—_—

N\

AP42 Section: 11.13 Glass Fiber Manufacturing

Title: Miscellaneous reports, comments and submittals

"INote: This material is related to a section in AP42, Compilation of Air Pollutant Emission Factors, Volume I
Stationary Point and Area Sources. AP42 is located on the EPA web site at www.epa.gov/ttn/chief/ap42/

The file name refers to the file number, the AP42 chapter and then the section. The file name
"rel01_c01s02.pdf" would mean the file relates to AP42 chapter 1 section 2. The document may be out of
date and related to a previous version of the section. The document has been saved for archival and
historical purposes. The primary source should always be checked. If current related information is
available, it will be posted on the AP42 webpage with the current version of the section.



EPA
Text Box
Note: This material is related to a section in AP42, Compilation of Air Pollutant Emission Factors, Volume I Stationary Point and Area Sources.  AP42 is located on the EPA web site at www.epa.gov/ttn/chief/ap42/

The file name refers to the file number, the AP42 chapter and then the section.  The file name "rel01_c01s02.pdf" would mean the file relates to AP42 chapter 1 section 2.  The document may be out of date and related to a previous version of the section.  The document has been saved for archival and historical purposes.  The primary source should always be checked.  If current related information is available, it will be posted on the AP42 webpage with the current version of the section.



=7
Gl 597 e P e

QUTPUT 1S ( Ca"
46 DIRECT OUTPUT TO
_ SCREEN _ PRINTER XJOBX TIMENCC/IBM P18/L20  PTR=P18 ATG24GEN  ***NATIONAL AIR TOXICS
INFORMATION CLEARINGHOUSE*** 02/14/92 REPORT FOR AGENCY
KYO1  AMD SIC
3229 GENERAL SIC CODE INFORMATION
DESCRIPTION
PRESSED AND BLOWN GLASS, NEC GENERAL AGENCY INFORMATION
NAME
KY NAT. RES. & ENV. PROT. CABINET, DIV. FOR AIR QUALITY ADDRESS
18 REILLY RD. CITY
FRANKFORT STATE
KY AGENCY ZIP 40601 PHONE
(502)564-3382
SELECTION

co {'PA’ FOR PARENT MENU, fQU’' TO QUIT NATICH) (CO’ YO CONTINUE)
JOBX TIMENCC/IBM P18/L20 PTR=P18 ATQ248T1  ***NATIONAL AIR TOXICS INFORMATION CLEARINGHOUSE***
02/14/92 SOURCE TESTS

GERALD SLUCHER (502)564-3382 CAS POLLUTANT NAME ~---=-=-----
---------------------------------- scC EMISSION SOURCE LIMIT UNITS YEAR ACCESS#----------- -cccmmcmmccccccccccn cccceee —mevvs
----------- 16984-48-8 FLUORIDES UNKNOWN PROCESS 4.B0E-03 LB/HR 1984 99879
7439-92-1 LEAD POWDER UNKNOWN S1LO LOADING 7.00E-04 LB/HR 1984 99879 7782-50-5
CHLORINE UNKNOWN PROCESS 9.80E-01 LB/HR 1984 99879

SELECTION
co (’PA’ for PArent menu, ’QU' to QUit NATICH) ('CO* TO CONTINUE, ‘NE’ for NExt
report) JOB X TEME  NCC/IBM P18/1L20 PTR=P18 ATQ24 **XNATIONAL AIR TOXICS INFORMATION CLEARINGHOUSE***
02/14/92 COMPREHENSIVE DATA RETRIEVAL OPTION
PLEASE SUPPLY THE FOLLOWING TNFORMATION
STATE
__ -OR- AGENCY 1D
____ (Enter ? if unknown) SIC CODE
(Partial SIC codes are 0K} CAS NUMBER
SELECTION
_ ('PA’ for PArent menu, ‘QU’ to QUit NATICH, <R> to continue)
3275J0BX TIMENCC/1BM P18/L20 PTR=P18 STATE
__ =OR- AGENCY [D
___ (Enter ? if unknown) $1C CODE
3275_ (Partial SIC codes are OK) CAS NUMBER

PLEASE SELECT ONE (OR MORE) OF THE FOLLOWING REPORTS
_ PERMIT _ SOURCE TESTS _ AGENCY DOCUMENTS/ONGOING RESEARCHLINES OF OUTPUT WILL BE CALCULATED AFTER REPORT SELECTION HAS BEEN MADE(NOTE

CALCULATING TIME WILL VARY) xJOBX TIMENCC/IBM P18/L20 PTR=P18 _ PERMIT
X SOURCE TESTS _ AGENCY DOCUMENTS/ONGOING
RESEARCH i ESTIMATED NUMBER OF LINES OF




2+, 3- OR 4-DIGIT SIC CODE

3229 >=YEAR OF TEST DATE (YYYY)
ENTER
'CO’ to COntinue viewing source tests MO’ to MOdify search criteria
menu SELECTION
co The number of source tests satisfying the search criteria is 1
PTR=P20 REPORT 23. SOURCE TESTING INFORMATION SIC CODE
3229 DESCRIPTION
PRESSED AND BLOWN GLASS, NEC
ACCESS==-= moms mmomcmcmommo oo omcccccccoonoooososss sosssosoas Soes bieees GLASS MANUFACTURING (GTE)}
SELECT SOURCE TEST DESCRIP’S TO VIEW BY PLACING *X’S NEXT TQ THOSE OF INTEREST
WS tOntinue or PArent menu CO XJOB X TIME
STATE
KY  AGENCY

KY NAT. RES. & ENV. PROT. CABINET, DIV. FOR AIR QUALITY SOURCE TEST CONTACT
JAMES W. DILLS PHONE
(502)-564-3382ACCESS #
99879 FACILITY CATEGORY
GLASS MANUFACTURING (GTE)
4-DIGIT SIC CODE

TEST DATE
MAY 84 TEST ID #
102-4140- 0008 NOTABLE SOURCE TEST? SAMPLING TECHNIQUE
METHOD 5
PB; METHOD 138
FL,CL ANALYTICAL METHCD

SEE OTHER COMMENTS

ATOMIC ABSORPTION SPEC

PB ***P EASE NOTE
POSSIBLE DATA LOSS ON THIS LINE

OTHER COMMENTS

JOB X TIME  NCC/IBM P20/L22 PTR=P20 COntinue, NExt source test, or PArent menu CO REPORT 23.
SOURCE TEST DESCRIPTION - POLLUTANT LIST STATE

KY AGENCY

KY NAT. RES. & ENV. PROT. CABINET, DIV. FOR AIR QUALITY TEST 1D

102-4140-0008 POLLUTANT

CASH# EMISSIONS  UNIT SOURCE CC CODE -------------------e- cmsmccaccs soracresne mamoo- —o---mo-eo-a-eo- —oocaalTw-ol CHLORINE 7782-50-5
9.80E-0t1  LB/HR PROCESS ummo 16984-48-8 4.80E-03  LB/HR PROCESS UNKNOWN @ §-92-1  7.00E-04  LB/HR
SILO LOADING UNKNOWN

COntinue, NExt source test or PArent menu CO
JOBX TIMENCC/I1BM P20/L22 PTR=P20 REPORT 23. SOURCE TESTING INFORMATION SIC CODE
DESCRIPTION
PRESSED AND BLOWN GLASS, NEC NOT-
VIEW ABLE FACILITY CATEGORY AGENCY  YEAR ACCESS  --~- ==--= mmmmmmmmescccccccmmccccccccmco s cmmmmm o s mmmwmmnm o e mme
23

,. | (otose 9%7% i;@

STe 3229
2 29 G

PA' to return to PArent

JOB X TIME  NCC/IBM P20/L22

HOT-VIEW ABLEFACILITY CATEGORYAGENCY
KY 1984 99879

YEAR

SOURCE TESTS ALREADY VIEWED ARE MARKED WITH

NCC/IBM P20/L22 PTR=P20

COntinue, NExt source test, or PArent menu CO



------ v GLASS MANUFACTURING {(GTE) KY 1984 99879
SELECT SOURCE TEST DESCRIP‘S TO VIEW BY PLACING ‘X’S NEXT TO THOSE OF INTEREST
MARKED WITH V'S Continue or PArent menu CO paJoB X TIME
ATQSTST **ANATIONAL AIR TOXICS INFORMATION CLEARINGHOUSE“** D2/14/92
REPORT 23. SOURCE TESTING INFORMATION SEARCH CRITERIA MENU

move cursor ENTER ACCESS ID

OR

CAS
POLLUTANT NAME
2-, 3- DR 4-DIGIT SIC CODE

3229>=YEAR OF TEST DATE (YYYY)
ENTER

‘CO* to COntinue’PA’ to return to PArent menu

co

229 2-, 3+ OR 4-DIGIT SIC CODE
29 2-, 3- OR 4-DIGIT SIC CODE
9 2-, 3- OR 4-DIGIT SIC CODE

3296J08X TIMENCC/IBM P20/L22 PTR=P20 ATQSTST3
SEARCH CRITERIA
CAS

POLLUTANT NAME

2-, 3- OR 4-DIGIT SiC CODE

SOURCE TESTS ALREADY VIEWED ARE
NCC/IBM P20/L22 PTR=P20
Use TAB key to

SEARCH CRITERIA

SELECTION
2-, 3- OR 4-BIGIT SIC CODE

***NATIONAL AIR TOXICS INFORMATION CLEAR]INGHOUSE*** 02/14/92

3296 >=YEAR OF TEST DATE (YYYY)
ENTER
CO' to COntinue viewing source tests ‘M0’ to MOdify search criteria ‘PA' to return to PArent
menu SELECTION
co The number of source tests satisfying the search criteria is 0 moJOB X TIME  NCC/IBM p20/1L22
PTR=P20 ATQSTST **&NATIONAL AIR TOXICS INFORMATION CLEARINGHOUSE*** 02/16/92 Use TAB key to move cursorENTER ACCESS 1D
OR CAS
POLLUTANT NAME
(i j 2-, 3- OR 4-DIGIT SIC CODE
3296 »=YEAR OF TEST DATE (YYYY)
. ENTER
€0’ to COntinue fPA' to return to PArent menu SELECTION
co 2-, 3- OR 4-DIGIT SIC CODE
296 2-, 3- OR 4-DIGIT SIC CODE
96 2-, 3- OR 4-DIGIT SIC CODE
& 2-, 3- OR 4-DIGIT SIC CODE
2899J0BX TIMENCC/IBM P20/L22 PTR=P20 ATQSTST3 **ANATIONAL AIR TOXICS INFORMATION CLEARINGHOUSE*** 02714792
CAS
POLLUTANT NAME
2-, 3- OR 4-DIGIT SIC CODE
2899 >=YEAR OF TEST DATE (YYYY)
ENTER
00’ to COntinue viewing source tests MO’ to MOdify search criteria ‘PA' to return to PArent
menu SELECTION
moJOB X TIME NCC/IBM pP20/L22

co The number of source tests satisfying the search criteria is 0

24




|y

G eAss

CERAMIC INDUSTRY

Oxy-Fuel Firing
Improves Plant Operation

CI Staff Report

Techneglas Inc. {(formerly OI-NEG
TV Products Inc.), a manufacturer
of glass for colored television fun-
nels, wanted to reduce costs in con-
junction with rebuilding its
furnaces to expand melting capac-
1Y,

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-
cover heat in the glass melting pro-
cess. As exhaust gas passed
through the regenerators en route
to Techneglas’ electrostatic precipi-
tator, particulates containing the
lead oxide condensed in the regen-
erafors, 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 typicaily
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.

In evaluating alternatives to 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-

performance at Techneglas Inc.

ter extensive evaluation, it was con-
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 bumer 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 burmers

for the C furmace were installed in
Dacember 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 significant portion
of this increase can be attributed to

Oxy-fuel firing reduces costs while improving environmental

the new oxy-fuel burner syster.

Production increases are fur
realized because regenerators
absent from the oxy-fuel com
tion furmace. Without the che
brick, the glass producer no lo
has to reduce operation every
months to clean the canals. Pa1
late-containing flue gases are
able to flow freely to the ele
static precipitator.

The Cleanfire burners have en-
abled Techneglas to reduce its
waste disposal problem, and re-
duce its NOy 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. o

For more information on:
Cleanfire® oxy-fuel burner
systems Circle 201
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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
technigues as the most suitable near-term technology for

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

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

For every 10% increase in cullet use,
a furnace energy reduction of 3% and
an NQ, 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 the contaminants 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-
rami¢ 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-

removing these contaminants

taminants. A 0.5% pack loss was
chosen since anything larger would
be intolerable 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 temperature.

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 cuilet uses as high
as 70%; as one moves to porcelain,
only 30% cullet is allowed, and with
highly insotuble 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;

e Large
picker;

e Nonferrous metals—eddy current
detectors.

Of these, nonferrous metal separa-
tion, while easily accomplished, ex-
tracts the largest penalty, =5-8%

contaminants—hand

o 100
=)
z
2 801 Ds
< 1/2% Pack
5 60 Loss 12
8 Tiles, Bricks
c 4
-g 40 Stones, Clay
o« 20 - 1/4"
® 178+ Porcelain
0 . Y v — Y . 1716~ Glass Ceramics
0 2 4 6 8
Ceramic Paricle Loading per 100 Pounds of Glass

Fig. 1: Effect of ceramic contaminants.
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Optical separation techniques selected as most suitable
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Fig. 2: Ceramic separator.

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 demonstrate state-
of-the-art ceramic separation and
nonferrous metal separators. Spe-
cific objectives were:

* Assess innovative equipment that
can accomplish the separation.

¢ Develop equipment performance
specifications.

» Develop vendor selection criteria.
¢ Selecta vendor.

« Demonstrate the equipment.
 Disseminate the program results.

The program participants are:

e New York State Energy R&D
Authority—a major program spon-
sor.

¢ Busek Co. Inc.—responsible for
program management, the engineer-
ing study, equipment evaluation and
testing.

s 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-
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dustry participation.
¢ EPRI's Center for Materials Pro-
duction—a program sponsor.

The results of the engineering
evaluation and the laboratory testing
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, is being explored by a Canadian
glass processor and a West Coast bot-
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 cartyover.

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 techniques 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

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
Fig. 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 glass 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
the ceramic, along with a small
amount of glass, is removed.

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

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

The wavelength of the light is criti-
caland is usually in the IR. The trans-
migsivity of flint, amber and green
glass in the IR is 90%, 60% and 85%,
respectively, while most ceramics are
zero. Furthermore, paper labels
have reasonably high transmissivi-
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.
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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
through clumps of paper, since it 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. Itis
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 Ib is processed, it is likely
that one or two pieces will get
through. At 25 tons/hr, 1000
pieces/hr will enter the otherwise
furnace-ready cullet.

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:
s 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.

[nitially, 56 companies offering ce-
ramic detection equipment were
contacted. The field was narrowed
to six, and a detailed review of each
was conducted.

In addition, eight European glass
recyclers and container plant end us-
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 resulted
in tested separation as follows:

Ceramic size (in.) | Separation (%)
(.385 and above 100

0.30 90

0.25 60

0.20 30

0.195 and below 0

|Glass loss = 1%

One model, the ELKE, was installed
at RRT, a glass recycler providing
furnace-ready cullet to Owens-
Brockway.

Laboratory tests

The separator was tested at the sup-
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 tontaminants,
through the ELKE, and counting the
number that were rejected. The tests
were conducted at various sensitiv-

ity settings that can be adjusted on
the front panel.

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

Fig. 3 shows percent separation as a
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 de-
creases the sensitivity.

The sensitivity setting for a given
glass loss would be lower for amber
or green than for flint due fo 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 de-
tected. A 656% separation of <0.25in.
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 the sensitivity 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 solencid valve
recovery cycle.

The sensitivity setting at which the
removal rate starts to decrease in this

DECEMBER 1993 CERAMIC INDUSTRY/53
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Increasing separator sensitivity also increases glass loss

100 - ---------‘
@ 1 Impravement Porous Low
ﬁ B0 - Alumlina
z
:E_ A E T T U Y I S Wil Separaiet
2 | Without
3
5 40 -J 312% Patk
o
® 1 NC | mpovement  Theeen Loss
£ 201 =
3¢ 1 Glass Ceramics

0 T T o L

0 2 4

Ceramic Particle Loading per 100 Pounds of Gfass

-] 8

Fig. 4: Separator effect.

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

As the sensitivity decreases, the re-
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 (.5-in. particles, it is all or
nothing: 100% separation at a setting
of eight and zero at 10.

If one is interested in 0.5 in. re-
moval, then it is recommended that
the setting be no higher than seven
since the fall-off point may not be
repeatable for different detectors due
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 1%, up to a
throughput of 25 tons/hr and witha
contaminant loading of 4.0-15.5. The
optics were manually cleaned be-
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 re-
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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-
tor has for a glass container manufac-
turer. For clarity, two contaminants
are shown: porcelain and tile. The
allowable cullet use increases appre-
ciably at any ceramic loading,.

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

s The detector works and can re-
move a large percentage of ceramics.
e The removal rate will never be
complete, with the larger contami-
nants (0.5 in. and larger) to be re-
moved with a higher efficiency than
the smaller ones.

o 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-
cially in high glass dust conditions, 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 abnormally high
contaminants and paper-burdened
glass will force lower throughputs.

Nonferrous metal separator
While the focus of the current pro-
gram is on ceramic detectors, the op-
portunity arose to test an advanced
design of a nonferrous metal separa-

tor to be installed in RRT’s facility
along with the ELKE. This separator,
knownas ELPAC, is produced by the
same company that makes the ELKE.

The advantage of the ELPAC is not
that it can eliminate nonferrous met-
als—there are several commercially
available devices that do so—but
that it removes the metals with a
greatly reduced glass loss: 0.5%
compared to 5-8% with conventional
devices. This is attributable to the
nozzle-style arrangement of removal
compared to the more prosaic
diverter valve.

The ELPAC, however, extracts a
price—higher costs, larger size and
the possibility of missing metal con-
taminants due to the momentary air
pressure lapses, or solenoid valve cy-
cling, as was previously described
for the ELKE. Also, the ELPAC can-
not remove heavy metal objects—
e.g., large bolts—due to the limited
removal force the nozzles provide.

ELPAC laboratory tests

Separation efficiency and glass loss
were tested. For the separation 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, =1000
Ib of relatively clean flint glass was
seeded with 25 aluminum 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 de-
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 to 50 mV, reducing the sen-
sitivity to reduce the glass loss.

The test results show that all the
contaminants were removed, and for




the simulated contaminants, all of
the aluminum squares were re-
moved. Forthelead 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:
149/100 Ib 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 Ib of glass
(based on the seeded contaminants).

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

all but the smallest contaminants.

» Thedusting and paper label prob-
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-

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

The ceramic detector is attended 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 the glass
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. a

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.
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By: David T. Boothe, President, Harold Severin,
Industry Consultant, D. Boothe & Co. Inc., Sylvania,
Ohiio; Clint Braine, Program Manager, GE Lighting
Products, Cleveland, Ohio

Melting fine, inorganic raw materials for the production
of glass in fossil-fueled furnaces generates a particulate
discharge. This material consists of particulate fines
originating from the charged batch and condensed gases
that have volatilized out of the glass melt. They are
carried out of the furnace by the combustion process
waste gases.

The amount of particulates and condensates can be
reduced by selecting raw materials with low decrepita-
tion characteristics and controlled particle size distribu-
tions. Batch treatments such as wetting, agglomeration,
and prereaction also have a positive influence on reduc-
ing particulate discharge. In addition, furnace design
and carefully controlled furnace operation will decrease
the amount of particulate discharge and volatile loss.

In the past, the least expensive disposal method for the
relatively small amounts of collected material was dis-
posal into a landfill. However, the loss of these solids
from the glassmaking process and subsequent landfill
disposal has come under greater economic scrutiny. The
cost of dumping these materials into landfills is increas-
im~ almost daily.

hanging regulations regarding the toxicity classifica-
1 of these materials have sharply decreased the avail-
lity of solid waste disposal facilities, and alternative
sosal, such as use in the agricultural industry, has
ome less popular.
ke it or not, recycling of abatement discharges into the
smaking process has come of age. The discharges
1 abatement systems can replace increasingly more
:nsive raw materials. In the glass industry, economic
iderations and stronger legislative pressure have
apted an increased use of complex abatement sys-
. These can be baghouses and electrostatic precipi-
| wawors, either by themselves or in tandem or in
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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

combination with additional abatement systems, for the
removal of noxious gaseous components from the dis-
charges of glass furnaces.

Design and selection of systems

The material characteristics of abatement system dusts
are as follows. Generally, the dry solids discharged from
abatement systems, including electrostatic precipitators,
are fine and have a low bulk density. They are difficult
to handle and to contain within the system. For the
successful design of an abaternent dust recycling system,
both the chemical and physical characteristics must be
considered. The properties of the materials also will
indicate if agglomeration methods such as pelletizing or
compaction are necessary or desirable.

Chemical properties. The chemical properties of the ma-
terial collected in an abatement system will determine
the amount of material that can be recycled. Glass qual-
ity, required accuracy of the proportioning or weighing
components and compensating batch formula correc-
tions must be taken into consideration.

