. To begin sampling,
position the tip of the proba et tho first
sampling point and atsrt the pump. Sam-
ple proportionally throughout the run, At
the conoclusion of each rum, turm of the
pump and rocord tho inal readings. Remove
the probo from tho stack and disconnect it
trom tho train. Dratn tho {co bath and purge
the roemaining part of the traln dby drawing
cloan amblent alr through the syotom for 18
minutea,

43 S8amplo rocovery, Disconnett the ime
pingers aftor purging. Disoard the contents
of tho midget bubbler. Four the contents of
the midgot impingers into a. polysthylene
shipmont bottie. Rinso thie threo midgot ime
pingors and tho connecting tubes with div-



APPENDIX D

REFERENCE METHOD 7



App. A
tlled water and add these washings to the
samo storage contalner,

4.3 Samploe analysls, Transfor the contents
of the storage contalner to a 50 ml. volu-
motric fask, Dilute to the mark with de-
lonizod, distilled wator, Iipelte a 10 ml.
sliquot of this solution into o 125 ml, Erlen«
meyer flask, Add 40 ml. of jsopropanc] and
two to four drops of thorin indlcator, Titrate
to & pink endpoint using 001 N barjum
perchicrate. Run o blank with each series
of samples,

6.1 Use standard mothods and eqitipmont
which have beon approved by the Adminis~
trator to calibrate the rotameter, pitot tube,
dry gas meter, and probe heater,

5.4, S8tandardire the berium perchlorate
against 26 ml. of standard sulfurio acld con-
taining 100 ml. of !sopropanol.

0. Calculations.

81 Dry gas volume. Correct the sample
volume mensured by the dry gas meter to

Title 40—Protection of Environment

standard conditions (70° P. and 20.02 Inchoes
Hg) by using oquation 8-1.

T, Puar
Vews=Va (72) (25) =
R (VaPue

equation 6-1

where:

Vi o™ Volume of gas sample through the
dry gns meter (atandard oondi-
tions), cu, ft.

V= Volume of gas sample through the
dry gas metor (motor condi-~
tions), cu, ft,

T,sa= Absolute temperaturs at standard
conditions, 530° B. ¢

'!.-Av.erago dry gas meter tempen.hxro.‘
R,

Py~ Baromstric pressure at the orifice
meter, inches Hg.
P, 4™ Absolute pressure at atandard con-
ditions, 29.92 inches Hg.
6.3 Sulfur dioxide concentration,

(Ve=Vuu N (Y

Com=( 1.osxw-;t;:l'.)

where:
Cso,~ Concentration of sulfur dioxide
at standard conditions, dry
. baaly, 1b./cu, ft.

7.05X 10-%-= Convorslon factor, including the
number of grams por gram
equivalent of sulfur dioxido
(32 g./g.~eq.) , 453.6 gJ/1b.,, and

1,000 ml./1, 1b.-1/g.-ml.
V,=Volume of barlum perchlorate
titrant used for the zampls,

ml,
V=Volume of barlum perchlorate
titrant used for the dblank, mi,
Ne=Normality of barium perchlorate
titrant, g.~eq./1.

V,e1a=Total solution volume of sulfur
dioxide, 80 ml,

V.= Volume of sample aliquot -
trated, ml.

Vi, o= Volume of gas samplo through
the dry gas meoter (standard
conditions), ou, 1t,, ses Bqua-
tion 6-1,

1. References,

Atmospheric Emissions from Bulfuric Aeld
Manufacturing Processes, U.8, DHEW, PHS,
Division of Alr Pollution, Public Health Serv-
ioe Publication No. 999-AP-13, Oinclnnati,
Ohio, 1065.

Corbett, P. F., The Determination of 80,
and 80, in Flue Gases, Journal of the Insti
tuto of Fuel, 24:237-2483, 1061,

Matty, R. B. and E, K, Dioh!, Measuring
Fluo-Gas 80, and 80,, Power 101:04-97, No-
vember, 1057,

Patton, W, F. and J. A, Brink, Jr, New
Equipment and Techniques for Sampling
Ohemieanl Process Gases, J, Alr Pollution Oone
tro) Assoclation, 13, 162 (1063).

natd equation 6-2

METHOD 7—DETERMINATION OF NITROGEN OXIDR
EMISSIONS PROM BTATIONARY SBOURCES

1. Prinoiple and applicability.

1.1 Principlo. A grab sample is collooted
in an ovacuated flask containing a diiute
sulfurie acld-hydrogen peroxide absorbing
solution, and the nitrogen oxides, except
nitrous oxide, are measure colorimetrically
using the phenoldisulfonic acld (PDS)
procedure.

