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Oxy-Fuel Firing 
Improves Plant Operation 

CI Staff Report 

Techneglas Inc. (formerly 01-NEG 
TV Products Inc.), a manufacturer 
of glass for colored television fur- 
nels, wanted to reduce costs in con- 
junction with rebuilding its 
furnaces to expand melting capac- 
ity. 

Techneglas' Columbus, Ohio, 
glass plant used air-based sideport 
regenerative furnaces to produce 
TV funnels. Because lead oxide--a 
requirement for X-ray protection 
for the TV viewer-is corrosive in 
furnace exhaust gases, magnesite 
checker brick are required to re- 

Oxy-fuel firing reduces costs while improving environmental 
performance at Techneglas Inc. 

the new oxy-fuel burner syster 
Production increases are ful 

realized because regenerators 
absent from the oxy-fuel corn 
tion furnace. Without the chc 
brick, the glass producer no lo 
has to reduce operation every 
months to clean the canals. Pal 
late-containing flue gases are 
able to flow freely to the elr 
static precipitator. 

The Cleanfire burners have en- 
abled Techneglas to reduce its 
waste disposal problem, and re- 
duce its NO, and particulate emis- 
sions by more than 50%. 
Techneglas' natural gas usage has 
declined 30%-15% attributed to 
the switch to oxy-fuel and the other 
15% to new furnace design. 
Glass quality also has been main- 

tained with the Cleanfire burner 
system. The burner's flame lumi- 
nosity enhances heat transfer and 
maintains temperature consistency 
throughout the glass. 

Cleanfir@ oxy-fuel burner 
systems . . . . . . . . . . Circle 201 
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cover heat in the glassmelting p r o  
cess. As exhaust gas passed 
through the regenerators en route 
to Techneglas' electrostatic precipi- 
tator, particulates containing the 
lead oxide condensed in the regen- 
erators, causing blockage. Particu- 
late matter also accumulated below 
the checker brick in the canals. 

Techneglas had to reduce its op- 
eration approximately one week 
every four months to remove the 
particulate material that had depos- 
ited in the canals. This procedure 
posed a hazardous waste handling 
problem and cost the glass manu- 
facturer production time. By elimi- 
nating the checker brick typically 
present in air-based furnace sys- 
tems, Techneglas realized it could 
eliminate the waste handling prob- 
lem, reduce the costs associated 
with cleaning the canals and avoid 
reductions in production time. 

Inevaluatingalternativesto tradi- 
tional combustion methods, Tech- 
neglas engineers worked with 
researchers from Air Products & 
Chemicals Inc., Allentown, Pa. 
They compared oxy-fuel combus- 
tion to a regenerative furnace using 
an ammonia injection system. Af- 

ter extensive evaluation, it wascon- 
cluded that an ammonia injection 
system would require a large initial 
capital cost and ongoing operating 
costs. 

Techneglas decided that oxygen- 
based combustion would require 
less up-front capital, eliminate the 
regenerators and associated main- 
tenance/disposal problems, and 
thus enable Techneglas to reduce 
costs significantly. 

Techneglas decided to convert to 
a Cleanfire@ oxy-fuel burner sys- 
tem developed jointly by Air Prod- 
ucts and Combustion Tec Inc., 
Orlando, Fla. 
The first burner system-which 

consists of 12 burners for Tech- 
neglas' F furnace--was installed in 
February 1993. Another 12 burners 
for the C furnace were installed in 
December 1993. 

Since the first set of burners was 
installed, the plant has achieved 
lower overall costs. 

Techneglas has realized up to a 
25% increase in glass production 
capacity when glass throughput is 
maximized. A sipdicant portion 
of this increase can be attributed to 
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Traditional Ceramics 

Removing Ceramic 
Contaminants from Cullet 

The single biggest obstacle to increased glass recycling is ceramic 
contaminants. Recent industry studies point to optical 
techniques as the most suitable near-term technology for 

removing these contaminants 

By: Robert De Saro, 
Busek Co. lnc., Needham, Mass. 

The trend in the container glass in- 
dustry is to use as much reasonably 
priced, furnace-ready cullet a s  
obtainable. 

For every 10% increase in cullet use, 
a furnaceenergy reductionof 3% and 
an NO, reduction of 2.5% occurs. A 
production increase also is possible. 

Additionally, legislative pressure is 
forcing container plants to use more 
cullet or to provide increased quanti-' 
ties of recycled bottles. 

In 1991, historically high levels of 
cullet use were reached-2.3 million 
tons by container plants, up 8% from 
1990. On average, 31% of container 
feedstock is now cullet. 

A major impediment to high cullet 
levels is glass contamination, pri- 
marily by ceramics. 

Ceramic contaminants enter the 
cullet stream when misinformed, al- 
though well-intentioned,consumers 
mistakenly recycle these materials 
with their glass. They also may enter 
through the distribution chain. 

However thecontaminants get into 
the glass, their effect is serious-a 
reduction in furnace production due 
to an increase in bottle stone count. 

Fig. 1 shows calculations demon- 
strating the deleterious effect of ce- 
ramic contaminants. The amount of 
foreign cullet that can be used (for a 
maximum 0.5% pack loss) is plotted 
against the number of ceramic con- 

taminants. A 0.5% pack loss was 
chosen since anything larger would 
beintolerable and result in a cutoff of 
the cullet suppliers or other drastic 
action by the plant. 

The ceramic size distributions were 
taken from Grasan crusher data. 
Four different solubility diameters 
are shown along with the ceramic 
type associated with them. 

The solubility diameter is the ce- 
ramic diameter that will completely 
dissolve in one furnace pass. It is 
dependent on ceramic type, furnace 
residence time, glass melt composi- 
tion and melt temperahue. 

Clearly, the effect on cullet use is 
largely tied to the ceramic type and 
loading. For instance, at a loading of 
six, the low-alumina ceramics (tile 

and brick) allow cullet uses as high 
as 70%; as one moves to porcelain, 
only 30% cullet is allowed, and with 
highly insoluble glass-ceramics only 
10% or less is allowed. 
Other contaminants also are pre- 

sent in the glass stream, although 
most of these can be removed with 
existing beneficiation equipment: 

Paper, plastic, labels and other 
light materials-vacuum system; 

Magnetic metals-magnetic sepa- 
ration; 

Large contaminants-hand 
picker; 

Nonferrousmetals-eddy current 
detectors. 
Of these, nonferrous metal separa- 

tion, while easily accomplished, ex- 
tracts the largest penalty, =5-8% 

Tiles. Bricks 

Stones. Clav 

Porcelain 

Glass Ceramics 

I 0 2 4 6 8 
CBrarnic Panicle Loading per 100 Pounds of Glass 

1 !Fig 1: Effect of ceramic contaminants. 
I 
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1 Optical separation techniques selected as most suitable I - 
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Fig. 2: Ccra~ttic separator. 

washing off the labels. However, the 
washing equipment is large, expen- 
sive and produces a sludge. 

Transmissive techniques were cho- 
sen to avoid the paper label problem. 
Glass first enters a vibratory feeder 
that spreads the glass evenly over the 
separator's width, typically 4 ft (see 
Fie. 2). 

The glass then slides down a metal 
plate, angled to assure a continuous 
flow of a single layer of glass without 
much tumbling. 

At the bottom of the incline, the 
glass enters the detector, consisting 
of a pulsed light source on top, 
photodiode detectors on the bottom 
and a glass plate in between. The 
light either passes through the glass 
and is sensed by the detectors or is 
blocked by an opaque ceramic. 

The elass then free falls past a series " 
of nozzles. If a ceramic has been de- 
tected, one or more of the nozzles 
will fire a high-pressure air jet, and 
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the ceramic aiong with a small 
amount of glass, is removed. 

The balance of the glass leaves the 
separator as a clean sheam. 

Approximately 200 photodiodes 
and light sources may be evenly 
spaced on 0.25-in. centers. The 
photodiodes are elechonically tied to 
a small number of nozzles in the 
same lateral position, which allows 
the use of only a few nozzles for each 
contaminant rather than firing all the 
nozzlessimultaneously. Thisgreatly 
limits the glass loss. 

The wavelength of the light is criti- 
caland isusually in the IR. The trans- 
missivity of flint, amber and green 
glass in the IR is 90%, 60% and 85%, 
respectively,whilemostceramicsare 
zero. Furthermore, paper labels 
have reasonably high hansmissivi- 
ties in the IR, allowing the detectors 
to see through them. 

Anything opaque to IR will be 
sensed and rejected by this system, 
including most ceramics, aluminum- 
coated labels, lead and crushed alu- 
minum rings, as long as they are 
larger than 0.25 in. Anything smaller 
will likely pass through undetected. 

The key to the economic success of 
a ceramic separator is the minimiza- 
tion of glass loss and operation at a 
throughput high enough to supply 
one or more furnaces continuously. 
Further, the cost and maintenance 
must allow a two-year payback. 

glass loss. 
The two problems faced by con- 

tainer plants wishing to increase cul- 
let usage are, in order of importance, 
ceramic removal and minimizing 
glass loss with nonferrous metal re- 
moval. 

These problems were addressed in 
an applied R&D program designed 
to investigate and demonshatestate- 
of-the-art ceramic separation and 
nonferrous metal separators. Spe- 
cific objectives were: 

Assess innovative equipment that 
can accomplish the separation. . Develop equipment performance 
sp&ifications. 

Develop vendor selection criteria. . Select a vendor. 
Demonstrate the equipment. 
Disseminate the program results. 

The program participants are: 
New York State Energy R&D 

Authority-a major program spon- 
sor. 

Busek Co. 1nc.-responsible for 
program management, theengineer- 
ingstudy,equipmentevaluationand 
testing. 

Owens-Brockway and Resource 
Recycling Technologies (RRT)- 
sponsor the program, host the dem- 
onstration, consult during the 
selection process and responsible for 
installing equipment. 

Glass Packaging Institute--a pro- 
gram sponsor that coordinates in- 

dustry participation. 
EPRI's ,Center for Materials Pro- 

duction-a program sponsor. 
The results of the engineering 

evaluationandthelaboratorytesting 
of each separator are presented. 

Ceramic separator 
Optical techniques were selected as 

the most suitable since they have 
been proved commercially in the 
food and pharmaceutical industries 
and more recently used in the Euro- 
pean glass industry. 

Another option, cullet pulveriza- 
tion, isbeiig explored by a Canadian 
glass processor and a West Coastbot- 
tle manufacturer. Laboratory stud- 
ies indicated that soda ash might 
preferentially react with finely 
crushed cullet rather than with the 
sand, which could leave unmelted 
silica stones. The current pulveriza- 
tion work should address this issue 
as well as fines carjover. 

Optical techniques can be either 
transmissive or reflective; i.e., sens- 
ing the light after it passes through 
the glass or is reflected off it, respec- 
tively. Reflective technique do not 
work if paper labels are present. 
With current technology, paper and 
ceramics have similar reflective 
properties, and too much glass 
would be lost as the separator would 
mistakenly reject the paper. One 
company avoids the problem by 
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ity settings that can be adjusted on 
the front panel. 

The glass loss was measured by 
passing either amber or flint glass, 
seeded witha knownnumber of con- 
taminants. Sensitivity and through- 
put were varied. 

Fig. 3shows percent separation asa 
function of the sensitivity setting. 
The sensitivity setting controls the 
sensor voltage that will trip a rejec- 
tion. The sensitivity dial is marked 
so that increasing the dial setting d e  
creases the sensitivity. 

The sensitivity setting for a given 
glass loss would be lower for amber 
or green than for flint due to the col- 
ored glass's lower transmissivity. 

Typical recommended settings are 
2.7 for flint and 3.4 for amber, each of 
which will produce a 1% glass loss. 
At these settings, the larger contami- 
nants are completely removed, and 
the 0.25-in. ceramics have a removal 
rate of 40% and 30% for flint and 
amber, respectively. 

It is not possible to remove more 
than 65% of the <0.25-in. contami- 
nants. This is partly a result of the 
photodiode spacing, since some 
pieces <0.25 in. will inevitably fall 
between sensors and never be d e  
tected. A 65% separation of <0.25 in. 
can never be achieved in practice 
since the glass loss associated with it  
would be unreasonably high. 

Apart from the glass loss, it is not 
possible to increase the sensitivity 
continuously, as was done in these 
lab tests, since the solenoid valves 
have a finite cycle time and the air 
compressor has a limited capacity. 

In an actual stream of glass, as 
would be encountered at a glass re- 
cycling facility, there will be a large 
number of contaminants and pos- 
sibly loose paper, depending on the 
effectiveness of the vacuum system. 

As thesensitivity is increased, more 
objects will be detected, and the sole 
noid-valve-operated air nozzles will 
fire with increasing frequency. A 
point will be reached where increas- 
ing the sensitivity will decrease the 
removal rate since the air pressure 
will decrease, not allowing sufficient 
force to eject the contaminant. 

Also, ceramic pieces will slip 
through during the solenoid valve 
recovery cycle. 

The sensitivity setting at which the 
removal ratestarts to decrease in this 

E 80 
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Fig. 3: ELKE separation tests. 

A throughput of 25 tons/hr was 
originally set to provide cullet for 
two furnaces. However, if there are 
manual picking stations along the 
beneficiation equipment, 15 tons/hr 
is more realistic, as anything faster 
would make it difficult for the pick- 
ers to pull out all but the largest 
contaminants. 

Also, it was stressed that the detec- 
tors must see through paper labels 
that are attached to the glass. The 
detectors are not designed to see 
throughclumpsofpaper,sinceit was 
felt the vacuum system should be 
adequate enough to remove these 
prior to glass entering the detector. 

The performance specification and 
previous description should not give 
the illusion of a one-stop, cure-all 
machine for ceramic separation. It is 
no substitute for consumer aware- 
ness, and it will not eliminate hand 
pickers. 

For instance, if a heavily contami- 
nated stream at 100 ceramic 
pieces/100 lb is processed, it is likely 
that one or two pieces will get 
through. At 25 tons/hr ,  1000 
pieces/hr will enter the otherwise 
fumace-ready cuUet. 
The ceramic detector should be 

thought of as one of several benefi- 
ciation steps, all of which are impor- 
tant, but no single one is a panacea. 

Advantages 
The advantage of the ceramic sepa- 

rator is that it allows an increase in 
cullet usage leading to: 

Energy savings-a 3% energy 
savings is realizable for each 10% in- 
crease in cullet use. 

A production increase. 
A NO, reduction of 2.5% for each 

10% increase in cullet use. 
Initially, 56 companies offering ce- 

ramic detection equipment were 
contacted. The field was narrowed 
to six, and a detailed review of each 
wasconducted. 

In addition, eight European glass 
recyclersandcontainerplantendus- 
ers of this equipment were visited. 

During the first phase, Owens- 
Brockway provided glass expertise 
that guided equipment selection. 

Experimental studies were con- 
ducted on two models and resuited 
in tested separation as follows: 

Onemodel, theELKE, was installed 
at RRT, a glass recycler providing 
furnace-ready cullet to Owens- 
Brockway. 

Laboratory tests 
Theseparator was tested at thesup 

plier's facilities prior to its installa- 
tion at RRT. Both separation 
efficiency and glass loss were inde- 
pendently tested, using both flint 
and amber glasses. 

Separation efficiency was meas- 
ured by passing machined alumi- 
num squares of various sizes, 
simulating ceramic contaminants, 
through the ELKE, and counting the 
number that were rejected. The tests 
were conducted at various sensitiv- 



Increasing separator sensitivity also increases glass loss 

available devices that do so--b;t 
that it removes the metals with a 
greatly reduced glass loss: 0.5% 
compared to 5-876 withconventional 
devices. This is attributable to the 
nozzlestyle arrangement of removal 

- 
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tor to be installed in RRT's facility 
along with the ELKE. This separator, 
knownasELPAC, is produced by the 
same company that makes the ELKE. 

The advantage of the ELPAC is not 
that it can eliminate nortferrous met- 
a lc there  are several cornmerciallv 

- 
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compared to the more prosaic 
diverter valve. 

ihe possi6ility of missing metal con- 
taminants due to the momentary air 
pressure lapses, or solenoid valvecy- 
cling, as was previously described 
for the ELKE. Also, the ELPAC can- 
not remove heavy metal objects- 
e.g., large b o l t d u e  to the limited 
removal force the nozzles provide. 

ELPAC laboratory tests 
Separation efficiency and glass loss 

were tested. For theseparation tests, 
aluminum tabs, foil, pull tabs, bottle 
caps and lead foil obtained from RRT 
were used, as well as simulated con- 
taminants. The simulated contami- 
nants were 0.125- and 0.25-in. 
aluminum squares 0.025 in. thick, 
and 0.09, 0.12 and 0.44 in. diameter 
lead shot. 

The test procedure was to first pass 
individual contaminants through 
the ELPAC and record the number 
rejected, which yielded the separa- 
tion efficiency. 

Next, to test glass loss and separa- 
tion efficiency simultaneously, =I000 
Ib of relatively clean flint glass was 
seeded with Zaluminum tabs. 

The amount of glass loss as com- 
pared to the throughput was meas- 
ured and related to the number of 
rejections. The number of contami- 
nants recovered also was used to d e  
termine separation efficiency. 

For the first set of tests, a threshold 
voltage of 20 mV was used. A con- 
taminant must induce a signal volt- 
age of at least 20 mV for 3 ms to 
initiate pneumatic rejection. For the 
second set of tests, the threshold was 
increased to50mV,reducingthesen- 
sitivity to reduce the glass loss. 

The test results show that all the 
contaminants wereremoved, and for 

manner depends on the ceramic 
loading, amount of loosc paper and 
compressor capacity, and likely will 
be plant specific. 

As the sensitivity decreases, the r e  
moval efficiency of the contaminants 
is reduced. For the 0.25-in. particles, 
it is steadily reduced and goes to zero 
at a setting of seven. For the 0.375- 
and 0.5-in. particles, the result is 
qualitatively the same but with a 
steeper slope. 

For the 0.5-in. particles, it is aU or 
nothing: 100% separation at a setting 
of eight and zero at 10. 

If one is interested in 0.5 in. r e  
moval, then it is recommended that 
the setting be no higher than seven 
since the fall-off point may not be 
repeatable for different detectorsdue 
to differences in the electronics. Go- 
ing much above seven risks an un- 
predictable decrease in removal 
efficiency. 

Glass loss tests took place in April 
1992 and were run on flint glass with 
the sensitivity setting at 2.4. Glass 
loss was just under I%, up  to a 
throughput of 25 tons/hr and with a 
contaminant loading of 4.0-15.5. The 
optics were manually cleaned b e  
tween test runs. 

Inconsistent results were observed 
on amber glass, primarily because of 
the large amount of dust in the glass. 
This has the effect of obscuring the 
optics, leading to an increase in false 
rejections. The dusting effect was 
artificially increased since the same 
glass was used for repeated tests. It 
appeared that after each test run the 
amount of dust increased. The flint 
glass did not exhibit this tendency. 

When the glass was screened to r e  

Fig. 4: Separator effect. 

move the dust, the glass loss was 
improved: 1.5% at 30 tons/hr and 
0.7% at 19.5 tons/hr. At a high 
throughput of 50 tons/hr, the glass 
loss was more than 9%, even when 
the dust was sorted out. 

Fig. 4, similar to Fig. 1, shows the 
beneficial effect the ceramic separa- 
torhasforaglasscontainermanufac- 
turer. For clarity, two contaminants 
are shown: porcelain and tile. The 
allowable cuUet use increases appre- 
ciably at any ceramic loading. 

As a result of the laboratory tests, 
these conclusions were reached. 

The detector works and can re- 
move a large percentage of ceramics. 

The removal rate will never be 
complete, with the larger contami- 
nants (0.5 in. and larger) to be r e  
moved with a higher efficiency than 
the smaUer ones. . Increasing the sensitivity im- 
proves the separation efficiency but 
also increases the glass loss. 

Increasing the sensitivity continu- 
ously is counterproductive. . Keeping the optics clean, espe  
ciaUy in highglassdustconditions,is 
of significant importance in mini- 
mizing glass loss. 

A maximum throughput of 25 
tons/hr has been demonstrated, al- 
though lower throughputs may be 
dictated by specific plant operations. 
Picking stations, or abnormaUy high 
contaminants and paper-burdened 
glass will force lower throughputs. 

Nonferrous metal separator 
While the focus of the w e n t  pro- 

gram is on ceramic detectors, the op- 
portunity arose to test an advanced 
design of a nonferrous metal separa- 

The ELPAC, however, extracts a 
pricehigher costs, larger size and 



CICS, the only accredited third-party certification 
body in the world who specializes 

in the ceramic and associated industries 
Internationally accepted IS0 9000 certification - the way 
to reduce quality-related costs and a stepping stone to 

Total Quality Management 

tem will detect and try to reject these 
items. This will greatly increase 
glass loss and reduce separation effi- 
ciency. 
Theceramicdetector isattended by 

manual laborers. The optics are 
wiped clean and the sensitivity set- 
tings are adjusted about every hour, 
depending on the type of glass and 
glass frequency changes. 

The only unscheduled mainte- 
nance during the first three months 
of operation was replacing theglass 
optics plate. 

Preliminary results show field 
separation to be lower than the labo- 
ratory results although the standard 
duration is quite high, making inter- 
pretation difficult. 0 

Editor's Note: This article was 
adapted from a paper presented at 
the 53rd Conference on Glass Prob- 
lems and published with the permis- 
sion of the author. 

the simulated contaminants, all of 
the aluminum squares were re- 
moved. For the lead shot, everything 
at or above 0.12 in. was removed. At 
0.09 in., nothing was removed. The 
threshold setting had no effect on 
contaminant removal. 

The glass loss was 1.5% at a 20-mV 
threshold and 0.7% when the thresh- 
old was increased to 50 mV. Glass 
throughput was 24 and 34 tons/hr, 
respectively. In both cases, the con- 
taminant loading was quite high, 
based on the number of rejections: 
14.9/100 lb of glass for the 20-mV 
setting, and 6.4 for 50 mV. 

It is not known how many of the 
rejections were due to contaminants 
and how many were false. Nonethe- 
less, the glass loss was well within 
specifications with a contaminant 
loading of at least 2.5/100 lb of glass 
(based on the seeded contaminants). 

The conclusions drawn from the 
ELPAC laboratory tests are: . ELPAC worked well, eliminating 

Operating worldwide CICS are the independent specialists 
who know and understand the ceramic industry 

all but the smallest contaminants. 
Thedustingandpaperlabelprob- 

lems described are not an issue since 
the ELPAC is optically based. 

The cycle time and air pressure 
problems described for the ELKE 
could pose similar problems for the 
ELPAC, but only if an extreme num- 
ber of metal contaminants are in the 
glass stream. 

Field installation 
The detectors installed at RRT's 

Syracuse recycling plant became op- 
erational in July 1992. By the end of 
August, the plant and detectors were 
sufficiently debugged so that data 
collection could begin. 

The ELKE is the last beneficiation 
step, preceded by the ELPAC, vacu- 
um system, screens, crusher, mag- 
netic separator and hand pickers. 

It is important that as much glass 
debris as possible-labels, dust, 
etc.-be removed prior to the ce- 
ramic detector since the optical sys- 

CICS 
APPROVED ""';?e-* 

To discuss your requirements contact 
I 
I 

JIM LEAKE, EXECUTIVE DIRECTOR 
Ceramic on Tel + 44 (0) 782 41 1008, 1 Industry Fax + 44 (0) 782 412331 

or write to 

Certification CICS Ltd., Queens Road, 
I Penkhull. 

1 Scheme Ud Stoke-on-Trent  ST^ 7LQ. 
England. 
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Recycling of Electrostatic 
Precipitator Dust 

from Glass Furnaces 
Increasing disposal costs, legislative penalties and spiraling 

raw material costs require reconsideration of the use of 
electrostatic precipitator dust as a batch raw material 

By: David T. Boothe, President, Harold Severin, combination with additional abatement systems, for the 
Industy Consultant, D. Boothe b Co. Inc., Sylvania, removal of noxious gaseous components from the dis- 
Ohio; Clirrt Braine, Program Manager, GE Lighting charges of glass furnaces. 
Products, Cleveland, Ohio 

Design a n d  selection of systems 
Melting fine, inorganic raw materials for the production The material characteristics of abatement system dusts 
of glass in fossil-fueled furnaces generates a particulate are as follows: Generally, the dry solids discharged from 
discharge. This material consists of particulate fines abatement systems, including electrostatic precipitators, 
originating from thecharged batch and condensed gases are fine and have a low bulk density. They are difficult 
that have volatilized out of the glass melt. They are to handle and to contain within the system. For the 
carried out of the furnace by the combustion process successfuldesignof anabatementdustrecyclingsystem, 

3me less popular. Hygroscopic characteristics. 
ke it or not, recyclingof abatement discharges into the Process changes, raw material variations and cyclical 
smaking process has come of age. The discharges changes in ambient conditions will have a large effect on 
i abatement systems can replace increasingly more the mechanical properties of the collected material and 
msive raw materials. In theglass industry, economic also may affect the operating efficiency of the abatement 
.ideratiom and stronger legislative pressure have systeni. These changes and variations must be deter- 
npted an increased use of complex abatement sys- mined prior to the design of a practical recycling system. 
.. These can be baghouses and electrostatic precipi- In addition, the system design choices must not only , cd~urs ,  either by themselves or in tandem or in consider the material properties, but must conform to the 
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method of discharge from the abatement system, the 
design of the existing batch house equipment, as well as 
operational sequencing and company operating philoso- 
phies. 

Finally, the addition of abatement system discharge 
material to the glass batch must not be detrimental to the 
final glass properties or cause a decrease in production 
efficiency. 

Recycling of EP dust-System 1 
Several methods have been used in the past for modi- 

fying and handling the dust generated from electrostatic 
precipitators (EP). These have included agglomeration, 
roll compression or wetting and collection in hoppers for 
manual in-plant transfer or disposal. An example of this 
svstem was used at the GE Lighting plant, Niles, Ohio. 

the flow characteristics of thedust change rapidly during 
storage. Air pads are installed in the hopper to fluidize 
the dust and promote flow during loading. After a pre- 
determined time, the timer closes the inlet valve and 
starts the transport sequence. Actual transport takes 
only 8-12 sec. The pressurized material is deposited 
directly into the batch house storage bin. The filtered 
transport air is vented through a dust collector into the 
batch house. When the batch house control system calls 
for another batch, EP dust is weighed in combination 
with other minor ingredients and discharged onto the 
weighed batch collection belt. 

System components in the EP building are: 
EP screw conveyor and vane feeder (existing); 
Connection chute with diverter gate; 
Dust hood for manual collection (emer~encv bvpass); 

'A large storage bin under thi  EP &I- • Collection hopper Gith kil;imum 
lected the dust. An inclined screw 1-1 of 70" sloped sides and aeration pads 
conveyor was used to feed peri- to aid in loading the transporter; 
odically an inclined plate pelletizer. ReCydjin~ of a m e n t  Densephase transporter; . - 
The initial goal of forming pellets was Oneinch transport pipe; 
not successful, and the wlletizer was 11 d m -  i m  me 11 One-inch transport pipe breaker 
subsequently used to wit the dust uni- 
formly for increasing bulkdensity and 
improving handling characteristics by 
agglomeration. After pelletization the 
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material was loaded in a hopper, 11 11 System components in the batch 
I 

- 

g'BSSmaKngpm4eSS 
b a0m8 Ofage. 

manually transported to the batch 
house, deposited in a storage bin, automatically weighed 
and added to the other batch materials. This process 
required constant s u p e ~ s i o n .  

The pelletizer discharge was inconsistent in particle 
size. To be safe, only enough water was added to hold 
down dust and begin particle agglomeration. Actual 
pelletization required a precise amount of water. Peri- 
odic changes in the properties of the EPdust changed the 
water requirements and the pelletizing behavior. Even 
a slight excess of water turned the pelletizer charge into 
mud, requiring disposal in a landfill. 

In an effort to improve the operation, reduce cost and 
retain the recycling concept, D. Boothe & Co. Inc. under- 
tmk a turnkey project to study the material and the 
existing handling, and design a new system. The dust 
was analyzed and tested for bulk density, sizing and 
pneumatic conveying characteristics. The results 
showed that a pneumatic dense-phase transport system 
could be used to move the collected dust from the EP to 
the batch house. It also was determined that the existing 
batch house storage bin, scale feed screw and gain-in- 
weight minorsscalecouldbeused without modification. 
The hygroscopic nature of the dust required the use of a 
desiccator dryer to supply transport air, as well as air for 
the receiving dust collector. 

System description i Unheated EP dust from a borosilicate glass melting 
operation is discharged from the EP with a vane feeder 
into a hopper located over the pneumatic transporter. A 
timer actuates a butterfly valve to load periodically the 
transporter. Pilot plant tests indicated that transporter 
loading could bea problem because the bulk density and 

. . 
valve; 

One hundred-cfm desiccated air 
dryer; 

Control cabinet. 

house are: 
Dust collector; 
Fifteen-cfm desiccated air dryer; 
Existing storage hopper, scale and discharge screw. 

Installation 
The equipment installation took approximately two 

weeks. Testing and operational fine-tuning required an- 
other week. As anticipated, the biggest problem was 
loading the transporter. The original design had two 
stacked-inlet butterfly valves. This double arrangement 
severely restricted flow into the transporter. Removal of 
the upper butterfly and addition of aeration pads and 
low-velocity directional air jets eliminated most trans- 
porter loading problems. 

The addition of aeration jets tookcareof another poten- 
tial problem. The fluidization membrane in the trans- 
porter has an upper temperature limit of 121°C. Test 
samples indicated that the EP dust might occasionally 
exceed this temperature. The air pads, therefore, not 
only fluidized thedust for better flow, but alsocooled the 
material below the equipment upper temperature limit. 

The EP dust from this operation is hygroscopic and is 
sensitive to atmospheric changes. Several openings 
were added to the transport piping design for access if 
any plugging occurred. The system requires no boosters, 
and all of the collected EP dust is recycled. The system 
has been in operation since November 1992. 

Recycling of EP dust-System 2 
The second system was designed for GE Lighting in 

Lexington, Ky., whereGEmakessoda-limeincandescent 
light bulb envelopes. At this facility, the EP dust is 
designated as hazardous due to chrome contamination. 



1 Use $ u n G a t e d  EP dust in the batching system 

This presented some interesting challenges. Because of 
the hazardous nature of the material, great care had to be 
taken in the design of the system not only to hansport 
the EP dust to the batch house for recycling, but also to 
prevent dust from escaping into the atmosphere. 

Although the dense-phase pneumatic system was 
working successfully at the Niles plant, the use of a 
pneumatic vacuum system for material transport was 
indicated. In this system, the EP dust is carried through 
the transport pipe inan airstream generated by a vacuum 
Pump. 

System description 
Collected EP dust is stored in a hopper under the EP. 

When this material reaches a predetermined level in the 
hopper, the vacuum pump in the batch house automat- 
ically starts up. As soon as a vacuum is established, EP 
dust material is continually released from the collection 
hopper into the airstream and transported to the batch 
house. 

In the batch house, the dust is collected in a baghouse- 
type receiver and drops througha r o t a ~ v a n e  feeder into 
a storage bin under the receiver. A 

under negative pressure. ~ h ;  dust - 
collection bags in the receiver are 22-02 polyester, backed 
up by an in-line filter to protect the vacuum pump. The 
vacuum pump discharge is fed back to the EPinlet. Any 
dust in the storage bin is captured by a single bag filter 
with thecleanair fed into the weighed materialcollection 
belt housing. The entire system is automatic and is con- 
trolled by a GE 9030 PLC. 

In an emergency, the system is backed up by tote-type 
storage bins with capacity for about hyo and one-half 
days of generated dust. These tote bins are loaded by a 
manual slide gate at the base of the collection hopper. 
They can be emptied into the vacuum system after power 
has been restored or after the system has been repaired 
or serviced. 

System components in the EP building are: 
Connection chute to existing EP screw; 
Collection hopper with air jet pulse jets; . Isolation slide gate; 
Tote bin; . Bleeder valve; 

, . Slide diverter valve; 
' . Vacuum breaker valve; . Two-inch transport pipe. 

System components in the batch house are: . Vacuum filter receiver with filter bags, pump and 1 . .  ~n-hne hlter; . 

Rotary vane feeder; . Material storage bin with single bag filter; . Loss-of-weight scale and feeder. 
The equipment installation took approximately four 

weeks. Testing and operational fine-tuning required an- 

other week. Problems were experienced with setting up 
the various air jets, pressures and operational frequen- 
cies. The vent duct at the collection hopper and the bags 
in the filter receiver required additional sealing. Se- 
quencing of controls required time. 

The material transports readily and is not as sensitive 
to atmospheric changes as the EP dust in the Niles plant. 
The system has beenin operation sinceearly August 1993 
and has worked well from start-up. The system had to 
beshut down a few timesduring start-up foradjustments 
and plant operational problems. During these periods, 
the EP dust was collected in tote-type storage bins. Re- 
feeding the dust from the totes into the vacuum transport 
system went smoothly. 

The system in Niles has run since November 1992, and 
the Lexington system has been in operation since early 
August 1993. The addition of EPdust to the batch has no 
reported effect on the glass characteristics at either loca- 
tion. No melting or associated furnace problems have 
been observed. The collection rate for the EP dust has 
not increased as a result of recycling. 

For both systems, it is extremely beneficial to keep 
operating on a regular cycle. This pre- 

to the weighed batch material on the 
collection belt. 

This is a closed-loop system. Dust 
generated by the air jets during the fill 
cycle of the collection hopper is fed 
back into the EP via an existing duct, 

-1 during excessive storage times. They 
are rock hard and plug the transfer from the collection 
hopper to the conveying line. At Niles, automatic opera- 
tion would be enhanced by the replacement of air pads 
in the collection hopper with fluidizing air jets, the addi- 
tion of fluidizing air jets in the batch house storage bin, 
and installation of level detectors in the batch house 
storage bin and dust collector. 

If water spray is used to cool the waste gas air stream 
into the EP, it is imperative that the spray nozzles be kept 
in working condition. The water flow must be moni- 
tored and controlled as a function of temperature. Fail- 
w e  to do  so will produce a material that is difficult to 
hansport pneumatically. 

At this time, it is believed that vacuum pneumatic 
conveying is the better of the two systems because the 
plugging potential appears to belower. Even if plugging 
occurs, the system can be unplugged with little dust 
escaping into the immediate surroundings. 

Another advantage is that if dust escapes from the 
system during maintenance in the EP building, it can be 
vacuumed up immediately and returned to the system. 

loss-of-weight scale adds the EP dust )I] vents the formation of lumps during 

In '7thrr i ~ ~ o r j s ,  the svbrem can be used to clean up after 
itself hlso, the problems ot charging mater~al Into the 

me use of fhese 
mms hs pmdUEd 

s ~ b s t a & / ~ ~ ~ i / l ~ .  

transport system are reduced 

excessive storage time. In ~ i l e s ,  th; 
lumpsareformed by theabsorption of 
water from the atmosphere and cause 
transporter loading problems and line 
plugging. At Lexington, large lumps 
are formed by material compression 

Working with EP dust 
We have learned that EPdust in its untreated form can 

be weighed and used in the batching system by loss-of- 
weight and gain-of-weight scales. For some operations, 
volumehic proportioning may be suitable. The best , method for scale discharge is a screw conveyor with a 
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I 
variable speed drive. A method for maintaining the dust 
in a fluidized condition should be included in the scale 
design. 

I EP dust clings to everything because of its particle size 
and the static charge picked up in the precipitator. When 
possible, the EP dust should be discharged to the batch 
collection belt by sandwiching it between two major 
materials, such as sand and limestone or soda ash. This 
keeps the dust from sticking to the belt and being re- 
moved from the process by the belt cleaners. If the dust 
is added to a cumulative scale, the same procedure 
should be used. Whenever possible, add the dust be- 
tween two batch components with good flow charac- 
teristics. Vibration must be used with great care to avoid 
compaction and bridging. 

EP dust  in  furnaces 
One point to emphasize is that El' dust is not the same 

from furnace to furnace, from glass to glass, or from 
precipitator to precipitator. Each situation presents new 
challenges as a result of batch composition, furnace op- 
eration, precipitator efficiency and ambient conditions. 
Each case must be studied separately to determine the 
properties of the dust, that is, particle size distribution, 
chemical composition, compaction behavior, de-airing 
characteristics and behavior in pneumatic transport 
systems. 

Cost savings 
The use of these systems has produced substantial cost 

savings in both plants by reduction of labor, elimination 
of protective equipment during routine handling and 
disposal, eliminationof disposal and avoidanceof poten- 
tial EPA violation fines. A raw material cost savings also 
can be realized, depending on the raw material that is 
replaced. At Niles, for instance, the calculated raw ma- 
terial savings by recycling is $77,7OO/yr, which, by itself, 
could pay for the system. 

Although the return on investment varies with each 
situation, it is believed that the payback period fora given 
installation will not exceed two years. The capital costs 
for these systems will vary widely and will depend on 
the system design, the existing equipment that can be 
used and the level of automation. A general cost range 
is $80,000- $160,000. 

Conclusion 
Electrostatic precipitator dust is only one of the glass 

manufacturing by-products that must be handled and 
recycled. The two systems described show that EP dust 

I can be recvcled, in somccases without any pretreatment. 
Such secondary processes add considerable capital cost 
and operating expense to the cost of recycling. 

These recycling methods also can be adapted to solids 
generated by other abatement methods for return to the 
glassmaking process. 
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OWENS CORNING 
3(142 MONETS LANE 
CINCINNATI. OHIO 45241 
513.733.0659 FAX 513.733 0685 

I, 
WILLIAM A. CANDY 

June 23,  1998 

Mr. Juan Santiago 
United States Environmental Protection Agency 
Emissions Standards Division 
Mineral and Inorganic Chemicals Group 
Research Triangle Park, N. C. 2271 1 

Dear Juan, 

Enclosed are reprints of an article authored by Dr. David Trumbore of Owens Coming 
and published in 'Environmental Progress" The article summarizes the work conducted 
by Owens Coming in measuring and characterizing our criteria and HAP pollutants. This 
article is drawn from the data submitted with our ICR's submitted to your group. The 
data is presented much more concisely then in our ICR's. Please provide a copy of this 
article to Ken Durkee and others in your group that would find it usehl. We would also 
like to submit this information for inclusion in the next update of AP- 42 for the roofing 
industry. 