Physical properties. The physical properties will deter-
mine the materials handling equipment, the design of
system components and the method of proportioning the
abatement material into the glassmaking system. Some
of the physical properties to be considered include:

Particle size distribution;

Angle of repose;

Internal cohesion;

Fluidization potential;

De-airing characteristics;

Hygroscopic characteristics.

Process changes, raw material variations and cyclical
changes in ambient conditions will have a large effect on
the mechanical properties of the collected material and
also may affect the operating efficiency of the abatement
system. These changes and variations must be deter-
mined prior to the design of a practical recycling system.
In addition, the system design choices must not only
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-
hies.

pFinally, 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
system was used at the GE Lighting plant, Niles, Ohio.
A large storage bin under the EP col-

the flow characteristics of the dust 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 {emergency bypass);
, ® Collection hopper with minimum

lected the dust. An inclined screw

conveyor was used to feed peri-
odically an inclined plate pelletizer.
The initial goal of forming pellets was
not successful, and the pelletizer was
subsequently used to wet the dust uni-
formly for increasing bulk density and
improving handling characteristics by

agglomeration. After pelletization the L‘

material was loaded in a hopper,

e ———————

Recydling of abatement
discharges intp the

glassmaking process | v2I¢

has come of age.

of 70° sloped sides and aeration pads
to aid in loading the transporter;

* Dense-phase transporter;

¢ One-inch transport pipe;

* One-inch transport pipe breaker

* One hundred-cfm desiccated air
dryer;

¢ Control cabinet.

System components in the batch

manually transported to the batch
house, deposited in a storage bin, automatically weighed
and added to the other batch materials. This process
required constant supervision.

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 EP dust 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-
took 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 minors scale could be used 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

Untreated 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 be a problem because the bulk density and

‘ house are:
¢ Dust collector;
e 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 took care of 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 the dust for better flow, but also cooled 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., where GE makes soda-lime incandescent
light bulb envelopes. At this facility, the EP dust is
designated as hazardous due to chrome contamination,
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tise of untreated 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 transport
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.

[n the batch house, the dust is collected in a baghouse-
typereceiver and drops through arotary vane feeder into

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 been in operation since early August 1993
and has worked well from start-up. The system had to
be shutdown a few times during start-up for adjustments
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 EP dust 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

a storage bin under the receiver. A F—
loss-of-weight scale adds the EP dust [
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,
under negative pressure. The dust |ism————

The use of these

systems has produced

substantial cost Qﬁﬂﬁj plugging. At Lexington, large lumps
]

w===1 Operating onaregular cycle. This pre-
vents the formation of lumps during
excessive storage time. In Niles, the
lumps are formed by the absorption of
water from the atmosphere and cause

transporter loading problems and line

are formed by material compression

collection bags in the receiver are 22-oz polyester, backed
up by an in-line filter to protect the vacuum pump. The
vacuum pump discharge is fed back to the EP inlet. Any
dust in the storage bin is captured by a single bag filter
with the clean air fed into the weighed material collection
belt housing. The entire system is automatic and is con-
trolled by a GE 9030 PLC.

[n an emergency, the system is backed up by tote-type
storage bins with capacity for about two 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 vactium 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 EF 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:

e Vacuum filter receiver with filter bags, pump and
in-line filter;

» Rotary vane feeder;

» Material storage bin with single bag filter;

o Loss-of-weight scale and feeder.

The equipment installation took approximately four
weeks. Testing and operational fine-tuning required an-
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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-
ure to do so will produce a material that is difficult to
transport pneumatically.

At this time, it is believed that vacuum pneumatic
conveying is the better of the two systems because the
plugging potential appears to be lower. Evenif 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.
In other words, the system can be used to clean up after
itself. Also, the problems of charging material into the
transport system are reduced.

Working with EP dust

We have learned that EP dust 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,
volumetric proportioning may be suitable. The best
method for scale discharge is a screw conveyor with a




variable speed drive. A method for maintaining the dust
in a fluidized condition should be included in the scale
design.

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 EP 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, elimination of disposal and avoidance of 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 $77,700/ yr, which, by itself,
could pay for the system.

Although the return on investment varies with each
situation, itis 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
can be recycled, in some cases 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. a

Editor’s Note: This article was presented at the 54th Con-

ference on Glass Problems at Urbana, Iil,, Oct. 26-27, 1993,
and is reprinted by permission of the American Ceramic
Society. The article appeared in the CESP, Vol. 15, No. 2.
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3842 MONETS LANE
CINCINNATY, OHIO 45241
513.733.0659 FAX 513.733.0685

WILLIAM A. CANDY
LEADER ENVIRCNMENTAL AFFAIRS
ROOFING SYSTEM BUSINESS

June 23, 1698 '

Mr. Juan Santiago

United States Environmental Protection Agency
Emissions Standards Division

Mineral and Inorganic Chemicals Group
Research Triangle Park, N. C. 22711

Dear Juan,

Enclosed are reprints of an article authored by Dr. David Trumbore of Owens Corning
and published in “Environmental Progress” The article summarizes the work conducted
by Owens Corning 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 useful. We would also
like to submit this information for inclusion in the next update of AP- 42 for the roofing
industry. ‘

Sincerely,
Lt s T f‘ -

William A. Candy

OWENS CORNING
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The Magnitude and Source of Air I
Emissions from Asphalt Blowing

Operations

David C. Trumbore

Owens Corning, Asphalt Technology Laboratory, Summit, IL 60501

The US EPA has developed emission factors for estimating the
emissions of filterable particulate, total organic compounds,
and carbon monoxide from asphalt blowing operations. These
are published by the EPA in a series called AP-42, which con-

. tain factors for many manufacturing processes.  The emission

Jaciors for asphalt blowing are acknowledged by the EPA to be
of poor quality. Owens Corning has taken extensive data in
various manufacturing facilities and an aspbalt Pilot Plant to
provide more information on air emissions from these opera-
tions. The results of that work clearly show that the current AP-
42 emission factors for asphalt processed by air blowing are
deficient in that they omit significant emissions of SO,.and HCl,
overestimate particulate and CO emissions, and polentially
underestimate both VOC and NO, emissions. In fact, SOx,
which is not addressed by AP-42, is the major air emission
contributed by the fumes from the asphalt blowing process
when those fumes are incinerated. The sources of SO, from air
blowing are discussed in detail in this paper. The impact of
incineration temperature on carbon monoxide is also illustrat-
ed. With the exception of HCI, the hazardous air pollutants
encountered in the aspbalt blowing process are minimal.

INTRODUCTICN

The use of asphalr as a material is prevalent throughout recorded history.
The commercial use of air blown asphalt, also known as oxidized asphalt,
dates from the kate 19th century (1. Oxidized asphalt is produced by blow-
ing air through hor petroleum residuum, which can come from vacuum dis-
tllation towers, atmospheric towets or solvent extraction units. At the start
of the batch, input residuum is typically pumped through a direct fired non-
contact preheater to achieve temperatures over 400°F (204°C}, and into reac-
tion vessels called oxidizers, or alternately, stills or conwvertors. Air is injected
into the oxidizer and dispersed through perforated pipes. Air flow is rypically
in the range of 15 to 50 cfm/ton (0.008 to 0.026 m3/sec/Mg) of asphalr and
the oxidizer is typically operated between 400 and 350°F (berween 204 and
288°C) [2]. Oxygen is consumed by the reaction of air with the petroleum

FEnvironmental Progress (Vol.17, No.1)

residuum, resulting in fumes exiting the oxidizer at less than 10% oxygen
content. Many theories exist as to the specific chemistry of the asphalt blow-
ing reaction, with no consensus as to what is really happening. Itis clear
that in the asphalr blowing reaction oxygen functionality is added to the
asphalt molecules; the apparent molecular weight of the asphalt increases;
and compounds like hydrogen sulfide, methane, water, carbon menoxide,
and carbon dioxide are released [3,4,5). In addition to the gases formed, the
high air flows both evaporate and entrain oily materials from the residuum,
which can condense further down the process. These are referred to in this
article as process oils. Fumes from asphalt blowing processes are typically
treated with a variety of separation devices to remove condensing or
entrained process oil, and then are incinerated. The most commonly used
catalyst for the reaction is ferric chloride, although most oxidized asphalt is
produced withour any cacalyse.

Air blowing of residuum results in an increase in Ring and Ball
Softening Point (ASTM D36) and Brookfield Viscosity (ASTM
D4402), and a decrease in Penetration (ASTM D3). The product is
unique in that its combination of properties cannot be produced by
any other refinery process. That s, if the softening point of the residu-
um is raised by distillation or solvenr extraction the material is far more
brittle than if the softening point is raised by air blowing. Oxidized
asphalt is used for the manufacture of asphalt shingles; and in buil-up
roof construction, adhesives, corrosion protection, warerprooﬁng, and
a wide variety of specialty applications. The two highest volume prod-
ucts made using this process, shingle coating and BURA Type Il1
asphalt, typically see a softening point increase duting the blowing
process from an initial value of less than 100°F {(38°C ) to a final value
of 200°F (93 °C) or higher.

Title V of the 1990 Clean Air Act required the accurate estimation
of emissions from all U.S. manufacturing processes, and placed the
burden of proof for that estimate on the process owner. In response to
Title V, Owens Corning {OC) analyzed existing data and conducted
extensive testing of their asphalt blowing processes in plant and pilot
plant scale to develop the best possible emission factors.  This paper is
the result of that work, and it is our hope that it will lead o improved
AP-42 emission factors for the asphalt blowing process.
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Table 1. Test Methods Used in Sampling
Alr Blowing Emisstons

EPA Method # Items Measured Using Method
1 Samptle and velocity traverses
2 Stack gas velocity & flow
3 Dry molecular weight
3A Oxygen & Carbon dioxide
4 Stack moisture
5 Particulare
5A Particulates
6C Sulfur oxides
7E Nitrogen oxides
i Carbon Monoxide
25A Total gaseous organic (VOCs)
26 Hydrogen chloride
26A Hydrogen chloride
29 Inorganic compounds
202 Condensible particulate
0010 Semi-volatile HAPs
TEST METHODS

Testing of emissions from Owens Corning’s asphalt blowing processes
was done using the EPA test methods outlined in Table 1.

AP-42 Emission Factors

The Emission Factor and Inventory Group (EFIG) in the U. §. Environ-
mental Protection Agency’s (EPA) Office of Air Quality Planning and Stan-
dards (OAQPS) develops and maincains a database of emission factors for
manufacturing processes. These emission factors are published in a seties
known as A'42 [6]. As part of this process the emission factors have been
assigned a quality rating. AP-42 emisston factors for limited pollutants exist
for the asphalt blowing process [7]. The factors are available for filterable par-
ticulates {PM), total organic compounds (VOC), and carben monoxide
(CO). They are summarized in Table 2. These emission factors have been
assigned “D"” or “E” ratings, indicating they are no better than “Engineering
Judgment” in accuracy.  More specifically a “I¥” rating indicates below aver-
age quality based on a small numbser of possibly non-random facilities 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-

domness, and variability. An “E” rating is the lowest rating given to emission
factors by AP-42 {6]. The asphalt blowing AP-42 factors are for both saw-
rant and coating asphalt manufacrure, The rest of this article anly addresses
the coating factors, which are larger in proportion to their longer processing

times.

Owens Corning Piant Testing Results

The resules of emission testing for Criteria Pollurants done on 33 differ-
ent occasions in 14 different Owens Corning plant locations are shown in
Table 3. The processes shared common process conditions: 15 to 30
cfm/ton (0.008 ro 0.016 m3/sec/Mg) air injection and 460 10 510°F (238 1o
266°C) reaction temperature, commeon control equipment {fumes bubbled
through a liquid seal in a knock out enk foliowed by gas fired indneration in
an incineration chamber designed for adequate turbulence), and were
processed to a common end point (coating asphals). Widely variable input
petroleum residuum were used in the tests. There was no camlyst used in any
of the tests reported in Table 3. In all but one case, each data point is the
average of three determinations, taken during three separare process times,
with the same input residuum, under as similar as possible process condi-
tions. The exception to that is the case of the PM data for plant | from 1984
to 1994. In this case an average of 83 different determinations were used 1o
avoid skewing the overall PM dat for only one plant configuration.

Averages and other statistics for each criteria pollutant are given at the
bottom of Table 3. The arithmetic mean and median are included for each’
pollutant. The geometric mean is also included in Table 3, and could in
some cases be appropriate because of the exponential nature of the depen-
dence of the emissions data on some process conditions. As can be seen in
Table 3, the arithmetic mean is the most conservative estimate and all further
analyses in this paper use it as the most representative value of the data set.
These data are the basis of what we believe 1o be improved emission factors
for asphalt blowing, and in lieu of other available data, we recommend the
arithmetic means be accepted as new emission factors for asphale blowing
with gas incineradon. When used to estimate emissions, the emission facrors
are adjusted depending on the configuration and the amount of daw existing
for that particular plant. For example, the average value plus two or three
standard deviations are often used to ensure that the estimate is greater than
the actual emission.

CONTRIBUTION OF INCINERATION FUEL TO EMISSIONS

To apply the dara of Table 3 to processes using fuel oil, rather than narur-
al gas, for incineracion requires that the contribution of the fuel burned be
recognized. This is done by calculating the incremental emissions from the

Table 2. US EPA Emission Factors for Asphalt Blowing Emissions from AP-42 (7)

Pollutant Methed Control Equipment  Saturant Asphalt  Coating Asphalt  Emission Factor Rating
Filterable PM EPA 5A none 6.6 Ib/ton! 24 Ib/ton E
Filterable PM EPA 5A incineration 0.27 Ib/ton 0.81 Ib/ton D
Total Organic Compounds EPA 25A none 1.3 Ib/ton 3.4 bfton E
Toral Organic Compounds EPA 25A incineration 0.0043 Ib/ton 0.017 Ibfton D
Carbon Monoxide none 0.27 Ib/ton? E
Carbon Monoxide incineration 3.7 Ib/ton? E

'l Ibfron = 0.5 kg/Mg

Zunclear what product was manufacrured.
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Table 3. Emission Factor Data for Asphalt Blowing to Coating with Gas Incineration

Plant  $Ox cO NOx vOoC PM Comments Year

(Ib/ton)? {Ib/ton) (Ib/ton) (Ib/ton) (Ib/ton) 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 1996
C 0.07 1988
C 0.88 0.11 0.08 0.02 0.06 1994
C 0.08 Incinerator @ 1500F! 1992
D 0.95 0.07 1988
F 0.07 1990
F 0.07 1990
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 0.11 average of 83 PM tests 1984-1994
J 0.01 0.18 Incinerator @ 1550F 1992
] 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 0.11 Incinerator @ 1550F 1994
L 0.65 0.33 0.05 0.001 1997
M 0.23 1992
M 0.25 1988
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 oxidizers 1993

Summary SOx co NOx YOC PM

Arithmetic Mean 0.86 0.59 0.05 0.03 0.10

Geometric Mean 0.84 0.18 0.04 0.01 0.08

Median 0.87 0.27 0.05 0.02 0.07

Std Dev 0.16 0.83 0.03 0.03 0.06

Arith. Mean+3s  1.34 3.09 0.16 0.14 0.29

Minimum 0.63 -0.002 0.02 0.001 0.02

Maximum 1.15 3.20 0.12 0.10 0.25

Number 12 18 11 12 24

11 Ib/ton = 0.5 kg/Mg, °C = (°F-32)*5/9

alternate fuel by using AP-42 emissions factors for combustion [8,9] and
adding that source of emissians to the data in Table 3 for gas incineration.
The incremental emissions subtract the gas combustion emissions from the
fuel oil combustion emissions. Table 4 contains asphalt blowing emission

Environmental Progress (Vol.17, No.1)

factor data measured in four plants using heavy fuel oil. To illustrate the rech-
nique described above, the average of the measurements in these plants is
compared to an average predicted by adjusting the gas incineration average
from Table 3 with fuel oil emissions for a typical fuel oil usage rare.

Spring 1998 55



Table 4. Evaluation of Emission Factors for Air Blowing
Coating Asphalt with Heavy Fuel Oil Incineration

Planc SO, CO NO, VOC PM Year
{Ib/ton)! {Ib/ton) (Ib/ton) (lbiton) (Ib/ton)

0.31 0.03 1985

0.28 1989

1.38 0.02 0.12 0.01 0.30 1994
1.14 0.00 0.19 0.01 035 1994
1.50 1.25 0.04 0.01 0.09 1993
2.87 0.37 0.15 0.00 1993

SROLL

Average 1.72 0.39 0.13 0.01 0.21

llb/ton = 0.5 kg/Mg

Gas Data Averages from Table 3 Adjusted for Fuel Oil Emissions.
SO, CO NO, VOC PM
(ib/ton)1 {Ib/ton) (!b/ton) (Ib/ton} (lb/ton)
1.53 0.60 0.14 0.03 0.14

CRITERIA POLLUTANT SUMMARY

Table 5 summarizes the comparisons between current AP-42 emission
factors for asphalt blowing, the daa gathered by Owens Corning on 33 occa-
sions in 14 plants using gas incineration, and estimated values for the contri-
bution of the gas fuel thar is bumed in the incinerator.

The key conclusions from this comparison follow:

LIt is clear from the data in Table 5 chat the omission of a sulfur oxide
{SO,) emission factor for the asphalt blowing process from AP-42 ignores
what is usually the largest criteria pollutant from this process. The average
value in all our testing is 0.86 b SO /ton asphalt (0.43 kg/Mg) with gas
fueled incinerators without using catalysts. This represents a significant
source of SOx thar should be accounted for in all asphalt blowing operations.

2.The AP-42 factor for carbon monoxide (CO) of 3.7 Ib/ton (1.85
keg/Mg) is obviously based on poor incineration as it is excessively high for
normal processes. In all of our testing on gas systems with adequate incinera-
tion turbulence and without any catalyst the average CO factor was 0.59
Ib/ten (0.293 kg/Mg). Our one value close to AP-42, 3.2 Ibfton (1.6
kg/Mg) in plant M, was reduced to less than 0.2 [b/ton (0.1 kg/Mg) by rais-
ing the incineration temperature 100 °F (38°C). The sensitivity of CO to

incineration temperature will be discussed below.

3.The AP-42 factor for volatile organic compounds (VOC) of 0.017
Ib/ton (0.0085 kg/Mg) is achievable (3 out of 12 measurements we took
were less than that value), but is approximately one half of the average mea-
sured value. This factor should be increased.

4. The AP-42 value for particulate material {PM) is much too high. Our
targest reading in 24 tests was still less than 113 the AP-42 value and our aver-
age was 1/8 the AP-42 value.

5. The contribution of furel burning ro nitrogen oxide (NO,) emissions
gives an order of magnitude estimate of NO, emissions in the asphalt blow-
ing process. Some additive emissions appear to be warranted from the dat,
but thts omission from the AP-42 factors is nat 4 serious one.

6. Based on comparisons in Table 4, asphalt blowing emission factors
based on gas incineration systems can be used as approximate estimates for

systems using alternate fuels by adding the emission contribution of the alter-
nate fuel calculated using AP-42 for combustion.

SOURCES OF SPECIFIC ASPHALT BLOWING EMISSIONS
Sulfur Oxides

SO, emissions in the asphalt blowing process come from three sources:

1.The fuel used o incinerate the asphalt blowing fumes contains sulfur
compounds which are oxidized on incineration to produce SOx emissions.

2. Some process oil is carried over as condensable vapor or droplets in the
fume stream and, when burned, the sulfur, which exists primarily as thio-
phenes, is oxidized o produce SO, emissions.

3. Hydrogen sulfide (H,5) is formed in the asphalt blowing process and
that material oxidizes in the fume stream and in the incinerator to produce
SOx emissions.

The incineration fuel component is quite small when using natural gas,
as shown in Table 5.  Estimates of the magnitude of the other two compo-
nents can be made from observations of results of experiments to reduce
these emissions. The use of H,5 scavengers in the asphalt blowing process to
tie up the H,S component of the emission has been seen to give a maximum
reduction in SO, emissions of about 70 to 80% in a gas incineration sinia-
tion [10]. This would indicate that the contribution of the release of H,S in
the process is about 70 to 80% of the emission in a gas incineration system.
Similarly, unpublished work with filtration of pilot scale asphalt blowing
fumes indicated thar completely eliminating droplet carryover in an asphalt
blowing process with gas incineration reduced SO, emissions by 20 to 30%.
Therefore, in a gas incineration system the contributions to SO, emissions
could reasonably be estimated as indicated in Table 6.