1.3 . Applicability. This method 1s applica-
ble for the measurement of nitrogen oxides
from stationary sources only whon specified
by the test procedures for determining come.
pliance with Noew Bource Performanco
Standards,

2. Apparatua,

4.1 Bampling, Ses Figure 7-1,

21.1 Probo—=Pyrex! glass, heated, with
filter to remove particulate mattor. Heating
ts unnocessary If tho probe romains dry dure
ing the purging portod,

213 Oollection flnsk--Two-liter, Pyrex}:
round bottom with short neck and 24/40
standard taper opening, protected against
implosion or breakage.

213 Flask valve—T-bore stopcook con-
nested to a 24/40 standard taper jolnt,

2.1.4 Temperature gauge—Dial-type ther.
mometer, or equivalent, capable of measur-
ing 3° P, intervals from 28° to 125° P,

218 Vacuum line-~Tubing ecapable of
withstanding « vacuum of 8 inches Hg abso.
lute pressure, with “I' gonnection and T-bore
stopcock, or squivalont,

2.1.6 Prossuro gauge—U-tubo manometer,
86 inches, with 0.1-inch divisions, or
equivalent.

tTrade name,

82
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2.17 Pump—Capable of producing n vac-
uum of 8 inches Hg absolute pressure,

2.1.8 8queoro bulb—One way.

3.2 Samplo rocovery.

MODE

FLASK VALV
¢ @ Jummang
.
FILTER
GROUND-GLASS SOCIET, s
§NO. 126
FLASK sHiELDL|
3.WAY STOPCOCKS
T-30RE. 8, PYREL,

24ven PORE, 8:mm OO

§ SLEEVE NO. 24/40

App. A

3.2.1 Plpotto or dropper.
2.2.2 Glase storage containers—Cushioned
for shipping.

(P rvacuaxe

'/SOUl(lt 1Y )
VAWL

FOAM ENCASEMENT

" “BUILING TLASK «
o~ ALNLR ROUND-DOTTOM, SHORT NECK,
> Vi § SHIVE NO, 24440

Figuro 7-1, Sampling train, 1105k valve, Jnd Nask,

2.3.1 Steam bath.

2.3.3 Beakers or oasseroles—350 ml, one
for each sample and atandard (blank).

288 Volumetric pipettes—1, 2, and 10 ml.

2.3.4 Transfor pipette—10 ml, with 0.1 ml.
divisions,

238.56 Volumetrio flask—100 ml, one for
each sampls, and 1,000 ml. for the standard
(blank).

2.3.8 Spectrophotomoter—To measurs ab-
sorbauce at 420 nm.

23,7 Graduated coylindor—100 ml. with
1,0 ml, divistons.

23.8 Annlytical balance—To aro to

3.3 Analysis, .

3.3.1 Fuming sulfuric acid—15 to 18% by
welght fres sulfur trioxide.

3.33 Phenol—White solid reagent grade.

s.:.s Sulturic actd-Concentrated reagont
grade,

8.34 Btandard solution—=Diasolve 0.5485 g.
potassium nitrate (KNO,) in distilled water
and dilute to 1 liter. For the working stand.
ard solution, dilute 10 ml, of the resulting
solution to 100 ml, with distilled water. One
ml. of ¢the working standard solution is
ecquivalent 1o 26 ug. nitrogen dioxide,

3.3.6 Wator—Delonized, distilled,

3.3.6 Phenoldisulfonic acld solution-—
Dissolvo 26 g. of pure whito phonol in 150 mi,

0.1 mg.

3. Reagentas,

8.1 Sampling.

8.1.1 Absorbing solutlon—Add 2.8 ml. of
concentrated HJBO, to 1 liter of distilled
water, Mix well an& add 6 ml, of 8 percent
hydrogen peroxide. Prepare a fresh solution
weokly and do not expose to extreme heat or
direct sunlight,

8.2 Bample recovery.

841 Sodlum hydroxide (1N)—-Dissolve
40 g. NnOH in distilled water and dilute to 1

Aiter. .. .
9.2.2 Red litmus paper,
928 Water—Delonized, distilled.

concentrated sulfuric acld on a stcam bath.
Cool, add 78 ml. fuming sulfuric acid, and
heat at 100* C. for 2 hours, Store in a dark,
stoppered battle,

4. Procedure,

4.1 Sampling.

4.1.1 Pipette 26 m!. of absorbing solution
into a sample flask. Insert the flnsk valve
stopper into the finsk with the valve in the
‘‘purge” position. Asscmble thoe sampling
train as shown in Pigure 7-1 and place the
probo at the sampling point. Turn tho finak
valve and the pump valvo to thelr "evacuate”
positions, Evaguate the flask to et least 8
Inches Hg absolute pressure, Turn the pump