Sincerely, 

/' 

William A. Candy J" 

OWENS CORNING 



The Magnitude and Source of Air 
I Emissions from Asphalt Blowing 

David C. Trumbore 
Owens Corning, Asphalt Technology Laboratoly, Summit, IL 60501 

The USEPA has deueloped emission factors for estimating the 
emissions offlterableparticulate, total organic compounds, 
and carbon monoxide fmm asphaN blowing operations. These 
arepublished by the EPA in a series called AP42, which con- 
tain factors for many rnanufact~ringproces~ The emision 
factors for asphalt blowing are acknowledged by the EPA to be 
ofpoor quality. Owens Corning has taken extensive data in 
various manufaduring facilities and an asphalt Pilot Plant to 
provide more information on air emissions from these opera- 
tions. The msul!s of that wo& clearly show that the c u m t  AP- 
42 emission factors for asphalt processed by air blowing are 
deficient in that they omit significant emissions of S0,and HCI, 
overestimate particulate and CO emissions, and potentially 
underestimate both VOCand N0,emissions. I n  fact, SOX, 
which is not addressed by AP-42, is the major air emission 
contributed by the fumes from the asphalt hlowingprocess 
when those fumes am incinerated. Thesonnes of SO, fmm air 
blowing are discussed in detail in thispaper. The impact of 
incineration temperature on carbon monoxide is also illustrat- 
ed. With the exception of HCl, the hazardous airpollutants 
encountered in the asphalt hlowingpmcess are minimal. 

INTIK)DUCTION 
?he use ofasphalr as a mared  is prwalenr h u g h o u r  remrded history. 

Thecommercial use ofair blown asphalt, also known as o x i d d  asphalt, 
dates from the Ian 19th c e n n y  [I]. Oxidized asphalt is pmduced by blow- 
ing air through hot permleum residuum, which a n  wme from w a u m  dis- 
&don towers, annospheric rowers or solvent a d o n  units. At the stan 
of the batch, input residuum is typically pumped through a d i m  fired no"- 

contactpreheater to achieve t emperam over 400aF (2040C), and inm reac- 
don vessels called oxidizers, or alternately, stills or converton. Air is injected 
into the oxiditr and dispersed through perforated pipes. Airflow is typically 
in the range of I5 to 50 cfmlron (0.008 ro 0.026 m'/sp/Mg) ofasphalr and 
the oxidher is typically operared benveen 400 and 5500F (knwcn 204 and 
288C) (21. Oxygen is wnsumed by the ramion ofair with the pemleum 

residuum, resulting in fumes airing the oxidilcr at less than 10% oxygen 
conrent Many theories &I as m the specific chemiiuy ofthe asphalt blow- 
ing reamon, wirh no consensus as ro whar is r d y  happening. Ir is c l a  
that in the asphalt blowing reaction oxygen functionality is added to the 
asphalr molecules; the apparent molecular weight ofthe asphalt incream; 
and compounds like hydrogen sulfide, merhane, water, carbon monoxide, 
and carbon dioxide are released [3,4,5]. In addidon m the gavs formed, the 
high air flows bath emparare and entrain oily materials from the residuum, 
which can condense further down the process. These are referred ro in rhi 
article as procw oils. Fumes from asphalt blowing processes are typically 
created wirh a variety ofseparation devices to remove condensing or 
envained p m  oil, and then are incinerated. The most wmmanly used 
cadyt for the d o n  is ferric chloride, although most ox id id  asphalt is 
produced withour any edyx 

Air blowing ofresiduum results in an increase in Ring and Ball 
Softening Point (ASTM D36) and Brookfield Viscosity (ASTM 
D4402), and a decrease in Penerrarion (ASTM D5). The product is 
unique in rhar its combinarion of properties cannot be produced by 
any orher refinery process. That is, if the softening poinr of rhe residu- 
um is raised by distillation or solvent atracrion the material is far more 
brirtle than if the softening point is raised by air blowing. Oxidized 
asphalt is used for the manufacture ofasphalr shingles; and in built-up 
roof construction, adhesives, corrosion prorection, waterproofing, and 
a wide variety of specialty applications. The two highesr volume prod- 
ucrs made using this process, shingle coating and BURA Type I11 
asphalt, typically see a softening point increase during the blowing 
process from an initial value of less than IOOOF (380C ) to a final d u e  
of ZOOOF (93 0C) or higher 

Tirle V of rhe 1990 Clean Air Act required the accurate esrimation 
of emissions from all U.S. manufacturing processes, and placed the 
burden of proof for char estimate on the process owner. In response ro 
Tirle V, Owens Corning (OC) analyzed exisring data and conducted 
extensive testing of their asphalt blowing processes in plant and pilor 
plant scale ro develop the best possible emission factors. This paper is 
the result of that work, and it is our hope that ir will lead to improved 
AP-42 emission facrors for rhe asphalt blowing procw. 
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d o m n q  andvariability. An "En rating is the Iowa radnggiven m d o n  
Tab le  1. Test M e t h o d s  Used in S a m p l i n g  h a o n  by AP42 [a. The asphalt blowingAP42 futon are for both sm- 

Air Blowlng Emlsslons 
rant 2nd conrine avhalt rnanuhcn~re. The r a t  of this amcle onlv a d d m  " .  
the maring hcron, which are h e r  in proportion m theiu longer p m i n g  

EPA Method # Items Measured Using Method times. I 
Sample and velocity traverses 
Stack gas velocity &flow 
Dry molecular weight 
Oxygen &Carbon dioxide 
Stack moisture 
Particulate 
Particulates 
Sulfur oxides 
Nitrogen oxides 
Carbon Monoxide 
Total gaseous organic ( V O C )  
Hydrogen chloride 
Hydrogen chloride 
Inorganic compounds 
Condensible particulate 
Semi-volatile HAPS 

TESI MEIHODS 
Testing ofemissions from Owens Corning's asphalt blowing process 

was done usingthe EPA tat methods outlined inTable 1 .  

AP-42 Emlsslon Factors 
Thc Emission Factor and Inventory Group (EFIG) in the U. S. Envimn- 

mend Pmtection Agencyi (EPA) Office ofAir Quality Planning and Stan- 
dards (OAQPS) develops and mainrains a database of emission famots for 
manuhcturing processes. These emission Factors are published in a series 
known as AP42 [q. As part of this p r o m  the emission hmn have ken  
assigned a quality radng. AP42 emision futon for limited pouumts & 
for the asphalt blowing pnrar [7]. The facton are available for filterable par- 
ticulars (PM), r o d  organic compounds (VOC), and carbon monoxide 
(CO). Tney are summarized in Table 2. Thae emission h o t s  have been 
assigned "D" or "E" radnp, indicating they are no h e r  than "Engineering 
Judgmeni in accuracy. Morespecifically a "D" raring indicates below aver- 
age quality based on a small number ofpossibly non-random Fdcilities with 
evidence of test variation. An "E" rating indicates poor quality based on 
unproved test methods, and issues with a low number of data points, ran- 

Owens Coming Plant Testing Results 

The results ofemission testing for Criteria PoUutan~ done on 33 differ- 
ent ocaions in 14 different Owens Corning plant locations are shown in 
Table 3. The processes shared common process conditions: 15 to 30 
&mn (0.008 m 0.016 m31sedMg) air in jhon  and 4M to 510°F (238 m 
2660C) rcacdon tempcram, common mnml equipment (fumes bubbled 
through a liquid seal in a knockout 8nk followed by gas k d  indnmtion in 
an incineration chamber designed for adequate turbulence), and were 
p m d  to a mmrnon end p i n t  (mating asphalt). N'idely \die input 
peooleum miduum were used in the IESD. There was noedyxused in any 
of the tests reporred in Table 3. In all but one case, each data p i n t  is the 
average of three determinations, taken during three separate process times, 
with the m e  input residuum, under as similar as possible p r o m  condi- 
tions. The cxceprion to that is the case ofthe PM data for plant J from 1984 
to 1994. In this case an average of 83 &Rerent determinations were used to 
avoid -the werall PM data for only one plant codpation. 

Averages and other statistic; for each criteria pollurant are given at the 
bomom ofTable 3. The arithmetic mean and median are included for each 

polluant. The geometric mean is also included in Table 3, and could in 
some cdsa be appmpriare because of the exponential nature of the depen- 
dence of the emissions data on some p m  mndidons. As can be seen in 
Table 3, thearithmetic mean is the most m 1 1 v r n t i v e a d m a t e a r  
analyses in this paper use it as the most repmentative d u e  of the data set. 
These data are the basis ofwhar we believe to be improved emission hcron 
for asphalt blowing, and in lieu ofother awilable dam, we recammend the 
arithmetic means be accepted as new emission facton for asphalt blowing 
with gas incineration. Whcn used to esimavemisions theemision h m n  
are a d j d  depending on the mnfiguration and the amount ofdata aisdng 
for that particular plant. For example, the average d u e  plus two or three 
standard deviations are often used to ensure that the esrimare is g m e r  than 
the actual emission. 

COMRlBUllON OF INClNERAnON FUEL 10 EMISSIONS 
To apply the data ofTable 3 to procases using fuel oil, rather than natur- 

al gas, for incineration requires char the contribution of the fuel burned be 
recognd. Thii is done by calculating the incremend emissions from the 

Tab le  2. US EPA Emission Fac to r s  for Aspha l t  Blowing Emlsslons f r o m  AP-42 (7) 

Pollutant Method Control Equipment Saturant Asphalt Coating Asphalt Emission Factor Rating 

Filterable PM EPA 5A none 6.6 Iblron' 24 lblron E 
Filterable PM EPA 5A incineration 0.27 Iblton 0.81 lblton D 
Total Organic Compounds EPA 25A none 1.3 Iblton 3.4 iblton E 
Total Organic Compounds EPA 25A incineration 0.0043 Iblton 0.017 lblton D 
Carbon Monoxide none 0.27 Iblton2 E 
Carbon Monoxide incineration 3.7 Iblron2 E 

' I  lblron = 0.5 kgIMg 
Iunclear what product was manuhcrurcd 
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Table 3. Ernisslon Factor Data tor Asphalt Blowlng to Coating wlth Gas Incineration 

Plant SOX C O  NOx V O C  P M  Comments Year 
(Iblton)' (Iblton) (Iblton) (Iblton) (Iblton) Tested 

A 0.63 0.43 0.06 0.08 2 oxidizers 1996 
A 0.02 2 oxidizers 1996 
B 0.72 0.002 0.17 I996 
C 0.07 1988 
C 0.88 0.11 0.08 0.02 0.06 1994 
C 0.08 Incinerator @ 1500F1 1992 
D 0.95 0.07 1988 

I F 0.07 1990 

11 F 0.07 1990 

C F 0.06 1990 
H 0.84 0.09 0.02 0.01 0.18 2 oxidizers 1994 
I 0.05 1993 
I 0.66 0.002 0.08 0.10 0.14 Incinerator @ 1625F 1993 

J 0.1 1 average of 83 PM tests 1984-1994 
J 0.01 0.18 Incinerator @ l55OF 1992 
J 0.02 1995 
K 0.08 1986 
L 0.86 0.34 0.10 0.002 0.12 Incinerator @ 1550F 1993 
L 0.95 0.77 0.02 0.02 0.1 1 Incinerator @ 1550F 1994 
L 0.65 0.33 0.05 0.001 1997 
M 0.23 1992 
M 0.25 I988 
M 1.03 3.2 0.03 0.04 3 oxidizers 1994 
M 0.76 0.03 2 oxidizers 1995 
M 0.06 2 oxidizers 1996 
M 0.07 1995 
M 1.15 Incinerator @ 1400F 1995 
M 0.17 Incinerator @ 1450F 1995 
M 0.12 Incinerator @ 1500F 1995 
N 0.95 0.01 0.02 0.07 0.04 1996 
P 0.03 2 oxidizers 1984 
P 0.93 0.21 0.12 0.002 1993 
S 1.15 2.00 0.04 0.06 4 axidilers 1993 

Arithmetic Mean 
Geometric Mean 
Median 
Std Dw 
Arith. Mean+3s 
Minimum 
Maximum 
Number 

alternate fuel by using AP-42 emissions Factors for combusdon [8,9] and h 1  &a measured in fow planu using h e y  fuel oil. To ill-re h e  d- 
adding that source of emissions to the data in Table 3 for gas incinemion. nique described abave, rhe aveqe  of the measurements in thae plants is 
The incremend emissions suboact rhe gar wmbusuon emissions from rhe w m p d  to an avenge predicted by adjusting the gas incineration average 
fuel oil combusdon emissions. Table 4 contains asphalt blowing emission from Table 3 with M o i l  emisions for a typical fuel oil usage rare. 
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Table 4. Evaiuatlon o f  Emission Factors for  Air Blowing 
Coating Asphalt with Heavy  Fuel 011 lnclnerat lon 

Plant SO, C O  NO, V O C  P M  Year 

(Ib1ton)l (Iblron) (Iblton) (Iblton) (Iblron) 

incineration temperature d be discussed below. 
3.TheAP-42 factor far volatile organic compounds (VOC) of0.017 

lblton (0.0085 kg/Mg) i s  achievable (5 our of 12 measurements we tnok 
were less dLVl that due), but is approximarely one half of the average mea- 
sured due. Thi facror should be i n 4  

4. TheM42due  for parddate mated (PM) is much too h i .  Our 
largsr d i n g  in 24 tars was s d  les than I13 theAP.i2 d u e  and our aver- 
age was 118 theAP42due. 

5. T h e  conniburion of fuel burning to nirmgen oxide (NO3 emissions 
gim an order afmagnirude estimare of NO, emissions in the asphalt blow- 
ing process. Some additive emissions appear to be warranted ftom the dm, 
but d& ominion ftom theM42 fanon is nor a seriousone. 

6. Based on comparisons in Table 4, asphalt blowing emission facron . 
based on gas incinerarion systems can be used as approximate estimates for 
system wing altemate fuek by adding the emision contribution of the alter- 
nate fuel d&ed wingAP-42 for&mbusdon. 

Gas Data Averages from Table 3 Adjusted for Fuel Oil Emissions. 
SO, C O  NO. V O C  P M  

(Ib1ron)l (Iblron) (Iblton) (Iblton) (Iblton) 
1.53 0.60 0.14 0.03 0.14 

CRITERIA POLLUTANT SUMMARV 
Table 5 summarizes the comparisons berween current AI'42 emission 

&ton for asphalt blowing, rhedara gathered by Owem Coming on 33 ma- 

sions in 14 plants using p incineration, and e s d m a d  dues for the contri- 
bution ofthe p fuel that is burned in the inc inmr.  

The key conclusions fmm rhiscompkn follow: 
1.11 is clear from the data in Table 5 that the omission of a sulfur oxide 

(SOJ emission factor for rhe asphalt blowing pnxar from M-42 ignorcs 
what i s  usually the largest criteria pollutant from th i s  prom. The average 
value in all our testing is 0.86 lb S0,Iton asphalt (0.43 kglMg) with gas 
fueled incinerators without using caralysrs. This represents a significant 
source ofSD* rharshould be accaunred for in all asphalt blowingopdons. 

2.The AP-42 factor far carbon monoxide (CO) of 3.7 Iblton (1.85 
kg/Mg) i s  obviously based on poor incinerarion as it is excessively high for 
normal procerres. In all ofour redng on gassyxemwith adequate incinera- 
tion turbulence and without any catalyst the average CO factor was 0.59 
Iblron (0.295 kg1Mg). Our one value close to AP-42,3.2 Iblton (1.6 
WMg) in plant M, was reduced to less than 0.2 Iblton (0.1 WMg) by rair 
ing the incineration temperature 100 O F  (380C). The sensiriviry of CO to 

SOURCES OF SPECIFIC ASPHALI BLOWING EMISSIONS 
SulhvOxldes 

SO, unisrions in rheasphalr blowing proms come from threesourn: 
l.The fuel used to incinerate the asphalt blowing fumes contains sulfur 

compundr which arr oxidized on incineration to produce SOx emissions. 
2. Same p m  oil is cartied over as condenable mpor or droplets in the 

fume stream and, when burned, the sulfur, which exisrs primarily as thio- 
phene, is oxidized to pmduce SO, emissions. 

3. Hydrogen sulfide (H2S) is formed in the asphalt blowing p m  and 
that material o x i h  in the b e  stream and in the incinerator to produce 
SOX emissions. 

The incineradon fuel componenr is quire small when using n a n d  gas, 
as shown in Table 5. Estimates of the mapirude of the other rwo compo- 
nents can be made from observations of resulrs ofexperimenrs to reduce 
these emissions. The uce of H2S scavengers in the asphalt blowing process ro 
tie up the H2S compnenr of rhe emission ha been reen m give a maximum 
redunion in SO, emissions of about 70 to 80% in a gas incinerarion r im -  
don [lo]. This wu ld  indicare that the contribution ofthe release ofH2S in 

the pmes is abour 70 to 80% of the emission in a gas incinerarion *em. 
Similarly, unpublished work with filrrarion of pilot scale asphalt blowing 
fumes indicared that completely eliminating droplet carryover in an asphalt 
blowing process with p incineration reduced S0,emissions by 20 to 30%. 
Therefore, in a gas incineration system the contributions to SO, emissions 
could reasonably be admated as indicated in Table 6. 

Table 5. S u m m a w  o f  Emission Factors for  Asphal t  Blowing Process M a k i n g  Coating 

SOX C O  N O x  V O C  P M  

(lblton)' (Iblton) ilbltan) (Iblton) ilblron) 

AP-42 Factor (Table 2) omitted 3.7 omitted 0.017 0.81 
Average O C  Emission for Gas 

Incineration (Table 3) 0.86 0.59 0.05 0.03 0.10 
Range of O C  Values (Table 3) 0.63 to 1.15 0.002 to 3.2 0.02 to 0.12 0.001 to 0.10 0.02 to 0.25 
Contribution from gas fuel 

estimared with AP-42 (8) 0.0002 0.007 0.03 0.002 0.004 I 
Il lblton = 0.5 kgIMg 
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Table  6. S o u r c e s  of SO, in Aspha l t  Blowing - 
TvDical Va lues  

Source of SO, Typical Contribution 

Gas fuel for incinerator < 0.1% of the total SO, 
H2S release from Asphalt 

During Blowing 70 to 80% of the total SO, 
Carryover of process oil 
containing thiophene sulfur 20 to 30% of the total SO, 

FIGURE 1. Correlation of input asphalt sulfur content With SO, 
emissions. Eight different crude sources used in study. 
Correlation coefficient = 0.09 (Ilb/ton = 0.5 kg/Mg). 

Because of the strong contribution of some input petroleum residu- 
um sulfur to SO,, an investigation was done to determine if the total 
sulfur content of input residuum, which is easily measured, would cor- 
relate wirh S0,emisions. To determine this a series of input residuum 
made with different crude oils were brought to Owens Corning's 
asphalt blowing pilot plant and oxidized under identical conditions, 
with determination of emission factors for SO,. The results of these 
tests are shown in Figure I ,  a plot of pilot plant SO, emissions versus 

total sulfur content of the input asphalt. It is clear that no correlation 
exists, implying that only a small, unidentified, component of the sul- 
fur in the asphalt is responsible for the H2S release and subsequent SO, 
emission. 

Tab le  7. Effect of Incinerat ion T e m p e r a t u r e  on 
C a r b o n  M o n o x i d e  Emissions 

Plant CO Emission Incineradon 
Factor Temperature 

(Ih/ron)l (OF)! 

'1 lblton = 0.5 kgIMg, OC = (OF-32)*519 
T h e  L plant data was taken wirh ferric chloride as a catalyst 
and is therefore nor included in the Table I data set. 

Carbon Monoxide 
Largeamounts ofcirbon monoxide can be emitted from the asphalt 

blowing pracns when rhe incineration conditions a~ less than optimum in 
terms of residence rime, incineration temperature and fume turbulence. In 
Table 7 rhe & of indneration temperam is shown for nvo asphalt blow- 
ing processes where the incineration residence time and turbulence are 

accepable. As ran be seen, rhe emission ofcarban monoxide is wry xnsidve 
to a relativeli small change in temperature. In general, we have found that 
for incinerators with more than 0.5 m n d s  of residence rime and chambers 
designed to promote turbulence, incineration temperatures in the 1450 to 
15500F (788 to 8430C) range are necessary to achieve very low CO levels. 
From the data in Table 7, plant M needs to run at least 1450°F (788OC) 
while p h r  L needs m run l55OOF (843oC) m achieve emission factors under 
0.2 lb/ran (0.1 kg/Mg). 

A small amount ofCO is detectable in rhe fumes prior to rhe incinerator, 
but the major snurce for CO emissions is incomplete combustion of hydm 
carbans m carban dioxide ( C 0  j. 

Hydrocarbon Emissions - Mculate and VOCs 
From the description of rhe asphalt blowing p m ,  it is not surprising 

that the fumes entering the incinerator contain significant amounts of 
hydnxarbons. The reacdons rhatoccur in the process crate lower molecular 
weight hydrocarbons that remain as vapor or condense at some point in the 
fume ytem.  The incineration p m  does a goad jab ofcombusring these 

Table 8. M e a s u r e d  Incinerat ion Destruction Efficiencies for H y d r o c a r b o n s  In t h e  Alr Blowing P r o c e s s  

Plant #Samples Averaged Residence l i m e  Incineration Temperature Destruction Efticiency 
(seconds) (OF)' 

-- 
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Table 9. Sampling Data for HAPS Emissions from Asphalt Blowing (1 Iblton = 0.5 kgIMg). 

Plant 
Year 
Fuel 

C 0 P L L Q Q M M 
1992 1990 1984 1994 1994 1994 I994 I995 1995 
gas gas gaS gas gas BD Oil #5 Fuel gas gas 

Comments Ferric No Ferric Ferric No Ferric 
Hazardous Air Polluvan~ (Iblton) (Ihlton) (Iblton) (Ihlton) (Iblton) (Iblton) (Iblton) (Iblton) (Iblron) 
Hydrogen chloride 8.2E-03 2.5801 3.6E-02 8.4E-03 7.7E-03 1.9E-01 4.OE-02 

Antimony 
Arsenic 
Beryllium 
Cadmium 
Chromium 
Cobalt 
Lead 
Manganese 
Nickel 
Phosphorus 
Selenium 

Benzene 
Toluene 
Ethyl Benzene 
Xylene 
I I l T C E  
methyl chloride 
vinyl chloride 
ethyl chloride 
methylene chloride 
chloroform 
Di-n-hurylphthalate 
Dibenzofuran 
bis(2-ethylhexy1)phthalare 
isaphorone 
4-nitrophenol 
phenol 
o-cresol 
p-cresol 

2-methylnaphthalene 2.1E-05 4.7E-06 4.6E-08 8.2E-08 
Acenaphthene (ACEP) O.OE+OO 3.6E-05 2.5E-06 2.7E-07 8.4E-08 
Acencphthylene (ACEY) 6.7E-09 2.5E-08 6.7E-09 
Anthracene (ANTH) O.OE+OO 2.5E-09 5.6E-08 
Benz (A) anthracene (BENA) O.OEtO0 8.OE-09 6.2E-09 
Benzo (B) Fluoranthene (BENB) O.OE+OO 7.1E-09 7.9E-09 
Benzo(G,H,I) Preylene (BENG) O.OE+OO 
Benzo (K) Floouranthene (BENK) O.OE+OO 
Benzo (A) Pyrene (BEZA) O.OE+OO 
Benzo(e)pyrene 2.OE-08 2.2E-08 
Chrysene (CHRY) O.OE+OO 1.OE-08 1.4E-08 
Dibenz (AH) Anthracene (DIBN) O.OE+OO 
Fluoranthene (FLUO) O.OE+OO 1.3E-05 2.5E-06 6.5E-09 2.OE-08 
Indeno (1,2,3-C,D) Pyrene (INDE) O.OE+OO 
Naphthalene (NAPH) 5.9E-06 5.3E-05 2.5E-05 8.9E-07 9.9E-07 
Phenathrene (PHEA) O.OE+OO 8.OE-05 6.9E-06 6.4E-08 6.4E-07 
Pyrene (PYRE) O.OE+OO 7.3E-06 2.5E-06 7.8E-09 1.8E-08 
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to CO and CO? as indicared by the dam in Table 8, which was raken by 
meacuring m d  hydrocarbons entering the incinerator and m d  leaving m get 
a destruction efficiency. Because of the nature of the process there is an 
insignificanr amount ofinorpic componenrs in the particulatee~&ions. 

HAZARDOUS AIR WULllANTS TESI ESULIS 
In addirion to resring on criteria pllumrs, Owens Coming has done 

extensive testing on the emissions ofhamdous air pollumrs (HAPS) fmm 
the asphalt blowing proces. Thk taring, done in six plants on nine om- 
sions, is summarized + Table 9. On different occasions four basic c lam of 
HAPS have been measured: I. hydrogen chloride, 2. general inorganic 
HAPs, 3. general organic HAPS, and 4. plycyclic organic matter (POM). 

i Table 9 is organued around thaw p u p i i .  
! ::The dam show that t h e w  of ferric chloride as a cadysr significantly 

increcs hydmgen chlorideemissions from theO.M)7 to 0.04 Iblron (0.0035 
to 0.02 kg/Mg) emission factor lwel without ferric chloride use to 0.19 to 
0.25 lblton (0.095 to 0.125 WMg) with the cady". T l i  i an imporrant 
omission from AP-42 and should be added for ferric chloride catalyzed 
asphalr blowing. The s o w  of rhis chloride is free HCI in the ferric solurion 
and the reaction of ferric chloride ro ferrous chloride as part of the mecha- 
nism ofcadysis [I I]. Only a fraction of the HCI avdilable from rhae m 

sourca is d y  w o k i  T h e m  Qka pan in as ym unidentified d o n s  
in theasphalr 

Emissions ofgeneral inorganic materials can be wen to be very small, in 
the range of 0.000000006 to 0.0002 lb/ton (0.000000003 to 0.0001 

WMd. 
Emissions ofgeneral organic materials were very low with the exceprion 

ofethyl benzene and one measuremenr ofbenzene, which were in the rang  

of 0.01 to 0.013 lb/ton (0.005 to 0.0065 kg/Mg). Clearly more severe 
incineradon conditions can teduce thse d u s ,  and h i s  is indicated in other 
measuremcne ofbenzene emissions which were as low as 0.0000l2 Iblton 
(O.CWN6 kg/Mg). 

Emissions of IQM werc all extremely low m@rg in measunment fmm 
0.000000M)5 100.00W8 Iblton (0.0000MXX)25 m 0.00W4 kg/Mg). 

CONCLUSIONS 
Fmm the dara presented in this paper the following conclusions have 

I been d e d :  
1. CurrenrAP-42 emission hctors for asphalt blowing ignore imporant 

emissions ofsulfur oxides. This is usually the largcsr emission from the 
p-. The emission ofsulfw orida are not conelated with r o d  sulfur in 
the input residuum. In a ga incineration rynem the source ofsulfw oxides 
are appmximady70 to 80% from H2S dead in the asphalr blowing reac- 
don, 20 to 30% from enuained or condensing oils, and almost no conmbu- 
don from the fuel used for incinemion. 

2. Current AP42 emission factors for asphalt blowing ignore hydrogen 
chloride emissia~, which are imprant when femcchloride is uud as acae- 
ly" in the pmcers. 

3. Current AP-42 emission hnon  for asphalt blowing ovemrimate the 
emissions of parriculare and carbon monoxide in a well designed procers. 
Carbon monoxide emissions can be dramarically reduced with small 
inc- in incineration temperature above a certain thrahold temperam, 
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in an incinerator with adequate residence time and rurbulence. In our 
experience that threshold temperature is approximately 1400 ro 1500 4 
(760t08160C). 

4,Emissions of hazardous air pollurants, other than hydrogen chloride, 
fmm the asphalt blowing procesare insigruficant 
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NAIMA 
N O R T H  AREm16AN I N S U L A T l O N  

MANUFACTUREmS ASSOCIATION 

March 24, 1992 

Ron Myers 
Emission Inventory Branch (MD-14) 
U.S. Environmental Protection Agency 
Office of Air Quality Planning and Standards 
Research Triangle Park, North Carolina 27711 

Dear Mr. Myers: 

In January you sent us a letter and a copy of Section 8.11 of the 
publication "Compilation of Air Pollutant Emission Factors, Volume 
I: Stationary Point and Area Sources (AP-42) ". Section 8.11 
pertains to Glass Fiber Manufacturing. The purpose of your letter 
was to inform our organization of ongoing revisions to AP-42 and to 
invite our participation in the revision process. You requested a 
response from our organizatipn by February 12, 1992. On February 
4, 1992 we agreed to extend the response date to March 15, 1992 in 
order to give our members a chance to review Section 8.11 in more 
detail. 

Your letter and attachments were given to our Environmental Affairs 
Committee. They have thoroughly reviewed Section 8.11 and have had 
several conference calls to discuss the accuracy and 
representativeness of the information contained in this section. 
They recognize the importance of this document in estimating 
emissions from glass fiber manufacturing. Because of its 
importance, we would like to propose a sampling program to update 
existifig emission factors and include new factors for other 
pollutants emitted. This is particularly true for the emission 
factors in Table 8.11;l which we believe are not representative for 
todays operations. Our plan is to meet with member companies 
during the first week i?. April to finalize a sampling strategy. We 
would then like to meet wiLh you during the later part of April or 
the first part of May to review the plan and get your concurrence. 
If we can agree to a program in May, we anticipate that the testing 
and analysis can be completed by the end of 1992. 

Please give this proposal your consideration and advise if the 
timing is acceptable. We look forward to working with you on this 
project . 
Sincerely, 

George R. Phelps 
Director, Government Affairs 

I 44 C A N A L  C E N T E R  PLAZA . S U I T E  310 . A L E X A N D R I A ,  V A  22314 . T E L  7031684-0084 F A X  7031684-0427 
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Final 2-26-92 . 

North American Insulation Manufacturers. Association 

MEETING OF THE ENVIRONMENTAL AFFAIRS COMMITTEE 

EPA Office 2:00 PM 
Research Triangle Park, NC Thursday, January 23, 1992 
.................................................................. 
The meeting of the Environmental Affairs Committee convened at 2:00 
PM on Thursday, January 23, 1992 with the following in attendance: 

EPA and RTI: 

Committee: Chairman: D. Schlaudecker, Owens-Corning Fiberglas 
S. Aldridge, Knauf Fiberglass 
B. Harlan, Owens-Corning Fiberglass 
A. Jankousky, Manville 
D. Kutys, CertainTeed 
F. Schmidt, Manville 
E. Switala, Owens-Corning Fiberglas 

C. Chin, EPA/ESD/ISB 
D. Cornstubble, RTI 
J. Crowder, EPA/ESD/ISB 
K. Durkee, EPA/ISB 
J. Farmer, RTI 
M. Laney, RTI 
E. McCarley, EPA/TBD 
M. McKeever, EPA/OSDB 
R. Myers, EPA/TSD/EIB 
J. Santiago, EPA/ESD/ISB 
J. Telander, EPA/OAQPS 

NAIMA: G. Phelps 
.................................................................. 
1. Standards Development - EPA selected Research Triangle 

Institute (RTI) as a contractor to sather data for the first 
phase of the standards development~process. EPA estimates 
that this phase will take approximately six months to 
complete. The project manager for RTI is Jack Farmer. Data 
generated from phase 1 will be used to select plants for 
further evaluation. 

2. Proposed Standard - EPA plans to issue a proposed standard by 
1995. The final standard will be uromulsated bv 1997. New 
facilities will have to comply - immediately.- Existing 
facilities will have three years to comply from the date the 
standard becomes effective. 

3. Development of FTIR - EPA is in the development state of a 
FTIR (fouriertransform infrared suectro~hotometrv) method for 
identification of hazardous air pollu<ants.   his work was 
actually started last year. To date, EPA has footprints for 
80 of the 189 hazardous air pollutants (HAPS) listed in the 
Clean Air Act. EPA feels that it can footprint about 130 
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HAPS. EPA is building a mobile van to house the FTIR 
equipment and expect to have it ready by April or May ' 92. 
EPA's plans are to do a screening test at 8 to 10 plants, two 
of which will be fiber glass plant sites. They would like to 
use OCF's Fairburn plant and CertainTeedls Athens plant for 
this purpose. It was agreed that a separate meeting will be 
held with EPA to review the technical aspects of this method. 

4. State Data - The states are telling EPA that they have a lot 
of data and want to help EPA set the standards. After some 
discussion it was agreed that the states likely have only data 
that the various companies have supplied them and therefore it 
may not be necessary to canvas every state. 

5. EPA Data Requirements - EPA addressed its data needs. It was 
agreed that the data base generated for fine fibers is a 
current representation of sources in the industry. EPA 
requestedthat we add binder ingredients and design parameters 
for control equipment to this data base. EPA will attempt to 
put together a common questionnaire for all the industry and 
hopefully bypass the 114 process. 

6.  Definition of Floor - A "floor" was defined by EPA as: 
standards cannot be less stringent than the five best 
controlled sources, for 30 or less plants. This applies to 
existing sources. For new sources, the best controlled 
similar source in a category or subcategory must be used. 

*7. Aqreed Upon Assiqnments: 

Each company will identify process chemicals on the HAP 
list and substances on the list that result from 
reactions that may occur. 

Each company will review the data and information 
supplied as part of the fine fiber project and update as 
necessary. Control equipment design data will be 
supplied after EPA issues its questionnaire. 

EPA will provide a common questionnaire for its data and 
information needs. 

Industry technical representatives will meet with EPA on 
measurement methods by late February. 

8. Site Visits - EPA and RTI are planning some site visits. 

9. Draft Technical Document - EPA expects to have a draft 
technical background document in 2 years. 
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10. Next Meetinq - The next meeting will be in Denver, Colorado 
February 27 and 28, 1992. 

11. Adjournment - The meeting adjourned at 3:30 PM. 

Respectfully submitted, 

Dave Schlaudecker, Chairman 
Environmental Affairs Committee 

* Action Assignments 
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EXECUTXVE SUMMARY 

Maryland Air Management Administration performed an air toxics review of a 

proposed fiber glass manufacturing facility to be built by Xerxes Corporation. The initial 

review indicated that styrene emissions would not result in concentrations below 

screening levels. Xerxes modified the plant design by eliminating the high bay 

production area and increasing the stack height to 60 feet. The analysis of the proposed 

plant after these changes were made showed that no advers'e health impact is expected 

to be caused by the emissions from the proposed plant. This means that Xerxes would 

meet the requirements under Maryland's proposed air toxics regulation. 

iii 

- -- 



I PURPOSE 

This report presents the Maryland Air Management Administration's analysis of the 

toxic air pollutant emissions discharged by the Xerxes Corporation's proposed fiberglass 

facility in Washington County, Maryland. The facility was reviewed to determine 

compliance with Maryland's proposed air toxic regulations (COMAR 10.18.15 Toxic Air 

Pollutants) to provide information an air toxics to concerned citizens who requested a 

- 
public hearing as  provided in Maryland law. . 



U BACKGROUND 

In 1986 the United States Environmental Protection Agency (EPA) proposed an air 

toxics policy (EPA, 1985). The policy relies on State and local air pollution control 

agencies to evaluate and, if appropriate, control certain sources of toxic air pollutants 

that EPA feels do not warrant regulation a t  the national level (GCA, 1985). 

In support of State initiatives, EPA provides money and technical assistance to 

State or local agencies in the form of performance-based grants. The grant stipulates 

that the money must be used to evaluate a source or sources that have the potential to 

create high risks from emissions of toxic air pollutants. 

In its fiscal year 1987 grant from EPA, the State of Maryland Air Management 

Administration (AMA) elected to evaluate emissions of toxic air pollutants from the 

Xerxes Corporation's proposed fiber glass tank manufacturing plant. This report 

summarizes the evaluation of this plant and discusses the practical application of the 

evaluation. 



The Xerxes Corporation proposes to construct a manufacturing facility in the I - 
70181 Industrial Park located outside of Williamsport in Washington County, Maryland. 

This facility will manufacture fiber glass underground petroleum storage tanks and other 

fiber glass products. The facility will consist of raw material storage vessels and a 

processing building that will house 17 resin spray guns and other processing areas for 
. . 

grinding, repairing, and testing the fiber glass tanks. Figure 3.1 is a plot plan of the 

Xerxes facility. 



FIGURE 3.1 

XERXES FACILITY -PLOT PLAN 

~ I T Y  M A P  Scale : I "  = /  1200' I 
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IV PROCESS DESCRIPTION 

A reinforced plastic molding operation will be  used to make various products a t  the 

plant, principally fiber glass underground petroleum storage tanks. Each of the products 

will be molded using the  same process. A spray applicator is used to spray resin, chopped 

fiber glass, and a small amount of catalyst against a rotating steel or fiber glass mold. 

The size and shape of the mold vary depending on the product being fabricated. The 

underground storage tanks are built in sections. When finished, the tanks can be up to 30 

ft. in length and up to 10 ft. in diameter. A typical tank is shown in figure 4.1. 

The spray applicator used for  this purpose is knowg as a "spray gun" or "chopper 
, . 

gun1', since i t  simultaneously chops the fiber glass roving and sprays the mixture of fiber 

glass and catalyzed polyester resin against the mold. The type of gun used by Xerxes, an 

"airless" spray gun, is designed to minimized emissions of styrene to: 

1. minimize emissions to the outdoor environment 

2. protect workers, and 

3. conserve material usage. 

This type of an emission control represents the best way to control emissions and could 

be considered T-BACT (Best Available control  Technology for Toxics) under Maryland's 

proposed air toxics regulations. 

FIGURE 4.1 

UNDERGROUND 

STORAGE TANK 



V TOXIC AIR POLLUTANT EMISSIONS. 

5.1 Overview 

Detailed estimates of a l l  Toxic Air Pollutant (TAP) emissions were provided by 

Xerxes Corporation and are included a s  Appendix A. These estimates are based on a 

material balance analysis and were reviewed by the Engineering Division of the Air 

Management Administration. 

The plant will discharge four compounds to the atmosphere: 
" 

1. Styrene - 
2. Methyl Ethyl Ketone Peroxide (MEKP) 

3. Dimethyl Phthalate (DP) 

4. Acetone 

Benzaldehyde, acetophenone, and styrene oxide will form a s  secondary pollutants 

when styrene emissions are oxidized after their release into the atmosphere (Pfaffli, 

1979). 

For these seven pollutants, worst-case hourly emission estimates were used to 

evaluate non-cancer health effects while maximum annual emissions were used to 

evaluate cancer risks. 

5.2 Direct Emissions From Spray Application 

The resin spraying operation will primarily discharge styrene. A thermosetting 

polyester resin liquid, which contains styrene monomer (approximately 45%) and methyl 

ethyl ketone peroxide and dimethyl phthalate in equal portions (.75% by weight) is 

sprayed on the mold. A portion of the liquid evaporates during the application and curing 

process. Styrene emissions are vented for operator comfort and safety through the 

general ventilation system and exhausted directly to the atmosphere through a 60 ft. 

stack. Styrene emissions are limited by permit conditions to less than 250 tons per year. 
.. .~. .:> . 



Small quantities of methyl ethyl ketone peroxide, dimethyl phthalate ieomponents 

of :he catalyst) and glass fibers ere also discharged. The air coilecting system will have 

intercept filters on all inlets. Assuming 50% removal efficiency, the emissions of glass 

fiber particles will be less than one pound per day. 