Table 5. Summary of Emission Factors for Asphait Blowing Process Making Coating

SO, CcO NO, vVOC M
(Ib/ton)! (Ib/ton) (Ib/ton} (Ib/ton) (Ib/ron)
AP-42 Factor (Table 2) omitred 3.7 omitted 0.017 0.81
Average OC Emission for Gas '
Incineration (Table 3) 0.86 0.59 0.05 0.03 0.10
Range of OC Values (Table 3) 0.63 to 1.15 0.002 o 3.2 0.02 10 0.12 0.001 10 0.10 0.02 10 0.25
Contribution from gas fuel
estimated with AP-42 (8) 0.0002 0.007 0.03 0.002 0.004

' Ib/ton = 0.5 kg/Mg
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Table 6. Sources of 50, in Asphalt Blowing -
Typical Values

Source of SO, Typical Contribution

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

During Blowing 70 to 80% of the toral SO,
Carryover of process oil

containing thiophene sulfur 20 to 30% of the total SO,

" 2 28 s 35 . .
nput Asphatt Sulfur Contert (%)
FIGURE 1. Correlation of input asphalt sulfur content With SO,

emissions. Fight different crude sources used in study.
Correlation coefficient = 0.09 (1lb/ton = 0.5 kg/Mg).

Because of the strong contribution of some input petroleum residu-
um sulfur to $O,, an investigation was done to determine if the total
sulfur content of input residuum, which is easily measured, would cor-
relate with SO, emissions. To determine this a series of inpur 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 1, a plot of pilot plant SO, emissions versus
total sulfur content of the inpur 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 H,S release and subsequent 50,
emission.

Table 7. Effect of Incineration Temperature on
Carbon Monoxide Emissions

Plant CO Emission Incineration

Factor Temperature
(Ib/ton)! (eF)!

M 1.15 1400

M 0.17 1450

M 0.12 1500

L2 2.15 1450

L 0.17 1550

11 tb/ton = 0.5 ke/Mg, °C = (¢E-32)*5/9
2The 1. plant data was taken with ferric chloride as a catalyst
and is therefore not included in the Table 1 dara ser.

Carbon Monoxide

Large amounts of carbon monoxide can be emitted from the asphale
blowing process when the incineration conditions are less than optimum in
terms of residence time, incineration temperature and fume wurbulence. In
Table 7 the effect of incineration temperarure is shown for ewo asphalt blow-
ing processes where the incineration residence time and turbulence are
acceptable. As can be seen, the emission of carbon monoxide is very sensitive
to a relatively small change in temperarure, In general, we have found that
for incinerators with more than 0.5 seconds of residence time and chambers
designed to promote turbulence, incineration temperatures in the 1450 to
1550°F (788 1o 843°C) range are necessary to achieve very low CO levels,
From the data in Table 7, plant M needs to run at least 1450¢F (788°C)
while plant L needs to run 15509F (843°C) to achieve emission factors under
0.2 [b/ron (0.1 kg/Mg).

A stnall amount of CO is detectable in the fumes prior to the incinerator,

but the major source for CO emissions is incomplete combustion of hydro-
carbons to catbon dioxide (CO;).

Hydrocarbon Emissions — Particulate and VOCs

From the description of the asphalt blowing process, it is not surprising
thar the fumes entering the incinerator contain significane amounts of
hydrocarbons, The reactions that occur in the process create lower molecular
weight hydrocarbons that remain as vapor or condense at some point in the
fume system. The incineration process does a good job of combusting these

Table 8. Measured Incineration Destruction Efficlencies for Hydrocarbons in the Alr Blowing Process

Plant  # Samples Averaged Residence Time  Incineration Temperature  Destruction Efficiency
(seconds) (eFN

C 3 1.8 1500 98.9%

) 4 1.9 1500 98.1%

S 4 1 1500 97.9%

S 5 0.7 1500 98.7%

S 4 0.5 1500 99.2%

b oC = (°F-32)*5/9
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Table 9. Sampling Data for HAPs Emissions from Asphalt Blowing (1 Ib/ton = 0.5 kg/Mg).

Plant C 8] P L L Q Q M M

Year 1992 1990 1984 1994 1994 1994 1994 1995 1995

Fuel gas gas gas gas gas BD Oil  #5 Fuel gas gas

Comments Ferric  No Ferric Ferric  No Ferric

Hazardous Air Pollutant {Ib/ton) (lb/ton) (lb/ton) (lb/ton) {(lb/ton) (Ibfton) (lb/ton) {(lb/ton)} {lb/ton)

Hydrogcn chloride 8.2E-03 2.5E-01 3.6E-02 R.4E-03 7.7E-03 1.9E-01 4.0E-02

QGeneral Inorganic HAPS

Antimony 1.0E-06 7.7E-07

Arsenic 0.0E+00 8.5E-07 2.8E-06 6.3E-07 6.3E-07

Beryllium B.5E-09 6.2E-09 ‘J
Cadmium 0.0E+00 5.7E-07 6.2E-09 i
Chromium 3.2E-05 4.3E-06 4.1E-06 7.3E-06 j
Cobalt 7.4E-07 8.9E-06

Lead 3.2E-06 2.2E-06 1.3E-05 4.7E-05 ‘
Manganese 5.5E-06 4.1E-06 9.9E-05 2.4E-04

Nickel 4.2E-05 2.8E-04 G.3E-06

Phosphorus 4.1E-06 2.2E-06

Selenium 0.0E+00 8.1E-07 2.5E-06 6.3E-07 G6.3E-07

General Organic HAPs

Benzene 2.6E-04 1.3E-02 8.2E-04 1.5E-03 9.0E-04 1.2E-05

Toluene 1.3E-04 8.8E-05 3.4E-04 1.2E-05

Ethyl Benzene 1.0E-02 1.2E-02

Xylene 1.7E-04 9.0E-06

111 TCE 2.1E-05 2.2E-05

methyl chloride 2.1E-04 7.9E-04

vinyl chloride 8.7E-05 9.7E-05

ethyl chloride 5.5E-05 7.7E-05

methylene chloride 1.3E-03 1.3E-03

chloroform 1.0E-04 1.2E-04

Di-n-butylphthalate 2.5E-06 3.0E-06

Dibenzofuran 3.8E-05 6.1E-06

bis(2-ethylhexyl)phthalate 9.6E-06 8.4E-06

isophorone 3.0E-06 2.5E-06

4-nitrophenol 1.6E-05 1.1E-05 y
phenol 1.4E-05 7.4E-06

o-cresol 2.4E-06 2.5E-06

p-cresol 8.7E-06 5.7E-06 1
2-methylnaphthalene 2.1E-05 4.7E-06 4.6E-08 8.2E-08

Acenaphthene (ACEP) 0.0E+00 3.6E-05 2.5E-06 2.7E-07 B8.4E-08

Acencphthylene (ACEY) G6.7E-09 2.5E-08 G.7E-09

Anthracene (ANTH) 0.0E+00 2.5E-09 5.GE-08

Benz (A) anthracene (BENA) 0.0E+00 8.0E-09 6.2E-09

Benzo (B) Fluoranthene (BENB) 0.0E+00 7.1E-09 7.9E-09

Benzo(G,H,I} Preylene (BENG) 0.0E+00
Benzo (K) Floouranthene (BENK) 0.0E+00

Benzo (A) Pyrene (BEZA) 0.0E+00
Benzo(e)pyrene 2.0E-08 2.2E-08
Chrysene (CHRY) 0.0E+00 1.0E-08 1.4E-08
Dibenz {A,H) Anthracene (DIBN)  0.0E+00
Fluoranthene {FLUQ} 0.0E+00 1.3E-05 2.5E-06 6.5E-09 2.0E-08
Indeno (1,2,3-C,D) Pyrene (INDE)}  0.0E+00
Naphthalene (NAPH) 5.9E-06 5.3E-05 2.5E-05 8.9E-07 9.9E-07
Phenathrene (PHEA) 0.0E+00 8.0E-05 6.9E-06 G6.4E-08 6.4E-07
Pyrene (PYRE) 0.0E+00 7.3E-06 2.5E-06 7.8E-09 1.8E-08
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to CO and CO, as indicared by the dara in Table 8, which was taken by
measuring total hydrocarbons entering the incinerator and total leaving to get
adestruction efficiency. Because of the nature of the process there isan
insignificant amount of inorganic components in the particulate emissions.

HAZARDOUS AIR POLLUTANTS TEST RESULTS

In addition to testing on criteria pollutants, Owens Corning has done
extensive testing on the emissions of hazardous air pollutants (HAPs) from
the asphale blowing process. This testing, done in six plants on nine occa-
sions, is summarized ip Table 9. On different occasions four basic classes of
HAPs have been measured: 1. hydrogen chloride, 2. general inorganic
HAPs, 3. general organic HAPs, and 4. polycyclic organic mateer (POM).
Table 9 is organized around those groupings.

2 The dara show that the use of ferric chloride as a catalyst significandy
increases hydrogen chloride emissions from the 0.007 to 0.04 Ib/ron (0.0035
to 0.02 kg/Mg) emission factor level without ferric chloride use 10 0.19 10
0.25 Ib/ton (0.095 t0 0.125 kg/Mg) with the caralyst. This is an important
omission from AP-42 and should be added for ferric chloride catalyzed
asphalc blowing. The source of this chloride is free HCl in the ferric solution
and the reaction of ferric chloride to ferrous chloride as part of the mecha-
nisrn of catalysis [11].  Only a fraction of the HC| available from these owo
sources is actually evolved. The rest takes part in as yet unidentified reactions
in the asphalk.

Emissions of general inorganic materials can be seen to be very small, in
the range of 0.000000006 to 0.0002 Ib/ton (0.0006000003 to 0.0001
ke/Mp).

Emissions of general organic materials were very low with the exception
of ethyl benzene and one measurement of benzene, which were in the range
of 0.01 10 0.013 lb/ron (0.005 to 0.0065 kg/Mg). Clearly more severe
incineration conditiens can reduce these values, and this is indicated in other
measurements of benzene emissions which were as low a5 0.000012 Ib/ton
{0.000006 kg/Mg).

Emissions of POM were all extremely low ranging in measurement from
0000000005 10.0.00008 Ib/ron (0.0000000025 o 0.00004 kg/Mg).

CONCLUSIONS

From the dara presented in this paper the following conclusions have
been reached:

1. Current AP-42 emission factors for asphalt blowing ignore important
emissions of sulfur oxides. This is usually the largest emission from the
process. The emission of sulfur oxides are not correlated with rotal sulfur in
the input residuum. In a gas incineration system the source of sulfur exides
are approximately 70 to 80% from H,S released in the asphalt blowing reac-
tion, 20 to 30% from entrained or condensing oils, and almost no contribu-
tion from the furel used for incineration.

2. Current AP-42 emission factors for asphalt blowing ignore hydrogen
chloride emissions, which ase important when ferric chloride is used as a cara-
lyst in the process. -

3. Current AP-42 emission factors for asphalt blowing overestimate the
emissions of particulate and carbon monoxide in a well designed process.
Carbon monoxide emissions can be dramarically reduced with small

increases in incineradon temperature above a certain threshold temperature,
1
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in an incinerator with adequate tesidence time and mrbulence. In our
experience that threshold temperarure is approximately 1400 to 1500 °F
{760 to 816 °C),

4. Emissions of hazardous air pollutants, other than hydrogen chloride,
from the asphalt blowing process are insignificant.
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e NAIMA

NORTH AMERICAN INSULATION
MANUFACTURERS ASSOCIATION

March 24, 1932

Ron Myers

Emission Inventory Branch (MD-14)

U.S5. 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 organization 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
existing emission factors and include new factors for other
pollutants emitted. This is particularly true for the emission
factors in Table 8.11-1 which we believe are not representative for
todays operations. OQur plan is to meet with member companies
during the first week in 2pril to finalize a sampling strategy. We
would then like to meet with 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,

et —

George R. Phelps
Director, Government Affairs

44 CANAL CENTER PLAZA B SUITE 310 ®m ALEXANDRIA, VA 22314 m TEL 703/684-00B4 wm FAX 703/684-0427
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Final 2-26-92

North American Insulation Manufacturers Association
MEETING OF THE ENVIRCNMENTAL AFFAIRS COMMITTEE

EPA Qffice 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:

Committee: Chairman: D. Schlaudecker, Owens—Corning Fiberglas

Aldridge, Knauf Fiberglass
Harian, Owens-Corning Fiberglass
Jankousky, Manville

Kutys, CertainTeed

Schmidt, Manville

Switala, Owens—Corning Fiberglas

EPA and RTI: Chin, EPA/ESD/ISB

Cornstubble, RTI
Crowder, EPA/ESD/ISB
Durkee, EPA/ISB
Farmer, RTI

Laney, RTI

McCarley, EPA/TBD
McKeever, EPA/0OSDB
Myers, EPA/TSD/EIB
Santiago, EPA/ESD/ISB
Telander, EPA/OAQPS

O QUARFAEGRQGUO mBEoOpon

------------------------------------------------------------------

1. Standards Development - EPA selected Research Triangle
Institute (RTI) as a contractor to gather data for the first
phase o©f 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. Propeosed Standard - EPA plans to i1ssue a proposed standard by
1995. The final standard will be promulgated by 13%97. 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 (fourier transform infrared spectrophotometry) method for
identification of hazardous alir pollutants. This 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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8.
9.

HAPs, EPA 1is building a mobile wvan 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 CertainTeed’s 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.

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.

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
requested that we add binder ingredients and design parameters
for contrel equipment to this data base. EPA will attempt to
put together a common questicnnaire for all the industry and
hopefully bypass the 114 process.

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.

Agreed Upon Assignments:

Each company will identify process chemicals on the HAP
list and substances on the 1list 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. Contreol ecquipment 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.

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

Draft Technical Document - EPA expects to have a draft

technical background document in 2 years.
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10.

Next Meeting — The next meeting will be in Denver, Colorado
February 27 and 28, 1992.

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

Respectfully submitted,

Dape Schloud ochor

Dave Schlaudecker, Chairman
Environmental Affairs Committee

* Action Assignments
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AN ASSESSMENT OF EMISSIONS
AND AMBIENT CONCENTRATIONS FROM
TOXIC AIR POLLUTANTS DISCHARGED BY
XERXES CORPORATION

April 3, 1989

Prepared for:

U.S. Environmental Protection Agency

Maryland Department of the Environment
Air Management Administration
Air Toxies Control Division
2500 Broening Highway
Baltimore, Maryland 21224
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EXECUTIVE 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 resuit in concentrations below
screening levels, Xerxes modified the plant design by eliminating the high bay
production area and increasing thé stack height to 60 feet, .The analysis of the proposed
plant after these changes were made showed that no adversé& 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.
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1 PURPOSE
This report presents the Maryland Air Management Administration's analysis of the
toxic air pollutant emissions discharged by the Xerxes Corporation's proposed {iberglass
facility in Washington County, Maryland. The facility wa.é reviewed to determine
compliance with Maryland's proposed air toxic regulations (COMAR 10.18.15 Toxic Air
Pollutants) to provide informatioﬁ an air toxies to concer{iéd eitizens who requested a

N

public hearing as provided in Maryland law. d




I 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 at the national level (GCA, 1985).

In support of State initiati;res, EPA provides mone‘y: 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 toxie air pollutants,

In its fiseal year 1987 grant from EPA, the State of Maryland Air Management
Administration (AMA) elected to evaluate emissions of toxie 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.
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I FACILITY DESCRIPTION
The Xerxes Corporation proposes to construct a manufacturing facility in the I -
70/81 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. Figﬁré 3.1 is a plot plan of the

Xerxes facility,
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FIGURE 3.1

XERXES FACILITY - PLOT PLAN
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Iv PROCESS DESCRIPTION

A reinforced plastic molding operation will be used to make various products at the
plant, principally fiber giass 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 known as a "spray gun" or "chopper
gun", since it simultaneously chops the fiber glass roving anci 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 Toxies) under Maryland's

proposed air toxies regulations.

FIGURE 4.1
UNDERGROUND

STORAGE TANK




V TOXIC AIR POLLUTANT EMISSIONS.
9.1 Overview
Detailed estimates of all Toxic Air Pollutant (TAP) emissions were provided by
Xerxes Corporation and are included as Appendix A. These estimates are based on &
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 as 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 euring
process, Styrene emissions are vented for operator comiort 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 components
of the catalyst) and glass fibers are also discharged. The air collecting 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
benzaldehyde.

Styrene oxide, acetophenone,.and benzaldehyde emissions were assumed to be
" proportional to styrene emissions. Using mean concentr;ations 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
ratio is ! 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 (1/15 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 aiways 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 MODELING
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

toxie air pollutant emissions.

N
.

Simple screening dispersion models are used first, to Yscreen 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 sereen
out using the screening dispersion model. When emissions of a substance screen out it
means that they would comply with the requirements proposed in Maryland draft air
toxies regulations,

6.2 Screening Models

A computerized version of AMA TM 86-02 (AMA, 1986) was used to screen all 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 us.i.r-lg 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
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(EPA 1979a, EPA 1979b). The model source parameters used in this modeling analysis
are shown in Table 6.1. With the exception of styrene, all of the emissions sereened out
at 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 pollutents from dispersing normally., Downwash can occur when stack
heights are less than 1.5 times the building height.

To avoid the high styrené concentrations resultipé 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.
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TABLE 6.1
SOURCE PARAMETERS BEFORE PLANT MODIFICATION

Source  Bldg. Stack  Stack Exit Emission Rate (g/s)
Number Ht{m) Ht.(m) Diam.(m) Temp. (OK) Vel. (m/s) Substance l1-hr & 8-hr  Annual
101-110 15.24 10.05 51 293 6.23 Styrene .7875 3591
15.24 .61 293 6.25 MEKP 00023
15.24 .61 293 §.25 DP .00023
201 15.24 9.14 .61 293 6.25 Styrene 1.575 7190
301-302 15.24 6.09 61 293 8.25 Styrene .3937 .1798
15.24 61 293 6.25 MEKP .000118
15.24 .51 293. §.25 , DP 000118
303-304 15.24 12.19 .61 293 6.25 ‘* Sytrene 3937 1798
15.24 61 293 6.25 MEKP 000118
15.24 .61 293 6.25 DP 000118
401 15.24 'B.76 .61 293 6.25 Styrene L7873 .1798
15.24 .61 293 6.25 MEKP .000236
15.24 .61 293 . 6.2% DP 000236
15.24 .61 293 6.25 Styrene 7875 3591
402 15.24 9.29 .61 293 6§.25 MEKP 000236
15.24 61 293 6.29 DP .000236

Emission Rate (g/s)

Area Source Dimensions Height Substance 1hr. & 8 hr.
501-502 51.81 m X51.81'm 3.14m Acetone 1.57

VI-3




TABLE 6.2
SOURCE PARAMETERS AFTER PLANT MODIFICATION

Source Bldg. Stack Stack Stack Exit Styrene Emission
Number Ht.(m) Ht(m)  Diam.(m) Temp.(’K) Veiim/s) Rate (g/s)

103 10.97  18.29 61 293 6.25 3.94

108 ©10.97  18.29 61 © 993 6.25 3.94

304 10.97  18.29 61 293 6.25 1.57

402 10.97  18.29 .61 293 6.25 3.15

VI-4
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YOI SUMMARY OF RESULTS

Maryland's draft air toxics regulations were used in this analysis to determine if
emissions of Toxie 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 Toxies (T-BACT)

and

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

of TAPs off their properfy. that are unacceptable. |

This third requirement is called the "Ambient Impact-"Requirement."” There are
several ways to make this demonstration. The easiest way is to use a screening level
analysis. "Sereening levels" are compared to concentrations resulting from a source's
emissions. They are intended to be conservative and protective of publie 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 B provides a more detailed explanation of Marylands proposed
program,

The Xerxes Corporation plant will discharge four 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 menticned eariier, much of 'the problem seemed to result from poor
dispersion caused by the high bay production area and short stacks included as part .;f the

original Xerxes application. Xerxes modified the plant design by eliminating the high bay
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and inereasing stack height to 60 feet. The analysis of the proposed plant alzer these
changed were made showed that nc 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 applicatibn (Table 6.1). Table 7.2 uses stack and building height data after
modifieation (Table 6.2).

Table 7.1 compares concentrations predicted using the conservative computerized
T.M. or complex modeling to screening levels. Based on .t.liis sereening level analysis
MEKP and DP screened out ﬁsing the T.M. All other substan;:es besides styrene screened
out using the more complex modeling,

Table 7.2 shows that styrene levels resuiting 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 out. With the modified stack and building heights
actual concentrations resulting from Xerxes emissions would be well below those
reported in Teble 7.1.