83
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valvo to Jts “vent” position and tura off tho
pump, Check tho manomuter for any tiuctu-
ulivl In the mercury tovol, 1 thore §3 a viel-
olo chnuge over the span of ono minulo,
check Cor leaks, Record tho Lultinl volumg,
tempernture, and barometrie pressure, Turn
the flask valve to its “purge” poaition, and
then do the samo with tho pump valve.
Purge the probe and tho vacuum tube using
the squecze bulb, If condensation ocours in
tho probo and finsk valve arca, heat the probo
and purgo untll tho condensation disnppears,
Then turn the pump valve to its 'vent” posi=
tion, Turn tho flask valve to its “ssmple”
position and allow sample to enter tho flusk
for about 156 scconds, After collecting the
campie, turn the fintk valvo to its “purge*
positton and discouncet the flask from tho
snmpling traln, Shako the flnsk for 8
minuves.

4.2 Bamplo recovery.

4321 Let the fiask sct for n minimum of
16 hours and then shoke tho contents for 2
minutes. Conncct the flnsk to n mercury
filled YU.tube manometer, open tho valve
from the finsz to the manomoter, and record
the flask pressure and tomperature along
with tho barometric prossure, Transfer tho
fiask contents to o contalner for shipment
or to o 250 ml. beaker for analysis. Rinse the
flask withh two portions of distilled water
(approximately 10 ml.) and add rinse wator
to tho somplo. For a hlank uso 26 ml. of ab-
corbing sotution aud tho snmo volumo of dis-
tilled water ss used In rinsing tho finsk. Prior
to ahipping or analysis, ndd soditun hydrox-
ido (1N) dropwiso into hoth the smmple cnd
the blank until alkallno to litinus paper
{about 25 to 35 drops in each).

43 Anolysis,

43.1 If the samplo has beon shipped in
a contalner, transfer the contents to a 250
ml, boaker using o small amount of distilled

Titlo 40—Protoctlon of Environment

walter, Evaporato tho solution to drynoas on s
slonti bkl woud Lhon cool. Ml 23 wt. phonot.
disulfonis neld solution Lo tho dried resldus
nnd triturnto Lhoroughly with n glass rod,
Mnito suro the solution contuoty ol thy resie
due, Add 1 nil, distilled water and four drops
of concontrated sulfuric ncid. Hoat tho eoli-
tion on a steam bath for 3 minutes with og-
cnslonal stirring, Cool, add 20 mi. distilied
water, mix well by stirring, and add concen-
trated ammonlum hydroxido dropwise with
ooustant stirring until alkalino to Iltmus
puper, ‘Transfer tho solution to o 100 ml,
volumetrie flusk ond wash tho beaker threo
times with 4 to 65 Inl, portions of distilied
water. Dilute to the mark and mix thor-
oughly. If tho sampio contnlns solids, trans- -
fer a portion of the solution to a clean, dry
centrifuge tubo, and centrituge, or filter a'"
portion of tho solution, Measuro tho absorbe
anco of ench scmple ot 420 nm. using the
blank colution as o zoro, Diiuto-the sample
and the blank with a sultablo amount of
distilied water If absorbanco fa!la outsido tho
mngo of enltbration,

8. Caltbration.

6.1 Flask volume. Assemble the finsk and
fnsk valve and fill with wator to tho atope
cock, Measurs tho volumo of water to =+10
g::; kI:hxt:xl)ex' and record the volumo on the

8.2 Bpeotrophotometer, Add 0.0 to 10.0 ml.
of standurd solution to a serics of benkers, To
eacl beaker add 26 ml, of absorbing colution
and add codium hydroxido (IN) dropwise
uniil sikalino to litinus paper (about 25 to
86 drops). Follow tho unalysls proceduro of
aeotion 4.3 to collect enough datn to draw &
calibration curve of concentration in xg. NOs
per sample versus absorbance.

0. Calculations.

6.1 Bample volumse. -

By

Tos(Vi—Vs) (Py_P, i - P B -
v“....___.i__.;. ('1-.“’17.)"(""’ i (Vi—25ml.) (.1.' .1..) Equation 7-1

o

where: .

V,,~8amplo volumo at standard condi-
tions (dry basis), ml
T.a™ Absolute temperature at standard
conditions, 530° R.
Py~=Pressure at standard conditions,
. 2092 Inches Hg,
V¢~ Volume of finsk and valve, ml,
V.= Volume of absorbing solution, 28 ml.

. x lbl
m ou. ft.
c=(7%)
where: . -
GCesConcontration of NO, as NO, (dry

basis), Ib/s0.L.
+ mawmMass of NO, In gas anmple, 8.
+ Veez=Sample volumo at standard condie
tions (dry basis), mi,
84

- =(02x10-2Bar) (1

P,=Final absolute pressure of flask,
inches Hpg. :

Pye=1Initial absolute prossurs of flask,
Inches Hg.