5.3 Emissions From Oxides 

Several styrene decomposition products are formed when styrene emissions are 

oxidized after they are released into the air. These are styrene oxide, acetophenone, and 

benzaidehyde. 

Styrene oxide, acetophenone, .and benzaldehyde emissions were assumed to be 
: 

proportional to styrene emissions. Using mean concentrations of styrene and styrene 

oxide found in the air during lamination processes in the reinforced plastics industry, a 

best estimate of the ratio of styrene oxide to styrene was made (Pfaffli, 1979). This 

rat io is 1 to 675 (or .0015). 

This emission estimate for styrene oxide, the only TAP in this analysis that is 

treated as  a carcinogen, is very uncertain However, the ratio of styrene oxide to 

styrene could be as  high as one part styrene oxide to 15 parts styrene (1115 or 0.068) and 

emissions would still result in concentrations below the screening level. The worst 

possible ratio supported by the Pfaffli study is one part styrene oxide to 117 parts 

styrene. This ratio assumes that styrene oxide always equals the highest mean 

concentration found and styrene the lowest. 

5.4 Fugitive Emissions 

Acetone, a common solvent, is used to clean tools and equipment. Emissions will 

be routinely released inside the building and discharged to the atmosphere by ventilation 

fans and open doors and windows. 



VI DISPERSION MODELNO 

6.1 Overview 

Dispersion modeling is used to estimate off-site concentrations of Toxic Air 

Pollutants (TAPS) using stack, emission, and meteorological data. Two levels of air 

quality dispersion modeling were used to estimate off-site concentrations resulting from 

toxic air pollutant emissions. 

Simple screening dispersion models are used first, to 'screen out" emissions that 

are clearly not causing problems. Screening models will generally overpredict 

concentrations. They are overly conservative. 

More complex modeling was conducted for emissions of TAPs that did not screen 

out using the screening dispersion model. When emissions of a substance screen out i t  

means that they would comply with the requirements proposed in Maryland draft sir 

toxics regulations. 

6.2 Screening Models 

A computerized version of AMA TM 86-02 (AMA, 1986) was used to screen a l l  TAP 

emissions. TM 86-02 is a conservative screening procedure based on Gaussian dispersion 

concepts of the Industrial Source complex (ISC) model and worst-case assumptions about 

meteorology. 

Emissions of methyl ethyl ketone peroxide (MEKP) and dimethyl phthalate (DP) 

screened out based on this modeling. No further analysis of these TAPs was necessary. 

The five remaining TAPs required more complex modeling. 

6.3 Complex Modeling 

Complex modeling was then conducted for the five remaining substances using the 

Industrial Source Complex Long Term (ISC - LT) model for annual concentrations and the 
,. ... . 

Industrial Source Complex - Short Term (ISC -ST) for 1-hour and 8-hour concentrations 



(EPA 1979a, EPA 1979b). The model source parameters used in this mode:ing analysis 

are siiown iii Tab:e 6.1. With the exception of styrene, all of the emissions screened out 

a t  this point. 

To further reduce the styrene concentrations, Xerxes modified their original 

construction design to improve dispersion. In the  original design, the stack was not high 

enough to avoid downwash, the downward pull on air that an adjacent structure exerts 

which prevents pollutants from dispersing normally. Downwash can occur when stack 

heights are less than 1.5 times the building height. 

To avoid the high styrene concentrations resulting from downwash, Xerxes 

Corporation redesigned the plant to eliminate a 50 foot high production bay and reduced 

the number of stacks. The height of the remaining stacks was increased to 60 feet to 

prevent downwash. Table 6.2 shows styrene emission rates using the modified source 

parameters. 



TABLE 6.1 
SOURCE PARAMETERS BEFORE PLANT MODIPICATION 

Source El&. Stack Stack Exit Emission Rate  (gls) 
Number Ht(m) H t ( m )  Diam. (m) Temp. Vel.  (m/s) Substance l-hr & 8-hr Annual 

Area Source Dimensions 

501-502 51.81 rn X 51.81 m 

6.25 Styrene 
6.25 MEKP 
6.25 DP 
6.25 Styrene 
6.25 Styrene 
6.25 :MEKP 
6.25 , DP 
6.25 ' Sytrene 
6.25 MEKP 
6.25 DP 
6.25 Styrene 
6.25 MEKP 
6.25 DP 
6.25 Styrene 

Emission Rate  (gls) 
Height Substance 1 hr. & 8 hr. 

9.14 m Acetone 1.57 



Source 
Number 

TABLE 6.2 
SOURCE PARAMETEBS AFTER PLANT MODFICATION 

Bldg. Stack Stack Stack Exit Styrene Emission 
H t ( m )  Ht(m)  Diam.(m) ~ernp.(O~) VeI.(m/s) Hate (g/s) 



M SUMMARY OF RESULTS 

Maryland's draft air toxics regulations were used in this analysis to determine i f  

emissions of Toxic Air Pollutants (TAPs) are acceptable. There are three basic 

requirements established in the draft regulations. These are: 

1. All sources covered must report emissions of TAPs; 

2. New sources must use Best Available Control Technology for Toxics (T-BACT) 

and 

3. All  sources must demonstrate that allowable emissions do not result in levels 

of TAPs off their property, that are unacceptable., 

This third requirement is called the "Ambient Impact-Xequirement." There are 

several ways to make this demonstration. The easiest way is to use a screening level 

analysis. "Screening levels" are compared to concentrations resulting from a source's 

emissions. They are intended to be conservative and protective of public health. 

If  concentrations of TAPs resulting from emissions are less than screening levels, 

then the emissions are considered acceptable. If not, a more detailed review must be 

conducted. Appendix 5 provides a more detailed explanation of Marylands proposed 

program. 

The Xerxes Corporation plant will discharge tour TAPS directly to the atmosphere; 

styrene, acetone, methyl ethyl ketone peroxide (MEKP), and dimethyl phthalate (DP). 

Three other pollutants: styrene oxide, acetophenone, and benzaldehyde will form as 

secondary pollutants. 

The preliminary analysis indicated that styrene emissions would not result in 

concentrations below screening levels. This would mean that a more complex, expensive 

and time consuming "Second Tier Analysis" would be required. 

However, as mentioned eariier, much of the problem seemed to result from poor 

dispersion caused by the high bay production area and short stacks included as part of the 

original Xerxes application. Xerxes modified the plant design by eliminating the high bay 
. . . .. . ... 
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and increasing stack height to 60 feet. The analysis of the proposed plant h::er these 

changed were made showed that  no adverse health inpact is expected to be caused by the 

emissions from the proposed plant. 

Table 7.1 and 7.2 show the results of this analysis using the original and modified 

designs. Table 7.1 is based upon stack and building heights contained in the permit to 

construct application (Table 6.1). Table 7.2 uses stack and building height data after 

modification (Table 6.2). 

Table 7.1 compares concentrations predicted using the conservative computerized 

T.M. or complex modeling to screening levels. Based on this screening level analysis 

MEKP and DP screened out using the T.M. A l l  other substances besides styrene screened 

out using the more complex modeling. 

Table 7.2 shows that styrene levels resulting from emissions after the proposed 

modification would be below styrene screening levels. More complex modeling was used 

to predict these styrene levels. None of the other TAPS were included in this modeling 

because they had already screened o u t  With the modified stack and building heights 

actual concentrations resulting from Xerxes emissions would be well below those 

reported in Table 7.1. 

With the modified stack and building heights all substances discharged by Xerxes 

would resuit in concentrations below screening levels. This means that Xerxes would 

meet the requirements u n d e r ' ~ a r ~ l a n d 3  proposed air toxics regulation. 



TABLE 7.1 COMPARISON OF SCREENING LEVELS TO CONCENTRATIONS RESULTING FROM EMISSIONS I 
BEFORE PLANT MODIFICATIONS 1 

OPP-SITK OPP-SlTE OPP-SITE 
CONCENTRATION 1-1IR CONCENTRATION 8-If R. CONCENTRATION ANNUAL 

SUBSTANCE IIIGHEST I-HR. SCREENING HIGHEST 8-HR. SCREENING HIGHEST ANNUAL SCREENING 
(CAS NUMBER) AVERAGE LEVEL AVERAGE LEVEL AVERAGE LEVEL 

Styrene 
(100-42-5) 

Styrene Oxide 
(96-09-3) (2) None 4.2 175 

None 

None 

None 

DP 
(131-1 1-3) (2) None 3.074 50 (2) None 

Acetone 
(67-64-1) 

Benzaldehyde 
(100-52-7) (2) None 16.4 

Acetophenone 
(ga-86-2) (2) 

None 

(2) None 

None 9.5 39 (2) None 

3 1: All values in ug/rn . 
-.2. Not applicable 



TABLE 7.2 COMPARISON OF SCREENING LEVELS TO STYRENE CONCENTRATIONS 
AFTER PLANT MODIFICATION ( 1 )  

OFF-SITE OFF-GITE OFF-SITE 
CONCENTRATION 1-HR. CONCENTRATION 8-HR. CONCENTRATION ANNUAL 

SUBSTANCE IIIGBEST 1-HR. SCREENING IIIGHEST 8-HR. SCREENING HIGHEST ANNUAL SCREENING 
JCAS NUMBI!RI AVERAGE LEVEL AVERAGE LEVEL AVERAGE LEVEI. 

Styrene 
(100-42-5) 

3 I .  All values in uglm . 
2. Not applicable 
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APPENDIX A 

EMISSION CALCULATIONS 

Hourly and annual emission rates calculated from material balance analysis. 

This appendix provides hourly and annual emission ra tes  for four airborne contaminants: 

Styrene (S) 
Methyl Ethyl Ketone Peroxide (MEKP) 
Dimethyl Phthalate (DP) 
Acetone (A) 

Constants for all calculations 

Addition ra te  of MEKP to resin 

W M E K p  = 0.0075 lbs M E K P A ~  resin . 
Addition rate  of dimethyl phthalate t o  resin = WDp = 0.75% by weight 

WDP = 0.0075 lbs DPAb resin 

Evaporation rate of MEKP = EMEKp = 0.2% of MEKP by weight 

or EMEKp = 0.002 ibs vapor/lb MEKP 

Evaporation rate of DP = ES = 0.2% of DP by weight 

or EDP = 0.002 lb vapor/lb DP 

Evaporation rate styrene = EDp = 11% of styrene component of resin (45% by 
weight)' 

or ES = 5% of resin weight 

or ES = 0.05 lb vaporilb resin 

* 11% is  average of rates ranging from 9%-13% in California EPA study (Rogozen, 
1982) 

Procedures for determining hourly emissions 

Resin consumption of process corresponding to each spray gun: 

RH = 125 lbsh r  

Hourly emission for styrene Hs = resin usage x evaporation r a t e  or: 

- - lbs resin lbs vapor = lbs vapor 
hour lb resin hour 



H~ = 6.25 lbslhour per spray gun 

or - For s ixteen (16) spray guns, total hourly emissions are 16 x 6.25 = 100 lbslhr., 
assuming all guns may be in use simultaneously. 

Hourly emissions for MEKP and DP: HMEKp; HDP 

Hourly emission rate, Hx = Resin usage x addition r a t e  x evaporation r a t e  or: 

- - lbs resin lbs  x lbs vapor = lbs vapor (per spray gun) 
hour lb resin l b  x how 

For MEKP 

H~~~~ = R~ W M E K P  E~~~~ - v 

= (125) x (0.0075) x (0.002) lbs  vaporlhour 

HMEKp = 0.001875 lbs vaporfhour per spray gun 

or  For s ixteen (16) spray guns, to ta l  hourly emissions a r e  0.030 lbshr .  

For DP 

HDP = RH W~~ E~~ 

= (125) (0.0075) (0.002) 

HDP = 0.001875 lbs vapor/hour per spray gun 

or For s ixteen (16) spray guns, to ta l  hourly emissions are 0.030 lbshr .  

For ACETONE 

Consumption records  indicate tha t  approximately 1 lb. of acetone is used for each 80 lbs. of 
resin. 100% evaporation r a t e  is assumed for acetone.  

HA= Hourly resin usage x 1 lb. a ce tone  vapor180 lbs. resin 

or = lbs. resin , 1 lb. vapor - lbs. vapor 
hour "80 lbs. resin hour 

~ ~ = & l b s / h o u r  per spray gun 
80 

= 1.5625 lbslhour per spray gun 

or For s ixteen (16) spray guns, to ta l  hourly emissions a r e  25 lbslhr. 



ANNUAL EMISSIONS 

STYRENE 

Maximum resin consumption proposed for facil i ty i s  8,000,000 lbs/yr = NS 

Annual emission r a t e  AS = usage x evaporation rate 

AS = lbs. resin/year x lbs. vaporllbs. resin = lbs. vapor/year 

AS = NS x ES 

= (8,000,000) x (0.05) 

AS = 400,000 lbs. vapor (sytrene) 

For MEKP .AND DP 

A ~ ~ ~ ~ / ~ ~  = N~ W ~ ~ ~ ~ / ~ ~  E ~ ~ ~ ~ / ~ ~  

= (800,000) (0.0075) (0.002) 

AMEKp = 120 lbs. vapor/year 

hDP = 120 lbs. vapor/year 

ACETONE 

Annual consumption = 100,000 lbs 

100% evaporation loss is assumed. 



APPENDIX B 

BRIEF SUMMARY OF MARYLAND'S AIR TOXICS REGULATIONS 

January 1989 

This summary describes Maryland's air toxics regulations (COMAR 26.11.15). It discusses 

the pollutants and sources covered as well as  the three major requirements. 

TOXIC AIR POLLUTANTS COVERED 

Toxic air pollutants (TAPs) include a large number of carcinogens and non-carcinogens 

for which no national or s t a t e  ambient air quality standards have been established. The 

regulations call carcinogens "Class1 TAPs" and other toxics "Class I1 TAPS." 

The number of substances regulated as  toxic air pollutants-is larger for new than for 

existing sources. For existing sources, the regulations contain a specific list of 

pollutants. For new sources, there is a somewhat longer list of Class I TAPs 

(carcinogens) and an open-ended definition of Class I1 TAPs that  is based on the term 

"health hazard" in the State  Right-to-Know laws. 

SOURCES COVERED 

The sources governed by the regulations are identified in the sections concerning 

applicability. In general, the regulations will apply to any source required to ge t  an air 

quality permit. Certain small sources are exempt, and there are specific exemptions for 

fuel burning equipment, char-broilers, and gasoline stations. 

GENERAL REQUIREMENTS 

There are three major requirements: 

1. Quantify emissions of toxic air pollutants. 

2. Use the best available control technology for toxics (T-BACT). 

3. Do not unreasonably endanger human health. 

The requirement to quantify TAP emissions requires new sources to quantify any TAP 

discharged. For existing sources, the requirement is limited t o  specifically listed TAPS. 

Existing sources must submit emissions information by January 1, 1989 for ~ l a s s 1  and 

highly toxic Class I1 TAPs and by Janaury 1, 1991 for other Class II TAPs. ' t . . ..,. 



The T-BACT requirement applies to new sources. It allows the Department to consider 

both the toxicity of substances discharged and the costs of controlling emissions on a 

case-bysase basis. 

The third requirement is also called the "ambient impact" requirement, because in order 

to demonstrate compliance, a source must show that i t  will not increase concentrations 

of TAPS in the ambient air by more than certain levels. Existing sources must comply 

with the ambient impact requirement by July 1, 1990 for Class I and highly toxic Class I1 

TAPs, and by January 1, 1992 for other Class II TAPs. 

THE AMBIENT IMPACT REQUIREMENT . . 
The ambient impact requirement is the most complex part of the regulations, because 

there are several opt iop a source may use to demonstrate that its emissions do not 

unreasonably endanger human health. The primary option is to demonstrate that the 

source will not increase ambient concentrations by more than applicable "Screening 

Levels." The second option is a "Second Tier Analysis." There is a third option for Class 

I sources, involving a "Special Permit." 

Screening Levels are established for both carcinogens and for other toxic effects. 

Screening Levels for carcinogenic effects are called "Risk-Based Screening Levels" since 

they are developed using risk assessment. The Risk-Based Screening Level represents a 

maximum increase in individual lifetime cancer risk of one in 100,000. 

Screening Levels for other toxic effects may be based on Threshold Limit Values 

(TLVs). TLV-Based Screening Levels are equal to the TLV divided by 100 and are either 

1- or 8-hour average concentrations. If no TLV is available, the regulations contain 

procedures for developing Screening Levels based on toxicity data establishing thresholds 

for various health effects (Threshold-Based Screening Levels). Since these Screening 

Levels are developed using methods that may not be appropriate for every substance, the 

regulations also provide that the Department may adopt Special Screening Levels to 

more adequately reflect toxic effects other than cancer. 



Screening Levels are  intended to be conservative so that  public health will be protected 

even though only one source is evaluated a t  a time. However, a mechanism is provided in 

the "Second Tier Analysis" to consider multiple sources of a TAP and to develop a less 

conservative though still protective Acceptable Ambient Level to  replace a Screening 

Level for noncarcinogenic effects. 

The Second Tier option also provides for the development of "Insignifcant Risk 

Concentrations" in cases where new data indicates tha t  a Risk-Based Screening Level 

should be revised. This option wig involve a re-analysis of the dose response data for a 

carcinogen. . - 
Finally, the Special Permit option for Class I TAPS involves a reassessment of the 

exposure to a carcinogen and the acceptable risk level. Screening Level analysis assumes 

that a person will be continuously exposed for 70 years to  the highest TAP concentration 

predicted to  occur off the source's property. Since this assumption is very conservative, 

the Special Permit option provides for the opportunity to  use more realistic exposure 

assumptions. In addition, if necessary, the Special Permit provides the opportunity to 

accept risks that  may exceed one in 100,000. 

Maryland Department of t h e  Environment 
Air Management Administration 

Air Toxics Control Division 
2500 Broening Highway 

Baltimore, Maryland 21224 
(301) 631-3230 
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REPORT CERTIFICATION 

The sampling and a n a l y s i s  performed f o r  t h i s  r epor t  was c a r r i e d  out 

under my d i r e c t i o n  and supervision.  
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INTRODUCTION 

1.1 Outline of Test Program. Stationary source sampling was performed 

for PPG Industries in Shelby. North Carolina. on November 24. 1987. Three 

EPA Method 5 runs were performed at the north stack of the No. 526 melting 
furnace to determine the particulate emissions for engineering purposes. 

1.2 Test Participants. Table 1-1 lists the personnel present during 

the test program. 

TABLE 1-1 

TEST PARTICIPANTS 

PPG Industries. Inc. Dennis Hubbard 
Test Coordinator 

Billy -McFarland 
Test Observer 

Entropy Environmentalists. Inc. Neil1 M; Harden 
Project Supervisor 

Anthony L. Mastrianni 
Engineering Technician 

ENTROPY 



SUMMARY OF RESULTS 

2.1 Presentation.  Table 2-1 presents the pa r t i cu l a t e  emissions from 

the t e s t i ng  performed November 24. 1987. a t  the north s tack of the No. 526 

melting furnace. Detailed t e s t  r e s u l t s  a r e  given i n  Appendix A ;  f i e l d  and 

ana ly t ica l  data  a r e  presented i n  Appendix B. 

2.2 Emission Rate. The average pa r t i cu l a t e  emission r a t e  for  the three 

runs was 4.43 pounds per hour. 

2.3 Aborted Run. Run 3 was aborted due t o  a broken nozzle. The run 

was repeated and three runs were performed. No da ta  from run 3 appears i n  

t h i s  report .  

2.4 Impinger Catches. The impinger catches were weighed a t  the t e s t  

site by Entropy Environmentalists. Inc. personnel; the  r e s u l t s  were l a t e r  

combined with those of the  s i l i c a  ge l  catches. The impinger catches were 

then given t o  PPG Industr ies ,  Inc. personnel f o r  l oca l  analysis.  

ENTROPY 



TABLE 2-1 

PARTICULATE TESTS SUMMARY OF RESULTS 

NO. 526 Melting Furnace. North Stack 

Run Date 

Test Train Parameters: 

Volume of Dry Gas 
Sampled. SCF* 

Percent Isokinet ic  

Flue Gas Parameters: 

Temperature, Degrees F 

volumetric A i r  Flow Rates 
SCFM*, Dry 

ACFM. Wet 

Method 5 Results: 

Catch. Milligrams 

Concentration. Grains/DSCF 

Emission Rate. Lbs/Hour 

68 Degrees F -- 29.92 Inches of Mercury (Hg) 

ENTROPY 
- 



PROCESS DESCRIPTION AND OPERATION 

3.1 General. The PPG Indus t r ies .  Inc. plant i n  Shelby. North Carolina. 

uses gas-fired melting furnaces i n  t he  production of g lass  f i be r s .  Raw 

materials a r e  charged continuously t o  the melting furnace and generally are  

made up of sand, soda, limestone, fe ldspar ,  fluorspar. s a l t  cake, and cu l l e t .  

3 . 2  Source A i r  Flow. Figure 3-1 i s  an a i r  flow schematic showing the 

t e s t  locat ion and the passage of the f l ue  gases exhausted by the No. 526 

melting furnace. 

ENTROPY 





SAMPLING AND ANALYTICAL PROCEDURES 

4 . 1  General. A l l  sampling and a n a l y t i c a l  procedures were those 

recommended by the  United S t a t e s  Environmental P ro tec t ion  Agency and the  

North Carolina Department of Natural  Resources and Community Development. 

Descriptions o f  the  sampling equipment and procedures (ex t rac ted  from 

40 CFR 60) are provided i n  Appendix D. 

4.2 Sampling Points .  The number and l o c a t i o n  of the  sampling po in t s  

were determined according t o  EPA Method 1. The s t a c k  cross  sec t ion  was 

divided i n t o  24 equal  a reas  with 12 t r a v e r s e  p o i n t s  on each of two axes, a s  

shown i n  Figure 4-1. 

4 .3  Volumetric A i r  Flow Rates 

4.3.1 Flue Gas Velocity. EPA Method 2 was used t o  take the  ve loc i ty  

measurements dur ing the  t r averses  of the  s t a c k  c r o s s  sec t ion .  

4.3.2 Flue Gas Composition. During run 4 ,  a mult ipoint .  in tegra ted  

f l u e  gas sample was co l l ec ted  and analyzed us ing EPA Method 3 ;  the  a n a l y t i c a l  

r e s u l t s  were used t o  determine the  f l u e  gas composition and molecular weight 

f o r  a l l  t h r e e  runs.  

4.3.3 Flue Gas Moisture. Moisture content  was determined by analyzing 

the  sampling t r a i n  impinger reagents  according t o  t h e  procedures out l ined i n  

EPA Method 5. 

4.4 Emissions Determinations. EPA Method 5 sampling and a n a l y t i c a l  

procedures were used t o  determine t h e  p a r t i c u l a t e  emissions. Each of the  24 

points  was sampled f o r  2.5 minutes. r e s u l t i n g  i n  a n e t  run time of 60 

minutes. 

4.5 Equipment Cal ibra t ion.  P e r t i n e n t  c a l i b r a t i o n  d a t a  a r e  provided i n  

Appendix C. 

ENTROPY 



TRAVERSE POINTS 

2 AXES 
12 POlNTS/AXIS 
24 TOTAL POINTS 

D - - - - - - I  - - - - - -  

NOTE: PORTS C AND D 
NOT TESTED. ' A 

A Yl2.. 

SECTION T-T 

DT 
FROM SECONDARY 

RECUPERATOR 

FIGURE 4- 1 .  NORTH STACK TEST LOCATION 

ENTROPY 
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APPENDIX A 

TEST RESULTS AND EXAMPLE CALCULATIONS 
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ISOKINETIC SAMPLING TRAIN FIELD DATA h RESULTS TABULATION 

PLANT: PPG Industries. Inc.. Shelby. North ~arolina 

RUN # DATE SAMPLING LOCATION ----- - - - - - - - ----------------- 
1 11/24/87 No. 526 Malting Furnace. North Stack 
2 11/24/87 No. 526 Melting Furnace. North Stack 
4 11/24/87 No. 526 Melting Furnace. North Stack 

Run Start Time 
Run Finish Time 

Net Sampling Points 

Theta Net Run Time. Minutes 

OPERATOR ---------------- 
Neill M. Harden 
Neill M. Harden 
Neill M. Harden 

Die Nozzle Diameter. Inches 0.544 0.545 0.544 

CP Pitot Tube Coefficient 0.840 0.840 0.840 

Y Dry Gas Meter Calibration Factor 0.986 0.986 0.986 

Pbar Barometric Pressure. Inches Hg 29.30 29.30 29.30 

Delta H Avg. Pressure Differential of 0.971 1.120 1.020 / 

Orifice Meter. Inches HZ0 - 0 Y h  
Vm Volume OP Metered Gas Sample. Dry ACF 34.014 

3 ) .  
36.389 fl 

tm Dry Gas Meter Temperature. Degrees F 81 77 84 

Vm(std) Volume of Metered Gas Sample. Dry SCF* 32.119 34.631 32.884 

Vlc Total Volume of Liwid Collected 194.0 221.5 197.5 
in Impingers k Silica Gel. mL 

Vw(std) Volume of Water Vapor. SCF. 9-132 10 .426 9.296 

%HZ0 Moisture Content. Percent by Volume 22.1 23.1 22.0 

Mfd Dry Mole Fraction 0.779 0.769 0.780 

XC02 Carbon Dioxide. Percent by Volume. Dry 15.1 15.1 15.1 

X02 Oxygen'. Percent by Volume. Dry 0.8 0.8 0.8 

XCO+N2 CO + N2. Percent by Volume. Dry 84.1 84.1 84.1 

Md Dry Molecular Weight. Lb/Lb-Mole 30.45 30.45 30.45 

Ms Wet Molecular Weight. Lb/Lh-Mole 27.69 27.57 27.70 

pg Flue Gas Static Pressure. Inches HZ0 4.45 *0.45 +0.45 

Ps Absolute Flus Gaa Preee.. Inrhea HG 29.33 29.33 29.33 

ts Flue Gas Temperature. Degrees F 1.499 1.494 1.494 

Delta p Average Velocity Head. Inches HZ0 0.0516 0.0592 ' O.OgL1 

VB Flue Gas Velocity. Feet/Second 25.33 27.16 25.90 

A Stack/Duct Area. Square Inches. 4.072 4.072 4.072 

I Qsd Volumetric Air Flow Rate. Dry SCFM' 8.840 9,379 9.072 

Qaw Volumetric Air Flow Rate. Wet ACFM 42.981 46.083 43.944 

%I Isokinetic Sampling Rate. Percent 106.0 107.3 105.7 

I 68 Degrees F --  29.92 Inches of Mercury (Hg) 
(continued next page) 

ENTROPY 



Method 5 Results: 

m$ Catch. Milllgrarns 

gr/DSCF Concentration. Grains per DSCF. 0.05790 0.05214 0.06040 

Lb/Hr Emission Rate. Lbs/Hour (PMRc) 4.387 b.192 L .  697 

68 Degrees F -- 29.92 Inches of Mercury (Hg) 

ENTROPY 



4 
EXAMPLE TEST CALCULATIONS NO. 1 

No. 526 Melting Furnace. North Stack 

VOLUME OF DRY GAS SAMPLED AT STANDARD CONDITIONS ................................................ 

(Pbar + Delta H/13.6) 
~ ~ ( ~ t d )  = 17.64 y * vm ..................... 

(460 + tm) 

(29.30 + 0.971/13.6) 
Vm(std) = 17.64 0.986 34.014 ' ------------------ = 32.119 DSCF 

(460 + 81) 

VOLUME OF WATER VAPOR AT STANDARD CONDITIONS ............................................ 

Vw(std) = 0.04707 ' Vlc 
Vw(std) = 0.04707 194.0 = 9.132 SCF 

PERCENT MOISTURE. BY VOLUME. AS MEASURED IN FLUE GAS .................................................... 

DRY MOLE FRACTION OF FLUE GAS ............................. 

Mfd = 1 - %H20/100 
Mfd = 1 - 22.1/100 = 0.779 

DRY MOLECULAR WEIGHT OF FLUE GAS 

WET MOLECULAR WEIGHT OF FLUE GAS ................................ 

Ms = (Md Mfd) + (0.18 XH20) 

Ms = 30.45 ' 0.779 + (0.18 ' 22.1) = 27.69 LB/LB-MOLE 

ENTROPY 



ABSOLUTE FLUE GAS PRESSURE 

Ps = Pbar + Pg / 13.6 

Ps = 29.30 + ( 0.4 / 13.6) = 29.33 I N .  HG. 

AVERAGE FLUE GAS VELOCITY [Note: (Delta p)avg is square of avg sq.  root]  ........................................................................ 

(Delta p)avg (460 + ts) 
vs = 85.49 cp sm~[------------------------- 

Ps M s  
1 

DRY VOLUMETRIC FLUE GAS FLOW RATE @ STANDARD CONDITIONS ....................................................... 

60 Tstd Ps 
Qsd = ---- . Mfd . "S A . -------- ------ 

144 ts + 460 Pstd 

60 528 29 33 
Qsd = --- 0.779 25.3 4,072.0 ---------- ----- 

144 1499 + 460 29.92 

Qsd = 8,840 SCFM 

WET VOLUMETRIC STACK GAS FLOW RATE @ FLUE GAS CONDITIONS ........................................................ 

Qaw = 60 / 144 vs A 

Paw= 6 0 1  144 25.3 4.072.0 = 42,981 ACFM 

PERCFNT ISOKINETIC OF SAMPLING RATE 

Pstd 100 (ts + 460) Vrn(std) 
XI = ---- . --- . ........................................... 

Tstd 60 Ps vs Mfd * Theta Area-nozzle, s q . f t .  

ENTROPY 



GRAINS PER DRY STANDARD CUBIC FOOT .................................. 

POUNDS PER HOUR --------------- 
Lb/Hr  = 60 / 7000 gr/DSCF * Qsd 

Lb/Hr  = 60/7000 0.0579 8.840 = 4.39 LB/HR 

ENTROPY 
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APPENDIX B 

FIELD AND ANALYTICAL DATA 
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PARTICULATE FIELD DATA 

- 

p G  RCH W R  I 
ADDRESS. <&am. AIL 
8mm. ING LOCATION CCM pu/(rJ= & f tZ6 OKTDT < 7 3 ( ~ ~  

SAMPLlNa TRAIN LgU< RATS. CU. PT./MIN. @,.k!&3 0.00 1 

EQJIF?5Nr CHgW(B 

PITOTS. --TEST J. 
LPITOTS. --TEST - - ORSAT SMQ~~ IM SYSTRM 
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IDSNTIPICATION -ERS -- m x h ~ ~ M z ~ ~ ~  DI-m d&& 
METER BQX TIC RCbDOVT 
WILICAL TIC PROBE tt7-6 - -- 

SAMRE eoX ORSAT PUMP 4 

%x TeDLAR BAG - 
FILTER #& I!!% 

€ 6 ~ ~ 3  0.47ci9 

, 
MMDGRAUl SET-UP m- (t A'w 

C FACTOR 0.72/ 

.* U)I5TURE 22- REP. AJ= Dr(O 

D R Y -  PITOT ORIFICE OA9 PU(P .FILTER IMP. 
CLOCK METER -1NGSmINO [ & I ,  m T E R V A C M  m X  EXIT STACK M. CHECK 

SAWl.E TIHE. W I N O ,  ( A P ) .  IN. Hz0 T W .  IN. HG TEMP. T W .  READINGS 
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PARTICULATE SAMPLING LABORATORY RESULTS 

Plant Name ??& S H F L R Y  EEI  Ref, d 5729 

Sampling Location NO. 526 ~IRTIUG F;IRNRCE . NOR? STACK 
Date Received 11/25 Date Analyzed ,Z /Z  Reagent Box(es ) 0601,/0b07 

Run Number I A 4- 
Run Date * 11/24 A - 

SIMMMY OF P.4RTICUI;ATE hUALYSES 
Sum of Par t icu la te ,  mg. 600.8 586.0 6137 

Total  F i l t e r  Tare mg. 468.6 -4PA.7 
91arkResidue.mg. ( = m L ) A  ( & m L ) 0 .  ((d) 0.3 

TOT.4L PARTICULATE CATCH. mg. -1 -1 1- 
ANALYSIS OF M O I S R N  CATCH 

Jeagent 1 (n I . I ~  ) :  

Final Weight, g. * 406.0 343.0 
Tared Weight. g. 200.0 200.0 Zoo. 0 

Water Catch, g. 1770 '2060 183.0 

Reagent 2 ( ) :  
- - Final Weight, g. - 

Tared Weight. g. - - - 
Water Catch. g. - - - 

CONDENSED WATER. g. 177.0 206 .O 183.0 

S i l i c a  Gel: 

Final Weight. g. 217 .0  71 5.5 214.5 

Tared Weight. g. 200.~ Zoo. Q 2ao.Q 

ADSORBED WATER, g. 17.0 15.5 14.5 

TOTAL WATER COLLECTED, g. El -1 
Notes and Comments Blank Beaker # 

Final w t .  mg. 99496.2 

Tare w t .  mg, qqqqS.6 

Residue. mg. 0 . q  
Volume, mL. 200 

Concen. . mg/mL - 

--- Legend --- 
= Final Weight 

L = Loose Pa r t i cu l a t e  

F = F i l t e r  D = Dish 

R = Rinse P = Pan 



I 
I 

L4BORATORY SAMPLE WEIGHT CALCULATIONS 
15 i 

I i 

I Plant Name Pi'(-. S-BV EEI Ref. # 5 7 2 9  I 
Run Number I 2 4 
Run Date A.k it/z+ & 

I Sample ID/Container # F % <  2145 

Tare Wt.. g. S8 .8775  ~ 9 . 3 5 7  3 98.5169 

SAMPLE WT.. g. 

Sample ID/Container # 

Tare Wt.. g. 

SAMPLE WT.. g. 

-----------------------------------------------------------------------*------------ 

Sample ID/Container # 

Tare Wt.. g. 

SAMPLE WT. . g. 
.................................................................................... 
Sample ID/Container # 

SAMPLE WT. . g. 



Date of Makeup / o / L ?  I n i t i a l s  f.2~- Locked? II 

I n d i v i d u a l  Tare of Reagent: 200 m l s .  of h T  / j ,  0 

I n d i v i d u a l  Tare of Reagent: m l s .  of  

I n d i v i d u a l  S i l i c a  G e l  Tare Weight 2 0 d gms . 
-<._ 

, .. 
- 

PLANT NAME 

SAMPLING LOCATION f$& F U ~ G  &<& QUTg-T %K 

\ 

Date I n i t i a l s  Locked? 
Received i n  Lab I %wJ d 

G Sampling Method: 

Remarks : 

AO.& i'c-9 

Zero & Span Sa lance  
I n i t i a l s  4 

F i l t e r  Tare  Used 
it Weight on 

(grams) T e s t  

E629'3 0.47'?q I 

0.460b Z 



CUSTODY SHEET FOR REAGENT BOX # QLOZ 

Date of Makeup I n i t i a l s  CLh- Locked? 1 
I n d i v i d u a l  Tare of Reagent: m l s .  of b/ 
I n d i v i d u a l  Tare of Reagent: m l s .  of 

I n d i v i d u a l  S i l i c a  ~ e i  Tare Weight gms. 

PLANT NAME W A C  5#i=By 

SAMPLING LOCATION GL&( d & 0 & 7 L ~ ~  S%&L 

Date I n i t i a l s  Locked? 1 Zero & Span Balance 
Received i n  Lab I ,  /LG W W' I n i t i a l s  w' 

Remarks : 

Sampling Metbod: 
F i l t e r  Tare  Used 

y Weight on 
(grams) Tes t  



APPENDIX C 

CALIBRATION DATA 

ENTROPY 



QUALITY ASSURANCE PROCEDURES 

General.  Each item of f i e l d  t e s t  equipment purchased o r  cons t ruc ted 'by  

Entropy is assigned a unique. permanent i d e n t i f i c a t i o n  number. Sew items f o r  

which. c a l i b r a t i o n  is requi red  a r e  c a l i b r a t e d  before  i n i t i a l  f i e l d  u s e .  

C-quipment whose c a l i b r a t i o n  s t a t u s  may change with use  o r  with time i s  

inspected i n  the  f i e l d  before t e s t i n g  begins ,  and again  upon r e t u r n  from each 

f i e l d  use.  When an item of  equipment is found t o  be o u t  of c a l i b r a t i o n ,  it  

is adjus ted  and r e c a l i b r a t e d  o r  r e t i r e d  from s e r v i c e .  A l l  equipment is 

p e r i o d i c a l l y  r e c a l i b r a t e d  i n  f u l l ,  r ega rd les s  of t h e  outcome of these  regular  

inspect ions .  

Ca l ib ra t ions  are conducted i n  a manner and a t  a frequency which meet o r  

exceed U .  S. EPA s p e c i f i c a t i o n s .  Entropy follows t h e  c a l i b r a t i o n  procedures 

ou t l ined  i n  EPA Reference Methods. and those  recommended wi th in  the  Q u a l i t y  

Assurance Handbook f o r  A i r  Po l lu t ion  Measurement Systems: Volume 111 

(EPA-600/4-77-027b. August. 1977). When the  Reference Methods a r e  

inappl icable .  Entropy uses  methods such a s  those prescr ibed  by the  American 

Socie ty  f o r  T e s t i n g  and Mater ia ls  (ASTM). 

Data obta ined  dur ing  c a l i b r a t i o n s  a r e  recorded on s tandardized  forms, 

which a r e  checked f o r  completeness and accuracy by t h e  Q u a l i t y  Assurance 

Manager o r  t h e  Q u a l i t y  Assurance Direc tor .  Data reduct ion  and subsequent 

c a l c u l a t i o n s  a r e  performed using Entropy's  in-house computer f a c i l i t i e s .  

Calcula t ions  a r e  g e n e r a l l y  performed a t  l e a s t  twice a s  a check f o r  accuracy. 

Copies o f  c a l i b r a t i o n  d a t a  a r e  included i n  the  t e s t  o r  p r o j e c t  r epor t s .  

Inspec t ion  and Maintenance. An e f f e c t i v e  prevent ive  maintenance program 

is necessary t o  ensure  d a t a  q u a l i t y .  Each item of equipment r e t u r n i n g  from 

the  f i e l d  is inspec ted  before  i t  is re turned t o  s t o r a g e .  During the  course 

of these  i n s p e c t i o n s ,  items a r e  cleaned,  r epa i red .  recondi t ioned,  and 

r e c a l i b r a t e d  where necessary.  

Each item of  equipment t ranspor ted  t o  the  f i e l d  f o r  t h i s  t e s t  program 

was inspected  again  before  being packed. Entropy performs these  q u a l i t y  

assurance a c t i v i t i e s  p r i o r  t o  depar ture  f o r  the  job s i te  t o  d e t e c t  equipment 

problems which may o r i g i n a t e  during per iods  of s to rage .  This minimizes l o s t  

time on s i te  due t o  equipment f a i l u r e .  