With the modified stack and building heights all substances discharged by Xerxes
would result in concentrations below secreening ieveis. This means that Xerxes wouid

meet the requirements under 'Maryland's proposed air toxics regulation.
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TABLE 7.1 COMPARISON OF SCREENING LEVELS TO CONCENTRATIONS RESULTING FROM EMISSIONS

OFPF-SITE
CONCENTRATION

SUBSTANCE HIGHEST 1-HR.
(CAS NUMBER) AVERAGE
Styrene
(100-42-5) 7428
Styrene Oxide
(96-09-3) (2)
MEKP
(1338-23-4) 4.39
DP
(131-11-3) _ (2)
Acetone
(67-64-1) 2149
Benzaldehyde
(100-52-7) (2)
Acetophenone
(98-86-2) - (2)

I All values in ug/m3.
2. Not applicable

1I-HR

SCREENING
LEVEL

4250

None

15

None

23750

None

None

OFF-SITE
CONCENTRATION
HIGHEST 8-HR.
AVERAGE

2803

4.2

(2)

3.074

756

16.4

9.5

VII-3

BEFORE PLANT MODIFICATIONS

8-HR,
SCREENING
LEVEL

2150

175

None

50

17800

53"

e

39

OFF-SITE
CONCENTRATION
HIGHEST ANNUAL

AVERAGE

(2)

.23

(2)

(2)

(2)

(2)

(2)

ANNUAL
SCREENING
LEVEL

None

10

None

None

None

None

None




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

OFF-SITE OFF-SITE - OFP-SITE
CONCENTRATION 1-HR. CONCENTRATION 8-HR. CONCENTRATION
SUBSTANCE HIGHEST 1-HR. SCREENING HIGHEST 8-HR. SCREENING HIGHEST ANNUAL
(CAS NUMBLR) AVERAGE LEVEL AVERAGE LEVEL AVERAGE
Styrene
(100-42-5) 3818 4250 1289 2150 (2)

1. All values in ug/m3.

2. Not applicable

<1
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ANNUAL
SCREENING
LEVEL

None
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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 rates for four airborne contaminants:
Styrene (S)
Methyl Ethyl Ketone Peroxide (MEKP)
Dimethyl Phthalate (DP)
Acetone (A)
Constants for all calculations

Addition rate of MEKP to resin

Wyegp = 0-0075 Ibs MEKP/Ib resin :

-
-

Addition rate of dimethyl phthalate to resin = Wpp = 0.75% by weight
WDP = 0.0075 lbs DP/lb resin
Evaporation rate of MEKP = Eppep = 0.2% of MEKP by weight

or Eppgp = 0.002 1bs vapor/ib MEKP

Evaporation rate of DP = Eg = 0.2% of DP by weight
or Enp = 0.002 1b vepor/lb DP

Evaporation rate styrene = Epp = 11% of styrene component of resin (45% by
weight)*

or Eg = 5% of resin weight
or Eg = 0.05 Ib vapor/lb 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:
Ry = 125 lbs/hr
Hourly emission for styrene Hg = resin usage x evaporation rate or:

- lbs resin,  1bs vapor . lbs vapor
hour Ib resin hour




HS = RH X ES
= (125) {0.05)
Hs = §.25 lbs/hour per spray gun

or For sixteen (16) spray guns, total hourly emissions are 16 x 6.25 = 100 lbs/hr,,
assuming all guns may be in use simultaneously.

..Hourly emissions for MEKP and DP: HMEKPi Hpp
Hourly emission rate, H, = Resin usage x addition rate x evaporation rate or:

= 1bs resin Ibs x lbs vapor _ lbs vapor
hour ib resin Ib x hour

{per spray gun)
For MEKP

Huyekp = Ry X Wyexp X EMEKP
= (125) x (0.0075) x (0.002) 1bs vapor/hour

i

Hyggp = 0.001875 lbs vapor/hour per spray gun
or For sixteen (16) spray guns, total hourly emissions are 0.030 lbs/hr.
For DP
Hpp = Ry x Wpp X Epp
= (125) (0.0075) (0.002)
Hpp = 0.001875 lbs vapor/hour per spray gun
or For sixteen (16) spray guns, total hourly emissions are ¢.030 lbs/hr.

For ACETONE

Consumption records indicate that approximately 1 lb. of acetone is used for each 80 lbs. of
resin. 100% evaporation rate is assumed for acetone,

H , = Hourly resin usage x 1 lb. acetone vapor/80 lbs, resin

or = 1bs, resin .. 1 1b. vapor _ lbs. vapor
hour 80 lbs. resin hour

Hy= R_Hlbs/hour per spray gun
80

125/80

1.5625 lbs/hour per spray gun

or For sixteen (16) spray guns, total hourly emissions are 25 ibs/hr.




ANNUAL EMISSIONS

STYRENE
Maximum resin consumption proposed for facility is 8,000,000 lbs/yr = Ng
Annual emission rate Ag = usage x evaporation rate
Ag = Ibs. resin/year x lbs. vapor/lbs. resin = lbs. vapor/year
Ag = Ngx Eg
= (8,000,000) x (0.05)

Ag = 400,000 lbs. vapor (sytfene) ;

For MEKP AND DP

AmEkp/DP = Ns ¥ WrEKP/DP X EMEKP/DP
= (800,000) (0.0075) (0.002)

Amggp = 120 Ibs. vapor/year

App = 120 lbs. vapor/year

ACETONE
Annual eonsumption = 100,000 1bs

100% evaporation loss is assumed,
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APPENDIX B
BRIEF SUMMARY OF MARYLAND'S AIR TOXICS REGULATIONS
January 1989
This summary describes Maryland's air toxies regulations (COMAR 26.11.15), It discusses
the pollutants and sources covered as well as the three major requirements.

TOXIC AIR POLLUTANTS COVERED

Toxie sir pollutants (TAPs) include a large number of carcinogens and non-carcinogens
for which no national or state ambient air quality standards have been established. The
regulations call carcinogens "Class I TAPs" and other toxics "Class II TAPs."

The number of substances regulated as toxic air pol.lutan.ts;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 {I TAPs that is based on the term

"heglth 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 get an air
quality permit. Certain small sour;ces 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 toxie air pollutants.

2. Use the best available control technology for toxies {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 to specifically listed TAPs.
Existing sources must submit emissions information by January 1, 1989 for Class | and

highly toxic Class II TAPs and by Janaury 1, 1991 for other Class Il TAPs.
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The T-BACT requirement applies to new sources. It allows the Department to consider
both the toxieity of substances discharged and the costs of controlling emissions on a
case~by-case basis.

The third requirement is also called the "ambient impaet” requirement, because in order
to demonstrate complian_ce, a sogrce mgst show that it will not increase concentrations
of TAPs in the ambient air by more than certain levels. Existing sources must cromplyﬂ
with the ambient impact requirement by July 1, 1990 for Class [ and highly toxie Class II
TAPs, and by January 1, 1992 for other Class IT TAPs. '

THE AMBIENT IMPACT REQUIREMENT !

The ambient impact requirement is the most complex part :of the regulations, because
there are several optiogs 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 "Sereening
Levels." The second option is a "Second Tier Analysis," There is a third option for Class
1 sources, invoiving 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 Leveis" since
they are developed using risk assessment. The Risk-Based Screening Level represents a
maximum inerease 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
l- 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 substang_e, the
regulations also provide that the Department may adopt Special Screening Levels to

more adequately reflect toxic effects other than cancer.
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Screening Levels are intended to be conservative so that public health will be protected
even though only one source is evaluated at 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 that a Risk-Based Screening Level
should be revised. This option will involve a re-analysis of ‘_the dose response data for a

carcinogen. ' .

- Finally, the Special Permit option for Class I TAPs involves & reassessment of the

exposure to a carcinogen and the acceptable risk level. Sereening 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 the Environment
Air Management Administration
Air Toxies Control Division
2500 Broening Highway
Baltimore, Maryland 21224
(301) 631-3230
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REPORT CERTIFICATION

The sampling and analysis performed for this report was carried out

under my direction and supervision.

Date December 7, 1987 Signature M 7 L M

Neill M. Harden

I have reviewed all testing details and results in this test report

and hereby certify that the test report 1s authentic and accurate.

Date December 7, 1987 Signature

V)

D. James Grove, P.E.
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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. Neill M. Harden
Project Supervisor

Anthony L. Mastrianni
Engineering Technician
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SUMMARY OF RESULTS

2.1 Presentation. Table 2-1 presents the particulate emissions from
the testing performed November 24, 1987, at the north stack of the No. 526
melting furnace. Detailed test results are given in Appendix A; field and

analytical data are presented in Appendix B.

2.2 Emission Rate. The average particulate emigsion rate for the three

runs was 4.43 pounds per hour.

2.3 Aborted Run. Run 3 was aborted due to a broken nozzle. The run
was repeated and three runs were performed. No data from run 3 appears in

this report.

2.4 Impinger Catches. The impinger catches were weighed at the test
site by Entropy Environmentalists, Inc. personnel; the results were later
combined with those of the silica gel catches. The impinger catches were

then given to PPG Industries, Inc. personnel for local analysis,

ENTROPY




TABLE 2-1

PARTICULATE TESTS SUMMARY OF RESULTS

No. 526 Melting Furnace, North Stack

1

Run Date 11/24/87

Test Train Parameters:

Volume of Dry Gas 32.119
Sampled, SCF*

Percent Isokinetic . 106.0

Flue Gas Parameters:

Temperature, Degrees F 1,499
Volumetfic Air Flow Rates
SCFM*, Dry 8,840
ACFM, Wet 42,981

Method 5 Results:
Catch, Milligrams 120.5

Concentration, Grains/DSCF* 0.05790

Emission Rate, Lbs/Hour 4,387

2

11/24/87

34.631

107.3

1,494

9.379
46,083

117.0
0.05214

4,192

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

ENTROPY

4

11/24/87

32.884

105.7

1,494

9,072
43,944

128.7

0.06040

4.697
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PROCESS DESCRIPTICN AND OPERATION

3.1 General. The PPG Industries, Inc. plant in Shelby, North Carolina,
uses gas-fired melting furnaces in the production of glass fibers. Raw
materials are charged continuously to the melting furnace and generally are

made up of sand, soda, limestone, feldspar, fluorspar, salt cake, and cullet.
3.2 Source Air Flow. Figure 3-1 is an air flow schematic showing the

test location and the passage of the flue gases exhausted by the No. 526

melting furnace.

ENTROPY
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ATMOSPHERE
NORTH W TEST
STACK LOCATION
AMBIENT ,___| SECONDARY |
AR €777 RecUPERATOR [T ? ATMOSPHERE
PRIMARY
RECUPERATOR [ ~™ 73
:
'
PREHEATED
COMBUSTION
AIR
1
L
TO RECUPERATORS |
AND SOUTH STACK €mmmt FNUORN%CEJE T'"':
(DAMPERED OFF) :

FIGURE 3-1. FURNACE NO. 526 AIR FLOW SCHEMATIC SHOWING. TEST LOCATION.
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SAMPLING AND ANALYTICAL PROCEDURES

4.1 General. All sampling and analytical procedures were those
recommended by the United States Environmental Protection Agency and the
North Carolina Department of Natural Resources and Community Development.
Descriptions of the sampling equipment and procedures (extracted from

40 CFR 60) are provided in Appendix D.

4,2 Sampling Points. The number and location of the sampling points
were determined according to EPA Method 1. The stack cross section was
divided into 24 equal areas with 12 traverse points on each of two axes, as

shown in Figure 4-1.
4.3 Volumetric Air Flow Rates

4.3.1 Flue Gas Velocity. EPA Method 2 was used to take the velocity

measurements during the traverses of the stack cross section.

4.3.2 Flue Gas Composition. During run 4, a multipoint, integrated
flue gas sample was collected and analyzed using EPA Method 3; the analytical
results were used to determine the flue gas composition and molecular weight

for all three runs.

4.3.3 Flue Gas Moisture. Moisture content was determined by analyzing
the sampling train impinger reagents according to the procedures outlined in
EPA Method 5.

4.4 Emissions Determinations. EPA Method 5 sampling and analytical
procedures were used to determine the particulate emissions. Each of the 24
points was sampled for 2.5 minutes, resulting in a net run time of 60

minutes.

4.5 Equipment Calibration. Pertinent calibration data are provided in

Appendix C.
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TRAYERSE POINTS

2 AXES
12 PQINTS/AXIS
24 TOTAL POINTS

NOTE: PORTS C AND D
NOT TESTED.

FYRE S

SECTION T-T

E3
T
ﬁ
= ) W

no
o>
. Ts

FROM SECONDARY
RECUPERATOR

FIGURE 4-1. NORTH STACK TEST LOCATION

ENTROPY




APPENDIX A

. TEST RESULTS AND EXAMPLE CALCULATIONS
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PLANT: PPG Industries, Inc.. Shelby., North Carolina

Theta
Dia
Cp

Y
Pbar

Delta H

Vm
tm
Vmi(std)

Vlie

Vw(natd)
YH20
Mfd
xcoz
x02
1CO+N2
Md

Ms

Pg

Ps

ta
Delta p

ve

Qsd
Qaw

X1

ISOKINETIC SAMPLING TRAIN FIELD DATA & RESULTS TABULATION

11/24/87
11724787
11725787

SAMPLING LOCATION

No. 526 Melting Furnace, North Stack
No. 526 Melting Furnace, North Stack
No. 526 Melting Furnace, North Stack

Run Start Time

Run Finish

Time

Net Sampling Points

Net Run Time. Minutes

Nozzle Diameter, Inches

Pitot Tube

Coefficlent

Dry Gas Meter Calibration Factor

Barcometric

Pressure, Inches Hg

Avg. Pressure Differential of
Orifice Meter, Inches H20

Volume of Metered Gas Sample, Dry ACF

Dry Gas Meter Temperature, Degrees F

Volume of Metered Gas Sample, Dry SCF*

Total Volume of Liquid Collected
in Impingers & Silica Gel, mL

Volume of Water vVapor. SCF*

Molsature Content, Percent by Volume

Dry Mole Fraction

Carbon Dioxide, Percent by Volume, Dry

Oxygen, Percent by Volume, Dry

CO « N2, Percent by Volume, Dry

Dry Molecular Weight, Lb/Lb-Mole

Wet Molecular Weight, Lb/Lb-Mole

Flue Gas Static Pressure, Inches H20

Absolute Flue Gas Press., Inches HG

Flue Gas Temperature, Degrees F

Average Velocity Head, Inches H20

Flue Gas Velocity, Feet/Second

Stack/Duct
Volumetric
Volumetric

Isokinetic

Area, Square Inches.
Air Flow Rate, Dry SCFM*
Alr Flow Rate, Wet ACFM

Sampling Rate, Percent

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

ENTROPY

1

830
9ko
24
60.00
0.544
0.840
0.986
29.30
0.971

34.014
81

32.119
194.0

9.132
22.1
0.779
15.1
0.8

84 .1
30.45
27.69
+0.45
29.33
1,499
0.0516
25.33
4,072
8.840
42,981

106.0

OPERATOR

Neill M. Harden
Neill M. Harden
Neill M. Harden

2

1045
1152

24
60.00
0.545
0.840
0.986
29.30

1.120

36.389
77
34.631
221.5

10.426

23.1
0.769
15.1
0.8
84.1
30.45
27.57
+0.45
29.33
1.494

0.0592 °

27.16
4,072
9.379
46,083
107.3

1358
1503

24
60.00
0.5h4
0.840
0.986
29.30
1.020_ —

32.884
197.5

9.296
22.90
0.780
15.1
0.8
84.1
30.45
27.70
+0.45
29.33
1,494
0.0541
25.90
4,072
9,072
43,944
105.7

(continued next page)
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Method 5 Results:

mg Catch, Milligrams 120.5 117.0 128.7
gr/DSCF Concentration, Grains per DSCF* 0.05790 0.05214 0.06040
Lb/Br Emission Rate, Lbs/Hour (PMRc) 4,387 4.192 h.697

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

L, “f
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EXAMPLE TEST CALCULATIONS NO. 1

No. 526 Melting Furnace, North Stack

VOLUME OF DRY GAS SAMPLED AT STANDARD CONDITIONS

—— P o - -

(Pbar + Delta H/13.6)
17.64 % ¥ * YD ¥ ccmmememmm e
(460 + tm)

<
=]
[/+]
ct
[« B
e
i}

(29.30 + 0.971/13.6)
17.64 * 0.986 * 34.014 * ~w-----emmocomeeo =

Vm{std) (56 50)
o + 1

VOLUME OF WATER VAPOR AT STANDARD CONDITIONS

et S e R R A A s ) W A A v S N AN A e

Vw(std) 0.04707 * Vlc

Vw(std) 0.04707 * 194.0 = 9,132 SCF

PERCENT MOISTURE, BY VOLUME, AS MEASURED IN FLUE GAS

%¥H20 = 100 * Vw(std) / (Vw(std) + Vm(std))
9.132 ‘

C¥H20 = —=m—m———mmmmme— o * 100 = 22.1 %
. 9.132 + 32.119

DRY MOLE FRACTION OF FLUE GAS

Mfd 1 - XH20/100

Mfd

1 - 22.1/100 = 0.779

DRY MOLECULAR WEIGHT OF FLUE GAS

- ——— T ———— ——— . e —— -

Md

%C02 * o4k + %02 * 0.32 + XCO+N2 * 0.28

Md = 15.1*0.44 + 0.8%0.32 + 84.1%0.28 = 30.45 LB/LB-MOLE

WET MOLECULAR WEIGHT QF FLUE GAS

e A W S A

Ms (Md * Mfd) + (0.18 * %H20)

Ms

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

ENTROPY
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ABSOLUTE FLUE GAS PRESSURE

- - -

Ps

Phar + Pg / 13.6

Ps

29.30 + ( 0.4 / 13.6) = 29.33 IN. HG.

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

- G AP e T A A A e R S S S S . R R A e e T S S A A R R e P N A A S A e S

n
©
\u1]
-
o
%
Q
e
*
g
—
—
{
1
1
1
|
1
|
'
'
'
t
1
|
|
1
|
'
1
)
'
1
[
1
|
t
d

vs

n
o]
Ul
=
o
*
=
co
=
o
*
g
—3
A

1

[}

[}

1

1

|

1

1

1

]

i

]

t

1

1

|

1

!

t

1

|
—

It

vs 25.3 FT/SEC

29.33 * 27.69

DRY VOLUMETRIC FLUE GAS FLOW RATE @ STANDARD CONDITIONS

e - ——— - ————

60 Tstd Ps
Qsd = -=-- * Mfd * vs * A * -—o-—- WIS

144 ts + 460 Pstd

60 528 29.33
Qsd = --- * 0.779 * 25.3 * 4,072.0 * ------e--- * e

144 1499 + 460 29.92
Qsd = 8,840 SCFM

WET VOLUMETRIC STACK GAS FLOW RATE @ FLUE GAS CONDITIONS

——— - ——— -y ] T ——— -

Qaw = 60 / 144 * yg * A
Qaw = 60 / 144 * 25.3 * 4,072.0 = 42,981 ACFM
PERCENT ISOKINETIC OF SAMPLING RATE

Pstd 100 {ts + 460) * vm(std)

xI Z e W e W R md e — e ——————
Tstd 60 Ps * vs * Mfd * Theta * Area-nozzle, sq.ft.
29.92 100 ) (1499 + 460) * 32.119

%I = wuw-e- H o B e ————— e

528 60 29.33 * 25.3 * 0.779 * 60.00 * 0.0016141
%I

I
'_l
o
h
o

"
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GRAINS PER DRY STANDARD CUBIC FQOT

e e el el el kel e L T ——

7000 ngs
gr/DSCF = —mw—em- ® e
453,592 Vam(std)
. 7000 120.5
gr/DSCE = ~=----- i vaseee = 0.0579 gr/DSCF

POUNDS PER HOUR

Lb/Hr = 60 / 7000 * gr/DSCF * Qsd

Lb/Hr

]

60/7000 * 0.0579 * 8,840 = 4.39

ENTROPY
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APPENDIX B

FIELD AND ANALYTICAL DATA
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ORSAT FIELD DATA - 9

Plant Name PRe - SHELE
Sampling Location GLASL FULNRE #8626 UTLE ML Fuel Type JAT_GAS
~Run snd/or Sample No. - Leak Test? Datey|-2#-g7 Onerator ﬁt
Time of Time o, ) co %05 %CO %No
Sample of Reading |Reading Reading '
Collection | Analysis A B C B-A C-B 100-C
~ s
(386 (230 |51 | 54 — | 0& | —
10 1£.1 | 154 0.
i$03 | 152 | b0 0.¢
Avg. IS'{ Avg. 5L%( 39+v[
Run and/or Sample No. Leak Test? Date Operator
Time of Time €0, 0, Co %05 %CO %N
Sample - of Reading [Reading Reading -
Collection { Analysis A B C B-A C-B 100-C
Avg. Avg.
Run and/or Sample No. Leak Test? Date Operator
Time of Time ) 0, co %05 %CO %N
Sample of Reading |Reading Reading "
Collection | Analysis A B C B-A C-B 100-C
Avg. Avg.