'r.-nnu.n. absojute temperature of flask,

| T,=Inltial sbsolute temperature of fask,
- R.
02 Bamplo concentration. Read zg. NO,

for each sample from the plot of xg. NO,
versus absorbance.

equation ‘:-z

7. References,

Standard Methods of Chemienl Analysis,
6th ed. New York, D. Van Nostrand Co., Inc,
1062, vol. 1, p. 820-330,

Standard Mothod of Test for Oxides of
Nitrogen in Gaseous Combustion Produots

o

Chaptor I—Environmontal Prolectlon Agancy

(I'honotdivulfonto Acid Proceduro), In: 1908
ool of ASTAL Hitandard:s, art 23, Phltadol-
phin, I'n, 1000, ASTM Destgnntion 1)-1000 00,
1 125-"129,

Jueoh, M, 1, ‘Tho Chemicnl Analysis of Alr
Pollutnnty, Now Yorlk, N.Y,, Intorscicuco LPube
Ushors, Inc., 1000, vol, 10, p. 351-360,

METIIOD 8—DETERMINATION OF BULFPURIC ACTD
MINT AND GULYUR DIOXIDE EMISSIONS FROM
HTATIONARY BOUACEY

1. Principle and applicadility.

1.1 Principlo, A gna sumple {8 exiracted
from o sampilag point In tho stack and the
ncld mist Including sulfur trioxide is sepa-
rated from sulfur dloxide, Both fractions arc
mensurcd soparately by the barlume-thorin
titration mothod.

1.2 Applicablitty, This mothod s applicn~
ble to detormination of sulfuric acld mist
{including sulfur trloxlde) aud sulfur dlox-
{do from stitionary sources only when spe-
cliled by tho test procedures for determining
complinnco with tho New Sowsco Perform-
nnco Standards,

2, Apparatus,

2.1 Sampling. S8ee IMigure £-1, Many of
tho design spocifications of this sampling

App. A

2.1.1  Nuzele—3Statnle:s sleel (3107 with
uharp, tapered Tendhng: edpe.

208 Urobe Pyrex© plans with o houtlng
systom to prevent vinible condeurntion dure
Ly snmpliog.

21,8 Pltot tubo—Typo 3, or equiviient,
nttuched (o probe to moultor stack gus
velucity.

2.1.4 Fillter holder—Pyrex ! glnsa,

2.1.5 DIinpingers—I'our ns shown In FFigure
8~1. The Grst and third arc of the Qreenhurg-
sEmith domign with standnrd tip, Tho secoud
and tourth are of tho Greenburg-Simith do-
sigh, modifed by repincing tho standard ip
with a %e-Inch ID glasy tubo extending to
onc-hnlf Inch from the bottom of tho im-
plager flask. Simliar’ collection systems,
which tinvo been approved by tho Adminis-
trator, may ho used.

2.1.0 Metering system-——Vncuum gouge,
\cuk-free pump, thermometers capable of
meesuring temperaturo to within 8° P, dry
gne meler with 2% cccuracy, and related
equipmont, or equivalent, as required to
mointaln an fsokinetic sampling rate and
to detormino samplo volumo,

2.1.7 Barometer—To measure atmospheria
pressure to +:0.1 inch Iig.

traln are deseribed In APTD-0581. ' Trade name. o
STACK FILYER HOLDER THERMOMETER T
PROBE VALL CHECK
VALVE
REVERSE-TYPE
PITOT TUBE
PITOT MANOMETER i "
ICEBATH  IMPINGERS LINE
ORIEICE p BY-PASS VALVE
VACUUM
‘ GAUGE
== HAIN VALVE
IR-TIGHT
PUMP
DRY TEST METER

- .. Figure 8-1. Sulfuric acld mist sampling traln.
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PLANT: A

m, °R
Tg, °R
Pg. IN. Hg
Pg» IN. Hg
o, MIN
As. FT2
Ays FT2
Cp
VI , ml
NNI mg
% 0y
% C0,
% CO
% Ng
VAP Ave
AH Ave
VMstq» DSCF

Vustg> CF

Buo
EA, %

Md, 1b/1b mole

Mg 1b/1b mole
Vg, FPS

Qg» DSCFH

I, %

Cs, 1b/SCF
C;, gr/SCF
PHR, 1b/hr

536
790
29.08
29.07
80
28.274
1.36 x 1073
0.78
30.1
157.29
17.4
2.2
0.2
80.2
0.122
0.50
29.13
1.427
0.047
447
29.048
28.529
7.939
501,862
90.48
1.191 x 1073
0.083
5.975

E-2
TEST

525
785
29.12
29.11
80
28.274
1.36 x 1073
0.78
32.0
175.39
19.2
1.8
0.2
78.8
0.122
0.351
34.61
1.52
0.042
1121.0
29.06
29.59
7.91
505,910
106.7
1.331 x 1072
0.093
6.732