ENTROPY 



Occasional equipment f a i l u r e  i n  the  f i e l d  i s  unavoidable desp i t e  the  

most 2igorous inspec t ion  and maintenance procedures.  For t h i s  reason, 

Entrcpy rou t ine ly  t r a n s p o r t s  s u f f i c i e n t  backup equipment t o  the  job s i t e  t o  

have complete redundancy of a l l  c r i t i c a l  sampling t r a i n  components. 

Ca l ib ra t ion .  Emissions sampling equipment t h a t  r e q u i r e s  c a l i b r a t i o n  

includes the  nozzle.  p i t o t  tube. p res su re  gauges. thermometers. flow meters. 

dry gas meters ,  and barometers.  The fol lowing s e c t i o n s  e l a b o r a t e  on the  

c a l i b r a t i o n  procedures followed by Entropy f o r  these  i tems o f  equipment. 

Ca l ib ra t ion  d a t a  f o r  the  s p e c i f i c  items of equipment used f o r  t h i s  t e s t  

program fol low the  t e x t .  

.'ozzles. Each probe nozzle is uniquely and permanently i d e n t i f i e d  a t  

the  time of purchase. and c a l i b r a t e d  before  i n i t i a l  f i e l d  use .  The i n s i d e  

diameter of the  nozzle i s  measured t o  t h e  nea res t  0.001 i n .  us ing  a .  

micrometer. Five measurements a r e  made us ing  d i f f e r e n t  diameters  each time. 

If the  diTference between the  high and the  low numbers does not  exceed 0.004 

inch.  the  average of t h e  f i v e  measurements i s  used. If t h e  d i f f e rence  

exceeds t h i s  amount, o r  when the  nozzle becomes nicked.  dented ,  o r  corroded. 

the  nozzle is reshaped, sharpened. and r e c a l i b r a t e d .  

P i t o t  Tubes. A l l  Type S p i t o t  tubes used b y E n t r o p y ,  whether sepa ra te  

o r  at tached t o  a sampling probe, a r e  cons t ruc ted  in-house o r  by Nutech 

Corporation. Each p i t o t  is c a l i b r a t e d  when new i n  accordance with the  

geometry s t andards  conta ined  i n  EPA Reference Method 2. A Type S p i t o t  tube. 

constructed and pos i t ioned  according t o  these  s t a n d a r d s ,  w i l l  have a 

c o e f f i c i e n t  of 0.84 + 0.02. This  c o e f f i c i e n t  should n o t  change a s  long a s  - 
t he  p i t o t  tube is no t  damaged. 

Each p i t o t  tube is inspected  v i s u a l l y  before  it is t r anspor t ed  t o  t h e  

f i e l d .  If t h i s  in spec t ion  i n d i c a t e s  damage o r  r a i s e s  doubt t h a t  the  p i t o t  

remains i n  accordance with t h e  EPA geometry s t andards ,  t h e  p i t o t  tube is not  

used u n t i l  i t  has  been re fu rb i shed  and r e c a l i b r a t e d .  

D i f f e r e n t i a l  P ressu re  Gauges. Some meter consoles used by Entropy a r e  

equipped with 10 i n .  W.C. i n c l i n e d - v e r t i c a l  manometers. F l u i d  manometers 

ENTROPY 



do not  r equ i re  c a l i b r a t i o n  o t h e r  than leak  checks. Manometers a r e  

leak-checked i n  t h e  f i e l d  p r i o r  t o  each t e s t  s e r i e s ,  and aga in  upon r e t u r n  

from the  f i e l d .  

Most o f  Ent ropy 's  meter consoles a r e  equipped with Magnehelic 

d i f f e r e n t i a l  pressure  g a u g e s .  Each s e t  of gauges is c a l i b r a t e d  i n i t i a l l y  

over i ts  f u l l .  range. 0-10 inches W.C.  After  each f i e l d  use.  t h e  c a l i b r a t i o n  

of the  gauge set  i s  checked a g a i n s t  an inc l ined  manometer a t  t h e  average 

d e l t a  p encountered dur ing  the  tes t . .  I f  t he  agreement is wi th in  + 5 percent ,  - 

t he  c a l i b r a t i o n  is acceptable .  

Thermometers 

I m p i n ~ e r  Thermometer. On s i t e ,  p r i o r  to the  s t a r t  of t e s t i n g .  the  

thermometer used t o  monitor the  temperature of the  gas  l eav ing  the  l a s t  

impinger is compared with a mercury-in-glass thermometer which meets ASTM E-1 

s p e c i f i c a t i o n s .  The impinger thermometer is adjus ted  i f  necessary u n t i l  it 
0 agrees  wi th in  2 F of t h e  r e fe rence  thermometer. (If t h e  thermometer is not  

ad jus t ab le ,  i t  is l abe led  with a c o r r e c t i o n  f a c t o r ) .  

Dry Gas Meter Thermometer. The thermometer used t o  measure t h e  

temperature o f  the  metered gas sample is checked p r i o r  t o  each f i e l d  t r i p  

a g a i n s t  an ASTM mercury-in-glass thermometer. The dry  gas  meter thermometer 

is acceptable  i f  t h e  va lues  agree  wi th in  5 . 4 ' ~ .  Thermometers no t  meeting 

t h i s  requirement a r e  a d j u s t e d  o r  l a b e l e d  with a c o r r e c t i o n  f a c t o r .  

Flue G a s  Temperature Sensor.  A l l  thermocouples employed by Entropy f o r  

t h e  measurement o f  f l u e  gas  temperatures a r e  c a l i b r a t e d  upon r e c e i p t .  

I n i t i a l  c a l i b r a t i o n s  a r e  performed a t  t h r e e  poin ts  (ice bath .  b o i l i n g  water.  

and hot  o i l ) .  An ASTM mercury-in-glass thermometer is used a s  a reference .  

The thermocouple is accep tab le  i f  t h e  agreement is wi th in  1.5 pe rcen t  

( abso lu te )  a t  each o f  t h e  t h r e e  c a l i b r a t i o n  poin ts .  

On s i t e ,  p r i o r  t o  t h e  start o f  t e s t i n g .  the  reading from t h e  s t a c k  gas 

thermocouple-potentiometer combination is compared with a mercury-in-glass 

reference  thermometer. If the  two agree  within 1 .5  percent  ( a b s o l u t e ) .  the  

thermocouple and potent iometer  a r e  considered t o  be i n  proper  working order  

f o r  the  test s e r i e s .  
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After each f i e ld  use. the thermocouple-potentiometer system is compared 

with an ASTM mercury-in-glass reference thermometer a t  a  temperature within 

10 percent of the average absolute f l u e  gas temperature. I f  the absolute 

temperatures agree within 1.5 percent, the temperature data  a r e  considered 

valid.  

Dry Gas Meter and Orifice.  The dry gas meter and o r i f i c e  a r e  cal ibrated 

simultaneously. There are  two ca l ibra t ion  procedures. The f u l l  ca l ib ra t ion  

is a  complete laboratory procedure used to  obtain the ca l ib ra t ion  fac tor  of 

the dry gas meter before its f i r s t  u s e  and periodically thereaf te r .  Full 

ca l ib ra t ions  a r e  performed a t  three d i f f e r e n t  o r i f i c e  s e t t i n g s  (flow ra t e s )  

A simpler procedure. the post tes t  ca l ib ra t ion ,  is designed t o  check whether 

the ca l ib ra t ion  factor  has changed. Pos t t e s t  cal ibrat ions  a r e  performed 

a f t e r  each f i e l d  t e s t  s e r i e s  a t  an intermediate o r i f i c e  s e t t i n g  (based on the 

t e s t  da ta )  and a t .  the maximum vacuum reached during the t e s t .  

Entropy uses as  a  t ransfer  standard a  dry gas meter t h a t  is ca l ib ra ted  

annually against  a  spirometer. During the annual ca l ib ra t ion .  t r i p l i c a t e  

ca l ib ra t ion  runs a r e  performed a t  seven flow ra tes  ranging from 0.25 t o  

1.40 cfm. 

Dry Gas Meter. Each metering system receives a  f u l l  ca l ib ra t ion  a t  the 

time of purchase, and a  pos t tes t  ca l ib ra t ion  a f t e r  each f i e l d  use. I f  the 

ca l ib ra t ion  fac tor .  Y.  deviates by l e s s  than f ive  percent from the i n i t i a l  

value. the  t e s t  data a r e  acceptable. I f  Y deviates by more than f ive  

percent. the meter is recalibrated and the meter coef f ic ien t  ( i n i t i a l  o r  

recal ibrated)  tha t  yields the lowest sample volume f o r  the t e s t  runs is used. 

EPA Reference Method 5 c a l l s  f o r  another f u l l  ca l ib ra t ion  anytime the 

pos t tes t  ca l ib ra t ion  check indicates t h a t  Y has changed by more than f ive  

percent. Standard practice a t  Entropy is t o  reca l ibra te  the dry gas meter 

anytime Y is found to be outside the range 0.98 < Y < 1.02. - - 

Orif ice .  An o r i f i c e  ca l ib ra t ion  f ac to r  is calculated f o r  each flow 

s e t t i n g  during a  f u l l  cal ibrat ion.  I f  the range of values does not vary by 

more than 0.15 in .  H20 over the range of 0.4 t o  4.0 i n .  H 0 .  the ari thmetic 2 
average of the values obtained during the ca l ib ra t ion  is  used. 



Barometer. Each f i e l d  barometer is ad jus ted  before  each t e s t  s e r i e s  t o  

agree wi th in  - + 0.1 inches of a  r e fe rence  aneroid  barometer.  The reference  

barometer is checked weekly aga ins t  t he  s t a t i o n  p ressu re  value ( co r rec ted  fo r  

e l eva t ion  d i f f e r e n c e )  repor ted  by t h e  National  Weather Service  s t a t i o n  a t  the  

2aleigh-Durham a i r p o r t .  approximately 2.5 mi les  from Entropy's  l o c a t i o n .  

ENTROPY 
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I Date: : c ) - ~ S - C F  Barometric Pressure ( Pb) : 2 9 - 7 0  in. Hg 

2 6 

*Date: *Barometric Pressure (Pb): in. Hg 

?IETC,TWOX CALI3RATI3:J 

I Neter Sox Number: n j  4 I 
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- 
Calibration by: , 14 i 

I 
I 

Standard Meter Number: $.39,Z.&=. Standard Meter Gamma: ! CI. ; 
I 



Meter Box Vacuum: 3 h.- Hg Job .5)?Li 
PPG - sed% r /c  

Standard Meter Number: 6 '3 7 Standard Meter Gamma: / .  0 0  

Meter Box Number: N6 

Date: \ 1 - 3 u 2 ~ 7  Barometric Pressure ( P,, 1 : 3 . a  in. ~g 

Calibration by: f< 

'POSTTEST CALIBRATION 

Average 1 O . ? ? ?  1 1.75 I 





WOT3: A11 d i r m e r e r s  neasuzed FA i-ckes. 
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minutw. Tbil step im impol(anl to equifibnt~ 
(kc rmperabe  =.<it!=: ( h m d  the DGM. 

7- b& ChRdI the 8YStRm a8 Ill 
w o n  71I1.1. m e  b a r n  m a  . h . U  be 

7 U L 9  Befom ullbnllns ihe critlul 
ofice, dasrmtne lta .ulLpbiitIy and the 
appmpriate opnt ing  vacuum a8 foliowS: 
Tum on the pump. fully open the mane 
mdlu.1 valvs. and adiust the bv-nass valve to 
i;;. Y ~ N U I .  &a& m r m s n d ~ n g  )e 

about hall of etmmphenc pmwurs. Obaewe 
the meter box onfica menometer mading. H. 
Sloalyinmese the vacuum msding until. 
stable mading is obtained on the meter box 
orilica menomstor. Remrd Ute critical 
vacuum for each orifice. 

Orificea that do not raocb a critirml value 
shall not be u d  

7-4 O b h i n l b e b r s n s b b ~  
wins a h&tm as -tad in Sktion 
urn. ~ocord  t t ~  hmmshic p-, P,. in 
Om Hg lin Hg). 

7- Conduct du@lcale nu at a 
v e m u m o i 2 5 m s o m m ~ 1 ~  tqah.Hg) 
abow the critical v.cuum.ihe m u  shaU be 
at l eu i  5 minutes each. The DCMlolwne 
m a d i w  shall bs in i n a a n e n b d  0.41283 ma 
10.1 it j a r  in inosments o l m n p k e  
rsvolutioru of the DCM. A# a p i d e b .  the 
M e s  should not hfler bv mom than 3.0 
m n d s  (this includes elbwanra for ch- 
in he DCM tempemlun) to achiwe f OJ 
pemnt in K'. Rcmrd the M o d n  lisbd in 
F i i m  5-11. 

7- Caleuhte K' wing -tion CB 

K' - Criaul o r i f i  ooemcient. 

D a t a T m i n  D- DGM cnl. 
b c l o r  Crilwl o r i l i i  lD - Dale T m i n  m- Critiul 

m - atid ortRce K' factor 

RM No. 
av P 

1 2  

....... 
InleVRmel 

lamme-: 
Illmi ..--.-...-.. 'C ('0 .......... I I 

........ 
L. 

-. .. 
AK KO. 

-1 C ('F) ..--- 
tempaaurra L. 

K'IPaa -...-..-.... 
Awage ....-.. "-. ..-.-"..I.--. ..... ". 

Fipve 5-11. ~ b l a  abe t  for determining K' 
factor. 

7 W  Gl ibn t e  the metaring ryrtcm 
a c e  to the pmcsdum outlined in 

723.3 C.iculate the &ndd volruna of 
air @ throu$~ the DCM and the aitical 
orifices. and calculsta the DCM calibration 
factor. Y. uaiw the equations below:" 

T,-Absolute ambient ampemturs. 'K ('R). T. 

Avemw the K' values. 'lhs individual K' p-e 
values should not differ by mom than f 0.6 V.I(stcJ)-K' - ac 6-n 
pslssnl from the avayle. TI 

whnr. 
V-,-Volunu of pas umple passed 

hro@ the critical orifice, mrreaed to 
standard conditions. dsm'idtcn. 

K,~o.5851) 'Klmm Hg h r  mebii uniis-17.~ 
*tioru 7 . 2 . ~ ~  to 7.- Record he 'Rlin. ~g for ~w1i.h units. 
infonnalion listed in F- ~1~ 723.4 Average the DCM ulibmtion 

723  Usins Ur CriUul mnu. " 
Glibration Stan&,.& values for each of the flow rater Tbe 

u l i h t i o n  factor. Y. st each of the flow mles 
713.1 R x d  Um bromstr(c pressure. shwld w t  differ bv mom than * Z  w m n l  

fmm the averags. 
tad To determine the need for ~~-~ ~ ~~~~ 

recalibrating the d t i o i  orificu compere lbe 
DCM Y f a a m  obtained born two adisant  ........................... 
o r i t i i  each tim DCM i. ca~ibrateh; for 
example. when ch& 1 3 / W  ule or i f i i  
ultU and 1515.1. U any critical orifice 
yields a DCM Y factor differing by mom than 

1niti.l reading ....--. m1(h7.,, .. 
Dilferenca. v..,. rn'vt') ..... 
' l r d e l l ~  

*ilill- ........-...... % ('Fj ........... ........... ..................... Fhd .C ('0 
Avo 'C ('F) ........ 

Temgenwe. 

FYw &1Z Data sheet for daterml.p(l 
DCM Y factor. 

z percent bmo the o t h a .  rscai~bmte the 
cnlial orifice accorbng to Sccboll7YL 
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CalTlCAL SERUM 
ORtf ICE STOPPER 

QUICK 
CONNECT 

Figure 5-9. C r i t i c a l  o r i f i c e  adaptat ion toMethod 5 
meter ing system. 

7.22 Critical O~ifica Calibration. The 
Pmcedure described in thls section uses the 
Method 5 meter box configuration with a 
DGM as  described in Section 21.8 to 
calibrate the critical orifices. O t h n  schemes 
may bs wed. subject to the approval of the 
Adminiatrator. 

72.21 Calibration of Meter Box. The 
Cnllcsl orifices mull be callbraled in the 
-ma cont~purat~on as  lhey will be used. 0,s.. 
them should be no connections to the tnlet of 
the orifice. 

7.22.1.1 Before calibrating the meter box. 
leak check the myslem as  lellowa: Fully open 
the coarse adjust valve, m d  completely close 
the by-pass valve. Plug the inlet. Then bun on 
the pump. and detenn~ns whether there 0s 
uny leakage. The leakage rate shall be zero: 
I e.. no detectable movement of the DCM dial 
. -~ .-..... 

7.2.2.12 Check also lor leakages on lhal 
portton of the samphnp train belwem the 
pump and the oriloce meter. See Section 5.8 
lor the pmcedum: make any mrrecltons. If 
necessary. If leakage IS detecld. check lor 

cracked gsakels. loose fillings. worn O-rings. 
etc.  and make the neceasaw m a i n .  

72.2.1.3 Alter determiniig that the meter 
box is leakless, calibrate the meter box 
according to the procedure given in Section 
5.3. Make sure that the wet lest meter meets 
the requ~rementa ataled in Seclion 7.1.1.1. 
Check the weler level in the wet test meter. 
Record the DCM calibration lector. Y. 

7.222 Calibration of Critical Orifices. Set 
up the apparatus as  ahown in Figure M O .  
mulM0Cm.s- 
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7.1.1.4 n m  rate. Q. for each 
run using the wet teat meter p.a volume. V, 
and ihe run b e .  8. CalcuhW the dry p.a 
me-- cce:fdE=& Y.,, lor ach nur Thee 

Where: 
I4-0.38SO for InternaWonal sgstun of d t a  

(SIX 17.64 for EnnM d t r  
~ . - w e t  teat meter vG~ume. uteri (f t  9. 
v.-Drg pU mctur Vu1ume. utem (I t  9. 
I..-Avenge dm gas mstu tcmmruura. 'C ,- , r, .  
t -ma  c for sr dt* 4w P for ~nollah ~~- 

d t r  
+-Avenge wet teat mctar temmlMUC. 'C ,.- , r,. 
P,-BMmetrlc Dres$wa. mm Hp (La Hp). 
AD-Drr au meter inkt d l l f e r enU D- 

sum. mm Ha (La a). 
@-Run tfme. min 

1.1.1.3 compvc the Uvee Y, n l u m  u 
mch of the flow nrcs and dncnnlae the 
mulmum and d n l m u m  n l u a  The dllfer- 
e m  between the mulmum .nd d n l m u m  
v a l w  u mch now rate should be M m r -  

~ ~ ~ b e ~ d e i n o r d e r t o m m ~ i e t e t ~ ~ ~ ~ r r -  
a u k a n e n t  In nddltlon. the meter mefll- 
CIentJ 8hOuld be between 0.96 and 1.06. If 
these apedfIer*lom a n n o t  be met in three 
seta Of sumalos WDIh te  rims. the lnctez 
In not RLIUble u a d b n t l o n  s tandud and 
s h o u l d ~ t b e u a d u r u e h . I I t h a s ~ -  
&OM M met, a v e m  the Uvsa Y. v U u a  
a t  nch now rus rrsulw in nos a- 
meter meffWenta.VI 

1.1.1.6 ~ r r p ~  a cum of meter coefn- 
clent Y, vermu now rate. Q, for the dry 
su meter. Thh cum .hall be used M a ref. 
erenee when the meter In umd to  t o b ~ s  
other dry am meters nnd to  determlne 
whether n a u b n t l o n  la muired 

7.1.1 Standard Drg Ou Meter Rsa l lbn-  
tion. 

1.1.11 R s a l l b n t e  the standud dry pu 
meter amhut r wet teat meter or spimmeter 
M ~ W Y  or alter every 100 hours of omr- 
~ U O R  whichever m m a  f l n t  Rll. mukc. 

ment i.q valid provided the s U n d u d  diT E M  
meter is kept Ln a laboratory and. U trans- 
ported. eMd for as any other laboratory In- 
strumenr Abuse to the standard meter may 
-use a change In the callbration and wIU 
requln mom frequent msllbratlon* 

1.1.2.2 AS an alternative to full @bra- 
t l oa  a two-point callbratton check may be 
made. Pollow the same p m e e d m  and 
qulpment arrangement M lor a full ndl- 
bratioh but run the meter at  only two now 
r a m  [awpested ratea are 14 and 28 litem/ 
mln (0.5 and 1.0 cfm)l. Calculate the meter 
meffidnnta for these two p o h t a  and mm- 
p a n  the values with the meter callbratlon 
m e .  If the two mefflctenld an within 
kl.5 percent of the eallbratlon m e  values 
at  the same flow rate& the meter need not 
be msllbrated mtil the next date for b re. 
d b n t i o n  check. 

72 Critical Orifices AI Glibration 
Standard.. Crilical orifices may ba wad as 
calibration slandards Ln place of the wet t a t  
meter specified in Section S.3. provided that 
they a n  selected calibraled and used a# 
follows: 

7 2 1  Section of Critical Orifices. 
7.21.1 The pmcsdun that lollows - 

describes the use of hypodermic neadlea or 
slainless nteel neadle lubings which have . 
been found suitable for uts as crltical 
o r i f i ~ .  Other materials and crllical orifice 
designs may be used pmvlded the orifim act 
as m e  critical orifices: i.e.. s erlUcal vacuum 
can be obtained. as  described in Section 
7222.3. Salsa live crltical orifice# that a n  
appropriately 8ired to cover Ule range of flon 
rates batween 10 and 34 lilsn/min or the 
axpnled openling range. Two of the crltical 
orifices should bracket the expected 
operating nnge. 

A minimiun of thne critical orifices will be 
needed to calibrate a Method 5 dry gas meter 
(DGMI: the other two crltical orifices can 
Bewe as  spams and provide better selection 
for bracketing the mngs of openUng flow 
ram. The neadie l i r a  and tubing lsngths 
shown below give the following approximate 
now rates: 

7 1 1 3  These needles can ba adapted io a 
Method 5 type sampling train as followr 
Insert a menun boltla stopper. 13- by 20-mm 
slwve type, Inlo a U-inch Swagelok quick 
connect. Insert the nwdle Into the 8topper a8 
shown In F i n  54. 
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OR1 O U Y l T t R  WET TISTMETER 

1.1.1.5 Collect the data M shown in the range of flow rates should be between 10 
examDle data sheet (see Fl8w-e 5-81. M a e  and 34 llten/min (0.35 and 1.2 cfml or over 
trlpllcate nuu at each of the flow r a m  and the e x m t e d  operatins range. 
at no leas than flve dUferent flow rates. The 

Figure 6.8. Exmplu data d~cct lorcolil~ritio~r of s staadarcl ciry gar meler lor method 5 wrnplingequipmc~>I IEnglirlr unilsl. 
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p.=Denslty of water. 0.0981 g/ml (0.W2201 
Iblml). 

9-TOW s ~ m p l ~ n s  time. m h  
e,=sea=;L-~ t a e  i n t e r n  . Iron: the WG- 

nlng of a run untU the flrat component 
change. min. 

91nSampllng time interval, between two sue. 
cearive comwnent chansn, begfnnh 
M L ~  L ~ C  inierY&I between Clle finc artd 
second changes, mln. 

9.-Sampling time interval, from the fW 
(nY) component change until the end of 
the sampling run. rnin. 

13.8=Swdfic mvi ty  of mercury. 
80-See/mln 
100-Convenion to percent. 

8.2 Averuse dry se.8 meter temperature 
and average orifice pressure drop. See data 
sheet (Agure 5-21. 

8.3 Dry Gas Volume. Correct the sample 
volume measured by the dry gas meter to 
standard mndltions (20' C. 780 mm Hg or 
88' F. 29.92 in. Ha) by using Equation 5-1. . 

where: 
K,=O.3858 'Klmm Hg for metric .units 

-17.84 ' R / h  Hg for hp l l sh  units 

NDIT Eauatton 5-1 can be used as written 
ullleaa the 1e-e rate observed dl- m y  
of the mandatow leak checka (1.e.. the wst. . ~ -~~~ 
test Leak check-or leak checka conducted 
prior to mmponent c h a n m )  exceedr L. If 
4 or l ex& L. Equation 5-1 must be 
modUled as follow%! - - .-. . 

(81 Cane I. NO mmponent chanam mads 
d&g sunpiing run. In thls case. repired 
V. in Eauation 5-1 wtth the expresslorn 

v.--44-LMI 
(b) C w  11. One or more component 

ch- made during the spmpllng run. In 
thls caae, replace V. in Epuatlon 5-1 by the 
exvmdorn 

L 

-x ( L . - L . ) ~ , - ( I . ~  /..)en 
8-3 

(L or L1 which exceed L. 

I 
and Substitute only for thme leakage rates 

8.4 Volume of water vapor. 

where: 
X,-0.001333 rn1/ml for metric units 

=0.04707 ft'/ml for h p l l s h  units. 
6.5 Moisture Content. 

- - -- -. - . . - - 
NOTE ~n saturated or water dmDlet.laden 

se.8 streams. two ealculauons of the mom 
cure cantent of the slack psa shall be made. ...................................... 
one fmm the imohner analvsla (E4uatlon 5- --~. ~~~~ - 
31. and a second from the a s s u i ~ t l o n  of 
saturated condltlona The lower of-the two 
values of 8. shall be considered correct. The 
procedure for determlnhs the molstum mn. 
tent baasd upon assumption of saturated 
mndlttons I. given in the Note of Sectlon 1.2 
of Method 4. For the purposes of thb  
method. the averase stack temperature 
fmm F l m  5-2 mav be used to make thla - - - ~ - ~  - - ~ ~ ~ - 7  ~~ ~~ 

determination. Dmvided that the accunrc~ 
of the in-stack iemperature sensor b t l '  c 
('2. F1. 

8.8 Acetone Blank Concentratlon 

8.7 Acetone WUh Blank. 
W.-CV-p Epuation 5-5 
6.8 TOW WRtculnte Welght. Deternune 

tne t o m  ~ar t~cu la t e  a t c h  fmm the sum of 
the welahu obtalned from mntalnen I and 
2 I- the acetone blank (see mmre 5-3). 

NOtr Refer to Section 4.1.5 to asslst in 
calculation of results involving two or more 
fllter psaemblles or two or more sMlpllns 
tralM. 

8.9 WRlcUIate Concentratlon. 
C-(0.001 g/mm tm./V. I&) Equatlon 

5 4  
8.10 Convenlon hctom: 

Fmn I To / UulDhL. 

8.11 I ~ k h e t l c  Vantion. 
8.11.1 Calculation From Raw Dam 

Equation 5-7 
where: 

K.-0.003454 ' mm HE-ma/ml-'K for 
metric units. 
=0.002888-In. Hg-fta/ml-'R for hi? 

l&h unlts. 
8.11.2 Calculation R o m  Intermediate 

values. 

where: 
K.=4.320 for metric units 

-0.0Q460 for hgllah units. 
6.12 Acceptable Resulta. If80 percent < I 

< HO percent. the resulla are acceplable. U 
the particulate results are low in comparison 
to the standard, and I is over 110 percent or 
less than 90 percent. the Administrator may 
accept the results. Cital~on 4 in the 
bibliography section can be used to make 
acceptability judgments. If I is judeged to be 
unacceptable. reject the particulate results 
and repeat the test. 
7. Allemottw Pmccdures 

7.1 Dry Gas Meter as a Callbration 
Standard. A d w  gas meter may be used as a 
eallbratlon standard for volume measure- 
menu in place of the wet lest meter swci- 
fled in Section 5.3, pmvlded chat it Is cali- 
brated i ~ t l a l l y  and recalibrated Derlodlcally 
as follows: 

7.1.1 Standard Dry Gas Meter Callbra- 
tlon. 

7.1.1.1 The dry gas meter to be callbrated 
and used as a Secondary reference meter 
should be of hlgh quallty and have an a p  
pmpriately sirad capacity. e.g.. 3 llten/rev 
(0.1 i t  '/revl. A splrometer (400 ltten or 
more capacltyl, or equivalent. may be used 
for this d b r a t l o n  although a wet test 
meter & usually more practical. The wet 
test meter should .have a capacity of 30 
l i t e n / m  (1 it '/rev) and capable of 
m e ~ ~ & g  volume to within 21.0 percent; 
wet test meters should be checked ae-t a 
splmmeter or a llquld displacement meter to 
ensure the accuracy of the wet test meter. 
Splmmeten or wet test meters of other 
slzea may be used. Provided that the specl- 
fled accumAn of the pmcedwe are mnin- 
tnlned. 

7.1.1.2 Set up the comwnenta as shorn 
in Plgure 5.7. A splmmeter, or equivalent. 
may be used in place of the wet test meter 
in the system. Run the pump for at least 5 
minutea a t  a flow rate of about 10 liten/min 
(0.35 cfm) to condltlon the interior surface 
of the Wet test meter. The pressure drop in- 
dlcated by the manometer at the inlet side 
of the d n  gas meter should be minimized 
[no greater than 100 mm H.0 ( 4  in. H.01 at 
a flow rate of 30 Ilterslmin (1 cfmll. This 
can be acmnipllahed by using large diame- 
ter tublng connections and straight pipe lit- 
tlnor. 
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Before calibrating tho metering system. it is 
suggested that a leak-check be conducted. 
For metering systems having diaphragm 
pumps, the nonnai l e a k - c h d  pmcedwa will 
not detect leakages withln the pump. PO? 
these cases the ioiiowing ieaicheck 
pmcedure is suggested: make a 1 h i n u t e  
calibration run at O.mOSfm'/min (0.02 cfml: 
s t  the end df the NR take the dlfferenca of 
the measured wet test meter and dry gas 
meter volumes: divided the difference by 10. 
to get the leak rate. The leak rate should not 
exceed o.moS7 m % ~ ~ l n  IaoZ c h ) .  
5.32 Calibration ARer Use. After each 

filed me. the calibmuon of lhe metering 
system shall be checked by prfonnlng three 
calibration runs at a single, intermediate 
orifice setHng (based on the previoua field 
test), wilh the vacuum set at the maximum 
value reached during the test aerier To 
adjuat the vacuum, inset a valve between lhe 
wet test meter and IOe inlet of the meterinn 
sy.tem. CaimIata the average vaiua of t h e  
dry ges meter calibration factor. U the value 
has changed by mom then S peccenL 
recalibrate the meter over the full range of 
brifice settings. a s  previouslj4etailed - 

Altematlve pmcedutwa. e.g, rechecking the 
orifice meter coefficient may be used. subisct 
to the approval of the Administrator. 

5.3.3 Acceptable Variation in CalibraUon 
U the dry gas meter coefficient values 
obtained before and after a test series differ 
by more than 5 percent. the teat series shall 
either be voided or calculalions for the teat 
seriea ahall be perforinsd using whichever 
meter coefficient value (1,s.. before or ahar) 
gives the lower value of total sample volume. 

5.4 Robe Heater Calibration The p m k  
heating system shall be calibrated before its 
initial use in the field 

Uaa a heat source to senerate air heated lo - - -  - ~ ~ ~ -  ~~ 

selected temperatura &at approximate those 
axneetad In m m  in the s o m a s  to be ..~r.. -- . ~~~ ~~~- ~ ~~ 

sampled. Pass this air thmugh the pmba at 
lypical sunple flow rate while measuring th. 
pmbe inlet and ouUel temperahues at v ~ o w  

pmbe heater settings. For each ear 
temperature generated consmct a gnph of 
pmba heatrng system settlng v e n m  pmbe 
outlet tamperalure. The pmcedure nutl~ned in 
APID0570 can also be d. Robes 
wnsmcted according to APIPa981 n d  
not be callbratad rf the callbranon curves in 
APTD4.578 am uaed Aha pmbes wtlh outlet 
temperature momtonng capsbiliues do not 
require cal~bmtton. 

5.6 TemDerature Oauga. Use the  pma-  
d m  in 8ectlon 1.3 of Method 2 to callbrare 
i n . 6 k k  t emwmture  muta. Dial thermom- 
eters. such as  are used f o r  t h e  dry gun meter 
and condenser outlet, shall be callbrared 
8dMt mennuy.in-.laas Ulermometera. 

5.8 Leah Check of Mete- Sy.tnn 
Shown in FlW 5-1. That portion of the  
sampUn8 traln from t h e  pump to the  oriiiee 
meter should be leak checked Drlor to lnIthl 
use ~d after each shipment. h u e  a l ter  
the  Pump will m u l t  in less volume beins n- 
corded than La actually s a m ~ l e d .  T h e  follow- 

THERMOMETER .. U-NBE 

Figure 5.6 Equipment arrangement for matering 
m t a m  calibration 

Date Metering Systen 
Identificatton: 

Baror t r ic  pressure. Pb . - In. np 

Orlfice ISpimoter  lory gas I T m e r s t ~ m s  
u r m o t e r I ( n t  a t e r l l  r u r  ISp l rmte r  I Ov Gas Meter 

i 
I 

sett ing Iges r o l u  l r o t u  I i r r t  r t e r l l  Inlet I Outlet I Avenge l T i r  
I I V J  I I 1 i t 1  I ( t ~  I 1 4 1  1 1 e 1  

i n .  1 I f t  I 1 9  I I r ~ m i n  

i Y i AH@ 

I 
A H  I A H  I P b I b * 4 m  

in. Hz0 I V.lPb + lYTl  (tr 4M11 I 
I I 

Areregs i I 

Y - h t i o  of reading of wet tes t  meter to d r y  test  r t e r ;  tolerance 
fo r  indiridusl values 5 .02  f a  average. 

Me - Orifice pmssure d t f h n n t i a t  that equate$ to  0.75 c h  of s i r  
e 6 8 7  and 29.92 Inches of r rcury.  In. n20; tolerance for 
Indirtdual valws s . 2 0  fa arerage. 

Flgure 5.6. h m l e  Q.u sheet for callbracton of r t e r t n g  
ysrm IEngtim units). 
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Contaiw Na 1. Leave the contents in the 
shlvplng container or transfer the fllter and 
any l o w  m c u h t e  fmm the sample con- 
tainer to a k e d  glass weighing dlsh. D&c- 
cate for 24 hours in a darlmtor contahlns 
anhydmus caldum sullate. Weigh to a con- 
stant welght and report the reaultd to the 
neareat 0.1 mg. mr p- of thh Sectton 
4.3, the term "constant weight" mean8 a dif- 
ference of no more than 0.5 m(l or 1 p e m n t  
of total weight less tan welght. whichever is 
mater.  between two coMecuttve WelEhhgs. 
with no less than 0 h o w  of deslccatlon 
t h e  between weighln#s. 

Ntemtlvely. the sample mny be oven 
drled nt 100' C (220' P) for 2 to 3 hours. 
cooled in the dealoxtor. and welnhed to a 
constant welght. unless 'othemi&specllled 
by the Adminktrator. The tester may aha 
Opt to oven dry the sample a t  105' C (220' 
P) for 2 to 3 houra. welsh the sample. and 
uac thh  welght as a flnal weight. 

Container Na 2. Note the level of llquld in 
the container and conflrm on the MnlyaLs 
sheet whether or not leakaae occumd 
during t n n a w r t  If a noticeable amount of 
leakage has occurred. either void the sample 
or use methods, subject to the appmval of 
the Administrator, to m m t  the final re- 
sults Measure the llquld in t h h  container 
elther voiumetrlcally to 21 ml or mnvhet- 
rically to 20.5 8. Tnnafer the content8 to a 
tared 250-ml beaker and evnwnte to dry- 
ness a t  ambient temperature and prmure. 
Desiccate for 24 houra and welsh to a con- 
stant welght. Report the results to the near- 
est 0.1 m e  

Con la iw  Na 3. Weigh the spent silica 
gel (or silica gel plus impmger) to the near- 
est 0.5 g u s W  a balance. Thh step may be 
conducted in the fleld 

"Acetone Blank" Contniner. Measure ace- 
tone m thin contamer either volumentncal- 
ly or 91pnmetrldy. TTfanafer the acetone 
to a tared 250.ml beaker and evawrate to 
drvn- at amblcnt WmDerature and -~ ~-~~~~ 

sure. ~esiccate for 24 hours and w e i ~ d t o  a 
constant weight. Report the results~to the 
nearest 0.1 mg. 
No- At the optton of the tester, the con- 

tentd of Container No. 2 as well as the ace- 
tone blank container may be evaporated a t  
temperatures higher than ambient. If evap 
oration h done a t  an elevated temperature. 
the temperature must be below the bollhg 
wlnt  of the solvent: also, to prevent "bump 
in&" the evawratlon process m a  be dare- 
ly supentred. and the contents of the 
beaker must be m l e d  oeeastonally to m m .  
taln an even Lemoerature. Use extreme ean. . -~~ ~ ~ ~~~ 

as acetone h h l n h l ~  flammable and has a - - 
low flash Wlnt. 

4.4 Quality Control Procedurrr The 101- 
lowing quallty control ~ m e e d m  are SUE- 
gested to check the volume meterlng system 
dlbratlon values a t  the fleld M site prior 
to sample collectloa These procedurrs an 
optional for the tester. 

4.41 Meter Orlflce Check Ualng the call- 
bratlon dats obtained durinp the d b r a t l o n  
pmcedure dexrlbed in Sectlon 5.3. deter- 
mine the AH. for the m e t e m  system orl- 
flee. The A& is the orifice pressure differ- 
entlal Ln units of In. 50  that comlates to 
0.75 cfm of alr at  528'R and 29.82 Ln H r  
The AH. h calculated as folloars: 

Where: 
AH=Average preaaure dlfferentlal amXd 

the orifhe meter, in. HzO. 
T.=Absolute averape dry gas meter temmr- 

ature. 'R. 
P,=Bammetrlc pressure. in. Hg. 
e-Total sampllng t h e ,  mln. 
Y =Dm OM meter dtbration factor, dlmen. 

s i o n i ~ .  
V.=Volume of gas sample as measured by 

dry gas meter. dcf. 
0.0319=(0.0607 in. Hgl'R) x (0.15 cfm)' 

~ c f o r e  beplnnlw the fleld test (a set of 
three nUla usually mmtltutes a fleld test). 
operate the metering system (1.e.. pumv. 
volume meter. and orUlce) at the AH. p m -  
we dlfferentlal for 10 mlnutes. Recnrd the 
volume collected. the dry gas meter temper- 
ature. and the barometric pressure. Calcu. 
late a dry #as meter calibration check value. 
Y.. as i0llOWs: 

Eq. 5-10 

Where: 
Y.=Dry pas meter callbratlon check value. 

dbuensionlesa. 
10-10 mlnutea of run time. 
Comvare the Y. value with the dry ged 
meter callbratlon factor Y to determine 
tha t  
0.9TY<Ys< l.03Y 
If the Y. value is not withln thh range, the 
volume meterhs aystem should be Lnvestl- 
orted before k ~ l m l ~ ~  the teat. 