F-1009

8/8 6 E NTROBY %:?::::TB N
NVIRONMENTALISTS, INC . {8\ ampunG




PARTICULATE FIELD DATA

10

ENTROPY

COMPANY NAME = YPG - RUN NMBER ___ |
ADDRESS - HEL TR - . TIME START _OXZ0O
SAMPL ING Lxﬁanﬁqugﬂg@?m rmzqh_oﬁﬁ_
DATE ___[l-2.+4 -5 TEAM LEADER__ Y TECHNICIANS
BARCMETRIC PRESSURE, IN. HG 29.3 STATIC 2, IN. Hpo _+0.#5
SAMPLING TRAIN LEAK TEST VACUUM, IN. HG_LZ 1) e
SAMPL |NG TRAIN LEAK RATE, CU. FT./MIN. B8R0 000/ 000
EQUI PMENT CHECKS IDENTIFICATION NUMBERS
FITOTS, PRE-TEST REAGENT mx_ém_mznzm. piameTer -S4
- PiTOTS, POST-TEST METER Box __al & T/c READOUYT __F &
T—— ORSAT SAMPLING SYSTEM UMBIL1CAL T/C PROBE HT-&
—_TEDLAR BAG SAMPLE BOX ORSAT PUMP -
THERMOCOUPLE @ L3CD ©F | prosx TEDLAR BAG — n
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PARTICULATE FIELD DATA
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COMPANY NAME Pre RUN NUMBER __ Z~
ADDRESS. SHhELE  AEC TIME START __/[04S
SAMPL ING LOCATION ) KPIME FINISH _ [ $2.
pATE ___[l- 24 -%17 TEAM LEADER__ A4 TECHNICIANS __ ALM
BAROMETRIC PRESSURE, IN. HG __Z% 2 STATIC PRESSURE, IN. #,0 £ 044
SAMPL ING TRAIN LEAK TEST VACUUM, IN. HG_[5 14) 1 _
SAMPL ING TRAIN LEAK RATE, CU. FT./MIN. A 0072 0:90) 2,00/
EQUIPMENT CHECKS IDENT1F ICATION NUMBERS
> PITOTS, PRE-TEST REAGENT Box.é_QJ_nozzx.E_Q.Z_h piaMeTER €. 545
PITOTS, POST-TEST METER BoX .. Az  T/c READOUT __€ ©
~—— ORSAT SAMFLING SYSTEM UMBILICAL T/C PROBE 4T &
——_ TEDLAR BAG SAMPLE BOX________ ORSAT PUMP —
— THERMOcOUPLE @ LS00 °F | proBE RZ 2 TEDLAR BAG —
FILTER # TARE NOMOGRAPH SET-UP NOMOGRAPH # A%~
6122 _ O.46%¢ AHg L716 € FACTOR 0. 72
METER TEMP STACK TEMP Y7 9)
% MOISTURE ____ZZ-  REF. AP 0.0
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PARTICULATE SAMPLING LABORATCRY RESULTS

Plant Name PP(x SHELERY EEI Ref. # 5779
Sampling Location Npo. 526 Mevnue Furnace | Norw Stack

Date Received /25 Date Analyzed 2/z Reagent Box(es) Oup| /OboZ

Run Number \ z 4-
Run Date 1/74 _I.L;Ll z —111&-
SUMMARY OF PARTICULATE ANALYSES
Sum of Particulate, ng. 6005 S86.0 @3.;2
Total Filter Tare ng. 474.9 4L8.0 . 4647
Blank Residue, mg. ( 2o0p mh) 0.4 {_ 200 ul) 0.4 {(_1z5 ml) 0.3
TOTAL PARTICULATE CATCH, mg. 120.5 7.0 128.7

ANALYSIS OF MOISTURE CATCH

Reagent 1 (Pr Ho ) _ .
Final Weight, g. gz;o 406.0 I3p30

Tared Weight, g. _ 200.0 200.0 200.0
Water Catch, g. 1770 2060 (83.0
Reagent 2 ({ B '
Final Weight, g. - - _
Tared Weight, g. — - -
Water Catch, g. . - - -
CONDENSED WATER, g. i ”O 206 .0 [183.0
Silica Gel: |
Final Weight, g. 217.0 219.5 2145
Tared Weight, g. Z200.0 200.0 200.0
ADSCRBED WATER, g. 7.0 1.5 l&.S
TOTAL WATER COLLECTED, g. 194.0 22LS (975
Blank Beaker # 2;Z4 --- Legend --- Notes and Comments
Final wt. mg. GQ4496.2 = Final Weight
Tare wt. ag. Q44156 L = Loose Particulate
Residue, mg. 0.4 F = Filter D = Dish
Volume, mL. 200 R = Rinse P = Pan
Concen., mg/al { D.0672-
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[ABORATORY SAUPLE WEIGHT CALCULATIONS

Sample ID/Container #

Tare Wt., g.

SAMPLE WT., g.

Sample ID/Con"i:ainer #

Tare Wt., g.

SAMPLE WT., g.

15
Plant Name PPC>  SHELEM EEI Ref. # =729
Run Number | 2 4
Run Date h/24 _n/za __L\,ZZ&_
Sample ID/Container # feR 2145 Fe 2147 Fe 2 21486
v, 471873 99,9273
9. 4788 99.9378 w12 13006
9. 4745 ©9.9384 49, 1 309
Tare Wt., g. 92 8775 99.3513 a8 519
SAMPLE WT., g 0. (200D 0-5BLO O 637

T ————— R e e e e e T Ay

o o o e o e A A A R e T A P AT SR SR MR Y S S D G W S S R S G G YA S A M S S e W AR G S S A e -

e o e o T . - —— D A5 . v A A ———— A - T - ——— N g e gl A o - ]
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CUSTODY SHEET FOR REAGENT BOX # QéQK

16

Date of Makeup 0/ 2F Initials _ Cea Locked? .. —
I
Individual Tare of Reagent: 200 _mls. of DT H, D
Individual Tare of Reagént: mls. of
Individual Silica Gel Tare Weight 200 gms.
PLANT NAME PPC - SHELTRY N |
{
SAMPLING LOCATION () ASL, FURKVAE. 4 526 JQUTLET SHL
Run Date Initials Locked? Date $ S. Gel| Initials| Locked?
Number Used Cleanun|{ Spent
{ [2A51] v ek | 65 pp |
2\ p-2d | | lizd | 65 oyl |
VLA H=23t /f}ﬁjfv[ — —H2et <6 /fxﬁfr// v
o= —a
[Suvrs 3V1AR e T &I
, Date Initials Locked? Zero & Span Balance
Received in Lab u/2s 24 v Initials [
i Filter Tare Used..
Sampling Method: 6 3 Weight on
(grams) Test
= . |
Remarks: £E62a9  0-47%9
£0122 048 &
ABen 7D éfmz 2 —&ig&,ﬂ‘% >

E NTROPY
N

VIRONMENTALISTS, INC.




CUSTODY SHEET FOR REAGENT BOX # JLoO—2-

Date of Makeup

/0/2&4
/

Individual Tare of Reagent:
Individual Tare of Reagent:

Individual Silica Gel Tare Weight

PLANT NAME

Initials Ceén~—
200 mls. of
mls. of
20 gms .

17

Locked? u///

D) H.©O

. SHELBY

SAMPLING LOCATION GLALL FUANMAGE. #6L26 oYTeeq STACK

Run Date Initials Locked? Date $ S. Gel| Initials| Locked:
Number Used Cleanup| Spent
& |N-ze | Ayl o | lze | <O LI |
Date Initials Locked? Zero & Span Balance

Received in Lab ‘1ég NS v Initials v

. Filter Tare Used.
Sampling Method: " Weight on

(grams) Test

Remarks: EHe200 _0.4847 4

e

VIRONMENTALISTS, INC.




APPENDIX C

CALIBRATION DATA
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QUALITY ASSURANCE PROCEDURES

General. Hach item of field test equipment purchased or constructed by
Entropy is assigned a unique, permanent identification number. New items for
which-caiibration is required are calibrated before initiagl field use.
Pquipment whose calibration status may change with use or with time is
inspected in the field before testing begins, and again upon return from each
field use. When an item of equipment is found to be ocut of calibration, it
is adjusted and recalibrated or retired from service. All equipment is
periodically recalibrated in full, regardless of the outcome of these regular
inspections.

Calibrations are conducted in a manner and at a frequency which meet or
exceed U. S. EPA gpecifications. Entropy follows the calibration procedures
outlined in EPA Reference Methods, and those recommended within the Quality
Assurance Handbook for Air Pollution Measurement Systems: Volume IIT
(EPA-600/4-77-027b, August, 1977). When the Reference Methods are
inapplicable, Entropy uses methods such as those prescribed by the American
Society for Testing and Materials (ASTM).

Data obtained during calibrations are recorded on standardized forms,
which are checked for completeness and accuracy by the Quality Assurance
Manager or the Quality Assurance Director. Data reduction and subsequent
calculations are performed using Entropy's in-house computer facilities.
Calculations are generally performed at least twice as a check for accuracy.

Copies of calibration data are included in the test or project reports.

Inspection and Maintenance. An effective preventive maintenance program

is necessary to ensure data quality. Each item of equipment returning from
the field is inspected before it is_returned to storage. During the course
of these ingpections, items are cleaned, repaired, reconditioned, and
recalibrated where necessary.

Each item of equipment transported to the field for this test pregram
was inspected again before being packed. Entropy performs these quality
assurance activities prior to departure for the job site to detect equipment
problems which may originate during periocds of storage. This minimizes lost

time on site due to equipment failure.

'ENTROPY
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Occasiconal equipment failure in the field is unavecidable despite the
mest rigorous inspection and maintenance procedures. For this reason,
Entropy routinely transports sufficient backup equipment to the job site to

have complete redundancy of all critical sampling train components.

Calibration. Emissions sampling equipment thatrrequires calibration
includes the nozzle, pitot tube, pressure gauges, thermcmeters, flow meters,
dry gas meters, and barcometers. The following sections elaborate on the
calibration procedures followed by Entropy for these items of equipment.
Calibration data for the specific items of equipment used for this test

program follow the text.

Nozzles. FEach probe nozzle is uniquely and permanently identified at
the time of purchase, and calibrated before initial field use. The inside
diameter of the neozzle is measured to the nearest 0.001 in. using a-
micrometer. Five measurements are made using different diameters each time.
If the difference between the high and the low numbers does not exceed 0.0Q04
inch, the average of the five measurements is used. If the difference
exceeds this amount, or when the nozzle becomes nicked, dented, or corroded,

the nozzle is reshaped, sharpened, and recalibrated.

Pitot Tubes., All Type S pitot tubes used by Entropy, whether separate
or attached to a sampling probe, are constructed in-house or by Nutech
Corporation. Each pitot is calibrated when new in accordance with the
geometry standards contained in EPA Reference Method 2. A Type S pitot tube,
constructed and positioned according to these standards, will have a
coefficient of 0.84 + 0.02. This coefficient should not change as long as
the pitot tube is not damaged.

Each pitot tube is ingpected visually before it is transported to the
field. If this inspection indicates damage or raises doubt that the pitot
remains in accordance with the EPA geometry standards, the pitot tube is not

used until it has been refurbished and recalibrated,

Differential Pressure Gauges. Some meter consoles used by Entropy are

equipped with 10 in. W.C. inclined-vertical manometers. Fluid mancmeters

'ENTROPY
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do not require calibration other than leak checks. Mancmeters are
leak—chécked in the field prior to each test series, and again upon return
from the field.

Most of Entropy's meter consoles are equipped with Magnehelic
differential pressure gauges.  Each set of gauges is calibrated initially
over its full range, 0-10 inches W.C. After each field use, the calibraticn
of the gauge set is checked against an inclined manometer at the average
delta p encountered during the test. If the agreement is within + 5 percent,

the calibration is acceptable.

Thermometers

Impinger Thermometer. On site, prior to the start of testing, the

thermometer used to monitor the temperature of the gas leaving the last
impinger is compared with a mercury-in-glass thermometer which meets ASTM E-1
specifications. The impinger thermometer is adjusted if necessary until it
agrees within 2°F of the reference thermometer. (If the thermometer is not

adjustablé. it is labeled with a ceorrection factor).

Dry Gags Meter Thermometer. The thermometer used to measure the

temperature of the metered gas sample is checked prior to each field trip
against an ASTM mercury-in-glass thermometer. The dry gas meter thermometer
is acceptable if the values agree within 5.4°F. Thermometers not meeting

this requirement are adjusted or labeled with a correction factor.

Flue Gas Temperature Sensor. All thermocouples employed by Entropy for

the measurement of flue gas temperatures are calibrated upon receipt.
Initial calibrations are performed at three points (ice bath, boiling water,
and hot oil). An ASTM mercury-in-glass thermometer is used as a reference.
The thermocouple is acceptable if the agreement is within 1.5 percent
fabsolute} at each of the three calibration points.

On site, prior to the start of testing, the reading from the stack gas
thermocouple-potentiometer combination is compared with a mercury-in-glass
reference thermometer. If the two agree within 1.5 percent (absolute), the
thermocouple and potentiometer are considered to be in proper working order

for the test series.
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After each field use, the thermocouple-potentiometer system is ccapared
with an ASTM mercury-in-glass reference thermometer at a temperature within
10 percent of the average absolute flue gas temperature. If the absolute
temperatures agree within 1.5 percent, the temperature data are considered

valid,

Dry Gas Meter and Orifice. The dry gas meter and orifice are calibrated

simultaneously. There are two calibration procedures. The full calibration
is a complete laboratory procedure used to obtain the calibration factor of
the dry gas meter before its first use and periodically thereafter. Full
calibrations are performed at three different orifice settings {flow rates).
A simpler procedure, the posttest calibration, is designed to check whether
the calibration factor has changed. Posttest calibrations are performed
after each field test series at an intermediate orifice setting (based on the
test data) and at. the maximum vacuum reached during the test.

Entropy uses as a transfer standard a dry gas meter that is calibrated
annually against a spirometer. During the annual calibration, triplicate
calibraticon runs are performed at seven flow rates ranging from 0.25 to

1.40 cfm.

Dry Gas Meter. Each metering system receives a full calibration at the

time of purchase, and a posttest calibration after each field use. If the
calibration factor, Y, deviates by less than five percent from the initial
value, the test data are acceptable. If Y deviates by more than five
percent, the meter is recalibrated and the meter coefficient (initial or
recalibrated) that yields the lowest sample volume for the test runs is used.

EPA Reference Method S calls for another full calibration anytime the
posttest calibration check indicates that Y has changed by more than five
percent. Standard practice at Entropy is to recalibrate the dry gas meter
anytime Y is found to be outside the range 0.98 < Y < 1.02.

Orifice. An crifice calibration factor is calculated for each flow
setting during a full calibration. If the range of values does not vary by

more than 0.15 in. H_O over the range of 0.4 to 4.0 in. H.0, the arithmetic

2 2
average of the values obtained during the calibration is used.

ENTROPY
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Barometer. Each field barometer is adjusted before each test series to
agree within + 0.1 inches of a reference aneroid barometer. The reference
varopeter is checked weekly against the station pressure value (corrected for
elevation difference) reported by the National Weather Service station at the

Raleigh~Durham airport, approximately 2.5 miles from Entropy's location.
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Meter Box Number: ., /4

Standard Meter Number:

Calibration by:

I f*\C2>oﬂ41~/ia

H5392 3 Standadrd Meter Gamma: ! /00U 3
Date: _:n-id-<L BarometTic Pressure (P_): _229-7O in. Hg
*Date: *Barometric Pressure (Pb): in. Hg
METERBO0X CALIBZRATION
Standard Meter Meter Box Metering System
T Gas Orizice | Gas
Volume | Temp. Time Setting | Volume | Temp.
(Vag) | (tgag) (8) (AH) (Va) (ta) Coesf=. Aa@
I *F | min. in. H,O 243 33 (¥y) in. H
woag 16 F 1000 | o:s | h.onsl 7S | o082 ). & 9
w.ouy | FO oco 1p.s2 Ja. 13 | ¢y R il 167
g.m6el6 7 o 0Q leol.r7 F 241 | *+s5” o0 9829 129
€. a3 Y _@? 0 oo 'a.ip 291 1+F 09830 ) %9
1. O3 é)? 10 0O | k€O )2 csu | & O 9322 -]
11943 1 7O wion w20 /3. ¢S4 nY=09 |1-§2
Average (P .9%60 | 1'%
v, o 288 Jag T (%a T 450) T Py
4 : _
Vd * (tds + 460) * (Pb + H/13.6)
0.0317 *An t, + 460) * o | 2
AH TT e o e o - - - * £-g§———-——-2 —————
@ B % (ty + 460) Yo * Vi
F-1037

2/8¢6

ENTROPY
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/‘_
Meter Box Number: 6 Calibration by: 3G
Meter Box Vacuum: S in.. Hg Job _ 5729
’ Pre -ﬁ;&e@(} N
Standard Meter Number: (¥3§327  standard Meter Gamma: [.ooY %

.Date: H-36-%

Barometric Pressurae (Pb) :

So. o

POSTTEST. CALIBRATION

in. Hg

Standard Meter Meter Box Metering System
Gas Orifice Gas
Volume | Temp. Tima Setting | Volume | Temp.
(Vds) (tds) (e) (AH) (vd) (tq) Coeff. AH@
£3 °F min. in. K,0 £1£3 °F (¥4) in. H,0
§23| LY | jo.o | liee S50 | 72 | 0-97¢ | ).9¢
S§.Cig ] L% (0.0 | [.2= 5182 | 19 099G 1773
.29 65 le.o | oo |6 %72 79 0.9¢S |. 1.7
Average 0.9Y7 1.75%
v, o ooids ” Vag * (tq * 480) * By -
d Vg * (tgq + 460) * (P, +AH/13.5)
B 2
0.0317 * AH (t,. + 460) * o
AH@ D e ew L4 -_gg ............
Py * (tq + 460) | Yag " V4g _ |

F-1038
8/86
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72221 Allow a warm-up time of 15
minutes. This step is impaortant to equilibrate
the tamperature sonditions through the DGM.

72222 Leak check the system as in
Section 7.2.2.1.1, The leakaga rate shall be
zero,

72223 Before calibrating the critical
orifice, determine its sultability and the
appropriate operating vacuum as follows:
Turn on the pump. fully open the coarse
adjust valve, and adjust the by-pess valve to
give a vacuum reading corresponding te
about half of atmospheric pressure. Observe
the meter box crifice manometer reading, H.
Slowly increase the vacuum reeding until a
stable reading is obtained on the meter box
orifice manometer. Record the critical
vacuum for each orifice.

Orificen that do not reach a critical value
shall not be used.

72224 Oblain the baremetric pressure—
using @ barometer as described in Section
21.8. Record the barometric pressure, Py, in
mm Hg (in. Hg).

72225 Conduct duplicate rums ata
vacuum of 25 to 50 mm Hg (1 tq 2 in. Hg)
above the critical vacuum. The reas shall be
at Jeast 5 minates sach. The DGM volume
readings shall be in inererments of 0.00283 m?
(0.1 ft%) or in increments of complete
revolutions of the DGM. As a guideline, the
times should not differ by more then 3.0
seconds {this includes allowanee for changes
in the DGM temperatures) t0 achiove + 0.5
percent in K'. Record the informalion listed in
Figure 5-11.

7.2226 Calculate K’ using Equation 58,

K'=  Critical orifice coefficient,

Ton = Absolute ambient iemperature, *K (*R).

Average the K* values. The individual K*
values should aot differ by more than +0.5
percent from the average.

KiVaY (P, + AH/13.6) VT,
Prae Tudh
{RICR)
(in. Hg} {min) ]

Eq. 3-8

_ (mIK)u
{mm. Hg) (min) [

Seclions 7.2221 10 7.22.2 5, Recare

information isteq in Figure :l;-cmd the
7.2.3 Using tha Critical

Calibration Standards, Orfices as

7.23.1 Record the baromatric pressure.

Date Train ID DGM cal.
factor. Critical orilice ID
Run No.
Dry gas meter
1 2
Final reading o.ow. e (17
Initial reading.......... m? (ft)
Ditference, Vg .coea.. m? (ft9)
Inlet/Outiet
temperatures:

BT - o SRR ! /
Final.... oo saan, I o o Y /
Avg. ‘C(F)

Temperature,
|
TN, B comcecrcnerareer M/ BBC iy /
min
Cxifice man. rdg., mm (in.)
AH, H0.
Bar. pressure, P,.... mm {in.) Mg
Ambient *C{F)
temperature, tua-
Pump vacuum.......... mm {in) Hg
K’ factor
Average

Yo

Figure 5-11. Data sheet for determining K
factor. ‘

7.23.2 Calibrate the metering system
acconding to the procedure outlined in

7.233 Calculate the stenderd volumes of
air passed through the DGM and the critical
orifices, and calculate the DGM calibration
factor, Y. using the equations below:"

AH/13.8
Va(std)=K; Vo, P"—HT——-—}- Eq. 8-10

Puur©

Voistd)=K'

- Ve

Eq. 512
Votaa)

where:

Vot = Volume of gas sample passed
through the critical orifice, corrected to
standerd conditions. dsm? (dscf).

K1=0.3858 'K/mm Hg for metric unitam17.64
*R/in. Hg for English units,

7234 Average the DGM calibration
values for each of the flow rates. The
calibretion facior. Y. al each of the flow rates
should nol differ by more than +2 percent
from the average.

7235 To determine the need for
recalibrating the critical orifices, compare the
DGM Y factors obtained from two adjacent
orifices each time a DGM is calibrated; for
example. when cheching 13/2.5. use orifices
12/102 end 13/5.1. ¥ any critical orifice
yields a DGM Y factor differing by more than
2 percent from the others. recalibrate the
eritical orilice according to Section 7.2.2.2.