. 532
585
29.40
29.39
80
28.274
1.36 x 10~
0.78
29.3 !
195.8
18.4
1.4
0.2
80.0
0.141
0.69
34.613
1.389
0.039
649
28.960
28.533
9.096
589,935
99.4
1.247 x 1073
0.087
7.358

3



PLANT: B

Tm, OR

Tg, °R

Pg.» IN. Hg
P, IN. Hg
O, MIN

Ag, FT2
Ay» FT2

Cp

VI , ml

MNI mg

%0,
% CO2
% CO
% Ng
VAP Ave
AH Ave
Vmustd> DSCF

Vistd» CF

Bo
EA,%

M4 1b/1b mole
Mg 1b/1b mole
Vg, FPS

Qs> DSCFH

I, %

Cg> 1b/SCF

C;, gr/SCF
PMR, 1b/hr

555
715
29.97
29.96
60
14.748
1.36 x 10-3
0.78

20.9
59.83
16.0
4.6
0.2
79.2
"0.149
0.98
31.796
0.991
0.030
317
29.376
29.035
9.007
344,213.8
100.2
4.149 x 1076
0.030
1.428

555
720
29.97
29.96
60
14.748
1.36 x 1073
0.78

22.0
65.75
16.0
4.2
0.2
78.6
0.146
0.927
32.751
1.043
0.031
328
29.032
28.690
8.090
337,776.4
105.1
4.427 x 1076
0.031
1.495

553
725
29.97
29.96
60
14.748
1.36 x 1073
0.78

26.1
60.46
16.0
4.6
0.2
79.2
0.147
0.94
31.930
1.237
0.037
317
29.376
28.955
8.960
337,360.2
103.3
4.175 x 1076
0.029
1.409



PLANT: C.

Pg, IN. Hg
PS’ IN. Hg
o MIN
Ag. FT2
2

AN’ FT
Cp
VIT, ml

Hy, mg

4 02

% CO2

% CO

% Ng

V:TB Ave
AH Ave

Vused» CF

Buo

EA, %

My> 1b/1b mole
Mg 1b/1b mole
Vg, FPS

Q. DSCFH

I, %

Cs, 1b/SCF
C;, gr/SCF
PMR, 1b/hr

E-4
TEST
567
950
29.25
29.22
60
7.86
7.669 x 10-4
0.78
64.90
528.10
14.8
5.0
80.2
7 0.373
1.378
34.277
3.076
0.082
232

-

29.392
28.458
26.582

378,124
93.44

3.397 x 107

0.237
12.778

541
940
29.25
29.22
60
7.86
7.669 x 1074
0.78
68.2
213.2
15.8
4.2
80.0
0.396
1.539
39.387
3.233
0.076
298
29.304
28.445
28.079
404,151
99.87
1.194 x 1079
0.083
4.824

550
945
29.25
29.22
60
7.86
7.669 x 10-4
0.78
52.30
343.9
15.2
5.2
79.6
0.374
1.392
36.631
2.479
0.063
261
29.440
28.719
26.462
384,194
97.77

2.07 x 10-5

0.145
7.953



f:fi Ave

AH Ave
Vustd» DSCF

Vystq» CF

Buo
EA, %

Mg 1b/1b mole
‘Mg 1b/1b mole
Vg, FPS

QS, DSCFH

I, %

Cs, 1b/SCF

C;, gr/SCF
PHR, 1b/hr

550
720
30.12
30.1
60
12.566
1.36 x 1073
0.78
44.3
29.8
14.4
6.2
79.4
0.155
1.133
33.199
2.10
0.059
219
29.568
28.885
9.403
388,080.0
103.5
1.979 x 10-6
0.014
0.768

60
12.566
1.36 x 1073
0.78
51.6
51.84
15.2
5.8
79.0
0.182
1.45
37.02
2.446
0.062
269
29.536
28.82
11.09
346,166.5
98.8
3.09 x 1070
0.072
1.07

535
730
30.16
30.15
60
12.566
1.36 x 107
0.78
50.8
23.48
15.0
5.4
79.6
0.138
0.89
32.28
2.413
0.070
249
29.464
28.66
8.46
260,238.7
114.5
1.603 x 10-6
0.0112
0.417



PLAIT: E

% CO
% Ng
Var Ave

AH Ave
vMStd’ DSCF

Vustq» CF

Buo

EA, %

Mg» 1b/1b mole
Mg 1b/1b mole
Vs, FPS

Qg» DSCFH

I, %

Cs, 1b/SCF

C;, gr/SCF
PER, 1b/hr

542
810
29.70
29.69
108

5.585
3.41 x 1074
0.78
51.0
390.94
18.4
2.2
0.4
79
0.432
0.61
46.845
2.42
0.049
685
29.088
28.54
28.159
349,516
122
1.84 x 1073
0.129
6.431