4.4.2 Calibration Critical o r i f i ~ .  A 
calibrated critical orifice. calibrated against a 
Wet test meter or spimmeter and designed to 
be inserted at the inlet of Ihe sampling meter 
box. may bs used as a quality control check 
by following the pmedum of Section 72. 
6. cdibmfion 

w t a i n  a laboratow log of all callbra- 
tlons 

5.1 m b e  N d e .  Pmbe nozzlu, shall be 
a b m t e d  before their mtlal  use ln the 
field using a micrometer. measure the 
h i d e  diameter of the nozzle to the nearrat 
01.0~5 mm (0.001 In.). Make three separate 
measwwnurts ushs  different dlametew 
e~ time, and obtain the averape of the 
measunments. The difference between the 
u h  and low numbem shall not exceed 0.1 
mm (o.DM In.). When nozzles become 
nicked. dented or corroded, they shall be 
reshaped, ahnrwned. and recallbrated 
before use. ~ n c h  nozzle shall be permanent- 
ly and unlauely identlfled 

5.2 mtot Tube. The Type s pltot tube as- 
sembly sM1 be Ubra ted  ncwrdlng to the 
procedure outlined ln Section 4 of Method 
2. 

5.3 Meterins Bgstem. Before Its lnltlal 
uac ln the fleld. the metering system llhP.11 
be calibrated according to the procedure 
outlined ln APTD0576. Instead of physical- 
ly adJustin. the dry gas meter dlal readlnk; 
to correspond to the wet test meter read- 
h. callbratlon factors may be used to 
mithematieally correct the gas meter dial 
readin~s to the proper values. Before call- 
bratlng the meterins system. I t  Ls suggested 
that a leakcheck be conducted. For meter. - ~~~~~ 

lng system havlng diaphragm pumm, the 
normal leakeheck procedure wlll not detect 
l w u ,  wlthln the Dump. for these cases 
EPA STATIONARY SOURCE SAMPLINQ METHOK 
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the following leak.check procedure is s u e  
seated: make a 10-mlnute calibration run at 
0.0051 m '/mh (0.02 dm): a t  the end of the 
run. take the difference of the measured 
wet test meter and d w  gas meter volumes: 
dlvlde the difference by 10. to get the leak 
rate. The leak rate should not exceed 
0.00057 m '/mln (0.02 cfm). 

Nter  each field use, the callbratlon of the 
metering system ahall be checked by per. 
fOllnln8 three calibration NM at 8 single. 
lntermedlate oriflce setting (based on the 
prevlous field test). Wlth the vacuum set at 
the maxhum value reached during the test 
series. To adjust the vacuum. Insert a valve 
between the wet test meter and the Inlet of 
the metering system. Calculate the averape 
value of the callbratlon f a c t ~ r .  If the call- 
bratlon has changed by more than 5  per- 
cent, r d l b r a t e  the meter over the full 
range of orlfice aettlngs. as outlined in 
APTD-0576. 

Alternative procedures. e.g.. using the ori- 
fice meter coeMcienU, maybe used, subject 
to the approval of the Admlnlstrator. 

Non: I the dry gas meter eoefflcient 
values obtained before and after a test 
series dlffer by more than 5 Dement, the 
test aeries shall elther be voided. or calcula. 
tlom for teat series shall be Derfonned uslng 
whichever meter coefflclent value (1.e.. 
before or after) gives the lower value of 
total sample volume. 

53.1 Calibration Rior lo Use. Before its 
initial use in the field the metering system 
shall be calibrated as followr Connect the 
metering aystem inlet to the outlet of a wet 
test meter that la accurate lo within 1 percent. 
Refer to Flgum 5.5. The wet test meter should 
have a capacity of 30 Uten/mv (1 ft'/mv). A 
spimmatar of 400 litem (14 ft'l Or mom 
capacity. or equivalenL m y  bs used for lhla 
calibratioh althouh a wet test meter is ~ 

usually mom pmc&al. The wet test meter 
should be neriodlenllv callbratad with a ..r.. ~ ~~, -- 

spuometsr or a liquld displacement meter to 
ensure the acnvacy of the wet lest meter. 
Splmmelem or wet test meten of other sues 
may be used, pmnded that Ihe spedied 
accuradea of the procedure am maintained 
Run the metering system pump for about 15 
minutes with the orifice manometer 
indisatinn a median reading as expected in 
Reld useio allow the pump lo warm up and 
to pennit the interior surface of the wet tent 
meter to be thoroughly wetted Then at each 
of a minimum of h e  orifice manometer 
settings, pass an exact quantity of gas 
through the wet teat meter and note the gas 
volume indicated by the dry gas meter. Also 
note the bemmetric pressure. and the 
temperalutes of the wet test meter. the inlet 
of the dry gas meter. and the outlet of the ~IY 
gas meter. Select the highest and lowest 
orifice settings to bracket the expected Reid 
operating range of the orifice. Use a minimum 
volume of 0.15 rn' (5 cfj PI all orifice settings. 
Record all the data on a form similar to 
Figurs 5.8. and calculatb Y, the dry gas meter 
calibration factor. and AH@. Ihe orifice 
calibration factor. at each orifice setting as 
shown on Figure 5.8. Allowable tolerances for 
lndivtdual Y and AH@, values am given in 
Figurs 5.8. Use the average of the Y-values in 
the calculations in Section 8. 



Note that when two or more c m h  are 
M a e p ~ t e  analyma of the front-h.l( 
and (U a~pllcnble) impinper catches from 
en& traln ah.ll be performed, unlam identl- 
cal noIzie s h s  were uaed on all trains. in 
whlch caw, the fmnthalf catches from the 
!z."?!fiL1 t m h  - be 9mbined taz m e w  
the lrnpingcr catches) and one anal@ & 
front-half catch and one &ya& of h p h g -  
er catch may be performed Consult with 
the Adminlatrator for details wnce+ng the 
calculation of rrsultp when two or more 
trains arc used 

At the end of the sample run, turn off the 
C(WM Bdlust valve, remove the pmbe and 
n o d e  from the stack. turn off the numn. 
record the flnai dry meter d. arid 
Conduct a Wt-tQit lealreheck, .6 OutUned 
in Section 4.1.4.3. Also. l ea l rehd  the pitot 
llnes as described in Method 2. Seetion 3.1: 
the Unes must pass this leakcheck. in order 
to va~ldate the velocity head data 

1 . 6  Calculation of Percent Isokinetic. 
Calculate perant Laokinetic (see Calcula- 
tions. Bectlon 6)  to determine whether the 
run was valld or another teat run should be 
made. If there was dUflculty in maintalning 
hkinetlc rates due to source mndltions. 
wnault with the Administrator for msaible 
v-ce on the hkinetlc ratea. 

4.2 Sample Rewveru. Proper cleanup 
procedure beOlns as soon M the probe is re- 
moved from the stack at  the end of the sam- 
pling m o d .  Allow the probe to cool. 

Whm the probe can be d e l y  handled. 
wipe off all external mrticulate matter near 
the tip of the pmbe n o d e  and place a cap 
over it to prevent 1- or oaMno partlcu- 
Late matter. Do not cap off the pmbe Up 
tightly while the ~ m p l h  train is cooline 
doan as thla would create a v m u m  in the 
fUter holder, thus drswing water from the 
impinpem into the fllter holder. 

~ e f o r r  moving the sample traln to the 
cleanup site, remove the pmbe fmm the 
sample train. wipe off the slllwne gruae. 
and w Ule open outlet of the pmbe. Be 
M f u l  not to loae any wndmrute that 
mkht  be DraenL Wipe off the sL11wne - from the flltcr inlet where the pmbe 
was fastened and cap it. Remove the umblli- 
cal wrd from the h t  i m p h e r  and cnp the 
impher .  U a flenlble Une is uaed between 
the flrst lnwln8er or m n d w e r  and the 
fllter holder, disconnect the Une at  the 
fllter holder and let any mndensed orter or 
llauld dmin into the Lm~Lngen, or mnden, 
er. Mter w i p h  off the sUiwne -. cap 
off the fllter holder outlet and LmoInaer 
inlet. Elther ground-glass stoppen, pla&c 
aDS. Or MNm CBDS W be uaed to close 
these ownlnga. 

Transfer the pmbe and fllter-impinper M. 
8embly to the cleanup area. Thls aru 
should be clean and mteeted from the 
wind so that the chanced of wnumlmullp - 
or 1caW the sample wmbe ml&dr& 

8.ve a portion of the acetone used for 
cleanup as a blank. w e  200 ml of thin ace. 
tone dinctly from the wash bottle being 
used and place it in a glass aample wntatner 
labeled "acetone blank." 

lnapect the traln prior to and durinp dlk 
assembly and note any abnormal wndltiona. 
Treat the samples as follow: 
Calafw Na 1. CMfully remove the 

fUter from the fllter holder and place it in 
ltd idmtilled wtri  dlah wntalner. Use a palr 
of tweaem and/or clean dlaWaPble suqlcal 
gloves to handle the fllter. If It la nee- 
to fold the fllter. do so such that the partic- 
ulate cake is mide the fold. Carefully trans- 
fer to the petri dlsh any particulate matter 
and/or fllter fiben, which adhere to the 
fUter holder d e t .  by using a dry Nylon 

bristle brush and/or a sharp-edged blade. 
Seal the container. 

Container No. 2. Taking care to see that 
dust on the outside of the probe or other ex- 
tenor surfaces d m  not pet mto the sample. 
quantltativeiy recover particulate matter or 
anv mndcnsaLc from the orobe node.  ~~ ~ 

nrobe fitting.   robe liner, and front half 01 
the filter holder by washing these compo- 
nents with acetone and placing the wash in 
a glavl container. Distilled water may be 
used Instead of acetone when aonmved by 
the ~ d m i i t i i t o r  and shall be-&ed when 
speciffed by the Admrnlstrator: m these 
cases. save a water blank and follow the Ad. 
mlmtrator's direct lo^ on analysis. Perform 
the acetone r i m  as folloars: 

Carefully remove the pmbe n d e  and 
clean the LNide surface by m m g  mth ace- 
tone from a wash bottle and brushmg wth 
a Nvion bristle brush. B w h  untll the ace- ~ ~ ~ - ~ - ~  ~ 

tone rinse shows no visible particles, alter 
whlch make a final rinse of the inside sur- 
face with acetone. 

Brush and rinse the inside parts of the 
Swaaelok fitting with acetone in a slmllar 
way -until no visible particles remain. 

R h  the probe liner with acetone by tilt- 
ing and rotating the probe while spulrting 
acetone into its uDDer end so that all inside 
surfaces will be wetted with acetone. Let the 
acetone dram from the lower end into the 
sumpie container. A funnel 101~~8  or DOIY- 
ethviene) mav be used to aid on uanalcr- . ~ ~ ~ ~ -  ~~ ~ -~ ~ - ~~~ ~~ 

ring liauid washes to the contalner. Follow 
t h e  acetone W with a probe brush. Hold 
the pmbe in an inclined podtion. squirt ace- 
tone Into the upmr end as the pmbe b w h  
h beinp pushed with a tarLItlng actton 
through the probe; hold a sumDle container 
underneath the lower end of the pmbe. and 
catch any acetone and particulate mat tn  
whlch la bruahed from the ombe. Run the ~ ~ ~~ ~~- ~... 
brwh through the Drobe three times or 
more untll no visible Darticulate matter la 
m e d  out with the metone or until none 
remalna in the pmbe liner on visual inspec. 
tlon Wlth srslllleaa steel or other metal 
Dmbcs. run the h w h  through in the above 
preaulbed mMner at least six times since 
metal probes have small crevlces in whlch 
particulate matter can be entraDped. RLnae 
the brush with acetone, and auantitatlvely 
collect these washing8 in the sample con. 
talner;Aiter the brushing, mate a f h a ~  ace. 
toneWofthepmbeasd&bedabove. 

It h recommended that two people be 
wed M clean the probe to mlnimh sample 
losses. Between sampling rum, keep brushes 
clean and protected from ConIamlnatioN. 

After ensuring that all Joints have been 
wl~ed clean of sillcone grease. clean the 
inslde of the front half of the filter holder 
by rubbing the surfaces with a Nylon brtstle 
brush and rinsing wlth acetone. R i m  each 
Surface three times or more if needed to 
remove visible particulate. Mate a f h i  
rinse of the brush and fllter holder. Careful- 
ly rlnse out the glau cyclone. a h  (if appll- 
cable). After all acetone washinm and par- 
ticulate matter have been collected in the 
sample contamer. tighten the lid on the 
sample container so that acetone will not 
lea* out when it is shipped to the Laborato- 
ry. Mark the height of the fluid levcel to de- 
termine whether or not leakage -red 
during transport. Label the confainer to 
clcarly identify its contents. 

Container No. 3. Note the color of the in. 
dicatlne silica gel to determine if it has ken 
completely spent and make a notatlon of its 
condition. Transfer the silica gel fmm the 
fourth imDinger to its OriglzIal Wntainer 
and seal. A funnel may make it easler u, 
pour the silica gel without suiEing. A i-ut'ir 
policeman may be uaed ss an ald in remov. 
ins the sllica gel from the impinger. it IS not 
necessary to remove the small amount of 
dust particles that may adhere to the h. 
pinger wall and are difficult to remove. 
Since the gain in weight is to be used for 
moisture calculations. do not use any water 
or other liquids to transfer the slllca gel. U 
a balance is available in the field. follow the 
procedure for contafner No. 3 in Section 4.3. 

Impinper Waw. n e a t  the impinsen as 
follow: Make a notation of any color or 
fllm in the liauld catch. Measure the liquid 
which is in the l int  three implngem to 
within 21 ml by using a graduated cylinder 
or by weighing it to within 20.5 g by ualnp a 
balance (U one is available). Record the 
volume or welght of Ilquid pment. Thls in- 
formation is requlred to calculate the rnola- 
ture wntent of the effluent sas. 

Dl& the Uquld alter measuNlp and re- 
mrdlng the volume or weight, unless ansly- 
sis of the impinger catch is requlred (see 
Note. Section 2.1.1). 
U a different type of condenser is used. 

measure the amount of molature condemed 
either volumetridy or mvimetrically. 

Whenever possible. conralnen should be 
sNpped in auch a way that they remain U p  
right at all times. 

4.3 m y a l a .  ~ e w r d  the data rmulnd on 
a sheet such as the one shown in Flpure 5-3. 
Handle each sample contalner M foUow8: 

Plant 
Date 
Run NO. 
Fllter No. 
Amount liouid lost during transwrt - 
Acetone b i d  volume, mi 
Acetone wash volume, ml 
Acetone blank concentration, mg/mg tequa- 

ttnn 6-41 -. - .. - - . 
Acetone wash blank. mg lepuation 5-5)- 
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if. however, a hlcher lealraoe rate la o b  
talned. the teater shsll either record the 
1-e nte and DIUI to mmct the gmele  
volume u a h o w  In W o n  8.3 of thla 
method. or sh.U void the samplhu run 

Immedlr(ely after mmponent ch.npal 
leak&& are optional: If such leak-checka 
are done. the procedure outllned In Section 
4.1.4.1 above 6h.U be used 

4.1.4.3 Post-teat U C h e c k .  A leak- 
check la mmd.tory at the mnduslon of 
each aamellns run The leatcheck shall be 
done In acml.dmcr with the am&- out- 

~ . . . . -. ... . - - - - - - - .. . -. 
~ h e d  in Section 4.1.4.1. exce~ t  that it shall 

er than the m u i m w  value reached durlns 
the sampltno run. II the leakatre rate is 
fot~nd to be no -r Uun 0.00051 m l / ~  

~ ~~ --.. ~ 

(0.02 cfm) or 4 cement of the aver- sam- 
pling rate twhlehever la leas). the milts are 
acceptable. and no m m t l o n  need bs a p  
plied to the total volums of dry p.a metered. 
If. however, a higher leakage rate la ob- 
tslned. the tester shall either record the 
le-e rate and correct the sample volume 
tu shown In Section 6.3 of this method. or 
shall void the samellnc run. 

4.1.5 FmthuIate Train Overation. 
Durinc the sampllnc run. malnUln an kc- 
kineth ~ ~ m p l l n g  rate (within 10 percent of 
true isokinetic unless othenmse specified by 
the Adminlatratorl and a temperature 
around the filter of 1205~14' C (248'25' F). 
or such other temeerature as specifled by 
an applicable s u b ~ d  of the standards or 
approved by the A d m ~ t m t o r .  

For each run. record the data repulred on 
a data sheet such as the one shown In 
Rwe 5-2. Be sure to record the Lnitlal dry 

meter rradlng. Record the dry ma meter 
readlnm at the b e m ~ I ~  and end of each 
sampllw Ume Increment. when changes m 
flow rare, are made. before and after each 

Take other readlncs required by Figure 5-2 
a t  leaat once a t  each sample point durlnc 
each tlme Increment and addltional read 
h a  when s l d l c a n t  chances (20 percent 
vulatlon in veloclty head recullus) n m s i -  
tate addltional d u s t m e n u  m flow rate. 
revel and %em the manometer. Because the -. -- -- ~~~ ~ 

manometer levei and zero may drUt due to 
vibrations and temperature chances. make 
perlodlc checka durtns the traverse. 
Clean the portholes prlor to the teat run 

to m h h k e  the chance of sampllns deparlt 
ed ma tem.  To begin inv l lnc ,  remove the 
n o d e  cav. verUy tha t  the fllter and pmbe 
heaths systems us up to temperature. and 
t M  the pltot tuba and probe arc pmperiY 
d t l o n c d  FmatLon the n d s  at the flrat . ~ - - -  -~ ~~~- ~~~-~ 