EPA -STATIONARY BOURCE SAMPLING METHODS
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By 511"

Dale Train [D Critical
orifice ID Critical orifice K’ [actor
Run Na.
Dwy gas mater
| 2
Final reading mt (ft9)
Initial reacding m* (i
Difference, Vg mi (k3
‘inlet/outiot
lemperstares: -
Initial ‘C{'F) / k
Final *CI*F / ¢
Avg. *C{'F)
Temporature,
ta
Time, © min/sec.. ! /
min
Orifico man. dg., mm (in)
AH, H0.
Bar. pressure, Py, .. mm (in.} Hp o
Ambient *C(F)
tomperature, tu.
Pump vacuum ........ ~ mm {in) Hg..Lolen.
Vitus) m? {f17)
Vertaa) m? (ft9)
OGM cal. factor, Y...

Figure 5-12. Data sheet for determining
DGM Y fector.
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Figure 5-9.

metering system.

722 Criticel Orifice Caslibration. The
procedure described in this section uses the
Method 5 meter box configuration with a
DGM as described in Section 2.1.8 to
calibrate the criticat orifices. Other schemes
may be used. subject tc the approvai of the
Adminiatrator.

7.2.21 Calibration of Meter Box. The
critical orifices must be calibrated in the
same configuration as they will bé used: i.e..

there shoyld be no connections to the inlet of
the orifice.

7.221.1 Before calibrating the meter box,

leak check the sysiem as feliows: Fully open

the coarae adjust valve, and completely close
the by-pass valve. Plug the inlet. Then trun on
the pump, and determing whether there is
any leakage. The leakage rate shall be zero;
i-2.. no detectable movement of the DGM dial
shall be seen for 1 minute-

7.2.21.2 Check also for leakages in that
portion of the sampling train between the
pump and the orifice meter. See Section 5.6
for the procedure; make any corrections, if
necessary. If leakage is detecled, check for

Critical orifice adaptation to Method 5

cracked gaskets, loose fittings. worn O-rings.
etc., and make the necessary repairs.

7.2.2.1.3 After determining that the meter
box is leakless, calibrate the meter box .
according to the procedure given in Section
5.3. Make gure that the wet test meter meets’
the requirements staled in Section 7.1.1.1.
Check the waler level in the wel test meter.
Record the DGM calibration factor. Y.

7.2.2.2 Calibration of Critical Orifices. Set
up the apparatus as shown in Figure 5-10.
SILLING CODE $540-50-M

METER 8OX

Figure 5-10.

CRITICAL DRIFICE .

Apnaratus. setup.

£PA STATIOMARY SOURCE SAMPLING METHODS
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7.1.1.4 Calculate flow rate, Q. for each
run using the wet test meter gas volume. V,,
and the run time, 8. Calculate the dry gas
meier coefficlent, Ya. for cach run These

calculations are as follows:
P V.
Q=K, —— —
tettus @
Yom V. (Lo + by P
(tottus) [ Puet ap )
V. +
- 7 138
Where:

K,=0.3858 for international system of units
(SI); 17.64 for Englizh units,

V.=Wet test meter volume, liters (ft 2.

Ve=Dry gas meter volume, liters (ft 9.

tamAversge dry gas meter temperature, ‘C

.
tua=273" C for Sl units; 460" F for English
units.

t.=Average wet Lest meter temperature, *C
M.

P.=Barometric pressure, mm Hg (Iin. Hg).

Ap=Dry gas meter inlet differential pres-
sure, mm H,O (in. H,O).

=Run time, min.

7.1.1.3 Compare the three Y, values at
each of the flow rates and determine the
maximum and minimum values, The differ-
ence between the maximum and minimum
values at each flow rate should be no great-
er than 0.030, Extrs sets of triplicate runs
may be made in order to compiete this re-
quirement. In addition, the meter coeffi-
clents should be between 0.88 and 1.08. If
these specifications cannot be met in three
sets of successive triplicate runs, the meter
ia not suitable as a calibration standard and
should not be used as such. If these specifi-
cations are met, average the three Y, values
at each flow rate resulting In flve average
meter coefficients, V..

T7.1.1.8 Prepare a curve of meter coeffi-
ctent, Y, versus flow rate, Q, for the dry
gas meter. Thiz curve shall be used as a ref-
erence when the meter is used to calibrate
other dry gss meters and to detarmine
whether recalibration is required.
tl'?.1.2 Standard Dry Gas Meter Recalibra-

on.

7.1.2.1 Recalibrate the standard dry gas
meter Aguinat a wet test meter or spirometer
annually or after every 200 hours of oper-
ation, whichever comes first. This require-

ment is valid provided the standard dry gas
meter is kept in a laboratory and, if trans-
ported. cared for as any other laboratory In-
strument. Abuse to the standard meter may
cause a change in the callbration and will
require more {requent recalibrations.

7.1.2.2 As an alternstive to full recallibra-
tion. a two-point calibration check may be
made. Follow the same procedure and
equipment arrangement as for a full recali-
bration, but run the meter at only two flow
rates [suggesied rates are 14 and 28 liters/
min (0.5 and 1.0 efm)). Calculate the meter
coefticients for these two peints, and com-
pare the values with the meter calibration
curve. If the two coefficients are within
+1.5 percent of the calibration curve values
at the same {low rates, the metér need not
be recalibrated until the next date for a re-
calibration check.

7.2 Critical Orifices As Calibration
Standards. Critical orifices may be used as
calibration standards in place of the wet teat
meter specified in Section 5.3, provided that
they are selected. calibrated, and used as
Tollows:

721 Section of Critical Orifices.

. 7.211 The procedure that follows  _

° describes Lhe use of hypodermic needles or
stainless steel needle tubings which have
be¢en found suitable for use as critical
orifices. Other materials and critical orifice
designs may be used provided the orifices act
as true critical orifices; i.e., a critical vacuum
can be obtained, as described in Section
7.2.2.2.3. Select five critical orifices that are
appropriately sized lo cover the range of flow
rates between 10 and 34 liters/min or the
expected operating range. Two of the critical
orifices should bracket the expected
operating range.

A minimim of three critical orifices will be
needed to calibrate 2 Method 5 dry gas meter
[(OGM); the other two critical orifices can
serve as spares and provide better selection
for bracketing the range of operating flow
rates. The needie sizes and tubing lengths
shown below give the following approximate
fiow rates:

Fiw ' Fiow rate

Gaugerem | QZS 0 | Gewgerom | LOC
1218 3286 s 19.54
12102 %002 14484 nn
13/25 a7 14778 1814
13151 2150 18/32 1418
1378 223 15/78 11.81

137102 ; 087 15/102 10.48

7.21.2 These needles can be adapted to a
Method 5 type sampling train as follows:
Insert a serum bottie stopper, 13- by 20-mm
sieeve type. into 8 ¥-inch Swagelok quick
connect. Insert the needle into the stopper as
shown in Figure 5-8.

EPA BTATIONARY SOURCE SAMPLING METHODS
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THERMOMETERS

77

CONTROL
VALVES ol

— - U-TUSE
THERMOMETER MANOMETER
U-TUBE
MANOMETER VN
I
4 (=]
pPump ORY GAS METER WET TEST METER

‘ Figure 5.7 . Equipmant arrangement ‘or dry-gas meter calibration.

7.1.1.3 Callect the data as shown in the
example data sheet (see Pigure 5-8). Make
triplicate runs at each of the flow rates and
at no less than five different flow rates, The

range of flow rates should be hetween 10
and J4 liters/min (0.35 and 1.2 ¢fm) or over
the expected operating range.

DATE:

DRY GASMETER IDENYIFICATION:

BAROME TRIC PRESSURE (Py): in, Hy
TEMPERATUNES
SPINOMETER | NAY GAS DRY GAS METER DAY GAS
APPROXIMATE | INETMETEN) | METER | SPINOMETER METER FLow METER AVERAGE
FLOWAATE | GAS VOLUME | VOLUME [ (WET METER) | INLET | GUTLET | AVERAGE | PRESSURE | TIME | RATE METER METER
{a) vy Vay) ft) i (1} ity (ap tel | (o) |COEFFICIENT | COEFFICIENT
clm " il 'lf‘ ‘F‘ 'F O N in. H20 min. | cim (Yas) (Vg }
B.40
0.60
oa0
1.00-
.20
*
v' 'b V| ) ﬁ‘“.u' 'ﬁ
e =785~ Yy 2— . —h
6 I+ 450) Vag (544800 thye 5%

Figure 5.8. Exompla data sheet Tor calilration of a standard qry gas mater lor method 5 sampling eyuipment {English units).

EPA STATIONARY SOURCE SAMPLING METHODS
Page 5-10

Rev 3

6/87




pwaDensity of water, 0.9982 g/ml (0.002201
1b/ml).

9="Total sampling time, min,

¢, aSampling time interval, from the bagin.
ning of a run until the first component
change, min.

8 =8ampling time interval, between two suc-
cessive component changes, beginning
witih the interval between the {irsi and
second chanhges, min.

9, =Sampling time interval, from the final
(n'*} component change until the end of
the sampling run, min.

13.6=Specific gravity of mercury.

80 =Sec/min.

100 =Conversion to percent.

8.2 Average dry gas meter temperature
and average orifice pressure drop. See data
sheet (Flgure 5-2).

8.3 Dry Gas Volume, Correct the sample
volume measured by the dry gas meter to
standard conditions (20* C, 760 mm Hg or
68* F, 29.92 in. Hg) by using Equation 5-1.

T Pblr+i_33£6
V. =V Y wrd __ 3D
e - ( T-) Plul
— Ky Puctl (8H/13.6)
Equation 5-1

where: .
K,=0.3858 "K/mm Hg for metric units
=17.64 "R/in. Hg for English units

Nortz Equation 5-1 can be used as written
unless the leakage rate observed during any
of the mandatory leak checks (i.e., the post-
test leak check or leak checks conducted
prior to component changes) exceeds L., If
Ls or ; exceeds L,, Equation 5-1 must be
modified as follows:

(a) Case I. No component changes made
durtng sampling run. In this case, replace
Va in Equatlion 5-1 with the expression:

Vil lp—La}8]

(b) Case II. One or more component
changes made during the sampling run. In
this case, replace Va in Equation 3-1 by the
expression:

[V..— (Li—La)#y

- i (L—L)#i—{ Ly f..)a,.]

im
and substitute only for those leakage rates

(Ls or Ly} which exceed L,.
8.4 Volume of water vapor.

Equation 5=

Pe RT.-J
3) ()=

Vr(...” = Vle

where:

K,=0.001333 m*/ml for metric units
=0.04707 {t3/ml for English units.

8.5 Moisture Content,

Ve Ml.)

Bw =

Via war+ Voo wa

Equation 5-3

NoTE: In saturated or water dropiet-laden
gas streams, two calculations of the mois
ture content of the stack gas shall be made,
one from the impinger analysis (Equation 3-
3}, and a second from the assumption of
saturated conditions. The lower of the two
values of B, shall be considered correct. The
procedure for determining the moisture con-
tent based upon assumption of saturated
conditions is given in the Note of Section 1.2
of Method 4. For the purposes of this
method, the avernge stack gas temperature
from Figure 3-2 may be used to make thia
determination, provided that the accuracy
of the in-stack temperature sensor is +1' C
(2° F).

8.8 Acetone Blank Concentration.

Equation 5-4

Co=ms—

Ve e

8.7 Acetone Wash Blank,
Wo = G Vewpa Equatfon 5-5

8.8 Total Particulate Welght. Determine
the total particulate catch from the sum of
the weights obtalned {rom containers 1 and
2 less the acetone blank (see Figure 5-3).

NoTr: Refer to Section 4.1.5 to assist in
calculation of resuits involving two or more
filter assemblies or twe or more sampling
trains,

6.9 Particulate Concentration,

Ci=(0.001 9/mg) (Mef Ve e} Equation
5-8

8.10 Conversion Factors:

From To Mulbply by

0.02832.
15.43,
22051071
3531,

st m3

gr? or/ttd,
/e b/1>
g/m3.

1 Isokinetic Varition.
.11.1 Calculation From Raw Data.

100 T, LK Vie+{Pu/ Tu ) Pou + 2H/13.6)]
608 P A

Equation 5-7
where:
K,=0.00345¢ mm Hg-m¥/mi—'K for
metric units.
=0,002688-in. Hg—{t*’ml—'R for Eng-
lish unita.

112 Calculation From Intermediate
Values.

EPA STATIONARY SOURCE SAMPLING METHODS

Pega 5-0 Rev 3 6/87

Tnvll(n.ﬂ Plld 100
= Taav.0 A, P, 60(1-A,,)

= K TnVu {srd)
* PV,4.6(1-B.,)

Equatlon 3-8

I

where:
H,=4.320 for metric units
=0.09450 for English units.

8.12 Acceptable Results. If 90 percent < I
< 110 percent, the results are acceptable. If
the particulate results are low in comparison
to the standard, and [ is over 110 perceni or
less than 90 percent, the Administrator may
accept the results. Citation 4 in the
bibliography section can be used to make
acceptability judgments. If 1 is judeged to be
unacceptable, reject the particulate resulta
and repeat the test.
7. Alterntetive Procedures

7.1 Dry Gas Meter as a Calibration
Standard. A dry gas meter may be used as a
calibration standard for volume measure-
ments in place of the wet test meter speci-
fled in Sectlon 5.3, provided that it is cali-
brated initially and recalibrated periodically
a8 follows:

7.1.1 Standard Dry Gas Meter Calibra-
tion.

7.1.1.1 The dry gas meter to be calibrated
and used as a secondary reference meter
should be of high quality and have an ap-
propriately sized capacity, e.g.. 3 liters/rev
(9.1 ft3/rev). A spirometer (400 liters or
more capacity), or equivaient, may be used

for this callbration. although a wet test
meter is usually more practical. The wet
test meter should ‘have a capacity of 30
liters/rev (1 ft3/rev) and capable of
measuring volume to within =1.0 percent;
_wet test meters should be checked against a
spirometer or a liquid displacernent meter to
ensure the accuracy of the wet test meter.
Spirometers or wet test meters of other
sizes may be used, provided that the speci-
fied accuracies of the procedure are main-
tained.

7.1.1.2 Set up the components as shown
in Plgure 5.7. A spirometer, or equivalent,
may be used in place of the wet test meter
in the system. Run the pump for at least 5
minutes at a flow rate of about 10 liters/min
(0.35 cfm) to condition the interior surface
of the wet test meter. The pressure drop in-
dicated by the manometer at the inlet side
of the dry gas meter should be minimized
{no greater than 100 mm H,O (4 in. H:O) at
a flow rate of 30 liters/min (] cfm)l. This
can be accomplished by using large diame-
ter tubing connections and straight pipe fit-
tings.




ing procedure is suggested (see Figure 5-4):
Close the main valve on the meter box.
Insert a one-hole rubber stopper with
rubber tubing atached into the orifice ex-
haust pipe. Disconnect and vent the low side
of the orifice manometer. Close off the low
side orifice tap. Pressurize the system to 13
to 18 cm (5 to 7 in.) water column by blow-
ing into the rubber tubing. Pinch off the
tubing and observe the manometer for one
minute. A loss of pressure ¢n the manome-
ter indicates a leak in the meter box; leaks,
if present, must be corrected.

5.7 Barometer. Calibrate against a mer-
cury barometer.
8. Calculations
. Carry out calculations, retaining at least
one extra decima) figure beyond that of the
acquired data. Round off figures after the
final caleulation. Other forms of the equa-
tions may be used as long as they give equiv-
alent results,

RUBBER

RUBBER STOPPER

TUBING

CLOSED
BLOW INTO TUBING :

UNTIL MANGMETER
READS 5 TO 7 INCHES

WATER COLUMN ORIFICE

MANOMETER

6.1 Nomenclature

A.=Cross-sectional area of nozzle, m? ({t9.

Bey=Water vapor in the gas stream, propor-
tion by volume.

Ce=Acetone blank residue concentration,
mg/g.

a=Concentretion of particulate matter In
stack gas, dry basis, corrected to stand-
ard conditions, g/dscm (g/dsct).

I=Percent of isokinetic sampling.

Le=Maximum acceptable leakage rate for
either a pretest leak check or for a leak
check f[ollowing a component change;
equal to 0.0057 m¥min (0.02 cfm) or 4
percent of the average sampling rate,
whichever is less.

Le=Individual leakage rate observed during '

the leak check conducted prior to the
“i*" component change (i=1, 2, 3...n},
m¥/min (cfm).

Le=Leakage rate observed during the post-
test leak check, m3/min (cfm).

me=Total amount of particulate matter col-
lected, mg. .

M_=Molecular weight of water, 18.0 g/g-
mole (18.01b/lb-mole).

ma=Mnass of residue of acteone after evapo-
ration, mg.

P..=Barometric pressure at the sampling
site. mm Hg (in. Hg).

ORIFICE BY-PASS VALVE

DAY TEST METER

vy,

Figure 5-4. Leak check of meter box.

g

s ="y a y
. !ﬁl-—-—-—- - » --qi-u ’ [ .l“
.. MAIN VALVE

P,=Absolute stack gas pressure, mm Hg (in.
Hg).

P=8tandard absolute pressure, 760 mm
Hg (20.92 In. Hg),

Ra=ideal gas constant, 0.08236 mm Hg-m?¥/
‘K-g-mole (21.85 in. Hg-{t3/*'R-1b-moie).

Tw=Absolute average dry gas meter temper-
ature (zee Pigure 5-2), 'K ("R).

T,=Absolute average stack gns temperature
(see Flgure 5-2), 'K {(*R).

Twe=Standard absolute temperature, 283° K
(3528° R).

Ve=Volume of acetone blank, ml.

Vew=Volume of acetone used in wash, ml.

Vie=Total volume of liquid collected in im-
l?nl.:.l‘em and sitica gel (see Figure 5-3),

Va=Volume of gas sample as measured by
dry gas meter, dem (dsef).

Vawny=Volume of gas sample measured by
the dry gas meter, corrected to standard
conditions, dscm (dsct).

Veowy=Volume of water vaper in the gas
sample, corrected to standard condi-
tions, scm (scef).

n=38tack gas velocity, calculated by Method
3. Equation 2-9, using data obtained
from Method 5, m/sec (It/sec).

W, =Weight of residue in acetone wash, mg,

¥=Dry gas meter calibration factor.

AH=Average pressure differential across
the orifice meter (see Figure 5-2), mm
H,O Un. H,0),

pa=Density of acetone, mg/ml (see label on
bottle).

VACUUM
GAUGE ' '

7

\I CLOSED
_/ AIR-TIGHT
E\ PUMP
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Before calibrating the metering system, it is
suggested that a leak-check be conducted.
For metearing systems having diaphragm
pumps, the normal leak-check procedure will
not detect leakages within the pump. For
these cases the foilowing leak-check
procedure is suggested: make a 10-minute
calibration run at 0.00057m?/min (0.02 cfm);
at the end of the run, take the difference of
the measured wet test meter and dry gas
meter volumes: divided the difference by 10,

to get the leak rate. The leak rate shovid not’ ~

exceed 0.00057 m*/min {0.02 cfm).

5.3.2 Calibration ARter Use. After each
filed use. the calibration of the metering
system shall be checked by performing three
calibration runs at a aingle, intermediate
orifice setting {based on the previoua field
test), with the vacuum set at the maximum
value reached during the test series. To
adjust the vacuum, inset a valve between the
wet test meter and the inlet of the metering
system. Calculata the average value of the
dry gas meter calibration factor. If the value
has changed by more than 8 percent,

recalibrate the meter over the fuil range of
orifice settings, as previousty-detailed. .

Alternative procedures, e.g. rechecking the
orifice meter coefficient may be used. subject
to the approval of the Administrator.

5.3.3 Acceptable Variation in Calibration,
If the dry gas meter coefficient values
obtained before and after a test series differ
by more than 5 percent. the test series shall
either be voided. or calculations for the teat
series shall be perforied using whichever
meter coefficient vaiue (i.e., before or after)
gives the lower vaiue of total sample voiume.

5.4 Probe Heater Calibration. The probe
heating system shall be calibrated before its
initial use in the field.

Use a heat source to generate air heated to
selected temperatures that approximate those
expected to occur in the sources to be
sampled. Pass this air through the probe at a
tvpical simple flow rate while measuring the
probe inlet and outlet temperatures at various

probe heater settings. For each air
temperature generated, construct a graph of
probe heating system setting veraus probe
outlet temperature. The procedure cutlined in
APTD-0576 can also be used. Probes
constructed according to APTD-0581 need
not be calibrated if the calibration curves in
.APTD-0578 are used. Also, probes with outlet
temperature monitoring capabilities do not
require calibration.

5.5 Temperature Gauges. Use the proce-
dure in Section 4.3 of Method 2 to calibrate
in-stack temperature gauges. Dial thermom-
eters, such as are used for the dry gas meter
and condenser outlet, shall be calibrated
against mercury-in-glass thermometers.

568 Leak Check of Metering System
Shown in Figure 5-1. That portion of the

sampling train from the pump to the orifice -

meter should be leak checked prior to tnitial
use and after each shipment. Leakage after
the pump will result in less volume being re-
corded than is actually samnpled. The follow-

THERMOMETER

: u-TUBE
Y. MANOMETER

METERING SYSTEM

Date

WET TEST METER

Figure 5.5 Equipment arrangement for metering

system calibration.