5.585
3.41 x 1074
0.78
50.2
338.93
17.6
3.2
79.2
0.431
0.61
46.39
2.38
0.049
532
29.216
28.67
28.46
342,717.5
123.16
1.611 x 107°
0.113
5.521

3

545
840
29.70
29.69
108
5.585
3.41 x 1074
0.78
48.1
369.58
16.6
4.2
79.2
0.437
0.63
46.20
2.28
0.047
385
29.336
29.80
28.88
346,356
121.3
1.764 x 107°
0.123
6.109



PLANT: F E-7

1 TEST )

Tm, °R 554 553 E%T
Tg. °R 760 705 650
Pg, IN. Hg 29.97 °q.57 29.97
P, IN. Hg 29.96 29.96 29.96
o, HIN 60 60 60
Ag, FT2 12.57 12.57 12.57
Ays FT 1.36 x 1073 1.3 x 1073 1.36 x 1073
Cp 0.78 0.78 0.78
v, ol 32.6 31.3 30.1
MNI mg 342.1 278.8 414.74
%2 0, 17.0 16.6 17.6
% O, 3.4 4.0 2.8
% CO 0.2 0.2 0.2
% Ng 79.4 79.2 79.4
VAP Ave © 0.193 0.227 0.206
ADH Ave 1.48 2.07 1.83
Vjstd» DSCF i 38.598 45.465 43.996
Vystg» CF 1.545 1.484 1.427
Buo 0.0385 0.032 0.031
EA, 4 416 374 505
Md’ 1b/1b mole 29.224 29.304 29.152
Mg 1b/1b mole 29.792 28.942 28.806
Vg, FPS 12.083 13.647 11.920
Qs, DSCFH 366,839.94 449,911 426,655
I, % 97.2 93.4 95.36
Cs» 1b/SCF 1.954 x 10-5 1.352 x 1072 2.079 x 1075
c;, gr/SCF 0.136 0.094 0.145
6.083 8.868

PMR, 1b/hr 7.168



Pgs IN. Hg
PS’ IN. Hg
0, MIN

2
AN, FT
Cp
VI , ml

MNI mg

% 0,
% CO2
% CO
% Ng
VAP Ave
AH Ave
Vustqs DSCF
Vwstd CF

Buio
EA, ¢

My» 1b/1b mole
Mg 1b/1b mole
Vg, FPS

Q. DSCFH

I, %

Cs, 1b/SCF

C;, gr/SCF
PMR, 1b/hr

524
900
29.31
29.29
60
9.33
7.67 x 1074
0.78
41.3
150,49
13.0
6.8
80,2
""0.245
0.75
29.680
1.958
0.062
159
29.61
28.888
16.847
305,920, 2
110.6
1.118 x 107
0.078
3.42

TEST 2

535
910
29.31
29.29
60
9.33
1.36 x 1073
0.78
77.1
227.05
12.0
8.2
0.2
79.6
0.271
2.74
49.185
3.655
0.069
130.6
29.792
28.978
18.709
333,490
101.2
1.018 x 107
0.071
3.395

212.55

~4
[te]
(=)}

0.195
1.45
37.58
2.8677
0.0709
112
29.83
28.99
13.46
239,435.3
107.7
1.247 x 107°
0.087
2.986



PLANT: H

Tm. °R
Q

Ts. °R

PS’ [ii. Hg

o, IN

Ag. FT

A, FTC

ik
Cp

VIT, ml
My, mg

% 0,
% CO2
% CO
% Ng
VAP Ave
DH Ave
VMstq» DSCF

Vystq> CF

Byo

EA, %

Mg> 1b/1b mole
Mg 1b/1b mole
Vg, FPS

QS’ DSCFH

I, %

Cs» 1b/SCF
Cé, gr/SCF

PMR, 1b/hr

4.878
0.0%5
132
29.56
29.454
13.067
378,369.0
110
1.29 x 1074
0.901
48.81

E-9

TEST

542
750
29.98
29.27
108
12.566
7.67 x 1074
0.78
94.9
19€8.28
14.2
5.8
0.3
79.7
0.208
0.60
46.853
4.498
0.088
207
29.412
28.41
13.02
380,072
112
9.357 x 107°
0.654
35.564

3
546

740
29.98
29.27

108
12.566
7.67 x 1074
0.78
90.6
2964 .37
13.7
6.6
0.2
79.5
0.205
0.59
45.122
4.294
0.087
184
29.55
28.54
12.712
376,628.6
109.2
1.449 x 1074
1.012
54.573