tnverae mint with the t l ~  m l n t h  directly ~~~ ~~~~-~ ~ 

Into the p.a stream. ~mriehlately -- the 
pump and adlust the now to isokinetic mn- 
d l t i o ~ .  N o m o m p b  are avfulable. whrch 
aid In the rapid adlusment of the isckinetlc 
samnbn rate without excunlve comeut.- 

~~~~ ~ 

tlona Theae nomomvhs are dealmei for 
use when the T ~ S  pitot tube coefficlmt 
la 0.8610.02 and the stack p.a euuiv.lent 
d e ~ l t y  (dry molecular welshtl la mual to 
2024. APIPOC.78 detalla the emedure for ~~- - -  

using the nomomDha. If C. and dt are out- 
side i h e  above &ted ranw do not us. the 
nomomDhs unless avpmprlate atem (see 
Citation 7 In B lb l lom~hy)  are taken to 
comamate for the devtatiollk ~ ~ ~ 

When the stack La under slmiflcant nq.- 
tlve pressure (helsht of I m p h e r  stem). 
take care to close theoonrse d u s t  valve 
beforr'hsertlng the pmbe Into the stack to 
prevent water fmm b ~ k h ~  Into the filter 
holder. If neassary. the pump m I I Y  be 
turned on with the coarse d u s t  valve 
closed. 

l&.check. and when sampling la halted 

FIQURE 5-2-PARTICUUTE FIELD DATA 

When the probe Ls Ln vosltlon. bloc* off 
the o p e n h a  amund the pmbe and Wrthole 
to erevent unreerwentauve dllutlon of the 
mi  a t r a m .  

Ttaverse the st& cruss-mon. fs re- 
qulred by Method 1 or M apnlfled by the 
Admlnlstntor. b e h  careful not to bump 
the pmbe n d e  Into the stack walls when 
gmp- near the walls or when remOvh 
or LMcrt. l~~ the pmbe throueh the wrt. 
holes: thla mlnlmkra the chance of extnet- 
Inc deposited nuterbl. 

During the tah run, make l w r l d c  adlust 
m a t s  to keep the temverature amund the 
fllter holder a t  the Dmver level: add more 
Ice and. U neoeasary, a t  to malntaln a tem- 
perature of lars than 20' C (68' P) at  the 
aurduuler/sllla gel outlet. Ah. periodical 
Iv check the level and zero of the manome- 
ier. 

11 the p- drop aaoss the filter be- 
coma ~ u ,  high maMw LsokmeUc g m ~ l l n e  
dllflcult to maintain. the fllter may be re- ~~-~~~~ 

eIe,ced In the mldst of a gmple run. I t  la 
iconrumended th8t another complete fUter 
. ~ e m b l g  be uud rather than attempUne to 
charme the Wter Itsell. Before a nev fl lur 

(see &&Ion 4.1.4.2). The total W c u l a t e  
welght shall Include the auuufIaUon of all 
fllter aasu0t.b catches 

A a h l e  traiu shall be used for the entire 
M I W I ~ ~ W  except ~n eases where aimullo 
neous gmpllng La reaulred In two or more 
senmate ducts or at two or more diiferent - ~ 7 ~ ~ ~ - ~ ~  ~~~~~ ~~ ~~~ ~ 

locations within the gmeduct.  or. In esres 
where egulpmmt fallwe neeeslltates a 
chanpe of train& la all other ~ItuaLlons. the 
we of two or more ~ I M  alll be subject to 
the approval of the AdmtnlsMtor. 

EPA STATIONARY SOURCE SAMPLINC METHOOS 
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2.1.4 Dlfferentla &we Gauge. In- 
clined manometer or equivplent device 
(two), as described in Section 2.2 of Method 
2 One manometer shall be used or velocity 
head CAP) readings, and the other, for oriflce 
differentia pressure readings. 

2.1.5 Fllter Holder. Borosillcak gin.%. 
with a Klnss frlt Hlter support and a sillcone 
rubber gasket. Other materials of construc- 
tion te.g., srainless steel. Teflon. VIton) may 
be used. sublect to approval of the AdmInis. 
trator. The holder desim shall omvide a 
positive seal against iealrage from the o u t  
Side or .%IOund the fllter. The holder shall 
be attached immediately a t  the outlet of the 
Dmbe tor cyclone. it used). . ~ ~ ~ ~ - .  ~~ ~~ 

2.1.6 Pllter Heating System. Any heating 
system capable of maintaining a tempera- 
ture around the fllter holder during sam- 
DllnP of 120*11' C (240+25' F). or such 
other temperature as specified by an appll- 
cable subpart of the standards or approved 
by the Adminiatrator for a particular appll- 
catlon. Altematlvely. the tester may opt to 
operate the equipment a t  a temvemiture 
lower than that spec~lled. A temperature 
gauge capable of measUMp temperature to 
Mthln J' C (5.1' F) shall be installed so that 
the teInperatwe around the fllter holder 
can be regulated and monitored during sam- 
Pllng. Heating system other than the one 
shown In APl'D-0581 may be used. 

2.1.1 Condenser. The follornng system 
shall be used to determine the stack gaa 
moisture content: Four lmplngen connected 
In series with leak.fm m u n d  glass flttinm 
or any Qimllar leak-free nonconramlnatinp 
flttlnm. The flrat. thlrd. and fourth lm- 
Dingen shall be of the GreenbuqBmlth 
deslgn, modlfled by replaclnp the tlp with 
1.3 cm (% in) ID glass tube extending to 
about 1.3 em (H in.) from the bottom of the 
flask The second lmpmger shall be of the 
GreenbugSmith deum wlth the standard 
t t ~ .  Modlflcatlons tea.. using flexible con- 
nffttons between the imvlngek. using m a w  
rials other than glass. or using flexible 
vacuum lines to connect the fllter holder to 
the condenser) may be used. sublect to the .-~- 
aovmval of the ~drhinistrator. The f ln t  and 
second lmpingera shall contaln known quan- 
rltles of water LSectlon 4.1.3). the thlrd shall 
be empty. and the fourth shall con& a 
knom welsht of sllica Eel. or mulvalent 
dealccant. ti thermomete< capable of mega- 
urlng temperture to wlthln I' C (2' F) shall 
be placed at the outlet of the foutth impinp 
er for monitoring D m .  

Alternatlvely, any system that cook the 
sample gas stream and allowa measurement 
of the water condensed and molsture leav- 
ing the condewr. each to withln 1 ml or 1 
may be used. sublect to the approval of the 
Administrator. Acceptable meam are to 
measure the condensed water e l thv  m v l -  
metrically or volumetriealls and to measure 
the moisiure leaving the mndenser by: (1) 
monitoring the temperature and presaure at 
the exlt of the condenser and ualng Dalton's 
law of pfutlal vresures: or (2) passing the 
sample rn stream thmugh a tared slllca gel 
(or equivalent dealecant) trap with exit 
gases kept below 20' C (68' F) and determin- 
ing the welght gain. 

If meam other than slllca gel are used to 
detennlne the amount of moisture leavtng 
the condenser, it is recommended that slllca 
gel (or muivalent) stlll be used between the 
condenser system and pump to prevent 
moisture condensation in the pump and me- 
tering devices and to avold the need to make 
cometlons for moisture in the metered 
volume. 

Nom If a determlnation of the partlcu. 
late matter collected in the lmpingen la de- 
sired in addltlon to moisture content, the 
lmplnger system desatbed above shall be 
used, without modlllcatton Individual 
States or control agencies rmuiring thin in- 
formation shall be contacted as to the 
sample recovery and analysis of the lmplng- 
er contenur 

2.1.8 Mete- System. Vacuum gauge. 
leak-Im pump. thermometen capable of 
measuring temperature to wlthin 3' C (5.C 
F), d~ gaa meter capable of m e a s u r h  
volume to w i t h  2 percent. and related 
equipment. as shown In Fl'dure 5-1. Other 
metering svatema cavable of malntahhs  
s a m ~ l l n i  rites withln10 percent of laokln& 
tlc and of determhlw sample volumes to 
withln 2 percent may be used, sublect to the 
approval of the Administrator. When the 
meterlns system is used in conlunction with 
a p~tot  tube. the system shall enable checks 
of isoklneue rates. 

Sampling t r a m  uUIiztm meterins sys- 
t e m  deslgned for hlgher flow ram than 
that decribed in APDdSl l l  or APDT-0578 ~ ~ - -  -- -- - - - -  -- 

may be used Drovlded that the sneculea- 
tlo& of this method are met. 

2.1.9 Barometer. Mercury anemld. or 
other barometer capable of measuring a t  
mospherlc presaure to wlthln 2.5 mm HE 
(0.1 in Hal. In many cascs the barometnc 
readlnn mw be obrained fmm a nearby na- 
tlonal weather servlce station. in whlchc& 
the statlon value twhlch is the absolute bar- 
ometric pressure) shall be requested and an 
adlustment for elevatlon dllferences be- 
tween the weather statlon and sampllng 
point shall be applled at a rate of minus 2.5 
mm Hg (0.1 in. Hg) per 30 m (100 ft) eleva- 
tlon increase or vlce versf for elevatlon de- 
crease. 

2.1.10 Gas Density Delermlnat~on Eawp 
ment. Temperature sensor and pressure 
gauge. as deacnbed in Sections 2.3 and 2.4 of 
Method 2, and gas analyzer. if necessary. as 
described In Method 3. The temperature 
sensor shall. preferably. be permanently at- 
tached to the pltot tube or sampling pmbe 
In a flxed confl~ratlon,  such that the tlp of 
the sensor extends beyond the leading edge 
of the pmbe sheath and does not touch any 
metal. Alternatively, the sensor may be at- 
tached lust prior to use in the field. Note. 
however. that If the temperature sensor is 
attached In the field. the sensor must be 
plaad in an interference-free artangement 
with mwt to the Type S pitor tube open- 
l n e  (see Method 2. P l w e  2-1). As a second 
altematlve. if a difference of not more than 
1 percent in the average velocity measure 
ment is to be introduced. the temperature 
gauge need not be attached to the probe or 
pitot tube. (Thls alternative is subleft to the 
approval Of the Adrmnistrator.) - 

2.2 Sample Recovery. The following 
I tem are needed. 

2.2.1 Probe-Liner and Robe-Nazle 
Brushes. Nylon brtstle bruhes with stain- 
1- steel w e  handles. The probe bruah 
shall have extenslona tat least as long as the 
probe) of stahless steel. Nylon. Teflon. or 
slmllarly inert material. The brushes shall 
be OrooerlY slzed and shaned to brush out 
the-pmbe liner and node.. 

2.2.2 Wash Bottles-Two. Glass wash 
bottles an recommended: polyethylene 
wash bottles may be used at  the optlon of 
the tester. I t  is recommended that acetone 
not be stored in polyethylene bottled for 
longer than a month. 

2.2.3 Glass Sample Stomse Contalnen. 
Chemically resistant, bomslllcate dm hot. 
tles, for acetone washes. 500 ml or 1000 ml. 
Scnw cap liners shall elther be rubber. 
backed Teflon or shall be constructed so as 
to be leak.fne and mistant to chemlcal 
attack by acetone. (Narrow mouth glans bot- 
tles have been found to be less prone to 
leakage.) Altematlvely, polyethylene bottles 
may be uscd 

2.2.4 Petri Dishes. For fllter samples. 
glass or polyethylene. unless otherwise spec- 
Ifled by the Administrator. 

2.2.5 Graduated Cylinder andlor Bal. 
ance. To measure condensed water to wlthln 
1 ml or I g. Graduated cylinders shall have 
subdlvislo~ no greater than 2 ml. Most lab- 
oratory balances are capable of weighlng to 
the nearest 0.5 g or less. Any of these bal. 
ances is sultable or use here and in Sectlo0 
2.3.4. 

2.2.8 Plastlc Storage Containers. Air- 
tight contalneri to store slllca gel. 

2.2.7 Punnel and Rubber Pollceman. To 
ald in transfer of sillca gel to container: not 

2.2.0 RlMeL Glass or polyethylene. to 
aid in sample recovery. 

2.2 ~nalgglr Por analysis. the follocalng 
eauipment is needed 

2.3.1 Olnsl Welghlns Dishes 
2.3.2 Desleeator. 
23.3 ~nalytlcai mhrm. To messurr to 

withh 0.1 me. 
2.3.4 Balance. To meanve to withh 0.5 g. 
23.5 Beaken. 250 mL 
2.3.8 Hymmeter. To m m  the rela- 

tive humidlty of the Labontory envimn- 
ment. 

23.7 Ternventure Gum. To measure 
the temperaturr of the Laboratory envimn- 
mat .  
3. ReclrmW 

3.1 sampllne The reagents used in sam- 
puns are M follow: 

3.1.1 Flltenr Glass fiber liltera. without 
oqanlc binder. exhlbltlns at I& 99.95 per- 
cent effldency ( ~ 0 . 0 5  penxnt penetration) 
on 0.3-micron dloct~l  vhthahte smoke vahl- 
cles. The fllter efflclency tet  shaU be con- 
ducted In -dance with ASTM standard 
method D2885-71 (Reappmved 1978) tincor- 
pornfed by refmn- 1 60.17). Test data 
from the suppUefs ausUty mntml pmmam 
are suffldent for thla p-. In sources 
mnuinkw SO, or SO.. the fUter matenal 
must be of a type that is uMacttve to SCh 
or SO,. Cltatlon 10 In Seetton 7 Blbllogm- 
phy, may be used to select the appropriate 
fllter. ~~~ ~ 

3.1.2 Slll~ Otl. IndlcatIng type. 6 to 16 
mesh. u pmvioualg useQ d N  at 115' C (350' 
P) for 2 h o u n  New dllca gel may be used as 
received. Alternatlvely, other t m  of desic. 
cants (eaulvnlent or better) may be uaed, 
subject to the appmval of the Adminlstra- 
tor. 

3.1.3 Wata.  When annlsais of the mate- 
MI causht (n the lmpinOM & required. d b  
tllled w'uer ahall be used Run blanks pnor 
to field use to ellmfnaCe a hkh bhnk 00 tut 
aamdes 
3.i.r cwhed IW. 
3.1.5 Staocock a m .  ketone-inmluble. 

heatstable slkune - Thla is not n n e ,  
saw U screw-on connecton with Teflon 
aleeveq or almllar. are used Altematlvely. 
other t m  of Jt0mnck grease may be used. 
sublect to the wpmval of the Admln&tra- 
tor. 
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I~ETHOD !I RULES REGULATIONS/AUQJST 1 0 ,  lS77 

1. Prineipk and Am2kabUity 
1 Rincble. P a r t l d i t e  matter Ls arlth- 

drawn isokinetldy from the source and 
collected on a  laa as fiber illter malntalned 
at a temperature in the range of 120*14' C 
(248525' P )  or such other temperature as 
a m l e d  by an applicable subvart of the 
standards or avvroved by Mmhlmatar .  ~~. 
U.S. mvlmnmenlal Rotectlon Apency. lor 
a panlcular appllcatlon. The panlculate 
mass. whlch Includes anv maLerlal that can- ~ ~~ ~~ ~~ ~ .~-.  .... 
de& at  or above the flltratlon temmra- 
ture. Is determined c~avlmetrleally aft& n- 
moval of unmmbined water. 

1.2 Appllcablllty. ThLs method Ls appllca- 
ble lor the determlnatlon of ~artlculate 
emLYliom from atatlonary s o u m .  
2. Appclmlw 

2.1 Sampling TIwn. A sehematlc of the 
mplYlg  t m  used in thls method is shorn 
in FUure b l .  Comolete comtruct~on dcWh 
are &en In MTD&581 (Cltatlon 2 in Blbll. 
o m ~ h y ) :  mmmerclal modela of thls train 
are alw available. Por changes from -- 
0581 and for allowable modlflcatlom of the 
train shown In Pigwe 5-1. see the lollowlng 
SUbS&lON. 

The operatIM and maintenance ~roce.  
durw for the m p ~ i n g  train are described in 
APTD-05'76 (Cltatlon 3 in Blbllomphy). 
Since wrrect wage Ls Important in obtaln. 
IM valld mults. all users should read - - ~ -  -~~ ---- 
AFrnos'78 and &opt the o~eratfnn and 
maintenma procedum outlined in I< 
Ut l l~~l  otherwise a m l e d  herein. The m. 
pllng Valn -Mists of the following m m w  
nents: 

2 . 1  Pmbe Nozzle. Stalnlesa steel (316) 
or g l w  wlth sharp, tapered leadin& edge. 
The ande of taper shall be 30' and the 
taper shall be on the outaide to preserve a 
constant internal diameter. The probe 
nozzle shall be of the button-hook or elbow 
desim. unlesa otherulse sveclfied by the Ad- 
minlstrator. If made of stalnlesa steel. the 
nozzle shall be comcructed from searmesa 
tubins olher materiala of construction may 
be used. subject to the 8DDroVal Of the Ad- 
mlntstntor. 

A range of noale sizes sultable for h k i n -  
etlc sampling should be available. e.r. 0.32 
to 1 . n  an (H  m H in.)--or laqer  U hlgher 
volume sampling tralnd are used-Inaide dl- 
ameter (ID) noales in lncrementa of 0.18 cm 
(VI. in) .  Each nozzle shall be calibrated ac- 
m r d h  to the ~rocedures outlined in See 
tin" 6 . - . 

2.1.2 Pmoe Liner. Bornsilicate or quartz 
s l m  cubing wlth a healmg system capable 
of maurtalnlnn a naa temDerature a t  the txlt ~~~ ~~~-~ 

end d w i ~  s G n ~ i n g  01 i z o = w  c (248e25' 
F), or such olher femperature aa sveculed 
by an applicable subpart of the slandards or 
avpmved by the Admlnlstramr for a par. 
tlcular a~~lication.  (The tearer m a v  oat u, 
overate the eulupment a t  a temkrafuri  
lower than that specUli.d.) Since the actual 
temperature a t  the outlet of the pmbe IS 
not usually momtored dwiM samplinr 
probeScomtructed acmrdlngto APTD-0581 
and utlllzing the callbratton curves of 
AiTD-0576 tor callbraled according to the 
Dmeedun outllned in APTD-0576) wlll be 
mnsldered aCCeDtable. 

Elther borastllcate or quai% glars probe 
Linen may be used for staek temperatures 
up to about 480' C (8M). F) auartz Ilna- --- - - -.-." 
shall be used for temperat& between 480 
and gW. C (900 and 1.650' P). Both tmes of 
lmen may be wed at hruher iemperatui  
than svecUled for short penoda 01 ttme. sub  
lect U, the apvroval of the Admmlstrator. 
The softenion temmralure for borosUIm1~ ~ ~ ~-~ - - ~  

IS 820' c (1.508' P). -and for quartz it is 1 . 5 0 ~  
C (L73T PI. 

Whenever pnellcal. every elfort. should 
be made to use bornslllcate or quartz glsas 
probe liners. Nternatlvely. m e w  linen 
(e.8.. 318 sralnleaa steel. Inmloy 825.' or 
other m m l o n  reahtant metals) made of 
seamlean tubing may be used. subject totde 
avproval of the Admlnlstrator. 

1.1.3 PiMt Tube. Type S. aa described in 
Sectlon 2.1 of Method 2. or other device a- - . - -. . . . . . -- 
proved by the ~dminlatrakr. The oltot tube 
shall be attached to the probe taa.showiin 
Flpure 5-1) to allow constanl monltorlng 01 
the stack ma velocity. The impact (hlgh 
pressure) openlnK plane of the pltot tube 
shall be even with or above the nozzle entry 
plane (see Method 2. Flgure 2-6b) durtng 
sampling. The T m e  S Pltot tube assembly 
shall have a known coefficient. determined 
aa outlined in Sectlon 4 of Method 2. 

'Mentlon of trade names or speclflc prod. 
uct does not constitute endorsement by the 
Envlronmenlal Rotectlon Agency. 

TEMPERATURE SENSOR 
1 .  IMPINGER TRAIN OPTIONAI.MAV BE REPLACEO 

BY AN EOUIVALENT CONOENSER 

ILTER HOLOER CHECK 
VALVE 

VACUUM 
LINE 

BY AN EOUIVALENT CONOENSER 

TEMPERATURE 

ILTER HOLOER CHECK 
VALVE 

, VACUUM 
LINE 

PITOT MANOMETER 

THERMOMETERS 

DRY GASMETER 
PUhlP 
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N m  The above eqeauarlon doa not consld- 
er  arson In air tabout 0.9 percent. rnoleeu- 
lars weight of 37.7). A nq.Uve error of 
about 0.4 percent la Introduced. The  t e a m  
may opt to Include argon In We analysis 
using pmeeduru subject to  approval of the  
Adminlatntor. 
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4.2.5 TO h u r e  complete absorption of 
the CO.. 0.. or U a~~ l l cab le .  CO. make re- . 
peat& paases through eaeh absorbing solu- 
tion untU two consecutive readlnss are the 
.nm. . % v m l  D- (thne of four) should --.--.------- ~~~ 

be make between readlnOn (U conatant 
re.."?-- m z n t  be obtained alter Ulm eon- 
m t ~ v e  re (~d lna  replace the absorblna so- 
lutlon.) 

4.2.6 Repeat the analysls untU the fol- 
Iodnn criteria are met: ....-- ~- ~~~ 

4.2.6.1 m r  percent CO.. repeat the ana- 
lytlcal procedure untll the results of any 
three analyses dlffer by no more that (a) 0.3 
percent by volume when CO. is creater than 
4.0 percent or (b) 0.2 percent by volume 
when CO. la lna  than or equal to 4.0 Per- ~~~~ ~ ~. 
cent. Average the three acceptable valuei of 
percent CO. and report the results to the 
nearest 0.1 percent. 

4.2.6.2 m r  percent 0.. repeat the analytl- 
cal ~mcedure untll the results of any three 
an$yaer dlffer by no more than (a)  0.3 per- 
cent by volume when 0, is leas than 15.0 
percent or (b) 0.2 percent by volume when 
0, is greater than or equal to 15.0 percent. 
Average the three acceptable values of per- 
cent 0. and report the reaultd to the nearest 
0.1 pemnt. 

4.2.6.3 mr percent CO. r e m t  the a n r  
1Ytlc.L ~rocedure untll the resultd of MY 
three &alyaea dlffer by no more than 0.3 
percent. Average the three acceptable 
ValUa of percent CO and repon the results 
to the nearest 0.1 percent. 

4.2.7 After the analysls is completed. 
leakeheck (mandatory) the Orsat analyzer 
once again. as described In Sectlon 5. m r  
the reaulta of the analysls to be valld, the 
Orsat analyzer must pans thls leak test 
before an alter the analysis. 

NO= Nthoulrh In most instances only 
COX or 0. is required. I t  is recommentled 
that both CO, and 0, be mearured, and that 
Cltatlon 5 In the Blbllography be used to 
valldate the analytlcal data 

4.3 bfultl-point. Integrated Sampling and 
Analytical Rocedure. 

4.3.1 Both the mlnlmum number of sam- 
~ 1 0 ~  points and the sampllng polnt loeatlon 
shall be as smUled In %Ion 3.3.1 of ults 
method. The use of fewer points than specl- 
fled is subject to the approval of the Ad&- 
Istmtor. 

4.3.2 Follow the pmcedum outlined In 
SeCtloM 4.2.2 throush 4.2.7. except for the 
follow in^ Travene all sampllng po~ntd and 
sample at each polnt for an equal length of 
t h e .  Record samp~lnp data as shown ~n 
mallre 3-3. 

4.4 Quallty Control Procedures. 
4.4.1 Data Valldatlon When Both CO. 

and O. Are Me- N t h o u h  In mart In- 
stances, only CO. or O. mnaurement is re 
uulred. It La recommended that both CO. 
and Or be meaaured to pmvlde a check on 
the uuallty of the data. The following quai- 
I ~ Y  control procedure ls suggested 

Non: SInce the method for valldatlng the 
CO. and O. analyses is bawd on combustion 
of OrDBlllc and f w U  fuels and dllutlon of 
the gas stream with air, this method does 
not aDDly to sources that (1) remove CO. or 

through ~mcesses other than combus. 
tloh (2) add 0, te.g.. oxygen enrichment) 
and NI In urnporttom different from that of 
air. (3) add CO. te.8.. cement or l h e  irllns). 
or (4) have no fuel factor. F.. values obtain- 
able te.8.. extremely variable waste mix- 
tllres). Thls method validates the meaaured 
proponlorn of CD. and O. for the fuel type. 
but the method does not detect sample dllu- 
tlon resulting from leaks durlns or alter 
sample collectlon. The method is appllcable 

for samples collect& doMutream of mart 
lime or limestone f l u e m  desulfwIntlon 
,snnu the c a  sdded or removed from the --.--- ~~ 

gas stream ls not slmlllunt In relation to 
the to id  CO. concentmtlon. The CO. con- 
centratlOM from other t y m  of scrubber8 
using only water or bnic  slurry can be alp 
nlllcantly affected and would render the F. 
check mlnlmally useful. 

44.11 Calculate a fuel factor. F., uslnp 
the following euuatlon: 

Where: 
%O.=Percent 01 by volume (dry bash). 
%C(X=Percent C h  by volume (dry basis). 
20.9-Pemnt O. by volume In amblent alr. 
If CO is present In quantltles measurable by 
this method adlust the O. and CO. valuer 
before ~eriormlng the caleulatlon for F. a8 
fouowa: 

%CO.tadl)=.%CO.+%CO 

%O.(W)-%or-0.5 %CO 

Where: %CO=Percent CO by volume (dry 
baals). 

t.4.1.2 COmDM the dCulated p. &tor 
with the expected F. valuer. The foUoalnp 
table m a v  be used In establlshlnr amDtsble ~ ---- -~ ~~ ~-~~~~ ~ ~ - ~~~~~ 

ranges for the expected F. If the fuel belng 
burned is known. When fuels are burned In 
comblllatlon. calculate the comblned fuel F. 
and P. factors (M dellned In Method 19) ae- 
cordlnm to the n m e d m  In Method IS Set- ~. ~~~- -~ --.--- ~ ~ - -  - - - ~ ~ - - -  - -  ..- 
tlon 5.2.3. Then calculate the P. factor as 

Eq. 3 4  

Calculated F. values beyond the accepta- 
ble ranged shown In thls table should be In- 
vestlmted before aceeptlns the test results. 
For example, the strength of the solutlom 
In the m analyzer and the analyzing tech. 
nluue should be checked by samDllns and 
analyzlns a known concencratlo~ suih aa 
all: the fuel factor should be reviewed and' 
vertfled. An aaeptablllty range of +12 per. 
cent is appropriate for the F. factor of 
mixed fueb with variable fuel mtlar. The 
level of the emhion rate relative to the 
compliance level should beconsidend In de- 
termining if a retest is appropriate. 1.e.. if 
the meaaured eml88iOns are much lower or 
much greater than the compllann l l d t  
repetttlon of the test would not signifleantly 
change the ComDllance status of the s o u m  
and would be u~eceruarl ly theansurmng  
and costly. 

5. Leak-Check Pmcedumfor Orsaf Analyren 
Moving an Orsat analyzer freguently 

causes it to leak. Therefore. an Orsat ma- 
lyzer should be thmushly leakchecked on 
slte before the flue gas sample l a  i n t rodua  
inta It. The procedure for leakeheckhg an 
Orsat analyzer is: 

5.1.1 Bring the Ilquld level in each pi. 
pette up to the reference mark on the capil- 
lary tublng and then close the pipette stop 
coct 

5.1.2 Rake ihe  leveling bulb sufflclently 
to bring the confMng Uuuld meniscus onto 
the d u a t e d  Dortlon of the burette and -- 
then-close the k o l d  s t o w  

5.1.3 Record the meniscus position. 
5.1.4 Observe the menlcus in the burette 

and the lluuld level In the pipette for move. 
ment over the next 4 minutes. 

5.1.5 For the Orsat analyzer to pau the 
leakeheck. two condltlons must be met. 

5.1.5.1 The lluuld level In each plpette 
must not fall below the bottom of the capu- 
lary tubing during this Cmlnute Interval. 

5.1.5.2 The menkcua In the burette must 
not change by more than 0.2 mi during this 
4-&Ute Interval. 

5.1.6 u the analyzer falls the leakeheck 
procedure. all rubber connections and stop 
cocks should be checked untU the c a w  of 
the leak Is IdentUlcd. Lc&n sto-ls .... - ~ - - - ~ ~  

must be disassembled. cleaned and rr- 
me& Lesklna rubber connenlona must 
be replaced Af&r the analyzer is rraulun- 
bled. the leakcheck pmcedure must be re 
peated. 
6. calclIlati0rU 

6.1 Nomenclature. 

&-Dm molecular welaht. a/a.mole (Ib/lb . .. - 
moie). 

%EA=Pemnt ex- air. 
%CO.=Percent CO. by volume (dry basla). 
%O.=Percent 0, by volume (dry basis). 
%CO-Percent CO by volume tdrv bask). 
% ~ . = ~ e r c e n t  N, by iolume (dry basis). 
0.264-Ratlo of 0, to N. In air. v/v. 
0.280=Molecular welght of N, or CO. dlvld- 

ed b" 100. . - . . . . . . 
0.320-Molecular welght of 0. dlvlded by 

loo. 
0.44O=Molecular welght of CO. dlvlded by 

100. 

6.2 Percent Exceas Ah. Calculate the per- 
cent excevl air (If appllcable), by substltut- 

Ing the appropriate values of percent 0.. 
CO. and N, (obtained from Section 4.1.3 or 
4.2.4) Into ~ u a t i o n  3-1. 

% EA= 

NOTE The muatton above assumes that 
amblent alr ls used as the source of 0, and 
that the fuel d m  not eantam aanrcclable .... .-.. -... -... 
amountd of N. (as do coke oven or blart fur- 
nace w s ) .  For those CBMS when apprecia- 
ble amounts of N. are present (coal. oU. and 
natuml gas do not contain appreclable 
amounts of N,) or when oxygen enrichment 
Is used, alternate methods, subject to aD- 
Droval of the Administrator. are requlred 

6.3 Dry Molecular Welght. Use Euuatlon 
3-2 to calculate the dry molecular welght Of 
the stack gas 
61.-0.440(%CO.)+0.320(%0.)+ 

0.280(%N,+%CO) 
Eauation 3-2 
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METHOD 3 RULES A N D  REOULATlONS/AUOUST 1 8 .  1 9 7 7  

Mbnroo 3--01s A ~ A L Y S ~ S  mu C~RBOU DIOX- 
IDE. O X Y F ~ .  EXCZSS AIR. MD DRY MOW- 
ULAR WEIOHT 

I. Principle and ApplicaMlllv 
1.1 Prlnclple. A gas sample is extracted 

from a stack. by one of the following meth- 
ods: (1) sin~le-ooint. mab samo1Lnp: (2) 

mult~.wmt. Integrated samDling. The ma 
m o l e  is analyzed for pemnt  carbon dlox. 
ldc (CO.). w m n t  oxvmen (0.). and. U nerrs- 

drimolecular weleht determinatlon is to be 
made. elther an Onat  or a hrrlte ' analyzer 
may be used for the analysis: for excgy alr 
or emisslon rate correction faetor delcrmi- 
natlon. an Onat  analyzer must be used. 

1.2 A~~llcablUty. Thla method la appUca- 
ble for deterralnlng CO, and 0, concentra- 
tlonr. exes8 alr, and dry molecular welght 
of a s a m ~ l e  from a gas stream of a foaau. 
fuel combustion D-. The method may 
also be applicable to other p m c e s a  where 
It ha9 been determined that compounds 
other than CO,. 0.. CO, and nltmgen tn.) 
are not Drrsent & concentratlorn sufflclent 
to affect the nrulta. 

Other methods. as well sr modlfImUons to 
the pmeedun desenbed herein. also ap- 
pllcable for some or all of the above deter. 
mInatlom EXamplu of SP~CUIC methods 
and modlflcatlons include: (1) a mulU.pomt 
s a m ~ l i n ~  method wing an Oraat analyzer ro 
analyze lndlvldual grab ~ m ~ l u  obuined at 
each poinr: 12) a method uaw CO. or 0, 
and stolchlometrlc ulculatlons to dcrrrrmna ~ ~~~~ ~- 

dry mol- weight and ex- (3) as. 
slpnlng a value of 30.0 for dry molecular 
weight. in lieu of actual measurements. for 
P-u burning natural gas. coal. or ou. 
These methods and modlftcatlorn may be 
used. but are sublect to the approval of the 
Administrator. U.S. EnvlronmenW Protec- 
tlon Agency. 

2. Appomtw 
Aa an alternntlve to the sam~LlnO app.n- 

tus and syatems d & M  herelp other 
SUZllPhg SYStems (e.g.. liquid dlSDlaCement) 
may be used Dmvlded Such systems are ca- 
Psbb Of ObtUlIlhg a EDIGScfltaUVe SaukDla 
and maintaining a constant snrn~llng rate. 
and are otherPlse capable of yleldhg ac- 
ceptable mults. Use of such systems is s u b  
lect to the UDDmVal Of the Administrator. 

2.1 Grab Sampling (Flm 3-1). 
2 . 1  Probe. The Dmbe should be made of 

statnleu, steel or bomsillcate tub- 
and should be equipped with an in-nrclr or 
outdtack fUter to remove parUculata matter 
(a  plug of e l w  wool is sattsiactory for Ulls 
DLUPOM). A ~ Y  other ma te r ld  i n m  to 0,. 
CO.. CO. and N, and resistant to tempem 
ture at sampling mndltlona may be used for 
the Dmbe: examples of such materlal are 
alumlnum, copper, qunrtz elasa and Tenon 

2.1.2 Pump. A oneway squeeze bulb. or 
WUlvalenL is used to tranamrt the pas 
sample to the analyzer. 

2.2 Integrated W D h g  (Flsurr 3-2). 
2.2.1 Pmbe. A probe such as that d e  

scribed In -on 2.1.1 is suitable. 

'Mention of trade names or speclllc ~ m d -  
ucta d m  not conrtltute endonement by the 
EnvlronmenW Rotectlon Agency. 

2.2.2 Condenam. An alreooled or water. 
cooled condenser, or other condenser that 
w l U  m t  remove 0.. CO.. CO. and N.. rnry be ~ ~~ ~ ~ - .. - ~ .. 
used to remove ex- moistui  whch 
would interfew with the  operation of the 
D U D  md flow meter. 

2.2.3 Valve. A needle valve Is used to 
adlust Mmple gad flow rate. 

2.2.4 Pump. A leak-free, d laphngm-tw 
numu. or mutvalent. is used to tnoawrt 
M m ~ i e  ma io the nexlble bao. 6 a 
amail m k e  tank between the-pump and 
rate meter to eIlmlnate the Dulsatlon effect 
of the diaphragm pump on the rotameter. 

2.2.5 Rate Meter. The rotameter, or 
equivalent rate meter. used should be can* 
ble of measuring flow rate to within t 2  per- 
cent of the selected flow rate. A flow raw 
range of 500 to 1OW emJ/mtn is suggested. 

2 . 2  Flexlble Rag. Any leak-frea D W I C  
te.~.. Tedlar, Mylar. Teflon) or plrstic- 
coated aluminum te.g.. aluminized MY&) 
bag. or mulvalent. h a d  a c a m t y  mn- 
sllunt d t h  the selected flow rate and t h e  

length of'the test run. rmg be used A ca- 
paclty in the range of 58 to m llters la sup. 
Pested. 

To leakcheck the ban. connect it to r 
water manometer and ~risvwh the baz to 
S to 10 cm 8.0 (2 to 4 la H.0). Wow to 
stand for 10 mlnulcr Any dlsplaeement & 
the water manometer indlesta a leak A -  

~~ ~-~ - .- 
altamstlve leakcheck method is to ptusur. 
l ee thebsgto6to10cmH.O(2to4h.H.o) '  
and allow to stand overnight. A deflated bsg 
indlcstca a I d .  -- -. -. . - - - - - 

2.2.7 Ressure Gauge. A water-fLUed U- 
tube manometer, or eaulvalent, of about 28 
cm (12 la) is used for the flexlble bag l ea .  
check 

2.2.8 Vacuum Gauge. A mercury manom. 
eter. or equlvalenh of a t  least 760 mm Kg 
(30 la Erg) is used for the ~ m p l l n g  train 
leakcheck. 

2.3 Analysis. Ipor Oraat and Fyrlte ana- 
lyzer I I l d I l ~ r W C C  and ODCratiOn DrOCe 
dureh follow the lmtructloM recommended 
by the manufacturer. unla otherwh s m .  
Ifled herein. 

F L E X I I L E  TUBING 

FILTER (GLASS WOOL1 

SPUEEZEIULB / 

Figure 3.1. Grabumplong :rain. 
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15. Smlth. Marvin L Veloclty Callbratlon 
of EPA Type S o u m  S8nlPLlng Robe. 
United Technologtea Corporation, R a t t  and 
WhltneY m r a f t  Dtvislon. Eaat Hartford 
conn. 1975. 
18. Vollam. R. F. Recommended Prom 

dure for Sample Traverses In Duct. Smaller 
than 12 Inches In Diameter. U.S. Envlron- 
mental Pmtectlon Agency. Rnizdlon Meu- 
urement Branch. Research Mannle  Ruk 
N.C. November 1078. 
17. Ower. E. and R. C. PMkhurst. The 

Measurement of N r  Plow. 4th p.. London. 
PerSamon Presa. 1988. 
18. Vollam. R. F. A Survey of Commerclrd- 

ly Available Instrumentation for the Meas- 
urement of Low-Range Gaa Velocities. U.S. 
Envlronmental Pmteetion Agency. Emlsalon 
Measurement Bmnch. Research Mnnple 
Park N.C. ,November 1978. (~npubllshed 
Panrr, - ---. . 

19. Onup. A W.. C. C. St. Plerre. D. S. 
Smith. D. Mlraon. and J. Steiner. An Exyrer- 
h e n t a l  Investlsatlon of the Effect of Pitot 
~ u b e - ~ a m p l l n g ~ o b e  Conflmratlons on the 
MaDnitude of the S Type Pltot Tube Coeffl. 
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Figure 2-10. Projected-area modeis for typi. 
cal pltot tube awmblies. 

4.1.6 Field Use and Recalibration 
4.1.6.1 Field %. 
4.1.6.1.1 When a T m e  S pitot tube (lS0- 

lated tube or assembly) is used in the fleld. 
the appropriate coefficient value (whether 
assigned or obtained by callbration) shall be 
used to perionn velocity calculatior~~. For 
calibrated hrpe  S pitot tubes. the A slde co- 
efficient shall be used when the A side Of ~ - - ~ ~ ~ ~ ~ ~ ~  ~- .. 
the tube faces the flow, and the B slde m f -  
ficlent shall be used when the B side faces 
the flow: alternatively. the arithmetic aver. 
ace of the A and B slde coefflclent valun -". --  ~ ~ - -  ~. - -~~~~ ~ 

may be used. lms~ec t ive  of which slde f a c n  
theflow. 

4.1.8.1.2 When a probe wembly  h used 
to sample a small duct (12 to 36 in. in dlame- 
terl. the ~ m b e  sheath sometimes bloch a 
si&Uicant part of the duct cross-sect109 
causlng a reduction m the effective value of 
C,",. Consult Cltation 9 In Sectlon 6 for de- 
t a .  Convenllonal o l t o t . ~ ~ l i n s  Drobe as- ~ ~~~~~~~~~. 
&&blles are not recommended f o r  use in 
ducts having Inside diameters smaller than 
12 inches (Citation 16 in Seetion 6). 

4.1.6.2 Recalibration. 
4.1.6.2.1 Isolated Pitot Tubes. Alter each 

field use. the pitot tube shall be carefuUy 
reexamined In top. side, and end Views. If 
the pitot face openings are still allmed 
withln the s ~ e c i l l c a t l o ~  Ulusmted In 
Fiw 2-1 or 213. ~t can be assumed that the 
baseline coefflclent of the pitot tube has not 
chanced. If. however. the tube has been --. ~~- - --. ~~~- 

damanred to the extent that It no longer 
meets the s~ecillcatlona of Fisure 2-2 or 2- 
3, the damage shall either be repalred to re- 
store prover alignment of the face openings 
or the tube shall be d-ed 

4.1.6.2.1 Pltot Tube h m b l l r r  Alter 
each field use, check the face ownlng align- 
ment of the pltot tube, as in Sectlon 
4.1.6.1.1: also, remeasure the intercompon- 
ent spacings of the assembly. If the inter. 
comuonent spacings have not changed and 
the face opening dignment is acceptable. It 
can be aasumed that the coefflclent 01 the 
assembly has not changed. 11 the face own. 
Ing a l i m e n t  Lt no longer wlthin the aveci- 
f h a t i o ~  of Rgurea 2-2 or 2-3, either repalr 
the damwe or replace the pltot tube tcall- 
brating the new assembly. If necessary). If 
the intercomponent spaclngs have changed. 
restore the onanal  sDacinns or reeallbrate ~ - - ~ - ~ -  ~~~~ . - 
the assembly. 

4.2 Standard pltot tube (11 applicable). If 
a standard pitot tube Is used for the velocity 
traverse. the tube shall be c o m t ~ c t e d  ac- 
cordlnn to the criteria of Section 1.7 and ~~~ 

shall be assigned a bssellne coefflclent value 
of 0.99. If the standard pitot tube b used an 
part of an aYKmbly. the tube shall be in an 
interference-free arrangement taublect to 
the approval of the Admlnlstrator). 

4.3 Temperature Gauges. After each 
field use, calibrate dial thermometen. 
Hquld-filled bulb thermometen thennocou. 
ple-potentiometer systems. and other 
gauges at  a temperature within 10 w m n t  
of the average absolute stack temperature. 
For temperatures up to 405' C 1761' F). use 
an  ASTM mercwin -g1w reference ther- 
mometer. or equivalent. as a reference: al- 
ternatlvely. elther a reference thennocouple 
and potentiometer (calibrated by NBS) or 
thennometric fixed points. e.g.. ice bath and 
boiling water twrrected for barnmetric pres- 
sure) may be used. For temperatures above 
405' C (161' F), use an NBSsalibrated refer- 
ence thennocouple-potentiometer system or 
an alternate reference, subject to the ap. 
proval of the Administrator. 

If. during callbration, the ahsolute tem- 
peratures measured with the gauge belna 
d lb ra t ed  and the reference gauge a~re+ , ~~ ~~~~~~ ~ ~ 

within 1.5 vercent. the temD&t& dnta 
taken in the fleld shall be considered Wd. 
Othewue.  the wllucant emLnrlon test shall 
erther be consldered mvalld or adluatments 
I1f aoomnrlatel of the test results shall be .- ---..- ~~~~~~ 

made. subject to ihe av~roval  of the Admin- ~. 
istiator. 

4.4 Barometer. Calibrate the barometer 
used aaalast a mercury barometer. 

5. Cal&tioru 

carry out calculations, retaining a t  least 
one extra declmal figure beyond that of the 
acquired da t a  Round off flouns after final 
calculation. 

5.1 Nomenclature. 

 cross-sectional area of stack. m1(ft 9. 
 water vapor in the pas stream (from 

Method 5 or Reference Method 4). Dm- 
portlon by volume. 

c,-Pitot tube coefficient. dimenaionleaa 
~ , - m t o t  tube consfant. 

(g/g-nl#,b.)( m m  Hgl  
31.97 - 

st.(. "I [ [ " K ) ( ! ~ t ~ t b  !l?C)) 1'" 
for the metric sY8tem and 

ilbllb-molt)( in. Hg) O r :  
n.i.4!1 - [ r"R)( in .H,O)  1 

for the En#lish system. 

ffi=Molecular wclght of stack m, dry bash 
(see Seetion 3.6) g/emole (Ib/lb-mole). 

M.-Molecular weight of stack OM, wet 
bash. slg.mole tlbllb-mole). 

=ffi ( 1 - E 4  +18.0 81 

Equatlon 2-5 

P,-Barometric pressure at  measurement 
site, mm Hg (in. Hg). 

P,-Stack static pressure. mm Hg tin. Ho). 

P.-Absolute stack gas pressure. mm Ha tin. 
He). 

-P,+P, 
Equatlon 2 4  

P,,,-Stan- absolute preuure. 760 mm 
Kg (29.92 in. Hgl. 

0.-Dry volumetric stack paa flow rate cor- 
rected to  standard conditlonr dscm/hr 
tdacflhr). 

&-Stack temperature. 'C ('F). 
?'.-Absolute staek temperature. 'IC ('R). 
=273+L for metric 

Equatlon 2-7 
=460+ L for English 

Equatlon 2-8 
T,-Standard absolute temperature. 293 'K 

(528' R )  
%-Average stack pas velocity. rn/sec (it/ 

Secl. 
A,-Veloclty head of stack gas. mm H.0 (In. 

H.0). 
3.600-Conversion factor. w/hr. 
18.0-Molecular weight of mter. r /emole 

(lb/lbmole). 
5.2 Avense stack gas velocity. 

~!.=K~C.(&).. ,J~Z P.M. 

Equation 2-0 

5.3 Averare stack paa dry volumetric flow 
rate. 

1. Mark. L S. Mechanlcal Engineen' 
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catlon. Amerlean Society of Mechanical h- 
gineers. New York. N.Y. 1959. 

7. ASHRAE Handbook of Fundament&. 
1972. p. 208. 
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Source Evaluation Saclety. Dayton 0 h i i  
September 18.1975.) 
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Type S Pltot Tube Coefflclent. U.S. End. 
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12. Vollaro. R. P. EsrabUshment of a Bas- 
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l ~ : ~ ~ , , ~ l t l ~ ~ l l  2-2 
where 
c..,=~~pe s p ~ w t  tube cwfllcient 
c-~standani pitot t u b  coeffldent: use 

0.99 u the nnti~cienc la unknown and 
the tube la desimed s e c o r d l ~  to the erl. 
t e a  of Sectiona 2.7.1 to 2.7.5 01 tm -""..--. 

A&-Veloclty head measured by the stand- 
ard pltot tube, em H.0 tin. R.0) 

Ap.=VeloCIty head meaaured by the TW 8 
pltot tube, an HX) tLn 8.0) 

4 4 . 2  Calculate C. tslde A), the mean A- 
side ccefflclent. and C. tslde B), the mean B- 
side coefflclent: calculate. the dliierence be- 
tween t h a e  two average values. 

41.43 Calculate the devlatlon of each of 
the three A-slde values of Cu, from C, tslde 
A), and the deviation of each E d d e  d u e  Of 

from C C, tslde B). Uae the f o U o ~  
equation: 

~>evintiun,=~.r.r-F~(~ or B) 
Equntion 2-3 

4 . 4  Calculate 8. the aveme  devlation 
from the mean. for both the A and B sldw 
of the ~ l u , t  tube. Oss the follow in^ q u a  
tton: 

3 
~ I C ~ . , - ~ . ( / I  or 1j)l  

l 
0 (*id< A or B) - 3 

ICountion 2-4 

I 

4.1.4.5 Use the T m e  S ~ l t o t  tube only If 
the values of a tslde A) and 6 tslde B) are 
l a a  than or eaual to 0.01 and If the absolute 
value of the dllference between C. (A) and 

4.1.5 Sveclni comideratlons. 
4.1.5.1 Selectlon of callbratlon Dolnt. 
4.1.5.1.1 When an Isolated Type 8 pltot 

tube la calibrated. select a eallbratlon wlnt ~ ~~~~ ~~~~~ - ~ ~ ~~~~~- .~~~~~ 
at or near the center of the duct. and follow 
the procedures outllned in Seetlons 4.1.3 
and 4.1.4 above. The Type S pitot coeff1- 
cienta so obtained, 1.e.. C. (sfde A) and C, 
tslde B). WU be valld. so long as either: (1) 
the laolarcd pitot tube is used: or (2) the 
pitot tube Is used with other componenu 
( n o d e ,  thermocouple, sample probe) in an 
arrangement that is free from aemdynamrc 
interference effeota (see P i w  . 2 4  
through 1-8). 

4.1.5.1.2 m r  ~ y p e  s pltot tube-thermo- 
COUPI~ comblnationa (without sample 
probe), select a callbratlon ~ I n t  at or near 
the center of the duct. and follow the p m e -  
dUrU Outlined in SeCtlOns 4.1.3 and 4.1.4 
above. The unfflclent, so obtained WIU be 
v d d  so Ions as the pltot tubcthermocouple 
comblnatlon la used by IueU or with other 
componentd in an interference-free arrange- 
ment (Figures 2-6. and 2-8). 

4.1.5.1.3 For aaaemhltea with sample 
probes. the d b r a t l o n  point should be lo- 
cated at or near the center of the duct: how. 
ever. Lnaertlon of a probe sheath inu, a 

duct may cause sla~Ulcant crosa-sec. 
ttonal area bloehsae and yield Incorrect co- 
efAclent values (Cltatlon 8 in Sectlon 8). 
Therefore. to mlnfmh the blockage effect. 
the d b r a t i o n  wlnt  mny b a few Inches 

off.center If necessaq. The actual bloekaee 
effecc WIU be nesllplble when the theoreti- 
cal blockage. as deterrnlned by a pro lee^. 
area mOdel of the probe sheath. la 2 percent 
or less of the duct c r ~ ~ ~ - m t l o n a l  area for 
88Kmblles plthout extcnurl sheaths (FITG~ 
2-108). and 3 Dement or less for 88Kmblla 
wlth external sheaths (Figure ?-lob). 

4.1.5.2 For thoae probe assemblies in 
whhh pitot tube-node interference la a 
factor (1.e.. those in whlch the p l to t -nae  
sevemtlon dtstance falla to meet the s w l -  
cation Illustrated In Figure 24a). the value 
of CUB depends upon the amount of free. 
space between the tube and nozzle. and 
therefore la a functlon of nozzle s h .  In 
these htances. s epmte  callbrntlons shall 
be performed wlth each of the commonly 
used nuzzle s h  in place. Note that the 
slngleveloclty callbratlon kchnluue is ac- 
ceptable for thla purpose, even though the 
lamer n m e  slzea (>0.635 an or % In.) are 
not ordlnarlly used for lsokinetlc sampling 
a t  velocltla around 815 m/min (3.000 it/ 
mh). whlch la the callbratlon velocity: note 
also that It Is not necssary to draw an Lao- 
klnetlc Jample durlng callbratlon taee Clta 
tlon 18 in Section 6). 

4.1.5.3 Pur a probe sgsembly constructed 
such that i u  pitot tube is always used in the 
same orlentatlon, only one slde of the pitot 
tube need be calibrated (the slde whlch will 
face the now). The pltot tube must still 
meet the alignment specUicatlom of Figure 
2-2 or 2-3. however. and must have an aver- 
age devlation ( 6 )  value of 0.01 or less (see 
Section 4.1.4.4). 

ESTIMATED 
S H E A T H  = [  l X W  ] x I o O  
BLOCKAGE OUCT AREA 

Figure 2- 10. Projected-area models for typical pitot tube assemblies. 
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4.1.2.1 The flowing ~ a ,  stream must be 
conflned to a duct of deflnite cmar-sfffional 
area either clreular or rectansular. For clr- 
cu1e.r cross-sections. the rrmumum duct dl- 
mete r  shall be 30.5 cm (12 In.): for =tan. 
miar cross-scctlnns. the width (shorter side) - -~- -  - ~ ~ ~ -  .--- 
shall be at leaat 25.4 cm (10 ia). 

4.1.2.2 The cmyl-seeUonal area of the 
callbration duct must be mnrtant over a dla- 
tance of 10 or more duct dlametera Fur a 
rectangular cross-tion, use an epUlValent 
dlameter. calculated imm the followins 
euuation. to determine the number of duct 
dlametenc 

Equatlon 2-1 

where: 
1L-Epulvalent dlameter 
L-Lensth 
W-Width 

TO e l l w e  the prrsence of stable. fully d c  
velo~ed flow patterns at the dbrac lon  dte. 
or " t a t  wetlom" the site must be located a t  ~-~ ~ - - ~ ~  .... ~--. -~~~ ~ - ~ ~ ~ -  

least. eight dlametera downstream and two 
dlametik upstream from the nearest dla- 
turbanma 

NOX The elght and two-diameter mite- 
rla are not absolute: other test section Loca- 
tions may be used tsublcct to aDDroval of 
the Admlnhtrator), pmvlded that the flow 
s t  the LUt ate is stable and deaoasvab l~  -. ~ - - -  ~... .... - ..--.. ---- 
varallel to the duct axis. 

4.1.13 The flow a m m  shall have the ea- 
pacity to generate a testaen(on velocity 
around 916 m/& (3.000 it/&). Thla v c  
locity must be mnsunt with time to PUUM- 
tee sieady flow d m  allbration. N& that 
ripe S pitot tube mefllcfentd obtalned by 
single-velodty d b r a u o n  at 915 m/mln 
(3.000 it/&) will generally be valid to 
arlthln *3 vercent foi the measurement of 
veiodties above 305 m/mh (1.000 it/&) 
and to within 25 to 6 vemnt  for the meas- 
urement of velocities between I80 and 305 
m/& (800 and 1.000 ft/mln). lf a more 
vreclss correlation between C, and velocity 
la desired, the flow system shall have the ca- 
pacity to generate at leaat four dlatinct. 
time-invariant teat-seetion velocities mver- 
ins the veioclty range from 180 to 1.525 m/ 
mln (800 to 5.000 ft/min). and calibrallon 
dam ahall be taken at regular velocity inter- 
vain over thls ranm (see C l t a U o ~  O and 14 
~n s e c t ~ i n  a for d e i i ) .  

4 1 . 4  Taro entry ports, one each for the 
, standard and Type S pitot tubes. shall be 

cut in the test section: the standard nitot .-. ~-. .... ~~ ~ ~~~~ . ~~~- - ~ ~ - ~  
entry w r t  shall be located slinhtlv down- 
stre& of the Tyve S port. i o  that the 
standard and Type S LmDact Openin5 will 
lie in the same cross-sectional plane during 
calibration. To facilitate allsnment of the 
pitot t u b a  during callbration. it la ndvhble 
that the test section be constructed of plex- 
iglas or some other transparent material. 

4.1.3 Calibration Procedure. Note that 
thL) procedure Is a general one and must not 
be used without f h t  referrins to the special 
conslderatlons pruented in Section 4.1.5. 
Note illao that thlr procedure applla only 
to sinsle-velocity callbratlon. To obtaln d- 
bration data for the A and B s lda  of the 
Type S pitot tube. proceed as follow: 

41.31 M a e  sure that the manometer la 
proverly fUled and that the oil la free from 
mntarmnation and la of the proper density. 
h p e c t  and leak.check all pitot Ilna: reve.ir 
or replace if necessary. 

PITOT TUBE IDENTIFICATION NUMBER: DATE: 

3 

I en ISIOE A)  I 

CALIBRATED BY: - 

3 
I ~C,,IS)-?~IA OR 611 

AVERAGE DEVIATION = IA OR 8) = 
1 c MUST BE CO.O1 

3 

Figure 2.9. Pitot tube calibration data. 

D E V l ~ l O M  
Cp(,). CP(A) RUN NO. 

4 . 1 .  Level and zero the manometer. 
Turn on the fan and allow the flow to stabl- 
lh. 9esl the Type S entry port. 

4.1.3.3 Ensure that the manometer la 
level and zeroed Prmitlon the standard pitot 
tube at the callbration point (determined as 
outlined In Section 4.1.5.1). and allm the 
tube so that its UD la pointed directly Into 
the flow. Particular car should be taken in 
aligning the tube to avoid yaw and pitch 
angles. Make we that the entry port sur- 
rounding the tube la prowrly sealed 

4.1.3.4 Rnrd A*, and record its value in a 
data table similar to the one s h o w  In 
Maure 2-9. Remove the standard pltot tube 
from the duct and dbeomeet It from the 
manometer. Seal the standard entry port 

4.1.3.5 Comcct the Type S pitot tube to 
the manometer. Oven the Type S entry 
port. Check the manometer level and zero. 
Insert and align the ripe S pltot tube so 
that its A slde imvaet ownlap la at  the same 

point as was the standard pitot tube and is 
pointed dlrretly into the flow. Make sure 

" A  SIDE CALIBRATION 

that the entry port surrounding the tube is 
properly aealed. 

4.1.3.8 Read A% and enter its value in the 
data table. Remove the Tyve S pitot tube 
from the duct and d b e o ~ e c t  it from the 
manometer. 

cm H z 0  
(in. H 2 0 l  

4.1.3.7 Rewat stem 4.1.3.3 through 
4.1.3.8 above until three paha of Ap rradlngn 
have been obtalned. 

4.1.3.8 Reveat steps 4.1.3.3 through 
4.1.3.7 above for the B slde of the Type S 
pitot tube. 

4.1.3.9 Perform calculation& as described 
in Seetlon 4.1.4 below. 

4.1.4 Calculatio~. 
4.1.4.1 Fur each of the alx balm of An 

readlna (1.e.. three from aide A and three 

4 ~ 1 s )  
cm H z 0  
lin H z 0 1  
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E: 
A. BOTTOM VIE*: WOWING Y lN lYUY UTOT.NOLILE SEPARATION. 

STATIC PRESSURE 
OPfAIIlC PLANE 

UTOT TUBE 1 . 1  

IWACTPRESSURE 

/ OPEIINO PLANE 

4.1.1 Type S Pitat ,.Tube Assemblies. 
Durtng sample and velocity traverses. the 
isolated Type S pitot tube is not always 
UMd: in many LMtMees, the pitot tube is 
used h mmblnation with other some-sam. 
piing components (thermomu?ie. m p i t n g  
pmbe, nuzzle) as part of an "BEsernbly." The 
presence of other sampling comwnenld can 
sometimes affect the baaeline value of the 
TygC S pitot tube eoefficlent (Citation 8 in 
Section 6): therefore an aaaianed (or other. 
mtsd known) & h e  coefficient value mag 
or may not be valid for a slven aasemblg. 
The baseline and assembly coefficient 
values arlU be identical only when the rela. 
tlve placement of the comwnenta in ?he as- 
sembly In such that aerodsnamlc interler- ~~~~ ~ ~ - .  
in ic  ifiecta ~ i re  ellmlnated. A w e s  2-0 
through 2 4  Illustrate interference-free 
mmwnent armngemenld for Type S pitot 
t u b  having external tubing diameters be- 
tween 0.48 and 0.95 em (%. and % in.). Type 
S pitot tube assembUes that fail to meet any 
or all of the s~ecificatlonn of A w e s  2-0 
through 2-0 shsll be d b r a t e d  aaprding to 
the procedure outlined '1 Scetionn 4.1.2 
through 4.1.5 below. and prior to callbra- 
tion, the valuea of the intemmwnent spac- 
hss (pitotnuale, pitot-thermocouple, pitot- 
pmbe sheath) shall be messured and record- 
ed. 

M O U L E  ENTRY NOTE Do not use any Tyve S pitot tube \--+!! -. -. a~iembly whkh is conntrueteQ such that the .-. Impact D m  openla7 plane of the pitat 
tube is below the entry.plane of the n o d e  

L SIDE VIE*: TO PREVENT PITOT TUBE (aM Flmre 24b). 
FROM INTERFERIMQWIW GAS PLOW 
STREAMLINES ARROACHING THE 

4.1.1 CalIbntIon Setup. If the Type S 
pitot tube is to be callbratee one 1 4  of the 

NOZZLE. THE I W A C T  PRESSURE 
OP€NING PLANE O f  THE U T O T T U I E  

tube ahPU be permanently marked A. and I 

SMALL I E  EVEN WITH OR AIOVE THE the other. B. Callbntlon shall be done in a I 

I 0 2 Z L i  ENTRY PLANE. flow syatem having the following eyentlal I 
design features: 

b TYPE 1 PITOT TUBE 

SAMPLE PROBE 

THERMOCOUPLE -I 
() TYPES PIT01 TUBE c? 

Figure 2.7. Proper thermocouple placement to prevent interference: 
01 betwen 0.48 and 0.95cm 13116 and 318 in.). 

I 

TYPE S PlTOT TUBE 

I 
I 

" I 
I 

Figure 2-8.. Minimum pitot-sample probe separation needed to prevent interference; 
Dt between 0.48 and 0.95 cm (3116 and 318 in.). 

EPA STATIONARY S W R C E  SAMPLINO METHODS 
Pap. 2-7 REV I 1 / 8 5  



PLANT 
OATE RUN NO. 
STACK DIAMETER OR DIMENSIONS. miin.) 
BAROMETRIC PRESSURE, mm Hg (in. Hg) 
CROSS SECTIONAL AREA, mZ(h2) 
OPERATORS 
PITOT TUBE 1.0. NO. 

AVC. COEFFICIENT, Cp = 
LAST OATE CALIBRATED SCHEMATIC OF STACK 

CROSS SECTION 

3.6 Detennlne the stack caa dry molecular 
welght. For combustion proaasa, or pme- 
esses that emit neentlslly CO.. 0,. CO. and 
N.. use Method 3. Por p rapy le~  emlttlns es- 
sentlally air. an analytlis need not be con- 
ducted: use a dry moleculnr weight oi 29.0. 
FOr other prorrasea. other methods. sublect 
to the approval of the AdmlnlaMtor, must 
beused 

3.7 obtain the moisture content from 
Refennee Method 4 tor eaulvalent) or from ........... 
Method 5. 

3.8 Determine the rrarsaeetlonal area of 
the stack or duct at the sampUng locatloa 
Whcnrvcr wssible. ~hvsieallv measure the ............ 
stack dlmenaionn kither th in  uainp blue- 

Figure 2.5. Velocity traverse data. 

4. Calibration 
4.1 Type S Pltot Tube. Bcfors ita &itla] If P. and Pa are equal and between 1.05 and 

use. carefully examine the Type S plmt 1.50 Ih. there are two W b l e  optlons: (1) 
tube In top, side, and end vie- to vertly the ~ l t o t  tube mPg be calibrated accordlns 
that the face openings of the tube are to the procedure OUWlned In Seetlonn 4.1.2 
allmed arlthh the s ~ l f l & U o n n  U l u s ~ f e d  thmugh 4.1.5 below, or (2) a baselhe tisolat. 
In Fl- 2-2 or 2-3. The pltot tube shall ed tube) coeffldent value oi 0.84 may be as- 
not be used U I t  to meet th- -. simed to the ~ i t o t  tube. Note, however. that 
ment apeeulcatlonr. if the pitot tube is part oi an sssembly, call- 

Nter vertlylnp the fm o w d n g  men. bratlon m w  stU be rululnd, despite knowl- 
ment, measure and mrd the folloarlng dl. edge oi the baseline coeiilclent value (see 
meMloM of the pltot tube: (a) the external Section 4.1.1). 
tub1118 diameter (dlmenslon LJ,. F l m n  2-2b): If Ih. PA. and Pn arc outstde the apeellled 
and (b) the bsse-to-ownlnp plane dlsranees ilmlfa. the pltot tube must be calibrated aa 
( ~ ~ M I O M  PA and Pa. F l m  2-2b). If is OUtUlled h 4.1.2 thlUUEh 4.1.5 below. 
between 0.48 and 0.96 em (K. and ?4 In.) and 
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1 

6 D 
- 

t 
CURVED OR 7 

MITERED JUNCTION .- c 
E - 

STATIC 
HOLES 

( - 0.1 Dl 

, HEMISPHERICAL - 
TIP 

Figure 2-4.. Standard pitot tube design specifications. 

3. Ra+dum . . 

3.1 Set up the apparatus M shorn In 
Plm 2-1. Caplllug tublns or m e  tanka 
h W e d  between the manometer and pltot 
tube may be used to dampen Ap fluctus- 
tlona It h mmmended. but not reaulred, 
that a ~nceat Leak-check be conducted .a 
lolloar ( 1 1  blow through the pltot Impact 
0- untll at l a s t  7.6 cm (3 in.) 8.0 ve- 
lodty pnssun redsten on the manometer: 
thm. claw off Ule Lmpact openlug. The 
PRWlrs ahall re& stable for at lesst 15 
ssmndx 111 do Ule anme for the sutlc ore%. ~~~. ~~- ~-~ - ~ -  ~ . ~ -  - ~ - ~  -.--.. 
sure slde. except ualng auctlon to obtain the 
mlnlmum of '7.6 cm (3  in.) EX). Other leak- 
check pmadurrr aublecc to the approval of 
the AdrmnLnrntor may be used 

3.2 Level and ram the manometer. m. 
cause the manometer level and zam may 

drift due M nbratlona and temperature 
chanses. mnke p e n d c  check dunng the 
travem. Record all necuaam data aa shorn ~- ~~- - 

in the example data sheet ( F i w e  2-5). 
3.3 ~ e a s i u e  the velocity head and tem- 

p e r a m  at the traverse winta smellled by 
Method 1. Ensure that the proper dllferen. 
tlal pressure gauge h behg used for the 
range of An values encountered (see Seerton - . . . - . . . . . . . 
2.217 If it ia necasarv to channe to a mom 
senaklve gauge. do a& and rem<~um the A; 

3.4 Measure the atatlc D m e  in the 
stack. One nadlnp la usually admuate. 

3.5 Detennlne the atmmpherlc pressure. 

EPA STATIONARY SOURCE SAMPLINQ METHODS 
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taken. as above. for the last two back D W e s  
a t  which suitably high Ap readlnaa are o b  
served. 

2.2 Differential pressure Gauge. An In- 
clined manometer or equivalent devlce is 
used. ~ o s t  sampilnt trains are equiDDed 
wlth a lo-In. (water column) inclined-vertl- 
cal manometer. h a w 9  0.Ol.h H.0 divisions 
on the 0-to 1 . h  InuiIned seale. and 0.1-In. 
H.0 dlvlaiom on the 1. to 10-La vertlcal 
scale. Thla tyw of manometer tor other 
gauge of equlvalent sensltlvlty) la satisfac- 
tory for the measurement of An Val- as 
low as 1.3 mm (0.05 LP) H.O. However. a dif- 
ferential pressure gauge of greater sensitivl- 
ty shall be used (subject to the aDpmVal of 
the Admlnlstrator). U any of the folloarln~ 
is found to be true: (1) the arithmetic aver- 
w e  of all AD readin- at the traverse po~nts 
In the stack is less-than 1.3 mm (0.05 In.) 
H.0: (2) for traverses of 12 or more points. 
more than 10 m m n t  of the lndivldlul AD 

for truiersu of fewer than 12 points, more 
than one np readlnt is below 1.3 mm (0.05 
In.) H.0. cltation la In Section 8 desulbes 
commerclaIIv available Lnstrumentatlon for - - ---- 

the measurement of low-nmpe EM velocl- 
~ - 

tla 
As an alternative to toteria (1) through 

(3) above. the f o l l o ~  calculation mag be 
wrfonned to determine the nffavllty of 
using a more aensitlve differential pressure 
m u L  

where: 
ha-Indlvldual velocity head readlng at a 

M v e m  point. mm HX) (In. 8.0). 
n-Tom nu~~lber  of trnvem ~omts .  - ~ ~~ - -  ~~ - 
K-0.13 mm X.O when metric unlta are used 

and 0.005 In H.0 when English unlts are 
uaed 

U T is greater thnn 1.06. the velocity head 
data are umcceptable and a more semltive 
differential pressure saure must be used. 

NOTK If differenilar pressure gauges other 
than Incllned manometers are used kg. .  
magnehelic gauges), their callbration must 
be checked after each test seriea To check 

the callbration of a differenllal pressure 
gauge. W ~ D M  AD readings of the gauge 
wlth thoss of a gauge-oil manometer at a 
mlnimlllxl of t h m  points. approximately 
repmentInt the range of Ap values in the 
stack. If. at eaeh wlnt. the vallln nf A" 

read by the differential pressure gauge and 
gauge-oil manometer agree to within 5 per- 
cent. the dlfferentlal pressure gauge shall 
be considered to be In Droner calibration. -~ 

Otherwine. the tat series shall either be 
voided. or pmeedures to adlust the me= 
ured AP values and f W  results shall be 
used subject to the approval of the Admlnis- 
trator. 

2.3 Temperature Gauge. A thermocou- 
ple. liquid-fllled bulb thermometer. bimetal- 
lic thermometer. mercury-In.glm thermom- 
eter, or other muse, capable of measuring 
temperature to wlthln 1.5 percent of the 
mlntmum absolute stack temperature shall 
be used. The temwrature gauge shall be at- 
tached to the ~ i t o t  tube such that the 
sensor tip d m  not touch any metal; the 
gaute shall be In an Interference-fm ar- 
rangement wlth rewect to the ~ i t o t  tube 
fa& openings (see' ngure  2-1 -and also 
Flmue 2-7 In Seetlon 4). Alternate positions 
may be used U the pitot tube-ternwrature 
gauge system is calibrated amrdlng to the 
procedure of Seetlon 4. Rovlded that a dif- 
f e m c e  of not more than 1 percent In the 
averwe velocity measurement la Intmduced. 
the temperature gauge need not be attached 
to the pltot tube  this altarnatlve is avbjnt  
to the avvroval of the AcldnistraMr. 

2.4 ~ * u i u r e  Robe and Gaute. A piaom. 
.eter tube and memusi or water-fllled U- 
tube manometer capabie of measurm stack 
prersure to anthln 2.5 mm (0.1 In.) H t  b 
uaed The static tap of a standUd tm pttot 
tube or one icn of a T- S ~ l t o t  tube anth 

sure probe. 
2.5 Bemmeter. A mercury. aneroid or 

other hammeter capable of mz%sur(np at- 
mospherlc pressure to wtthln 2.5 mm Iig 
(0.1 h an) may be uaed. In many cssar. the 
barometric r e n h g  may be obtained from a 
nearby national v k t h e r  aervlce station. In 
whlch ease the station value (which is the 
ateoiute bammetrlc pressure) shall be rc- 
quested and an adlustment for elevation dif- 
ferences between the weather statlon and 
the mpl lnD point shall be amlled a t  a rate 

2.8 Gas DeMlty DetermlnatlOn QUiP 
merit. Method 3 equipment, if needed (see 
section 3.8). to determine the stack gas dry 
molecular weight, and Reference Method 4 
or Method s equipment for moisture con. 
tent determlnatlon: other methods may be 
used subject to approval of the Admhhtra- 
tor. 

2.1 Callbration miot Tube. When calibra- 
tion of the Type S pitot tube is necessary 
(see Section 41, a standard pitot tube la W d  
as a reference. The standard pitot tube 
=hall. preferably, have a known coefficient. 
obtained either (1) directly from the Nation- 
al Bureau of Standards. Route 270. Quince 
Orchard Road. Galthenburg. Maryland. or 
(2) by callbration wainst another standard 
pitot tube wlth an NBS-traceable Coeffi- 
cient. Alternatively. a standard pitot tube 
designed according to the criterla glven in 
2.7.1 through 2.7.5 below and illustrated in 
Flgure 2 4  (see also Cltatlom 7. 8. and 17 in 
&ection 6 )  may be used. Utot tubes designed 
~eeordlng to these specifications wlll have 
bwllne  coefflcienta of about 0.99*0.01. 

2.1.1 Hemispherical tshown In F l a r e  2- 
4). ellipsoidal, or conical tip. 

2.7.2 A mlnlmum of .six diameters 
stralght run (based upon D, the external dl. 
m e t e r  of the tube) between the tip and the 
static pressure holes. 

2.7.3 A minimum of eight diameters 
straight run between the static pressure 
holes and the centerllne of the external 
tube, following the 90 degree bend. 

2.7.4 Statlc pressure holes of equal slze 
( a ~ ~ r o x h a t e i y  0.1 D). equally spaced in a 
p<&meter ring configuration. 

2.7.5 Ninety degree bend. with curved or 
mitered junction. 

2.8 Differential Pressure Gauge for T m e  
S Utot Tube Calibration. An lncllned ma- 
nometer or equivalent is used. If the single- 
velwity callbration technique is employed 
(see Section 4.1.2.3). the calibration differ- 
ential pressure gauge shaU be readable to 
the nearest 0.13 mm H.0 (0.005 in. H.0). 
h r  multivelocity calibrations. the gauge 
shall be readable to the nearest 0.13 mm 
ii.0 (0.00s In H.0) for AD values between 1.3 

1.05 and 1.0 m. H.01. and 
to the nearest 1.3 mm H,O (0.05 uL H.0) for 
nn values above 25 mm 8.0 (1.0 in. H.0). A . - - ~  
special. more sensitive taupe \aiU be re- 
qulred to read a p  values below 1.3 mm H.0 
t0.05 In. H.01 (see Citatlon 18 in Section 6). 
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TRANSVERSE 
T U B E  AXIS 

I 
I I I lbl 

L O N E l T U O l N A l  
TUBE AXIS- 

F i e  2-3. Typer d faceopening misalignment that can result from field use or improper construction of 
Type S p b l  blbes. These will not affect the baselme value of Cp(s) so tong as a1 and 02 10'. B1 and 82 
5'. z 0.32 a (118 in.) and w 0.08 cm (1132 in.) (cation 1 I in Section 6). 

A standard pitot tube may be used instead 
of a Type S, provided that it meets the spec- 
ifications Of Sections 2.7 and 4.2: note. how- 
ever, that the static and impact pressure 
holes of standard pitot tubes are susceptible 
to plugging in particulate-laden gas streams. 
Therefore, whenever a standard pitot tube 
18 used to perform a traverse. adequate 
proof must be furnished that the openings 
of the Pitot tube have not plugged up 
during the traverse period; this can be done 
by talrine a velocity head t a p )  reading at 

the final traverse point, cleaning out the 
impact and static holes of the standard 
pitot tube by "back-purging" with pre8sur- 
ized air. and then taking another Ap read- 
ing. If the Ap readings made before and 
after the air purge are the same (zt5 per- 
cent). the traverse is acceptable. Otherwise. 
reject the run. Note that If AP at the final 
traverse point is unsuitably low, another 
point may be selected. If "back-purging" a t  
regular intervals is part of the procedure. 
then comparative AP readlngs shall be 
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AWDE PLANE ; .-.+-.IT NOTE: 

LONCITUOINAL - . . '.050t< P C 1 . 5 0 ~ ~  
TUBE AXIS 

.--- -. .-. PA PB 

B.SIDE PLANE 

Figure 2-2. Properly constructed ~ y p e  s pitot tube, shown in: (a) end view; face opening planes perpendicular 
to transverse ax& (b) top view; face opening planes parallel to longiludlnal axis; (C) side view both legs d 
equal length and centerlines coincident, when viewed from both sides. Baseline coef(icient values 01 0.84 
may be assigned to pltot tubes constructed this way. 
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METHm 2 RULES AND REUJLATIONS/AUGUST 18.  1977  

M ~ U O D  2-DrmmmnAnon or STACK 0.u 
v-rn AND Vo~mrrrnrc Fww RATE 
t T P n S P n m r n )  

I. ptimiple and ~wiicabflitv 
1.1 Rindple. The average pas veialty In 

a stack b detennlned from the 9.a density 
and from measurement of the avenge veloc- 
ity head with a T Y D ~  8 (Stausschelbe or re- 
verse type) Pltot tube. 

1.2 A~pIlcabUlty. Thlr method is appllm- 
ble for messurrment of the average velalty 
of a 9.a stream and for quantUyIng 9.a 
flow. 

T ~ I S  pmadure is not nppueable at mas -  
urement sites whlch fall to meet the criteria 
of Method 1. W o n  2.1. Also. the method 
cannot be used for dlrcct measurement ln 
cyclonlc or ~wlrlhs 9.a strrrma: Section 2.4 
of xethod 1 shorn how to detennlne CY- 
d d c  or wlrlhs flow condlUons When un- 
amptable conditions exist. altemtlve prc- 
ceduw, subject to the approval of the Ad- 
mhlatntor. U.8. EnviranmenW Protection 
Agency, must be employed to mate accwbte 
flow rate detuminatlonb exampled of such 
alternattve pmcedurrs are: (1) to tnSLlll 
stmlphtenlng vane% (2) to calculate the 
tow volumetr'lc flow rate stolchl0metri~- 
ly. or (5) to move to another musunment 
a t e  at whlch the flow L. amptable. 

S D ~ C U ~ ~ ~ O M  for the appuDtlU U C  8lVen 
below. Any other apparatus that hrs been 
demOMmted (6ublea to aDorovd of the ~ ~~ ~~~~ 

Admllllatrator) to lie mDabir7ii m m e h  the 
swellicatlons W i l l  be coMldend amptable. 

2.1 Type 8 Pltot Tube. The Type 8 pltot 
tube (PImre 2-1) shall be made of met& 
tub- te.p. stalnlw steel). It is recommend. 
ed that the external t u b h  dlamerer (dl- 
memon A FLpurr 2-2b) be between 0.48 
and 0.85 cenflmeters (h. and W mchl. There 
shall be an wusl distance from the base of 
each lep of the nltot tube to its f a c ~ m d n n  ~- 
plane tdlmensiim PA and P. PI& ~-at,): it 
is recommended that t h b  d & ~  be be- 
tween 1.05 and 1.50 tlmed the external 
tubins diameter. The face openlnpa of the 
pltot tube shall, preferably, be allmed as 
shown In Figure 2-2: however. alkht m b  
aumunents of the o w n h m  are pemla¶lble 
taee FLwre 2-3). 

The Tym 8 ~ l t o t  tube shall have a known 

Won 4. an ldentUlaUon number shall be ab 
slmed to the pltot tube: thin number .hall 
bc ~ c r m a n e n t l ~  marked or e m v e d  on the ~. 
body of the tube. 

TYPE S PITOT TUOE 

MANOMETER 

'SUGGESTED IIYTERFEREYCE FREE1 
PITOT TUBE. TMERMOCOUPtt SPACING 

Figure 2.1. Type S pitot tube manometer assembly. 
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25.4.1 Calculate the resultant anale a t  
each haveme point 
& = a n  cosine [(coaine YJ(waine PJ] Eq. 

1-2 
Where: 
R, -Resulbnt angle at m n e  point I. 

degree. - 
Y,=Ysw an& at baverae point I, delpsa. 
P,=Pitch a t  mveme point L d w .  

25.42 Ciculalc the avirage mullant  for 
the measumenlx  

ZRl RP - Eq. 1-3 
n 

yhem: 
R -Average resultant angle, degree. 
n-Total number of trawrsa points. 

2.5.4.3 Calculate the standard deviations: 

Where: 
S. - Standard deviation, d e w e .  

2.66 i h e  measurement iocatton i# 
acceptable U R< 2LT and &<10'. 

25.8 Callbratton. Use a flow system a8 
described in Seclioru 1.12.1 end 4.1.2.2 of 
Method 2 Ln eddition. the flow system shall 
have the capacity to generate two test. 
sectton velont~es: one between 385 and 730 
mlmin [12(13 and uOo ftlmin) and one 
between 730 and 1103 mlrmn L7rW and 3rvXl 

25.8.1 Cut two enlry pons ln the test 
sectlon. The axea thmugh the enlry pons 
shall be perpendicular lo each other and 
Intersect in the cenmid of the test aecnan .... ~.. .. 
The ports should be elongated slots parallel 
to the axis of the test section and of sufiicient 
length to allow measurement of pitch angles 
while maintaining the pilot head position at 
the lest-section cenboid. To facilitate ~~ ~~ 

allpnment of ihe directional probe during 
calibration. the test section should be 
constructed of plexiglass or some other 
transparent material. AU calibration 
measurements should be made at the same 
point in the test section preferably a t  the 
cenmid of the tesl-section -~~~ .~ 

25.82 To ensure that the gas flow is 
parallel to the central axis of the test section 
follow the procedure in Section 2 4  for 
cyclonic flowdetermination to measurn the 
gas flow angles at the cenmid of the test 
section from two test DOrb located 90' soart. 
The gas now a n ~ l e  miasured in each p o i  
must be t 2' of 04 Slra~ghtening vanes 
should be installed. ~f nmeuarv. to meet . ~ ~-~ 

thircriterion. . 
2.5.8.3 Pitch Angle Calibration. Perform a 

calibration traverse according to the 
manufachmr's recommended protocol in 5' 
Increments for angles imm -BO' lo +BO' at 
one velocity in eachof the two r a m s  

specified above. Average Ute pressure ratio 
values obtained for each angle in the two 
flow ranges. and plot a calibration curve with 
the average values of the pressure ratio (or 
other suitable meaavremenl factor a s  
recommended by the madufacturcrl Venus 
the pitch angle. Draw a amooth line through 
Ule dats noinb. Plot also the date values for -- -- - r 
each traverse ootnt. Determine the 
difLr&es byween the measured date 
valves and the angle from the calibration 
curve at the same presawe ratio. The 
difference at each comparison must be within 
2' for angles between 0' and 40' and within 
3' for angles between UI' snd BO'. 

25.8.4 Yaw Angle Calibration Mark the 
threedimensional probe to allow the 
dcterminsuon of the yaw posllron of the 
probe. l l u s  is usually s line extending the 
lennth of the probe and alignad w ~ t h  the 
impact opening. To determine the accuracy of 
m&suremcntsof the yow snple. only the zero 
or null position need be cslilbreted as  
follows. Place the dtrectional probe In the lsst 
sect~on, end rotate h e  probe unttl the zero 
posttlon is found. Wtth a pmvsctor or other 
angle mesaunng dence. messure the angle 
tndncated by the yaw sngle tndtcator on the 
lhreedemens~onal ambe Thta lhould ba -.... -~ 7 ~ - - -  ~ ~~ 

w~thtn 2' of O'. Repeat this messvrement for 
any other polnts along the length of the pilot 
where v a u  snnle measurements could be 
resd iiorder & accountfor variations in the 
pitot markings used to indicate pilot head 
positions. 
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2.3.1.2 Stacks wlth  Diameters Equal to 
or LeYl Than 0.61 m (24 In). Follow the pro- 
cedure in sectton 1.3.:.:. n a t h  only that  
any "adlusted" points should be relocated 
away from the stack WU to: (1) a distance 
of 1.3 cm (0.50 in.): or (2) a dlstance equal to 
the nmzle LMlde diameter. whichever is 
larger. 

2.3.2 Rectangular Stacks. Determine the 
number of traverse points as explained in 
sections 2.1 and 2.2 of this method Fmm 
Table 1-1, determine the mid conflSuratlon. 
Dlvtde the stack croaaaeetlon into as many 
equal rectangular elemental areas as tra- 
verse point* and then locate a traverse 
point at  the centroid of each equal area ac- 
cording to the example in FlSure 1-4.. 

If the tenter drJirrs to we more than the 
Ininmum number of traverse points. 
expand the "minlmum number of traverse 
polnta matrlx (see Table 1-1) by addlng the  
extra traverse points along one or the other 
or both less of the  matrix: the f M  matrix 
need not be balanced For example. U a 4x3 
"mlnlrnum number of points: matrlx were 
expanded to 36 points. the final matrix 
could be 9x4 or 12x3. and would not n m s  
sarlly have to be 6x6. After constntechs the 
final marrlx. dlvlde the stack emul-aeetlon 
into as many equal rectangular, elemental 
areas as traverse point* and locate a tra. 
verse point at  the centmld of each equal 
area  

The situation of traverse points being tw 
Closc to the stack waU b not expected to 
artM With rectangular stacks If this p m b  
lem should ever arise. the Administrator 
must be contacted for resolution of the 
matter. 

2.4 Veriflcatlon of Absence of Cyclonlc 
now. In mart stationary sources, the dim- 
:ton of stack paa flow is essentiaily pamuel 
to the stack walk However, c~clonic flow 
may exist (1) after such devim as cyclonea 
and Inertial demlsters following venturl 
scrubbers, or (2) In st8ckn havlng tangential 
Inlets or other duct wnfl~unrtlon8 whlch 
tend to induce swlrllnc in these LMtMns. 
the presence or absence of cyclonlc flow at  
the sampling loutton must be determined 
The followins techniques arr amptable  for 
this determination. 

Fipre 1-4. Exampla lkovriml ratanwtar nack cron 
YCtion divided int6 12 qua1 area% with a traverse 
poinl at centroid of each are& 

Level and zero the manometer. Connect a 
Type S pltot tube to the  manometer. Past- 
itan the T 3 ~ e  S pltot tube at  each traverse 
point. in succession, so that  the planes of 
the face openinen of the pitot tube are Per. 
pendlcular to the stack craw-sectional 
plane: when the Type S pitot tube is in this 
posltlon. It is a t  "0' reference." Note the dlf- 
ferentlal presaure (An) reading a t  each tra- 
verse point. If a null turn) pltot reading is 

~ ~~~~ ~ ~. 
290' yaw angle). unto a null readins i; ob- 
tained. Carefully determine and record the 
value of the mtatlon angle (4 to  the near. 
est d e m e .  After the null technique has 
been applied a t  each traverse poinh calcu- 
late the average of the absolute valuea of o: 
assign .Z values of O' to thoae points for 
whlch no mtatlon was regutred. and include 
thwe in the overall average. If the average 
value of m ls greater than '20: the overall 
flow mndltlon in the stack is unacceptable 
and alternative methodology, sublect to the 
approval of the Admlnlstramr. must be used 
to perform neeuraw sample and velocity tra- 
verses 

The alternative pmcedum descnaeo In 
Section 25 may be uaed lo determine the 
rotation angles in lieu of the procedure 
describsd above. The limit of acceplabilily 
for the average value of a would remain 20'. 

25 Allematlvs Measursmsnt Site 
Selection Roeadw. This altemahva applies 
to wwun where meaauremenl location8 am 
less than 2 equivalent alack or duct diameten 
downsImam or less than % duct diameter . 
upsimnm fmm a flow disturbance. 'Ihn 
alternative should be limited to duch l a m r  
than ?A in. in diameter wbern b l o h e  a i d  
wall effects am minimal. A directtonal flow. 
wn8ing pmbe is uaed to measure pltch and 
yaw angles of the gas flow at10 or more 
bavene points: the mullant angle la 
calculated and compared with acceptable 
critnia for mean and standard dsviatioa 

Nots-Bolh the ~ i l c h  and vaw anal- am 
measured from a l ke  pa& t h m d  the 
lravene point and parallel lo the stack axis. 
The pltch @e is the angle of the gas flow 
component in the plane thnt INCLUDES thn 
lrnvene line and is parallel to the stack axir 
The vaw -la Is the amls of the nam flaw ~ ~~- < -  --- ~- -~ -. --- --- 
component in the plane ~ I W L A R  to 
the rnverse line at the b a v m e  point and u 
measured fmm the line pansing thmugh the 
lravene pomt and psrallel to the stack axh. 

25.1.1 b c t i o n a l  Robe. Any dlmctioaal 
pmbe. such as United Serlsor Typa DA b 
Dlmemlonal Directional Robe. capable of 
measurhg both the pitch and yaw &as of 
mse flaw. b a-nteble. INok Mention of --- ~~- - - - - - - -  - - - ~ -  ~ .. 
wade name or specific pmducts doe8 not 
comtlNle endonement by the U.S. 
Environmental Protection Agency.) h 8 @ l  an 
idenliliution number to the diredonel 

pmbe, and permanenuy mark or engrave 
numbsr on the bod" d the urnbe. The -~~ - - -  > -~ r ~ - - - .  ---- 
pressure holes of directional pmbss am 
susceptible to plugging when used in 
partlculalbtaden gas slrnams. Therefom, s 
system lor den- the pressure holes by 
"back-pqhg" with pressurized au is 

25.12 Differenttal Pressure Gauger 
Lnclined manometers. U.Nbe manomelen. or 
other differential pressure gauges (e.8.. 
magnehel~c gauges] that meet the 
specificauons desaibed m Method 2. 5 22 

Note.-If the different~al pressum gauge 
pmduces both ngattve and positive read~nga 
then both negative and postuve pressure 
readings shall be caltbrated at a mtn~mum of 
three pomu as specified in Method 2 5 U 

252  Traverse Pomts. Use a m h m w  of 
10 lraveme points for cucuiar duct8 and 42 
points lor rectangular ducts lor the gas now 
angle detemunat~ons. Follow 5 23 and Table 
1-1 or 1-2 lor the locallon and layout of the 
travene pomts. If the messurrment location 
IS determmed to be acceptable accordmg to 
the cntena m thts alternatrve procedure. we 
the same mvene  point nwber  and locatioru 
for sampling and veloc~ty measurements. 

2.5.3 Measurement Procedure. 
2.5.3.1 Prepare the directional probe and 

differential pressure gauges as recommended 
by the manufacturer. Capillary tubing or 
a q e  tanks may be used to dampen presaure 
fluctuations. It is recommended, but not 
required that a pretest leak check be 
conducted. To perform a leak check. 
pressurize or use auction on the impact 
opening until a readinn of at leaat 7.8 cm I3 
k.) H,o mglsten on the differenual presbJrE 
gauga, then plug the impact opsntng. The 
D l a n w  o f s  leak-he svsam will mmsin 
ntable for at least 15 secbnh. 

25.32 Level and zem the manomelem. 
Since the manometer level and u r n  may drlft 
becnw of vibrations and temperature 
changes, periodically check the level and 
aem durhg the Usvane. 

253.3 Position the pmbe at the 
apprupriale location8 in the gas swam, and 
rotate until zero deflection ia indicated for the 
yaw angle pressure gauge. Determine and - 
n m r d  the yaw angle. Record the prensure 
g a q e  r e a d i i  for the pitch angle, and 
determine the pltch angle fmm the calibration 
curve. Repeal WB procedure for each 
bavme  poinL Complete a "beck-purge" of 
the pmssure lihea and the impact openings 
prior to msasuremenb of each Uaveme point 

A post-test check as described in 8 253.1 
Is mqulnd II thn criteria for a leak-frw 
systnm are not meL repair the agvlpment nnd 
repeat the flow angle meaauremenu 

26.4 Calculate the resultant a d a  at each 
baverse p o i n ~  the average resulla;~ angle. 
and the standard deviation us ln~ the ~ - 
lollowng s q u t i o ~ .  Complete the 
calculaUon8 retaining at least one earn 
slgniflcant figum beyond that of the acquired 
dab. Round the values after the i d  
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2.2.2 Velodty (Non-Particulate) Tra 
vents. When .velocity or volumetric now 
rate is Lo be determined (but not particulate 
matter), the same procedure as that for par- 
tlculate traverses (Section 2.2.1) h followed. 
except that R m  1-2 may be used lnstead 
Of m m  1-1, 

2.3 CI'cda-aectlonal Layout and LDcation 
of Traverse Points. 

2.3.1 Circular Stacks. &te the traverse 
points on two pemendicular diameters ac- 
cordlug to Table 1-2 and the example shown 
in Figure 1-3. Any equation (for examples. 
see Citations 2 and 3 in the BLbliomphy) 
that dves the same values as those in Table 
1-2 may be used in lieu of Table 1-2. 

h r  particulate traverses. one of the d i m  
eters must be In a plane containinp the 
-eat expected concentration variation. 
e.g.. after bends, one diameter shall be In 
the plane of the bend. T t b  requirement be- 
comes lun, critlcal a. the dl8tance fmm the 
disturbance increases: therefore. other dl- 
ameter locations may be used. subject U, a p  
pmval of the AdmtniBtratnr. 

In addition for stacks having diameters 
greater than 0.81 m (24 in.) no traverse 
points shall be located within 2.5 centlme 
tern (1.00 in.) of the st& walls: and for 
stack diameters equal to or less than 0.61 m 
(24 in.), no traverse points shall be located 
withln 1.3 em (0.50 in.) of the stack walls. 
To meet these crlteria observe the pmee- 
d m s  dven below. 

2.3.1.1 Stacks With Diameters Greater 
Than 0.61 m (24 in.). When any of the trs- 
verse points & located in Section 2.3.1 fall 
within 2.5 cm (1.00 in) of the stack walls. re- 
locate them away fmm the stack walls Lo: 
(1) a dlstance of 25  an (1.00 in): or (2 )  a 
distance equal to the nozzle b i d e  diameter. 
whichever ls larger. These relocated tra- 
verse points ton each end of a diameter) 
shall be the "adlusted traverse points. 

- 

Whenever two succclgive traverse points 
are combined to form a s h l e  adlusted tra- 
verse point. treat the adlusted wlnt as two 
separate traverse points. both In the sam- 
pUng tor velocity measurement) procedure. 
and in recording the daLa 

TRAVERSE 
POINT 

DISTANCE. 
', 01 dnamlttsr 

Fagun 1.3. Example rhowingc~rsular slack cross reclion divided into 
12 rsual areas, with location of traverse points indicared. 

TABLE 1-2. LOCATION OF TRAVERSE POINTS IN CIRCULAR STACKS 

[ P r a n t m . M d m v h a m u d . ~ l o - ~ l  
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M ~ O D  I ~ A X P U  MD V- TR\SB(SIS 
mn SrmosAnY Somcrs 

1. Mne ipk  and Ap~li~abflih '  
1.1 principle. TO aid in the represents- 

tlve measurement of puiiiiiant ernkioiis 
and/or tow volumetric flow rate from a 
stationary source, a messurement slte where 
the effluent stream is f l o w  Ln a knom dl- 
rection is selected, and the ~ s e e t l o n  of 
the stack is divided into a number of eauai 
a re s .  A traverse point is then loated 
withtn each of these equal areas. 

1.2 AppllcabMty. This method is applica- 
ble to flowing pas streams in ducts, staCkS. 
and flues. The method cannot be. wd 
when: (1) flow is cyclonic or aarirllng (see 
Section 2.4). (2) a stack is smaller than 
about 0.30 meter (12 in.) In diameter. or 
0.071 m'(113 1n.q cmss.sectional area or (3) 
the m&ureient site is leas than two stack 
or duct diameters doamstream or lens than a 
half diameter upstream from a flow disturb- 
ance. 

The rmulrements of thh method must be 
considered before construction of a new fa- 
cility from which emlarioM wil l  be meas 
ured; failure to do so may require subse- 
quent alterations to the stack or deviation 
from the standard orocedure. Cases involv- 
ing variants are subject to approval by the 
Admlnistrator. U S .  Environmental Rot= 
tlon Agency. 
2. Fmcedure 

2 1 Selection of Measurement Slte Sam- 
Dllng or VeloCitY mesurement is Performed 
at a slte located at least e t ~ h t  stack or duct 