Barometric

Metering Sy
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!
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Y = Ratfo of reading of wet test seter to dry test meter; tolerance
for {ndividual values +#0.02 from average.

iHg = Orifice pressure differential that equates to 0.75 cfm of air
0 66°F and 29.92 tnches of mercury, in. Hp0; tolerance for
individual values +0.20 from average.

Figu

re 5.6, Exemple data sheet for calibrarion of metering
system (English units).
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Container No. 1. Leave the contents in the
shipping container or transfer the filter and
any loose particulate from the sample con-
tainer to & tared glass weighing dish. Desic-
cate for 24 hours in a desiccator containing
anhydrous calcium sulfate. Weigh to a con-
stant weight and report the results to the
nearest 0.1 mg, For purposes of this Section,
4.3, the term “constant weight” means a dif-
terence of no more than 0.5 mg or 1 percent
of total weight less tare weight, whichever is
greater, between two consecutive weighings,
with no less than 68 hours of desiccation
time between welghings.

Alternatively, the sample may be oven
dried at 105" C (220° ™ for 2 to 3 hours,
cooled in the desiccator, and weighed to a
constant weight, unless otherwise specified
by the Administrator, The tester may also
opt to oven dry the sample at 105° C (220°
F) for 2 to 3 hours, weigh the sample, and
use this weight as a final weight.

Container No. 2. Note the level of liquid in
the container and confirm on the analysis
sheet whether or not leakage occurred
during transport. If a noticeable amount of
leakage has occurred, either void the sample
or use methods, subject to the approval of
the Adminisirator, to correct the [inal re-
sults. Measure the liquid in this container
either volumetrically to =1 ml or gravimet-
rically to +0.5 g. Transfer the contents to a
tared 250-ml beaker and evaporate to dry-
ness at ambient temperature and pressure.
Deasiccate for 24 hours and weigh to a con-
stant weight. Report the results to the near-
est 0.1 mg.

Container No. J. Weigh the spent siliea
gel (or silica gel plus impinger) to the near-
est 0.5 g using a balance. This step may be
conducted in the fleld.

“Acetone Blank” Container. Measure ace-
tone in this container either volumentricai-
ly or gravimetrically. Transfer the acetone
to a tared 250-ml beaker and evaporate to
dryness at ambient temperature and pres-
sure. Desiccate for 24 hours and weigh to a
constant weight. Report the results to the
nearest 0.1 mg.

Note At the option of the tester, the con-
tents of Container No. 2 as well as the ace-
tone blank container may be evaporated at
temperatures higher than ambient. If evap-
oration is done at an elevated temperature,
the temperature must be below the boiling
point of the solvent; also, to prevent “bump-
ing,” the evaporation process must be close-
ly supervised, and the contents of the
beaker must be swirled occasionally to main-
tain an even temperature. Use extreme care,
as acetone is highly flammable and has a
low flash point.

4.4 Quality Control Procedures. The fol-
lowing quality control procedures are sug-
gested to check the volume metering system
calibration vaiues at the fleld test site prior
to sample collection. These procedures are
optional for the tester.

4.4.1 Meter Orifice Check. Using the cali-
hration data obtained during the callbration
procedure described in Section 5.3, deter-
mine the sHq for the metering system ori-
fice. The AHe is the orifice pressure differ-
ential in units of in. HyQ that correlates to
0.75 ofm of air at 528°R and 29.92 in. Hg.
The aAHg i3 calculated as follows:

Ta =
YWV,

AHe=0.0319 AH

Eq. 5-9

Where:

AH=Average pressure differential ac¢ross
the orifice meter, in. H.O.

T.=Absclute average dry gas meter temper-
ature, ‘R.

P, =Barometric pressure, in. Hg.

0=Total sampling time, min.

Y =Dry gas meter calibration factor, dimen-
sioniess.

V.,=Volume of gas sample as measured by
dry gas meter, def.

0.0319=¢0.05867 In. Hg/"R) x (0.73 cfm)*

Before beginning the field test (a get of
three runs usually constitutes a field test),
operate the metering system (j.e., pump,
volume meter, and orifice) at the AHy pres-
sure differential for 10 minutes. Record the
volume collected, the dry gas meter temper-
ature, and the barometric pressure. Calcu-
late a dry gas meter calibration check value,
Y. as 1pllows:

10 -[0.0319 T

Va | Pu

Eq. 5-10

Where:

Y.=Dry gas meter calibration check value,
dimensionless.

10=10 minutes of run time.

Compare the Y, value with the dry gas

meter calibration factor Y to determine

that.

0.97TY <Y, <1.03Y

If the Y. value is not within this range, the

volume metering system should be investi-

gated before beginning the test.

4.4.2 Calibration Critical Orifice. A
calibrated critical orifice. calibrated against a
wet test meter or spirometer and designed 1o
be inserted at the inlet of the sampling meter
box, may be used as a quality control check

. by following the procedure of Section 7.2,

5. Calibration R

Maintain a laboratory log of all callbra-
tions.

5.1 Probe Nozzie. Probe nozzles shall be
calibrated before their Initial use in the
fleld. Using & micrometer, measure the
inside diameter of the nozzle to the nearest
01.025 mm (0.001 in.). Make three separate
measurements using different diameters
each time, and obtain the average of the
measurements. The difference between the
high and low numbers shall not exceed 0.1
mm (0.004 in.). When nozzles become
nicked, dented, or corroded, they shall be
reshaped, sharpened, and recalibrated
before use. Each nozzle shall be permanent-
1y and uniquely identified.

5.2 Pitot Tube. The Type S pitot tube as-
sembly shall be calibrated according to the
procedure outlined in Section 4 of Method
2

5.3 Metering System. Before its {nitial
use in the field, the metering system shall
be callbrated according to the procedure
outlined in APTD-0576. Instead of physical-
ly adjusting the dry gas meter dial readings
to correspond to the wet test meter read-
ings, calibration tfactors may be used to
mathematically correct the gas meter dial
readings to the proper vaiues. Before cali-
brating the metering system, it is suggested
that a leak-check be conducted. For meter-
ing systems having diaphragm pumps, the
normal leak-check procedure will not detect
leskages within the pump. for these cases

EPA STATIONARY SOURCE SAMPLING METHODS
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the following leak-check procedure is sug-
gested: make 8 10-minute calibration run at
0¢.00567 m /min (0.02 cfm); at the end of the
run, take the difference of the measured
wet test meter and dry gas meter volumes.
divide the difference by 10, to get the leak
rate. The leak rate should not exceed
0.00057 m */min (0.02 cfm).

After each field use, the calibration of the
metering system shall be checked by per-
forming three calibration runs at & single,
intermediate orifice setting (based on the
previous field test). With the vacuum set at
the maximum value reached during the test
series. To adjust the vacuum, insert a valve
between the wet test meter and the inlet of
the metering system. Calculate the average
value of the calibration factor. If the cali-
bration has changed by more than 5 per-
cent, recalibrate the meter over the full
range of orifice settings. as outlined in
APTD-0578.

Alternative procedures, e.g., using the ori-
fice meter coefficients, maybe used. subject
to the approval of the Administrator.

Notx: If the dry gas meter coefficient
values obtained before and after a test
series differ by more than 5 percent, the
test series shall either be voided, or calcula-
tions for test series shall be performed using
whichever meter coefficient value (i.e.,
before or after) gives the lower value of
total sample volume.

§.3.1 Calibration Prior to Use. Before its
initial use in the field. the metering system
shall be caiibrated as follows: Connect the
metering system inlet to the outlet of a wet
test meter that is accurate to within 1 percent.
Refer to Figure 5.5. The wet test meter should
have a capacity of 30 litars/rev (1 ft3/rev). A
spiromater of 00 liters (14 ft3) or more
capacity, or equivalent. may be used for this
calibration, altkough a wet test meter ia
usuaily more practical. The wet test meter
should be periodically calibrated with 2
spirometer or a liquid displacement meter to
ensure the accuracy of tha wet test meter.
Spirometers or wet test meters of other sizes
may be used. provided that the apecified
accuracies of the procedure are maintained.
Run the metering syatem pwup for about 15
minutes with the orifice manometer
indicating a median reading as expected in
field use to allow the pump to warm up and
to permit the interior surface of the wet test
meter to be thoroughly wetted. Then. at each
of a minimum of three orifice manometer
seltings, pass an exact quantity of gas
through the wet test meter and note the gas
volume indicated by the dry gas meter. Also
note the barometric pressure. and the
temperatures of the wet test meter, the inlet
of the dry gas meter. and the outlet of the dry
gas meter. Select the highest and lowest
orifice settings to bracket the expected field
operating renge of the orifice. Use a minimum
volume of 0.15 m? {5 cf) at ali orifice settings.
Record all the data on a form similar to
Figure 5.8, and calculate Y, the dry gas meter
calibration factor, and AH®, the orifice
calibration factor. at each orifice setting as
shown on Figure 5.8. Allowabie tolerances for
individual ¥ and AH®@, values are given in
Figure 5.8. Use the average of the Y values in
the calculations in Section @.




Note that when two or more trains are
used. aeparate analyses of the front-half
and (if applicable) impinger catches from
each train shall be performed, unless identi-
cal nozzle sizes were ugsed on all trains, in
which case, the front-half catches from the
individua] tralne may he combined (ps may
the impinger catches) and one analysis of
front-half catch and one analysis of imping-
er catch may be performed. Consult with
the Administrator for detalls concerning the
calculation of results when two or more
trains are used.

At the end of the sample run, turn off the

coarse adjust valve, remove the probe and
nozzle from the stack, turn off the pump,
record the final dry gas meter reading, and
conduct & post-test leak-check, as outlined
in Section 4.1.4.3. Also, leak-check the pitot
lines as described in Method 2, Section 3.1;
the lines must pass this leak-check, in order
to validate the velocity head data.

4.1.8 Calculation of Percent Isokinetic.
Calculate percent isokinetic (see Calcula-
tions, Section 6) to determine whether the
run was valid or another test run should be
made. If there was difficulty in maintaining
isokinetic rates due to source conditions,
consult with the Administrator for possible
variance on the isokinetic rates.

4.2 Sample Recovery. Proper cleanup .

procedure begins as soon as the probe is re-
moved {rom the stack at the end of the sam-
pling period. Allow the probe to cool.

When the probe can be safely handled,
wipe off all external particulate matter near
the tip of the probe nozzle and place a cap
over it to prevent lesing or gaining particu-
late matter. Do not cap off the probe tip
tightly while the sampling train is cooling
down as thiz would create a vacuum in the
filter holder, thus drawing water from the
impingers into the filter holder. ,

Before moving the sample train to the
cleanup site, remove the probe from the
sample train, wipe off the silicone grease,
and cap the open outlet of the probe. Be
careful not to leose any condensate that
might be present. Wipe off the silicone
grease from the filter inlet where the probe
was fastened and cap it. Remove the umbili-
cal cord from the last impinger and cap the
impinger. If a flexible line iz used between
the first impinger or condenser and the
filter holder, disconnect the line at the
filter holder and let any condensed water or
liquid drain into the impingers or condens-
er. After wiping off the silicone grease, cap
off the fliter holder outlet and impinger
inlet. Either ground-glass stoppers, plastic
CApS, Or serum caps may be used to close
these cpenings.

Transfer the probe and fflter-impinger as-
sembly to the cleanup area. This area
should be clean and protected from the
wind so that the chances of contaminating
or losing the sample will.be minimirad,

Save a portion of the acetone used for
cleanup as a biank. Take 200 m)] of this ace-
tone directly from the wash bottle being
used and place it in a glass sample container
iabeled “acetone blank.”

Inspect the tratn prior to and during dis-
assembly and note any abnormal conditions.
Treat the samples as follows:

Container No. 1. Carefully remove the
filter from the filter holder and place it in
its identified petri dish container, Use a pair
of tweezers and/or clean disposable surgical
gloves to handle the filter. If it is necessary
to fold the filter, do s0 such that the partic-
ulate cake is inside the fold. Carefully trans-
fer to the petri dish any particulate matter
and/or fllter fibers which adhere to the
filter holder gasket, 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-
terior surfaces does not get into the sample,
quantitativeiy recover particulate matter or
any condensate from the probe nozzle,
probe fitting, probe liner, and front half ot
the filter holder by washing these compo-
nents with acetone and placing the wash in
a glass container. Distilled water may be
used instead of acetone when approved by

the Administrator and shall be used when -

specified by the Administrator: in these
cases, save a water blank and follow the Ad-

ministrator's directions on anaiysis. Perform,

the acetone rinses as follows:

Carefully remove the probe nozzle and
clean the inside surface by rinsing with ace-
tone from & wash bottle and brushing with
a Nylon bristle brush. Brush until the ace-
tone rinse shows no visible particles, after
which make a final rinse of the inside sur-
face with acetone.

Brush and rinse the inside parts of the
Swagelok fitting with acetone in a similar
way until no visible particles remain.

Rinse the preobe liner with acetone by tilt-
ing and rotating the probe while squirting
acetone into its upper end so that all inside
surfaces will be wetted with acetone. Let the
acetone drain from the lower end into the
sample container. A funnel (glass or poly-
ethylene) may be used to aid on transfer-
ring liquid washes to the container. Follow
the acetone rinse with a probe brush. Hoid
the probe in an inclined position, squirt ace-
tone into the upper end as the probe brush
is being pushed with a twisting action
through the probe; hold a sample contalner
underneath the lower end of the probe, and
catch any acetone and particulate matter
which is brushed from the probe. Run the
brush through the probe three times or
more until no visible particulate matter Is
carried out with the acetone or until none
remains in the probe liner on visual inspec-
tion. With stainless steel or other metal
probes, run the brush through in the above
prescribed manner at least six times since
metal probes have small crevices in which
particulate matter can be entrapped. Rinse
the brush with acetone, and quantitatively
collect these washings in the sample con-
tainer. After the brushing, make a final ace-
tone rinse of the probe as described above,

It is recommended that two people be
used to clean the probe to minimize sample
losses. Between sampling runs, keep brushes
clean and protected from contaminations.

After ensuring that all foints have been
wiped clean of silicone grease. clean the
Inside of the front half of the filter holder
by rubbing the surfaces with a Nylon bristle
brush and rinsing with acetone. Rinse each
surface three times or more if needed to
remove visible particulate. Make a final
rinse of the brush and filter holder. Careful-
1y rinse out the glass cyclone, also (if appli-
cable). After all acetone washings and par-
ticulate matter have been collected in the
sample container. tighten the lid on the
sample contalner so that acetone will not
leak out when it is shipped to the laborata-
ry. Mark the height of the fluid leveel to de-
termine whether or not leakage occured
during transport. Label the container to
clearly identify its contents.
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Container No. 3. Note the color of the in-
dicating silica gel to determine if it has heen
completely spent and make a notation of its
condition. Transfer the silica gel from the
fourth impinger to its original container
and seal. A funnel may make it easier 1o
pour the silica gel without spilling. A rubber
policeman may be used as an aid in removy.
ing the siiica gel from the impinger. it is nog
necessary to remove the small amount of
dust particles that may adhere to the im.
pinger wall and are difficuit 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 silica gel, If
a balance is avallable in the field, follow the
procedure for container No. 3 in Section 4.3.

I'mpinger Water. Treat the impingers ag
follows; Make a notation of any coler or
tilm in the liquid catch. Measure the liquid
which is in the first three impingers to
within =1 ml by using a graduated c¥linder
or by weighing it to within =0.5 g by usinga
balance (If one is available). Record the
volume or welght of liquid present. This in-
formation is required to calculate the mols-
ture content of the effluent gas.

Discard the lquid after measuring and re-
cording the volume or weight, unless analy-
sis of the impinger catch is required (see
Note, Section 2.1.T).

If a different type of condenser is uged,
measure the amount of moisture condensed
either volumetrically or gravimetrically.

Whenever possible, containers should be
shipped In such a way that they remain up-
right at ail times.

4.3 Analysis. Record the data required on
a sheet such as the one shown In Pigure §-3.
Handle each sample container as follows:

FIGURE 5-3—ANALYTICAL DATA

Plant
Date
Run No.
Filter No.
Amount liquid lost during transport ————
Acetone blank volume, mt
Acetone wash volume, ml
Acetone blank concentration, mg/mg (equa-

tion 5-4)
Acetone wash blank, mg (equation 5-5)

Cortainey Waeight of particulats collected, mg
rumber Final weight | Tare weight | Wesght gan
1 W
| JS——
Total
Lass acetons blank
LT RO T J—
Volume of liquid water collectsd
Imps Sitica get
voumermi | we. 9
Final. W
intad ......... o
Lousd collected.....oooeee . "
Total voluma collected....... q

*Convert waight of water 1o volume by dividing tolal weight
incroase by densaty of wator {1 g/mi).

Increass, §
(1 g/mi)

= Volume water, mi
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if, however, a higher leakage rate is ob-
tained, the tester shall elther record the
leakage rate and pian to correct the sample
volume as shown [n Section 4.3 of this
method, or shall veid the sampling run,

Immediately after component changes,
leak-checks are optional; if such leak-checks
are done, the procedure outlined in Section
4.1.4.1 above shall be used.

4.1.4.3 Post-test Leak-Check. A leak-
check 13 mandatory at the conclusion of
each sampling run. The leakcheck shall be
done in accordance with the procedures out-
lined in Section 4.1.4.1, except that it shall
be conducted at a yacuum equal to or great-
er than the maximum value reached during
the sampling run. If the leakage rate ia
found to be no greater than 0.00057 m¥/min
(0.02 cfm) or 4 percent of the average sam-
piing rate (whichever is lesa), the results are
acceptable, and no correction need be ap-
plied to the total volume of dry gas metered.

If, however, a higher leakage rate i{s ob-
tained, the tester shall either record the
leakage rate and correct the sample volume
as shown in Section 6.3 of this method, or
shall void the sampling run,

4.1.5 Particulate Train Operation.
During the sampling run, maintain an Iso-
kinetic sampling rate {(within 10 percent of
true isokinetic untess otherwise specified by
the Administrator) and a temperature
around the filter of 120+ 14" C (24825" F),
or such other temperature as specified by
an applicable subpart of the standards or
approved by the Administrator.

For each run, record the data required on
a data sheet such as the one shown in
Figure 5-2. Be sure to record the initia] dry
gas meter reading. Record the dry gos meter
readings at the beginning and end of each
sampling time increment, when changes in
flow rates are made, before and after each
leak-check, and when sampling is halted.

Take other readings required by Figure 5-2
at least once at each sample point during
each time increment and additional read-
ings when significant changes (20 percent
variation in velocity head readings) necessi-
tate additional adjustments in flow rate.
Level and zero the manometer. Because the
manometer level and zero may drift due to
vibrations and temperature changes, make
periodic checks during the traverse,

Clean the portholes prior to the test run
to minimize the chance of sampling deposit-
ed material, To begin sampling, remove the
nozzle cap, verify that the filter and probe
heating systems are up to temperature, and
that the pitot tube and probe are properly
positioned. Position the nozzle at the f{irst
traverse point with the tip pointing directly
into the gas stream. Immediately start the
pump and adjust the flow to isokinetic con-
ditlons. Nomographs are available, which
ald In the rapid adjustment of the isokinetic
sampling rate without excessive computa-
tions. These nomographs are designed for
use when the Type 3 pitot tube coefficient
is 0.85x0.02, and the stack gas equivalent
density (dry molecular weight) is equal to
20+4. APTD-0576 detalls the procedure for
using the nomographs. If C, and My are ocut-
side the above stated ranges do not use the
nomographs unless appropriste steps (see
Citation 7 in Bibllography) are taken to
compensate for the deviations.

When the stack is under significant nega-
tive pressure (height of impinger stem),
take care to close the . coarse adjust valve
before inserting the probe into the stack to
prevent water from backing into the filter
holder. If necessary, the pump may be
turned on with the coarse adjust valve
cloged.

FIGURE 5-2—PARTICULATE FIELD DATA

When the probe is in position. block off
the openings around the probe and porthole
to prevent unrepresentative dilution of the
gas stream.

Traverse the stack cross-section, as re-
quired by Method 1 or as specified by the
Administrator, being careful not to bump
the probe nozzle into the stack walls when
sampling near the walls or when removing
or inserting the probe through the port.
holes; this minimizes the chance of extract-
ing deposited material.

During the test run, make periodic adjust-
ments to keep the temperature around the
filter holder at the proper level; add more
ice and, if necessary, salt Lo maintain a tem-
perature of less than 20° C (68" F) at the
condenser/silica gel outlet. Also, periodical-
iy check the level and zero of the manome-
ter.

If the pressure drop across the filter be-
comes teo high, making isokinetic sampling
difficult to maintain, the filter may be re-
placed in the midst of a sample run. It is
recommended that another complete filter
assembly be used rather than attempting to
change the filter itself, Before a new filter
assembly is installed, conduct a leak-check
(see Sectlon 4.1.4.2). The total particulate
weight shall include the summation of all
filter assembly catches. .