Pg, Iil. Hg
PS’ IN. Hg
0, MIN
Ag. FTZ
Ay FTZ
Cp
VI , ml
bwz mg
% 0,
% CO2
% CO
% Ng
VAP Ave
AH Ave
Vpstds DSCF
Viustd> CF

Buo
EA, %

Md’ 1b/1b mole
MS 1b/1b mole

Vg, FPS
Qg DSCFH
I, %

Cs, Tb/SCF
Cs» gr/SCF
PKR, 1b/hr

w
. . o . .
-+ ™~ o] [} w

0.301
1.40
75.265
5.077
0.0632
370
29.216
28.507
13.503
196,981.7
99.3
2.331 x 107>
0.163
4.593

2

548
860
30.08
30.06
120
7.069
1.36 x 1073
0.78
104.4
2777.55
16.0
4.2
0.2
79.6
0.213
1.46
77.526
4.949
0.060
311
29.312
28.633
14.190
210,123.4
95.9
7.9 x 107°
0.552
16.60

552
860
30.08
30.06
72
7.069
1.36 x 1073
0.78
69.6
431.9
16.8
3.6
79.6
0.201
1.37
45.761
3.299
0.067
399
29.250
28.494
13.43
197,731.5
100.4
2.08 x 1072
0.145
4.105



PLART: J

Tm, R
Tg. °R
Pg, iii. Hg
PS’ Iit. Hg
S Ik
Ag, FT2
Ays FT
Cp
VIT, w1
My, W9
% 0,
% o,
%z CO
% Ng
VAP Ave
AH Ave
VMstd» DSCF
Vistd® CF

Buo

EA, &

Mgq> 1b/1b mole
Mg 1b/1b mole
Vg, FPS

Q5. DSCFH

I, %

Cgs 1b/SCF

C;, gr/SCF
PMR, 1b/hr

215
29.536
28.694
18.714

235,642.6

2.347 x 107°°
0.164
5.53

E-N

TEST 2
549
935
29.25
29.23
60
7.07

7.67 x 10-4
0.78

53.4
394.75
13.4
7.0
0.2
79.4
0.281
0.9
31.803
2.531
0.074
174
29.656
29.793
19.747
257,680
13.5
2.737 x 1070
0.191
7.053

524

960
29.25
29.13

50
7.07

o+

7.67 x 107
0.78

83.7
401.73
13.6
6.6
0.2
79.6

0.366
1.11
33.352
3.967
0.106
177
29.544
28.320
26.330
321,957.1
9%5.5
2.656 x 1072
0.185
8.551



APPENDIX F

STATE OF VERMONT WOOD BOILER REGULATIONS
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© Uniformn ﬂa'op’hnj Fage.

VERMONT ADMINISTRATIVE RULE

m Adopted Rule

=)

ITLEZ OR SUBJECT: Air Pollution Control Regulations - Wood-Fired Boilers
AGENCY: Environmental Conservation

AGENCY'S REFERENCE NUMBER FOR RULE (IF ANY): Regulations 5-101, 5-211,
5-231-3 and 5-408-1]

EFFECT ON EXISTING RULES: New Material: 5-101-10 Amends: 5-211
5-101-22 5-408-11
5-101-45
5-211-3
5-231-3.b.

STATUTORY AUTHORITY: 10 VSA 554 and 558

Effective Date: #?, e, 1978 Expiration Date: A//ﬂ

Action 1. Section 5-101, entitled "Definitions"”, is amended by adding the
following new subsections:

5-101 AS USED IN THIS PART, ALL TERMS NOT DEFINED HEREIN SHALL HAVE THE MEANING
GIVEN THEM IN THE ACT.

"10. "Commence Operation" means to begin using, on a full time basis, any équipment

in a manner that rgpr’esents normal operational procedures.

22. "Horsepower (H.P.)" is a unit that is equal to 10 square feet of boiler heating

surface.

45. "Wood Eue] " for the purposes of these regulations means natural wood, as well

as, sawdust or other wood waste generated by wood processing operations.

Action 2. Section 5-211, entitled "Prohibition of Visible Air Contaminants",
1s amended to read:

5-211 PROHIBITION OF VISIBLE AIR CONTAMINANTS
1. Installations constructed prior to April 30, 1970
No person shall cause, suffer, allow or permit the emission of any visible

air contaminant from installations constructed prior to April 30, 1970, for more

than a period or periods aggregating six (6) minutes in any hour, which has



a shade, or density, greater than 40% opacity (No. 2 of the Ringelmann
Chart).
At no time shall the visible air contaminants have a shade, density,
or appearance greater than 607 opacity (No. 3 of the Ringelmann Chart).
2. Installations constructed subsequent to April 30, 1970
No person shall cause, suffer, allow or permit the emission of any visible

air contaminant, from installations constructed subsequent to April 30, 1970,

[after the effective date of these regulations] for more than a period or periods
aggregating six (6) minutes in any hour, which has a shade, or density, greater
than 20% opacity (No. 1 of the Ringelmann Chart).