~~~ ~~ - - - ~  

diameters downstream a n i  two diameters 
UPStreQm from any flow disturbance a u e h ~ i  
a bend, exPansion. or contraction in the 
stack. or from a visible flame. If nece-ry. 
an alternative location may be selected, a t  a 
position at least two stack or duct diameters 
downstream and a half diameter upstream 
from any flow disturbance. Fur a rectangu- 
Iar crosa section. an equivalent diameter 
(D,)  shall be calculated from the following 
equation, to determine the upstream and 
downstream distances: 

where L-length and W=width. 
An aitemallve procedure ir available for 

determining the acceptability of a 
measurement location no1 meeting the 
crileria above. This precedure, determination 
of gas flow angles at the sampling poinb and 
comparing the reaulta with acceptsbiUty 
criteria, is described in Section 25 

-. - 
RULES AND WGULATIU4S/AUWST 1 8 .  1 9 7 7  

measurement site to the nearrat uluhream 
and doamstream dlsturbancea. and dlvide 
each dlntance by the stack diameter or 
equivalent diameter, to determine the dis- 
tance in terms of the number of duct dlame- 
ten. Then, determine from P l m  1-1 the 
mlnimum number of traverse points that 
comsponds: (1) to the number of duct di- 
ameters upatream: and (2) to the number of 
diameten, downstrram. 8elect the hlgher of 
the two mlulmum numbers of traverae 
points, or a greater value. ao that for circu- 
lar stacks the number is a multiple of 4. and 
for rectangular stacka, the number & one of 
those shown in Table 1-1. 

* 
OUCT DIAMETERS UPSTREAM FROM FLOW OISTURBANCE IOISTANCE A1 

0.5 1.0 1.5 2.0 2.5 
50 I I I I i I I 

* H I G ~ E R  NUWER IS FOR 
RECTANGUUR STACKSOR Duns z 60 - 

3 
P 
w L, 

S 
> l o -  
2 - 2b OR 25' 
8 

- 
1 - 16 STACK DIAMETER > 0.61 m 126 in1 

r 10 
FROM POINT (X 4NV TYPE Q 
DIPURSANCE (=NO. EXPANSION. CONTRACTION. ETC.) 

STACK DIAMETER - 0 . 9  100.61 m 112.2. In1 
I I I I I I I I 

2 3 6 5 I 7 I 9 I0 
. . 

OUCT DIAMETERS DOWNSTREAM FROM FLOW DISTURBANCE IDISTANCE 81 

Figure 1-1. Minimum number of traverv points lor particulate traverur 

2.2 Determining the Number of Traverse 
Points. 

2.2.1. Particulate Traverses. When the z 16 STA=K DIAMETER> 0.61 m I24 in1 

e l g h ~  and tam-diameter criterion can be 1 1 I .  
1 . . 

met. the mlnimum number of traverse f I  1 
Doints shall be: (1) twelve, for cirmlar or 
mCtanWlar stacks with diameters tor eauiv- 
aient diameters) Preater than 0.81 metrr 124 
In.); (2) eight. for circular araelra with dlam I ~ 

eten  between 0.30 and 0.81 meter (12-24 0 1 I I I 1 .  I 
In): 13) nine, for rectangular stacks with z I 4 I 6 7 8 9 10 

I 
~ ~ I v a l e n t  diameter8 between 0.30 and 0.61 DUCT OIUIE'TERS OWINSTREAM FRW FLOW OISTUR~ANCE (DISTANCE 8 )  
meter 112-24 1n.l~ -. . . . - - - - . . 

When the eight and two-diameter mite- Flpln 1.2 Minimum numbor of travem poma lor veloctty tnonpan~culatel traverra. 
rion cannot be met, the m h b u m  number 
of traverse points is determined from Pisure 
1-1. Before r e f e m s  to the f i m .  however.  STATION^^ SOURCE SwPLINO determine the dlntances from the chosen 
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INTRODUCTION c * - t ~  

1 - Particulate and ammonia compliance sampling was performed on the Drying Drum 
exhaust from the #2 Conductive Roving line at the Owens-Coming Fiberglas 
Huntingdon Plant on October 8 and 9, 1991. The testing was performed per 
conditions-for the renewal of permit number 31-309-005a. 

The particulate testing was performed according to U.S. E.P.A. Methods 5 and 
Pennsylvania DER method 5. 

The particulate and ammonia testing was performed by Leroy F. Owens, Advanced 
Environmental Specialist , Paul Detterline, Environmental Engineer, and 
Donald C. Jenne, Environmental Technician , of Owens-Corning Fiberglas', 
Environmental Affairs Department. 

i The particulate analysis was performed by Owens-Corning Fiberglas' 
Environmental Affairs Laboratory. The Ammonia analysis was performed by 
Clayton Environmental Consultants, Novi, Michigan 48375. 

I 

Samples were obtained according to the test procedures outlined in the 
section titled, "Sampling and Laboratory Procedures*. All the tests were 
performed to prescribed methods with no known errors occurring. 

The average particulate emission rate calculated from the three particulate 
tests was 0.06 lbs/hr. The highest concentration measured was 0.0043 gr/dscf 
This is well below the allowable of 0.04 gr/dscf. 
The average ammonia emission rate calculated from the three ammonia tests 
was 0.026 lbs/hr. 