At no time shall the visible air contaminants have a shade, density, or .
appearance greater than 60% opacity (No. 3 of the Ringelmann Chart).

3. Exceptions - Wood Fuel Burning Equipment

a) During normal startup operations, emissions of visible air contaminants

in excess of the limits specified in subsections 1 & 2 above may be allowed

for a period not to exceed one (1) hour.

I
b) Duripg normal soot blowing operations, emissions of visible air
{

contaminants in excess of the limits specified in subscctions 1 & 2 above

may-be allowed for a period not to exceed 30 minutes during any 24 hour

period.

c) At no time shall the visible air contaminants allowed under this

Wik

subsection have a shade, density, or appearance greater than 80% opacity

(No. 4 of the Ringelmann Chart).

d)  Any wood fuel burning cquipment thal has a raled oulput of 40 WI.P.

or less shall not be subject to this regulation (85-211).

Action 3. Section 5-231-3. entitled "Prohibition of Particulate Matter - Combustion
Contaminants", is amended by adding the following new subsection:



5-231

F-4
-1
PROHIBITION OF PARTICULATE MATTER
3. Combustion Contaminants

b. A person shall not discharge, cause, suffer, allow, or permit the

emission of particulate matter caused by the combustion of wood fuel in

fuel burning equipment from any stack or chimney:

1) in_excess of 0.45 grains per dry standard cubic foot (gr/DSCF) of

exhaust gas corrected to 12% C0> in any combustion installation that has a

rated output of greater than 90 H.P. which commenced operation prior to

December 5, 1977.

2) in_excess of 0.20 gr/DSCF corrected to 12% CO2 in any combustion

installation that has a rated output of greater than 90 H.P., but less than

1300 H.P., which commences operation after December 5, 1977.

3) in_excess of 0.10 gr/DSCF corrected to 12% CO, in any combustion

installation that has a rated output of greater than 1300 H.P. which commences

operation after December 5, 1977.

Any wood fuel burning equipment that has a rated output of 90 H.P. or less

shall not be subjebt to these particulate emission standards.

When any fossil fuel is burned in combination with wood fuel, and the fossil

fuel contributes less than 50% of the total BTU input, the above particulate

standards shall apply. If the fossil fuel contributes more than 50% of the

total BTU input, subsection 3.a. of this regulation shall apply.

When a soot blowing cycle exceeds 15 minutes, separate emissions testing

for particulate emissions during the soot blowing cycle may be required in

addition Lo cmissions testing during normal operating condilions pursuuni Lo

Regulation 5-404 below. In this event, the emission rate calculated for the

soot blowing cycle shall be prorated over the time period between soot blowing

cycles.
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Action 4. Section 5-408-11, entitled "Installations Requiring That Information
Be Submitted To The State Air Pollution Control Agency Prior To Construction”,
is amended to read:

5-408 INSTALLATIONS REQUIRING THAT INFORMATION BE SUBMITTED TO THE STATE AIR
POLLUTION CONTROL AGENCY PRIOR TO CONSTRUCTION

The following types of installations are required to submit to the State Air
Pollution Control Agency information regarding the air pollution potential of their
proposed new construction, new installation, or modification:

11. Fuel Burning Installations:

a. Fossil fuel burning equipment of greater than 10 million BTU's

per hour rated heat input.

b. Wood fuel burning equipment of greater than 90 H.P. rated output.

[il. Fuel burning installations greater than 10 million BTU's per hour rated.

heat input]

[ ] = Deletions

. = Additions
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STATE OF VERMONT - CYCLONE REGULATIONS



5-231

PROHIBITION OF PARTICULATE MATTER

[
1. Industrial Process Emissions

a. No person shall discharge, cause, suffer, allow, or permit in any
one hour from any stack whatsoever particulate matter in excess of the
amount shown in Table 1. For purposes of this regulation the total process
weight entering a process unit shall be used to determine the maximum
allowable emissions of particulate matter which may pass through the stack
associated with the process unit. When two or more process units exhaust
through a common stack, the combined process weight of all of the process
units, served by the common stack, shall be used to determine the allowable
particulate emission rate.

b. In cases where ?rocess weight is not applicable as determined by
the Air Pollution Control Officer, the concentration of solid particulates
in the effluent gas stream shall not exceed 0.14 grams per cubic meter

(0.06 grains per cubic foot) of undiluted exhaust gas at standard conditions
on a dry basis. In the case of wood processing operations, process weight
is not applicab’e and, instead, the concentration standard specified in this
subsection shall apply.

#U.S. GOVERNMENT PRINTING OFFICE: 1979 = 600-923/343