SUMMARY OF RESULTS 
Ammonia 

Area of Stack - --  
" P  

3 t " '  "" Effluent 0 n s i  . . . . . . . 
3 
,r 3 
S Percent Moisture 1.1 1 .O 1 .O 
d 

Average sampling rate (CFM) 0.588 0.599 0.593 

~1:.%~c~mi.r~+.v~~:3~:$q?.:.:~~:+t:~::a~:6p2iq:.:11:il:il::il!:9~~..:%1!$q~~~~:?,~~;~y~y~~gg~$~~~~~@~;~~@p~~~g~~~~~~~~pi~,?~rrjr~@~@~~~>$~~$~~fg~&~~$$~~~@~~~ 
~ ~ o r r e c t e d ; S a . m ~ p ~ e ~ ~ o l ~ , m ~ e . ~ ~ , s c ~ ~ & ~ ~ ~ ~ ~ ~ ~ j ~ ~ ~ ~ ; ~ ; ~ ; ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ . ~ ~ ~ ~ ; ~ ~ ~ ~  T:sLL ~r~$~.j~,2!g;;~;;z:x x , ~ x ~ ~ , . ~ ~ v ~ . , . , ~ . ~  ~ ~ $ ~ ~ ; & ~ 2 ; ~ r ~ L ~ s e I s ~ ~ ~ ~ j ~ : ~ 1 ~ , . L ~ ~ ~ j ~ a  .+....:: .f.f...,..f...,f hr;.r;.r;. >caz;t2:..2:;;Ni 

Weight Collected (gms) 7.4 6.3 8.7 

Emission Rate (Ibslhr) 0.026 0.022 0.032 





PROCESS DESCRIPTION 

AND 

FLOW DIAGRAM 

S e e  C o n f i d e n t a l  S u p p l e m e n t  



PROCESS DATA 

SEE CONFIDENTIAL SUPPLEMENT 
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SUMMARY OF WEIGHTS 

TEST #1 
MG - 
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MG - 

TEST #3 
MG - 

FRONT HALF 
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NAIMA 
NORTH AMERICAN INSULATION 
MANUFACTURERS ASSOCIATION 

February 4, 1992 

Ron Myers 
Emission Inventory Branch (i4D-14) 
U.S. Environmental Protection Agency 
Research Triangle Park, NC 27711 

Subject: Request For Information - AP-42 

Dear Ron : 

The NAIMA Environmental Affairs Committee appreciates the extension 
of the deadline until March 15, 1992 for the above referenced 
subject. We are looking forward to working with you on AP-42. 

Best regards, 

~ e ~ r g e  R. Phelps 
NAIMA 
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NAIMA 
N O R T H  AMEr l lCAl l  INSULATION 
MANUFISTVRE~S ASSDCI~TIO" . 44  C A N A L  CENTER P L A Z A  

SUITE 310  

A L E X A N D R I A .  V A  22314  

Ron Myers 
Emission Inventory Branch @ID-14) 
U.S. Environmental Protection Agency 
Research Triangle Park, NC 27711 



United States , Region 10 
Environmental ~rdte~lidn 1200 Sixth Avenue 

Alaska 
Idaho - - 

Agennl SeaWeWA98iol~ &n 
Washingtcn 

March 29, 1990 

Reply To 
Attn Of: AT-082 

Styrene Emissions Study Draft Report 

Air Toxics Coordinator 
Air Programs Development Section, Region 10 

To : Charles H. Darvin, Co-Chair 
Control Technology Center 

Attached is the draft report from the University of 
Washington of the styrene emissions study conducted last summer. 
This report is for your information. However, we wou1.d welcome 
your comments and recommendations. We will incorporate all 

~. 
comments received by April 18th into the final report. 

Attachment 

cc: a . .  * MD-15 
APDS 



Styrene Emissions 

by 

Stacia Dugan and Michael Pilat 

Department of Civil Engineering 
University of Washington 
Seattle, Washington 98105 

Teddy Le 
Project Engineer 

Air Quality Program 
State of Washington 

Department of Ecology W-11 
olympia,''~~ 98504-8711 

January 1990 
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Styrene Emissicns Study 

I. Introduction 

A. Research Objectives 

The objectives of this research project are, in 
general, to determine the magnitude of the styrene 
air pollutant emissions at the Western 
Recreational Vehicles, Inc. plant (Yakima) and 
possible adverse health effects caused by these 
styrene emissions. 

B. Research Significance 

The proposed research has significance to the 
issue of human health effects related to the 
emissions of styrene air pollutants from 
fiberglass fabrication plants in the State of 
Washington. These styrene emissions have caused 
complaints by citizens living near the plants. 
The complaints include objectionable odors and 
various health distresses. 

11. Approach 

The research approach will be to measure the 
styrene emission rates (concentration and 
volumetric air flowrates) from the plants. Also, 
the ambient air styrene concentration will be 
estimated using a screening model. The research 
approach will include a literature search to 
acquire information on the manufacturing process 
which generates the styrene emissions and the 
emission control systems presently available to 
control these emissions. The health impact of 
styrene on the neighborings residents will be 
estimated with the assistance for the Washington 
State Department of Social and Health Services. 
The results of this research project will be 
presented in a report which will also be the 
thesis for the degree of Master of Science in 
Civil Engineering at the University of Washington. 



11. Sampling Sites 

A. Western Recreational Vehicles - Yakima, Wa. 
The plant manufactures recreational vehicles. The 
manufacturing process starts with welding the 
steel chassis and ends with a recreational vehicle 
ready for sale. The showers, tubs, and fiberglass 
roofs for the over the cab berth section of the 
RVs are made of fiberglass. The fiberglass 
facility is designed with 2 enclosed booths in a 
warehouse. Each booth has 2 ventilation ducts 
located behind wall size filters. The ventilation 
system draws the air and styrene vapor from the 
'booth through the filter, which catches the large 
particulate, and expels the air out into the 
environment. 

The booth located in the North East side of the 
warehouse is the gel coat booth. Here, the gel 
coat is applied to the mold. Only one of the two 
ventilation ducts wzs running during the sampling 
period. The sampling identification for this duct 
is WNW which stands for Western Recreational 
Vehicles, North-East Duct. 

The booth located in the South East section of the 
warehouse is were the suppressed styrene resin and 
the chopped fiberglass strands are applied to the 
.gel coat layer previously applied to the mold. 
Western Recreational Vehicle (WRV) uses a 
suppressed resin, which is suppose to release less 
styrene vapor than typical styrene resins. The 
ventilation system is the same as the one in the 
gel coat booth, a wall filter before the 34" 
ventilation ducts. Only one of the 2 ducts was 
operational during the sampling period, WSE, 
(Western Recreation Vehicle, South East Duct). 

The parts are allowed to set inside the warehouse 
and the emission leave the building threw the 
ventilation ducts, and by way of cracks and vents 
in the building. 





11. Sampling Sites 

B. Hytech - Yelm, Wa. 
The plant manufactures fiberglass hot tubs and 
showers. The fabrication process is on an 
assembly line through 5 booths or hoods. The- 
booths can be identified by a production step. 

Step #1 Booth A: Application of gel coat to the 
mold. 

Step #2  Booth E: Application of barrier coat to 
the gel coat. 

Step #3 Booths B, D, and E: Application of 
fiberglass resin layer to the gel coat 
and barrier coat already on the mold. 

Two ducts are located on the roof above each 
booth. . . Duct identification is by three. letters; 
i.e. HAE. The first letter H, stand for Hytech. 
The second letter, A, is the booth identification 
for the gel coat booth. The third letter is the 
direction of the duct relative to the booth; N- 
North, S-South, E-East, and W-West. The ten ducts 
rise approximately 4 to 5 feet above the roof and 
are 34 inches in diameter. Access to the roof is 
via a ladder. 

If necessary, electrical outlets are available 
inside the plant and accessible with extension 
cords. Care must be taken to avoid sparks, as 
styrene is flammable. 







111. Measurement Methods 

A. Gas Velocity 

Duct gas velocity and volumetric flow rate are 
determined using Environmental Protection Agency 
Method 2-Determination of Stack Gas Velocity and 
volumetric Flow Rate. (40 CFR Ch.1, 7-1-88 
Edition, Pt. 60, App: A, Meth. 2) 

The ducts at the 2 fiberglass fabrication plants 
have no ports. A few have configurations that do 
not allow for the installation of usable ports. 
Therefore when necessary, velocity is measured at 
the ducts outlet to the atmosphere (across top of 
duct). Ports were cut in Hytech duct BN (booth-B, 
North-N). A velocity traverse was made across the 
top of duct BN and using the ports. The 
difference in the measured velocity for these two 
locations is less than 5%. 

Gas Velocity results are in the appendix. 



111. Measurement Methods 

B. Sampling Method 

NIOSH Method 1500 to sample Styrene at the 
fiberglass fabrication facilities. The methods 
uses charcoal tubes for sampling and a gas 
chromatography for analysis. The methods are 
outlined below. 

Eaui~ment : 
1. 100/50 ma or 350/350/350 ma charcoal tubes. ~, ~ ~, ~ ~- - 

The chaicoal Gubes~ are from SKC West of Fulleron, 
California, The 100/50 glass tube consists of a 
glass wool plug at the inlet followed by 100 mg of 
charcoal, a foam plug, and 50 mg of charcoal. the 
350/350/350 charcoal tubes have a similar design 
2. personal sampling pumps, 0.01 to 0.2 ~/min. 
Flow rates form 20-80 ml/min for 8hr sampling 
periods. 
3. Tubing to connect pump and charcoal tube. 
4. Gas chromatography (g.c.) for analysis. 
5. Vials for desorbtion of tubes-amber with 
septum caps. 
6. Syringe, 10 ul, for g.c. injections. 
7. Pipettes, volumetric flasks for preparing 
standards.& desorbing samples. 
8. Carbon disulfide for desorbing samples. 
9. Styrene for standards. 
10. Helium, hydrogen, and air for g.c. 



111. Measurement Methods 

B. Sampling Method (continued) 

Presamplinq 

1. Calibrate each personal sampling pump at the 
sampling flow rate with a representative charcoal 
sampling tube in line. A bubble meter will be 
used for calibration. 

Sam~ling 
1. Assemble sam~lina train on site. Break ends 
of tube immediately gefore sampling. Attach tube 
to pump with flexible tubing. Suspend charcoal 
tube into duct. 
2 .  Record time and initial digital reading on 
pump. Start primp. 
3. Sample at the pumps calibrated flow rate for 
a total sampling size of approx. 25 L. 
4 .  Record time and temperature throughout the 
sampling day. 
5 .  .. At the end of the sampling period, turn off 
pump, record time and final digital reading. 
6. Cap tubes with plastic caps, tape sealed and 
ship to lab. 

post Sam~linq 

1. Recalibrate each personal sampling pump at 
the sampling flow rate with a representative 
charcoal sampling tube in line. A bubble meter 
will be used for-calibration. 



111. Measurement Methods 

c. Chemical Analysis 

Sample Preparation: 

1. Place each charcoal section of the 
sampler tube in a separate vial. Discard the 
glass wool and foam plugs. 
2. Add 1.5 ml of cs2 to each vial. 
containing 350 mg charcoal, 0.5 ml to each 
vial containing 50 or 100 mg charcoal. 
Attach cap to vial. 
3. Allow sample to stand (desorb) 30 min. 
with occasional agitation. 

calibration & Quality Control: 

1. Calibrate Gas Chromatography daily with 
three to fiveworking standards over the 
range 0.02 to 10 mg analyte per standard. 

a. Add known amounts of analyte to CS2 
-in 50 ml flasks and dilute to mark. 

b. Analyze together with samples and 
blanks. 

c. Prepare calibration graph (peak 
area vs. mg analyte) . 
2. Determine desorbtion efficiency (DE) at 
least once for each batch of charcoal used 
for sampling in the calibration range. 

a. Inject a known amount of analyte 
directly onto front adsorbent section with a 
microliter syringe. 

b. Cap tube. Allow to stand 
overnight. . 

c. Desorb and analyze together with 
working standards. 
3 Analyze samples within 2 weeks of 
collection. Refrigerate samples during time 
between collection and analysis. 



111. Measurement Methods 

C. Chemical Analysis (continued) 

Measurement: 

1. Set g.c. operating parameters - proper 
attenuation, temperature, etc. Inject sample 
aliquot. 
2. Record peak area for known standards and 
unknown samples. 

Concentration Calculations: 

1. Determine, from the standard graphs, the 
mass, mg (corrected for DE) of analyte found 
in the sample front, 100 mg (Wf) and black, 
50 mg (Wb) adsorbent sections, and in the 
average media blank front (Bf) and black (Bb) 
adsorbent sections. 
2. Calculate concentration, c, of analyte 
in the air volume sampled, V: 
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V. Appendices 
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Operators: : , $ / I r  1 1  . . . . 
Samplinq Location ID:$@,/d ,.-':.. i.!, ' - ..,.. . . - ;z.-7 .. _ ._ .. , ---.-- 

. . 





I I ' - - .  
L.-- Y, "  ,- --: 

I Gr+-p< :. .. 
.. - 

G a s  ~ c l o c i c v  Daca. Shccc  ( ~ p *  ~ ~ ~ h ~ d  2 )  . - . . .'* . .- 

Planc: /./,,{r c . 3. 1,. . Date: .V- I ? -  .Y $ 

Locaclon i n  P l a n t :  i j , ,  .I ?.A/ - 
Locacion i n  Ducc: A,-,,... .. :.. ,.t Duct  Dimensions: 39 " -- 
Acm. Baromccric P r e s s :  q.?,f)o' ~ u c t  static ~rcss:-/>a /g 
Dry Gas Hol. W t .  2% *%* Z Water Vapor: - - 
Date of EPA N t h  3 O r s a t  Tcs t :  Dace of EPA Hth  4 XoisKure Tesc:  

' P i c o t  Tubc Cp: ,yt . P i c o c  Tube I D  No. 7l/fic 5 , . L f fb  

Time of Vc l .  T r a v e r s e  Measurements: &rato=-!i .- 

Sampline Lacac ion  ID: 6N v5 = 23.75'-13 G P ~  





.; L.' ... Locacion i n  Ducc: . /; C C ~ ~ S . ;  f . - ;j.*.::,. !!'..? ....,.; j . .  :.: .. -2-i-. . . . .  . ....- 
.*, .". 

~ t m .  Barometric Press: .?n,,g? & - .. - - - .. - j , , ,~: .,i... :: :. :: :;. #::;:, : I. .,, . .  I.<; ...... - 
2I.j .q ' .Si,;,>*- *. D r y  Gas Hol. W t .  . . -- -. - - ...- .., ..].7;:e: ':.i:'; ,:;.: ... -cr . . . . . . . . . . . . .  - ~ a t c  o f  EPA Hch 3 Orsac Test: EJzc. <., ;:pt. '.!!I : fi,,j:;t:,r~'.. ' : . . ~ . ? : .  . . .  ..- . 

P i t o t  Tube Cp: 0.84 L .... Pica: iubc 3.3 '60- .. .- -. . .. ... - .. .- 
....... Time of V e l .  Traverse Hcasuremencs: .-??z<,,:,-, I - W ~ ? * . I  c r::. .. .- ................ - 

Sampline Lecacion ID: 8> 5 . ; I .  I' . . . . .  . . 
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!. Gas Vclocicv Oaca Shccc (€PA ncchod 2)  

, !  
I 
, .  plant: U.,,+cM ,. V&/m Dacc: /a? /a 
i 
I ~ ~ ~ a c i o n  LIn ~ l a n c !  f ) ~  ~i 13 - 2 

Location i n  DucC: f l r f  t o 5 5  400 Ducc Dimensions: 7 7 ' I  - 
A C ~ .  Baromccric Press :  ,-, 38 ~ u c c  S c a c i c  Press:  0.0 
DKY Gas H O ~ .  WC.  -,?.a+ z Wacer vapor: A/ A 

i 

I 
Dace of EPA Hch 3 Orsac Tcsc: ,,d. A Dace of EPA Hch 6 Hoiscure f e s ~ :  

I Picoc Tube Cp: ,? 'I Picot  Tube Ill No. 
T 

r i m e  of V e l .  Traverse Heasurcmencs: 13; 57 Operacors: / )/)2.=.s P 

! 

i. 
I -  

. . 

i 

I 

I ,d I 3 . 3  \ - 
j 

- 

- *- ( 3 ~ )  ( W S ) I  6.74 ( 71.05 9 .  
I .  
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Gas Vclocicv Oaca Shccc  (EPA Hcchod 2)  
:'-. .:, I ..: 

Plan=: . , ~ a c c :  /J 1 ;21 L . 
-.. 

. ,: , ~ o c a c i o n  f n  Plan)c: ' ; : -!- TLJ) 
-. ,- 

Locacion i n  Ducc: .4(. /.<EZ :.I- Ducc D i m e n s i o n s :  37 I '  
C Ducc S c a c i c  P r e s s :  - 

Acm. Baromecric P r e s s :  .-..I?, 5 
.2- 8 . BY - 

D r y  Gas Hol.  W t .  Z Wacer Vapor: 

Dace o f  EPA Hch 3 O r s a c  TesC: Dace of EPA Hch  4 H o i s c u r e  Tesc:  
, , 

. SC( Picoc  Tube Cp: P i t o e  Tube ID No. :';r -' 

: 3f3 C 
Time of V e l .  T r a v e r s e  tfeasureqenes: 13 ~~dracors :  ,?a.e~ v . L 

.,. 
Sampline Locacion ID: ffi>! J 

C 





Gas Vclocicv Data ShccC (EPA Ncchod 2 )  

'/ E c\A oatc: ,../ r7 ,.., ::, - ., . 
Locacion in  Planc: fl,,iC (5.c - ;' .'::. ..P 

Location in  Ducc: Ducc Dimcnsions : 3 q ; k \  -- . . 
- 

Acm. Barometric Press: ,To, ,O'-/ ~ u c c  ~ c a c i c  ~rcss>&/ i . .  . ,' . 7- 

Dry Gas Hol ... Wc. z%.% 4 / 
% Water Vapor: - - 

Date of EPA Hch 3 Orsat Test: Dace of EPA Hth 4 Hoisturc Test: 

piroc lube cp: O-(a ~ i t o c  Tube ID NO. T ke 5, crt6 
Time of V e l .  Traverse Ueasurcmants: 4 .  .4/4 PA Operators: 

Sampline Location ID: 
t- ;..- - .. A*;bvht A;rAL!2c ,  





Z 
CJS V c l o c i c ~  Data ShccC (EVA llcchod 2 )  

A. ! 
Plant: ,&,/id.k Dace: r -  ,..-- t 5 

Location & Planc: I .,,, 'f F L\ /  

Locacion i n  Duct: OV ( Y P .  ? d/l Ducc Dimensions: 34'' -- 
:,tm. Barorzctric Press: yo, 0-1 Duct Scsci; rrcs s :  f7 Y15 C .  

2% .%4 \ b / ; h h o (  - Dry Gas Hol. W t .  Z Wacer Vapor: 

Dace o f  EPA Mth 3 Orsac TesC: Date o f  EPA Hch 4 Moisture Test: 

Picot Tube Cp: o,%q P i C o t T u b e I D N o . r ~ ~ ~ ? ~ ~ f t ~  

Time o f  V e l .  Traverse Measurements: 11:oo al- .Operators: " 9 A x  A'. 
Samplinq Location ID: J 





I a n  . I  . 
Gas v c l o c i c ~  Daca S h c c ~  (€PA nechod 2 )  

1) 

Planc: . I/c/ta ~ a c c :  B.,! / ,zi/z+ 
1 .  I I 

I ~acac ion  i n  ~ l a n c :  n ~ c f -  F S  
1 ~ocac ion  i n  DUCC: AFr / n  cc #,A. Ducc Dimensions: 3 7" 

i Acm. Baromccric Press: 3 0 ! 3 6  " ~ u c c  ~ c a c i c  ~ r c s s :  4: @ 
! Dry Gas Hal. Uc .  29.3 ~t % Wacer Vapor: - -' 

Dace of EPA Hch 3 Orsat Test: ,I, I i . Dace oE EPA Hch 4 Hoiscure Tesc: Id@. 
, Picac Tube Cp: .?\  ~ i c o c  ID NO. A u  68" ~ f i m k d r f l  . 

Time of  V e l .  Traverse Heasuremencs: /q.'L/D Operators: f - ~  # r- 
v 

Sampline Locacion ID: 
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! ,, ;.; ; F, ; : .-. plan,-: ;.,-!.,., . I  Dacc: ;d ; .  ., 
, 

Location i n  P l a n c :  ' ,, :-. /->I 

Location i n  DucC: Ducc Dimens ions :  3 7 -- 
A 

Atm. Barometric P r e s s :  -d.315' Ducc S c a c i c  P r e s s :  

2% .B 4 - Scy Gas Hol. Wc. Z Wacer Vapor: 

Dace o f  EPA Hch 3 O r s a c  Tesc:  . ~~ 

Dace of EPA Hch 4 H o i s c u r e  Tesc: 
. . 

Picoc  Tube Cp: . q4 P i c o t  Tube ID No. 
-7 

Time of V e l .  T r a v e r s e .  Hensuremencs: s;;j$ Operators :  .I .it.,f: ::- 

Sampline Lacar ion  .ID: +:.=,I - . . .  ;, ... , . . /' .. . . : . . . 1 . 1  ' ;. .d' 

Traverse PC. 1 No. 
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UNIVERSITY OF WASHINGTON 
SEATTLE. WASHINGTON 98195 

Departr~~er~t of Civil Enginwing , FX-10 October 24, 1989 

Memo To: El izabeth  Waddell 
EPA Region 10  
1200 S ix th  Ave 
S e a t t l e ,  WA 98101 

Teddy Le 
Washington S t a t e  Dept. of Ecology 
A i r  Programs PV-I1 
Olympia. WA 98504-8711 

Subject:  Styrene Emissions Data from Hytec 

Attached is a t a b l e  of prel iminary d a t a  from s ty rene  emission source  
tests conducted-Sept. 6 ,  1989 at Hytec i n  Y e l m .  There a r e  "holes" i n  
t h e  t a b l e  because of missing d a t a  ( i . e .  f o r  duct  BS t h e  air  sampling pump 
f a i l e d ;  f o r  duc t s  DE, DW, FE, and FW no air v e l o c i t y  t r a v e r s e  measurements 
were made). 

The t o t a l  s t y r e n e  emissions from t h e  p l a n t  can  be est imated by us ing  t h e  
average s tyrene-  concent ra t ion  of 180.90 mg/m3 o r  .079055 g r a i n / f t 3  o r  
1.1293587 x 10-5 l b / f t 3 .  

S tyrene  f t 3  
Emissions = (1.1293587 x 10-5 s) (10 ducts )  (13,992 = 1.58 l b  s tyrenelmin.  

Assuming a 16 h r .  work day, t h i s  provides a n  emission of 1,517 l b  s tyrenelday .  

We would l i k e  t o  reques t  t h a t  t h e  r i s k  assessment calculat ions.which t h e  
Washington S t a t e  Department of Ecology w i l l  b e  making, be i n i t i a t e d  soon 
s o  t h a t  we can ensure t h a t  t h e  requi red  parameters;data ,  d e t a i l s ,  e t c .  
a r e  made ava i l ab le .  I f  a n  example of t h e  r i s k  assessment c a l c u l a t i o n  
procedure can be  mailed t o  us ,  t h i s  would h e l p  t o  s e e  t h a t  we ob ta in  t h e  
needed da ta .  

S t a c i a  Dugan w i l l  be making a d d i t i n n a l  t e s t s  at  Hytec. Also, she  has  analyzed 
sorbent  samples obtained l a t e r  than t h e  Sept.  6, 1989 d a t a  shown i n  t h e  at tached 
tab le .  However, I wanted t o  send you some d a t a  t o  i l l u s t r a t e  t h e  d a t a  format 
and t h e  magnitude of t h e  s ty rene  emissions. 

P l ease  phone me ' a t  (206) 543-4789 o r  S t a c i a  Dugan a t  543-8195 ( l ab  phone) i f  
you have ques t ions  about t h i s .  Your continued a s s i s t a n c e  is g r e a t l y  
apprec ia ted .  

cc: S t u a r t  Clark 
J a y  Willenberg 

P ro fes so r  
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(FRP). and composites. The insulation product lends itself 
for the application of thermal and acoustical insulation 
because the small cell of air enuained in the wool or blanket 
prevents the movement of the air and sound wave. The 
manufacmring process consists of (Figure I): materials 
blending and nanspon. melting and refining. and fiberform- 
ing and textile operation. 

As in the manufacturing of glass, the major air emission 
problcm where acid-gas recovery in addition to paniculate 
is required is related to the melting and refining furnace 
operation. The fiberfoning and textile operations produce. 
primarily, particulate emissions and some volatile organic 
compounds (VOCs). The textile product manufacture pre- 
sents a more complex emissions control problem than does 
insulation manuf~ctun because of the presence of boron 

FIBERGLASS OPERATIONS 
and .fluorine in the most flexible E-Glass product. 

Aaron J. Teller and Joseph Y. Hsieh 

The production of fiberglass consists of two different fonns 
of product-continuous-filment fiberglass or textile prod- 
ucts and fiberglass blown wool or insulation products. 

The general-purpose textile fiberglass, which is moisture 
and alkali resistant with good elecmcal and physical proper- 
ties, is also called E- (elecuical) Glass. The major applica- 
tions of the general-purpose textile fiberglass arc in the 
production of fireproof cloth. fiberglass-reinforced plastics 

PROCESS DESCRIPTION 

The composition of textile and insulation fiberglass. 
although varied as<function of the producer, has the 

. ! I  , 
general composlaon shown id Table 1. 

The raw mat&% arc unloaded from freight c a n  or 
trucks and cransporred to specific silos in the batch house. 
The materials arc then withdrawn to automatic weight 
machines and blended. The mix is uansponed by air con- 
veying to the holding vessel at the melter and then fed as a 
batch to the furnace or melter. 

Main Stack Forehearth 
Reliner 
Stacks 

Balch 
House 

Rail 
Delivery 

). 

-k_t-i, 
Hold 
Tank 

Fuel Next Gas 
Combustion Iring 

Melter 
Typical 

Forehearth 
or Refiner 

Textile Fiber 
Formations 

C 
To Texlile Operation 

FIGURE 1. Fikglass Manufacturing Process 
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TABLE 1. Composition of Textile and 
hulation Rberglasr 

Textile. Inrulaion. 
Gmponent % Weight % Weight 

SiO, 34-55 . 59-65 
A1103 12-14 4-8 
Na,O 0.5 I S 1 8  
G O  22-24 4.5-9 
MsO : 0.3-0.4 M 
B10,  5.54.8 C-2 
Fe10, 0.3 0.1-5 
F 0.7 
K20 0.3 
MnO M 
BaO c-5 
so, 50 .6  

The melters are of the reverberatory typc with gas fuing, 
although oil may be used. There is a significant difference 
from the container or float glass hunace. Thermal recovery 
is achieved by a recuperator in a continuous manner rather 
than cyclical. A pan of the reasoning is that the fiberglass 

(especially textile) melt is extremely sensitive to very small 
pressure variations and that boron emissions can clog the 
brick-lattice regenerator. 

Because of the time-temperature sensitivity of the final 
product, liquid glass flows through channels with zones of 
refiners and forehearths. in addition to the melter. These 
forehearths and refiners are generally fired with natural gas. 
The flue gas from the meltcr flows upward from the com- 
bustion zone through the stack containing an annular zone 
heat exchanger. Combustion air flows in the annular zone of 
the recuperator for preheating. The flue gas at 500-800°C is 
emitted, generally by passing through an air damper, to the 
stack. The foreheanh and refiner flue gases arc emitted 
through individual stacks. These flue gases are often com- 
bined with the melter flue gas. 

AIR EMISSIONS CHARACTERIZATION 

The air emissions for the fiberglass operation can be char- 
acterized according to the three phases of manufacturing 
processes. Emission factors for the fiberglass operations arc 
given in Tables 2 and 3. 

TABLE 2. Emission Facton for Glass Fiber Manufacturing Without Controls' 
Emission Factor Rating: B 

Pmicvlarcr so, CO NO. VOCb Flourides 

lbiton k@Mg lbiton k@Mg Iblton k m g  lbitan k@Mg lb!ton kyMg IWton kg/Mg 

Unloading and conveyingC 3.0 1.5 d d d d d d d d d d 
Storage bins" 0.2 0.1 d d d d d d d d d d 
Mixing and weighing 0.6 0.3 d d d d d d d d d d 
Cmshiig and batch charging' Ncg Ncg d d d d d . d d .  d d d 

Glass furnace-wool 
Electric 0.5 0.23 0.04 0.02 0.05 0.025 0.27 0.11 e e 0.002 0.001 
Gas-regenerative 22 11 10 5 0.25 0.13 5 2.5 e e 0.12 0.06 
Gz+-rccupcntivc 25-30 5 10 5 0.25 0.13 1.7 0.85 e e 0.11 0.06 
G w n i r  meltm 9 4.5 0.6 0.3 0.25 0 . 3  0.3 0.15 e e 0.12 0.06 

Glass fvmace--textile 
Recuprrarive 2 I 3 1.5 0.5 0.25 20 10 .d d 2 I 
Regenerative 16 8 30 I5 I 0.5 20 10 d d 2 I 
Unit melter 6 3 e e 0.9 0.15 20 10 d d 2 I 

Forming-wwl 
flame antnuation - 7 I d d d d d d 0.3 0.15 e e 

Foming-tcxtilc I 0.5 d d d d d d Ncg Neg d d 

Oven cur in-urml  
f l m c  anennation 6 3 e c 3.5 1.8 2 I 7 3.5 e e 

Oven curing md cooling- 1.1 0.6 d d 5 0.75 2.6 1.3 Neg Neg d d 
tcxlile 

' ~ . ~ ~ d  y ""its per unit weight of nr m * d  #. Scg - negligible. 
, :.Iluluk primril l  phcmls mJ ddchydn. and m a I- 6rp-e. &. 
i ! acrexncc to. , ,,-Ira \L'.. .ppticlbl~. 

- .NO diu nvailabk. 
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TABLE 3. Uncontrolled Emission Facton for Rotary Spin Woo1 Glass Fiber Man- 
ufacturing. 

Puticulalc Organic Compounds' 

Roduns Fmnt Half Back Half Total PhenolicsC Phenol Formaldehyde 

Heavy 4.91 1.16 6.07 0.88 0.53 0.43 
dm- (9.81) (2.33) (12.14) (1.74) (1.04) (0.85) 

. ~ ~ i b . n p r c ~ d  t g ~ p i l b ~ t o n )  of rnirhcd pmducr. GS r- did MI pu. b u p h  any added priw m n m l  
device -WE preop~tlun. rmMi m b k .  CV.) 

.Included in lovl panidate  catch. Thew -in u. collcncd nr conderuiblc puricvlrrc matter and do net ncmvrily 
rcprcvnt the entire orpanics -nt in the heerhrurt p s  m u m .  
Includes phenol. 

Materials Blending a n d  Transport  The gaseous components of the emissions are hydrogen 
fluoride, silicon tetrafluoride, Sulfur oxides, and the boric 

The primary air pollution problem in this phase the acid considered in the discussion of pmiculates, They are 
operation is that of containment and fugitive dust handling present in concenuations ranging as follows: 
inasmuch as fine uaniculates are not involved. The raw 
materials are generally in the size range of 2C-500 pm. HF. SiF,(equivalent HF) 2&160 ppm 

SO. 40-80 oum " . . 
Melting and Refining 

The emissions from the melting-refining furnace of the 
The emissions from the melting-refining furnace during the ~insulation.fiberglass operation contain only small quantities ' textile fiberglass -operation contain: of boron and no fluoride. The emissions from the fiberform- 

1. Fine particulates, including calcium carbonate, sodium 
fluoride, sodium fluosilicate, silica, calcium fluoride. 
aluminum silicate, sodium sulfate, boron oxides-boric 
acid. 

2. Gases, including fluorides-hydrogen fluoride, silicon 
tetrafluoride. sulfur oxides, niuogen oxides, boric acid, 
carbon dioxide, water vapor. 

The solid particulates emitted in the melter flue gas are in 
the class of fine particulates with most of the particle size 
below 10 pm. Another class of particulates is formed down- 
stream of the stack for the untreated emissions. This con- 
sists primarily of sublimed boric acid. It can form very 
opaque, long-lasting white plume after cooling resulting 
from sublimation. This "formed particulate" is mated in 
the emissions from the melter, forehearths, and refiners. 
About 70% of the boron and fluorine emissions are emitted 
by the melter. 

The concentration of the particulates and condensible 
vapor boric acid in the efflunt gases are as follows: 

Solid particulates 200-1500 mg/nm3 
Boron oxide, solid 

plus equivalent boric acid 100-1000 m%nm3 

ing and textile operations include particulate and VOC 
emissions. The VOC emissions are lower for textile f i k -  
glass than for insulation fiberglass operation because of the 
small quantities of lubricant and VOC used in the textile 
fiberglass operation. 

AIR POLLUTION CONTROL MEASURES 

Materials Blending a n d  Transport  

In the materials storage and hanspon area, the railroad 
discharge is generally partially sleeved and under either 
positive or negative pressure. The silos are provided with 
bin vent fitten for collecting the fugitive dust. The blending 
vessels are vented with airfiour directed to bag filters. These 
are generally pulse jets operating at an air-to-cloth ratio in 
the range of 4-7 fpm. The solid discharge is recycled to the 
blending zone. 

Melting a n d  Refining 

A major consideration in the conuol of emissions from 
E-Glass furnaces is the suppression by capture of the boron 
compounds. If this is not achieved. then the prospect of 
opaque plumes resulting from sublimation of boric acid and 
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Ume Slurry 
I 

Stack 

Flue Qas- o-7-ihn 
I 

SolM Produced 
FIGURE 2. Spray Dryer-Elecmstatic Recipitator System 

the potential for forming a complex of HF and H3B03 such 
as HBF, both exist. 

A significant factor in the design of the air pollution 
control sysum is the maintenance of the melur pressure. 
with the permissible variation. as requested by furnace 
operaton, k0.01 inch wc. Both wet and dry scrubbing 
methods have been utilized in conmlling the emissions 
from the melting and refming operation. 

Wet Scrubbing  

Either the venturi-packed bed scrubber or a nucleation 
cross-flow scrubber can be used. The venturi system is a 
modification of the conventional packed-tower-venturi- 

cyclone arrangement for recovering the particulate and acid 
gases. The treatment of blow-down stream required appem 
to have limited its application. 

A low-energy (less than 15 inches wc) nucleation cross- 
flow scrubber was operated in a Canadian facilitys. The 
system used a cooling tower to circumvent the steam plume 
appearance. The major problems encountered were the dual 
alkali transfer for (Na-r Ca), resulting in excess solubility 
of calcium ions. This often resulted in plugging of the 
scrubbers by deposition of insoluble calcium salts. 

Dry Sc rubb ing  

Two types of systems have been installed in the United 
States for E-Glass production. 

1. Spray drier-clechostatic precipitator (ESP) (Figure 2)  
2. Quench reactor4ty venturi-Baghouse (Figure 3). 

The latter type has also been installed in the U.S.S.R. 
and Taiwan. 

Spray  Dryer-Electrostatic Precipitator 

The gases are cooled by a water-lime slurry quench to about 
100°C and then flow to the ESP. the system fan, and out the 
stack. Although gaseous fluoride was reduced to the 5-ppm 
range, there was evidence of significant plume opaciry. 

Opacity < 10% 

+O.ZSKPa n 
11 O0C Tertiary 

-0.58KPa Air Blower 

P- 
water or  
Lime Slurry 

Quench 
Reactor 

Dry 58-60°C Tertiary Chromatographic -2.75KPa 
__c Separator 

315-4OO0C 6467% 
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Silo Return 
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FIGURE 3. Typlcd Teller Dry Chromato-mph~c System for the Flbcrglass Industry-HF. SO,. 
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TABLE 1. Performance of %mi-Dry System Fiberglass Emision Control 

Fluoride Bonn 

Dry Gad Flow. Paniculaa. Solid. Gar. Solid. Gar. 
sdcfm . mgnm' Ibh lbh ppm Ibhr lbihr rngnm' 

reflecting the presence of boron compounds in the emitted The predominantly inorganic discharges arc mated in a 
gases. cross-flow scrubber,Mkh particulate emissions rrduced to 

Roblems were reported regarding condensation &a less than 25 mg/nm3.- organic emissions are mated by 
adhesion melting of particulate on the ESP elecaodes.' condensation processes for high-molecular-weight emis- 

--"/ sions and. if necessary, adsorption for low-molecular- 

Quench Reactor-Dry Venturl-Bagh~use'~' 

This system is operated with either water quench or lime 
slurry quench as a function of requirements for reduction of 
SO2 and HF. Where the only SO, reduction requirement is 
related to opacity, and SO3 only is to be removed, water 
quench in the quench reactor is utilized. 

The quenched gas. at about IOOX pmeeds to the dry 
venmri, where limestone is introduced into the gas stream 
as both reagent and cake modifier.' The gas is then funher 
cooled by air dilution to the ranggof 60-70°C. The lime- 
stone acts to neutralize the fluorides and aid in the fonnation 
of a low-compressibility layer in the baghouse. 4 signifi- 
cant pan of the neutralization reaction occurs in equivalent 
renewable "fixed bed" cake on the bags. The cleaning cycle 
is approximately six hours. 

The reduction of temperature to 6&70°C results in the 
sublimation of the boric acid. This boric acid is deposited 
on the surface of the baghouse cake along with the crystal- 
line reagents. Filuation in a tCmpeIaNR region only 2OT 
greater than the dew point is maintained with a system 
pressure drop in the range of 8 inches wg. The performance 
of the system, with _meater than 98% on-line reliability, is 
given in Table 4. 

For the insulation fiberglass operation, inasmuch as the 
emissions from the melter contains no fluoride and only 
small quantities of boron. the emission control can be 
achieved by a system such as a spray dryer-ESP (Figure 2) 
or spray dryer-baghouse. 

Fiberforming a n d  Textile Operation 

Fiber fonnation does not present emission control difficul- 
ties. However. the spraying of the mat with lubricants 
andlor binden to minimize erosion of the fibers can m a t e  
either VOC or inorganic particulate emissions. 

weight compounds. 
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GLASS MANUFACTURING 
Aaron J. Teller and-Joseph Y. Hsieh 

The production of glass products, although based on an old 
an. has emersed into sophisticated automated processes. 
both batch and continuous. The major forms of glass pro- 
duced are container glass and flat glass, about 75% of the 
total production. Lesser amounts produced as pressed and 
blown glasses include lead and borosilicate glass and frit for 
ceramic coatings. 

A typical flow diagram for the production of container 
glass (Figure I )  establishes three major components of the 
manufacturing process, raw-material blending and pans- - 