A single train shall be used for the entire
sample run, except in cases where simulta-
neous sampling is required in two or more
separate ducts or at two or more different
locations within the same duct, or, in cases
where equipment fallure necessitates a
change of trains. In all other situations, the
use of two or more trains will be subject to
the approval of the Administrator.
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Locabon B '] pr
Operator A d mo , % B s Ees e e
Date Probe length, m. (fL})
Run No Nozzie identitication No.
Samgie box No Average calibrated norzie di cm (in.)
Mater box Mo Probe healer satling
Meter AH@ Leak iats, m3/min, {cim)
C factor... Probe knes ial
Pilot tuba cosfiicient, Cp., Siatic pressure, mm. Hy (in. Hg)
Filter No.
SCHEMATIC OF STACK CROSS SECTION
Gas sampio tempeorature al Tampersiure of
. Prossure y :
Traversa t I Stack " ; Gas sampla ary Qs mater Filtov holder gas laaving
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3.2 Sample Recovery. Acetone-reagent
grade, <0.001 percent residue, (n giass bot-
tles—is required. Acetone from metal con-
tainers generaily has a high residue blank
and should not be used. Sometimes, suppli-
ers transfer acetone to glass bottles from
metal containers; thus, acetone blanks shall
be run prier to fleld use and only acetone
with low blank values (<0.001 percent) shall
be used. In no case shall a blank value of
greater than 0.001 percent of the weight of
acetone used be subtracted from the sample
weight. )

3.3 Analysis. Two resgents are required
for the anglysis:

3.3.1 Acetone. Same as 3.2,

3.3.2 Desiceant. Anhydrous calcium sul-
fate, indicating type. Alternatively, other
types of desiccants may be used, subject to
the approval of the Administrator,

4, Procedure

4.1 Sampling. The complexity of this
method 18 such that, in order to obtain reli-
able results, testers should be trained and
experienced with the test procedures.

4.1.1 Pretest Preparation. It is suggested
that sampling equipment be maintained
according to the procedures described In
APTD-0576.

Weigh several 200 to 300 g portions of
silica gel in air-tight containers to the near-
est 0.5 g. Record the total weight of the
silica gel plus container, on each container.
As an alternative, the silica gel need not be
preweighed, but may be weighed directly in
the impinger or sampling holder just prior
to train assembly.

Check fllters visually against light for ir-
regularities and f{laws or pinhole leaks.
Label filters of the proper diameter on the
back side near the edge using numbering
machine ink. As an alternative, label the
shipping containers (glass or plastic petri
dishes) and keep the filters in these contain-
ers at all times except during sampling and
weighing.

Desiccate the fiiters at 20+5.68° C (68t10"
F) and ambient pressure for at least 24
hours and weigh at intervals of at least 8
hours to a constant weight, Le., 0.5 mg
change from previous weighing; record re-
sults to the nearest 0.1 mg. During each
weighing the filter must not be exposed to
the laboratory atmosphere for a period
greater than 1 minutes and a relative hu-
midity above 50 percent. Alternatively
{unless otherwise specified by the Adminis-
trator), the filters may be oven dried at 105°
C (220° ) for 2 to 3 hours, desiccated for 2
hours, and weighed. Procedures other than
those described, which account for relative
humidity effects, may be used, subject to
the approval of the Administrator.

4.1.2 Preliminary Determinations. Select
the sampling site and the minimum number
of sampling points according to Method I or
a8 gspecified by the Administrater. Deter-
mine the stack pressure, temperature, and
the range of velocity heads using Method 2;
It is recommended that a leak-check of the
pitot lines (see Method 2, Section 3.1) be
performed. Determine the molsture content
using Approximation Method 4 or its alter-
natives for the purpose of making isokinetic
sampling rate settings. Determine the stack

gas dry molecuiar welght, as described in
Method 2. Section 3.6; if integrated Method
3 sampling is used for molecular weight de-
termination. the integrated bag sample
shall be taken simultaneously with, and for
the same total length of time as, the partle-
ulate sample run.

Select a nozzle size based on the range of
velocity heads, such that it s not necessary
to change the nozzle size in order to main-
tain isokinetic sampling rates. During the
run, do not change the nozzle size. Ensure
that the proper differental pressure gauge
is chosen for the range of velocity heads en-
countered (see Section 2.2 of Method 2).

Select a suitable probe liner and probe
length such that all traverse points can be
sampled. For large stacks, consider sampling
from opposite sides of the stack to reduce
the length of probes.

Select a total sampling time greater than
or equal to the minimum total sampling
time specified in the teat procedures for the
specifie industry such that (1) the sampling
time per point is not less than 2 min (or
some greater time interval as specified by
the Administrator), and (2) the sample
volume taken {corrected to standard condi-
tions) will exceed the required minimum
total gas sampie volume, The latter is based
on an approximate average sampling rate,

It is recommended that the number of
minutes sampled at each point be an integer
or an integer plus one-half minute, in order
to avoid timekeeping errors. The sampling
time at each point shall be the same.

In some cirumstances, e.g., batch cycles, It
may be necessary to sample for shorter
times at the traverse points and to obtain
smaller gas sample volumes. In these cases,
the Administrator’s approval must first be
obtained.

4.1.3 Preparation of Collection Train.
During preparation and assembly of the
sampling train, keep all openings where con-
tamination can occur covered until Just
prior to assembly or until sampling is about
to begin,

Place 100 ml of water in each of the first
two impingers, leave the third Impinger
empty, and transfer approximately 200 to
300 g of preweighed silica gel from its con-
tainer to the fourth impinger. More silica
gel may be used, but care should be taken to
ensure that it is not entrained and carried
out from the impinger during sampling.
Place the contalner in a clean place for later
use in the sample recovery. Alternatively,
the weight of the silica gel plus impinger
may be determined.to the nearest 0.5 g and
recorded.

Using a tweezer or clean dlsposable surgl-
cal gloves, place a labeled (ldentified) and
welghed filter in the filter holder. Be sure
that the filter is property centered and the
gasket properly placed so as to prevent the
sample gas stream from circumventing the

filter. Check ihe filter for tears after assem-
bly is completed.

When glass liners are used, install the se-
lected nozzle using a Viton A O-ring when
stack temperatures are less than 260° C
(500* ™ and an asbestos string gasket when
temperatures are higher. See APTD-0576
for details. Other connecting systems using
either 318 stainless steel or Teflon ferrules
may be used. When metal liners are used,
install the nozzle as above or by a leak-free
direct mechanical connection. Mark the

probe with heat resistant tape or by some .

other method to denote the proper distance
into the stack or duct for each sampling
point.

EPA STATIONARY SOURCE SAMPLING METHODS
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Set up the train as in Figure 5-1, using (if
necessary) a very lignt coai of silicone
grease on all ground glass joints, greasing
only the outer portion (see APTD-0576) tg
avoid possibility of contamination by the sil-
lcone grease. Subject to the approval of the
Administrator, a glasg cytione may be used
between the probe and fllter holder when
the total particulate catch is expected to
exceed 100 mg or when water droplets are
present in the stack gus.

Place crushed ice around the impingers.

4.1.4 Leak-Check Procedures.

4.1.4.1 Pretest Leak-Check. A Dpretest
leak-check is recommended. but not re-
quired. If the tester opta to conduct the pre-
test leak-check, the following procedure
shalil be used.

After the sampling train has been assem-
bled, turn on and set the fllter and probe
heating systems at the desired operating
temperatures. Allow time for the tempera-
turea to stabilize. If a Viton A O-ring or
other leak-free connection i3 used in assem.
bling the probe nozzle to the probe liner,
leak-check the train at the sampling site by
plugging the nozzle and pulling a 380 mm
Hg (15 in. Hg) vacuum.

NotE: A lower vacuum may be used, pro-
vided that it is not exceeded during the test.

It an asbestos string 13 used, do not con-
nect the probe to the train during the leak-
check. Instead, leak-check the train by first
plugging the inlet to the (filter holder
{cycone, if applicable) and pulling a 380 mm
Hg (15 in. Hg) vacuum (see Note Immediate-
ly above). Then connect the probe to the
train and leak-check at about 25 mm Hg (1
in. Hg) vecuum; alternatively, the probe
may be leak-checked with the rest of the
sampling train, in one step, at 380 mm Hg
(15 in. Hg) vacuum. Leakage rates {n excess
of 4 percent of the average sampling rate or
0.00057 m3/min (0.02 cfm), whichever Is less,
are unacceptable.

The following leak-check instructions for
the sampiing train described in APTD-0576
and APTD-0581 may be helpful. Start the
pump with bypass valve fully open and
coarse adjust valve, completely closed. Par-
tially open the coarse adjust valve and
slowly close the bypass valve until the de-
sired vacuum is reached. Do not reverse di-
rection of bypass value; this will cause water
to back up into the filter holder. If the de-
sired vacuum is exceeded, either leak-check
at this higher vacuum or end the leak-check
as shown below ang start over.

When the leak-check is completed. first
slowly remove the plug from the inlet to the
probe, filter holder, or cyclone (if applica-
ble) and immediately turn off the vacuum
pump. This prevents the water in the im-
pingers from being forced backward into the
filter holder and silica get from being en-
trained backward {nto the third impinger.

4.1.4.2 Leak-Checks During Sample Run.
If. during the sampling run, a component
(e.g., filter assembiy or impinger) change be-
comes unecessary, a leak-check shall be con-
ducted immediately before the change 13
made. The leak-check shall be done accord-
ing to the procedure outlined in Section
4.1.4.1 above, except that it shall be done at
& vacuum equal to or greater than the maxi-
mum value recorded up to that point tn the
test. If the leakage rate is found to be no
greater than 0.00057 m*/min (0.02 c¢fm) or 4
percent of the average sampling rate
(whichever is less), the results are accepta-
ble, and no correction will need to be ap-
plied to the total volume of dry gaa metered:
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2.1.4 Differentia Pressure Gauge. In-
clined manometer or equivalent device
(two), a5 described in Section 2.2 of Method
2. One manometer shall be used or velocity
head (4p) readings, and the other, for orifice
differentia pressure readings.

2.1.5 Pilter Holder. Borosilicate glass,
with a glass frit filter support and a silicone
rubhber gasket. Other materials of construc-
tion (e.g., stainless steel, Teflon, Viton) may
be used, subject to approval of the Adminis-
trator. The holder design shall provide a
positive seal against leakage from the out-
side or around the filter. The holder shall
be attached immediately at the outlet of the
probe (or cyclone, it used).

2.1.86 Filter Heating System. Any heating
system capable of maintaining a tempera-
ture around the filter holder during sam-
pling of 120+14" C (248+25* F), or such
other temperature as specified by an appli-
cable subpart of the standards or approved
by the Administrator for a particular appli-
cation. Alternatively, the tester may opt to
operateée the equipment at a temperature
lower than that specified. A temperature
gauge capable of measuring temperature to
within 3* C (5.4* F) shall be instalied so that
the temperature around the filter holder
can be reguiated and monitored during sam-
pling. Heating systems other than the one
shown in APTD-0581 may be used.

2.1.7 Condenser. The [ollowing system
shall be used to determine the stack gas
moisture content: Four impingers connected
In series with leak-Iree ground glass fittings
or any similar leak-free non-contaminating
fittings. The first, third, and fourth im-
pingers shall be of the Greenburg-Smith
design, modified by replacing the tip with
1.3 cm (4 In) ID glass tube extending to
about 1.3 cm (% In.) from the bottom of the
flask. The second impinger shall be of the
Greenburg-Smith design with the standard
tip. Modifications (e.g.. using flexible con-
nections between the Impingers, using mate-
rials other than glass, or using flexible
vacuum lines to connect the fiiter holder to
the condenser) may be used, subject to the
approval of the Administrator. The first and
second impingers shall contain known quan-
tities of water (Section 4.1.3}, the third shall
be empty. and the fourth shall contain a
known weight of silica gel, or equivalent
desiccant. A thermometer, capable of meas-
uring temperture to within i* C (2* F) shall

be placed at the outlet of the fourth imping- -

er for monitoring purposes.
Alternatively, any system that cools the
sample gas stream and allows measurement

of the water condensed and moisture leav-
ing the condenser, each to within 1 mlor 1l g
may be used, subject to the approval of the
Administrator. Acceptable means are to
measure the condensed water either gravi-
metrically or volumetrically and to measure
the moisture leaving the condenser by: (1)
monitoring the temperature and pressure at
the exit of the condenser and using Dalton's
law of partial pressures; or (2) passing the
sample has stream through a tared silica gel
(or equivaient desiccant) trap with exit
gases kept below 20° C (88* F') and determin-
ing the weight gain.

1f means other than silica gel are used to
determine the amount of moisture leaving
the condenser, it is recommended that silica
gel (or equivalent) still be used between the
condenser system and pump to prevent
moisture condensation in the pump and me-
tering devices and to avoid the need to make
corrections for moisture in the metered
volume.

Nore: If a determination of the particu-
late matter collected in the Impingers is de-
sired in addition to moisture content, the
impinger system described above shall be
used, without modification. Individual
States or control agencies requiring this in-
formation shall be contacted as to the
sample recovery and analysia of the imping-
er contents.

2.1.8 Metering System. Vacuumn gauge,
lesk-free pump, thermometers capable of
measuring temperature to within 3* C (5.4°
), dry gas meter capable of measuring
volume to within 2 percent, and related
equipment, as shown in Pigure 5-1. Qther
metering systems capable of maintaining
sampling rates within 10 percent of isokine-
tic and of determining sample volumes to
within 2 percent may be used, subject to the
approval of the Administrator. When the
metering system Is used in conjunction with
a pitot tube, the system shall enable checks
of isokinetic rates.

Sampling trains utilizing metering sys-
tems designed for higher flow rates than
that decribed In APTD-0381 or APDT-0576
may be used provided that the specifica-
tions of this method are met.

2.1.9 Barometer. Mercury aneroid, or
other barometer capable of measuring at-
maospheric pressure to within 2.5 mm Hg
(0.1 in. Hg). In many cases the barometric
reading may be obtained from a nearby na-
tional weather zervice station, in which case
the station value (which is the absolute bar-
ometric pressure) shall be requested and an
adjustment for elevation differences be-
tween the weather station and sampling
point shall be applled at a rate of minus 2.5
mm Hg (0.1 in, Hg) per 30 m (100 ft) ejeva-
tion increase or vice versa for elevation de-
crease,

2.1.10 Gas Density Determination Equip-
ment. Temperature sensor and pressure
gauge, as described 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 pitot tube or sampling probe
in a fixed configuration, such that the tip of
the sensor extends beyond the leading edge
of the probe sheath and does not touch any
metal. Alternatively, the sensor may be at-
tached just prior to use in the field. Note,
however, that if the temperature sensor is
attached in the field, the sensor must be
placed in an interference-free arrangement
with respect to the Type S pitot tube open-
ings (see Method 2, Figure 2-7). As a second
alternative, 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. (This alternative is subject to the
approval of the Administrator.)

2.2 Sample Recovery. The following
items are needed.

2.2.1 Probe-Liner and Probe-Nozzle
Brushes. Nylon bristle brushes with stain-
less steel wire handles. The probe brush
shall have extensions (at least as long as the
probe) of stainless steel, Nylon, Teflon. or
simnilarly inert material. The brushes shall
be properly sized and shaped to brush out
the probe liner and nozzle.

2.2.2 VWash Bottles—Two, Glass wash
bottles are recommended; polyethylene
wash bottles may be used at the option of
the tegter. It is recommended that acetone
not be stored in polyethylene bottles for
longer than a month.

2.2.3 Glass Sample Storage Containers.
Chemically resistant, borosilicate glass bot-
tles, for acetone washes, 500 ml or 1000 ml.
Screw cap liners shail either be rubber-
backed Teflon or shall be constructed so as
to be leak-free and resistant to chemical
attack by acetone. (Narrow mouth glass bot-
tles have been found to be less prone to
leakage.) Alternatively, polyethylene bottles
may be used.

2.2.4 Petrl Dishes. For fllter samples,
glass or polyethylene, unless otherwise spec-
iffed by the Administrator.

2,25 Graduated Cylinder and/or Bal-
ance. To measure condensed water to within
1 ml or 1 g. Graduated cylinders shall have
subdivisions no greater than 2 ml. Most lab-
oratory balances are capable of weighing to
the nearest 0.5 g or less. Any of these bal-
ances is suitable or use here and in Section
2.34.

2.2.8 Plastic Storage Containers. Air-
tight containers to store silica gel.

2.277 PFunnel and Rubber Policeman. To
aid in transfer of silica gel to container; not

2.28 Funnel. Glass or polyethylene. to
aid in sample recovery.

2.2 Analysis. Por analysis, the following
equipment is needed.

2.3.1 Glass Weighing Dishes.

2.3.2 Desiccator.

2.3.3 Analytical Balance. Tc measure Lo
within 0.1 mg.

2.3.4 Balance. To measure to within 0.5 g.

2.3.5 Beakers. 250 ml

2.3.6 Hygrometer. To measure the rela-
tive humidity of the laboratory environ-
ment. :

2.3.7 Temperature Gauge. To measure
the temperature of the laboratory environ-
ment.

3. Reagenis

3.1 Sampling. The reagents used in sam-
pling are as follows:

3.1.1 Ftiiters. Glazss fiber filters, without
organic binder, exhibiting at least 99.95 per-
cent efficiency («<0.05 percent penetration)
on 0.3-micron diocty! phthalate smoke parti-
cles. The fliter efficiency test shall be con-
ducted in accordance with ASTM standard
method D2986-71 (Reapproved 1978) (incor-
porated by reference—see § 60.17). Test data
from the supplier's quality control program
are sufficient for this purpose. In sources
containing SO; or S0O,, the filter material

must be of a type that is unreactive to SCy

or 30, Citation 10 in Section T Bibliogra-
phy, may be used to select the appropriate
fllter, ’

3.1.2 Silica Gel. Indicating type, 6 to 18
mesh. If previously used, dry at 175" C (350"
F) for 2 hours, New silica gel may be used ag
received. Alternatively, other types of desic-
cants (equivalent or better) may be used,
subject to the approval of the Administra-
Lor.

3.1.3 Water. When analysis of the mate-
rial caught in the irapingers Is required, dis-
tilled water shall be used. Run blanks prior
to field use to eliminate a high blank on test
samples.

3.1.4 Crushed Ice.

3.1.5 Stopcock Grease. Acetone-insoluble,
heat-stable silicone grease. This {s not neces.
sary if screw-on connectors with Teflon
sleeves, or similar, are used. Alternatively,
other types of stopcock grease may be used,
subject to the approval of the Administra-
tor.
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MrTHOD 5—DETERMINATION OF PARTICULATE
EMIss1ons FROM STATIONARY SOURCES

1. Principle and Applicability

1.1 Principle. Particulate matter is with-
drawn isokinetically from the source and
coiiected on a glass fiber filter maintained
at a temperature in the range of 120+14' C
(248+25° F) or such other temperature as
specified by an applicable subpart of the
standards or approved by Administrator,

1).5. Environmental Protection Agency. for
a particular application. The particulate
mass, which includes any material that con-
denses at or above the filtration tempera-
ture, is determined gravimetrically after re.
moval of uncombined water.

1.2 Applicability. This method is applica-
ble for the determination of particulate
emissions from stationary sources.

2. Apparalus

2.1 Sampling Train. A schematic of the
sampling train used in this method is shown
in ¥igure 5-1. Complete construction details
are given in APTD-0581 (Citation 2 in Bibli-
ography), commercial models of this train
are also available. For changes from APTD-
0581 and for aliowable modifications of the
train shown In Figure 5-1, see the following
subsections.

The operating and maintenance proce-
dures for the sampling train are described in
APTD-0576 (Citation 3 in Bibliography).
Since correct usage is important in obtain.
ing valld results, all users should read
APTD-0578 and adopt the operating and
maintenance procedures outlined in ft,
unless otherwise specified herein. The sam-
pling train consists of the following compo-
nents:

TEMPERATURE SENSOR
/

|, PROBE

RULES AND REGULATIONS/AUGUST 18,

2.1.1 Probe Nozzle. Stainless steel (316)
or glass with sharp, tapered leading edge.
The angle of taper shall be 30' and the
taper shall be on the cutside to preserve a
constant intermal diameter. The probe
nozzle shail be of the button-hook or elbow
design. unless otherwise specified by the Ad-
ministrator. If made of stainless steel, the
nozzle shall be constructed from seamless
tubing; other materials of construction may

_be used, subject to the approval of the Ad-
ministrator.

A range of nozzle sizes suitable for isokin-
etic sampling should be available, e.g., 0.32
to L.27 ¢m (% to % in.)—or larger if higher
volume sampling trains are used—inside di-
ameter (ID) nozzles in increments of 0.18 cm
(Yie in.). Each nozzle shail be calibrated ac-
cording to the procedures outlined in Sec-
tion 5.

2.1.2 Prooe Liner. Borosilicate or quartz

glass tubing with a heating system capable

of maintaining a gas temperature at the exit
end during sampling of 120+14° C (248+2%°
P}, or such other temperature as specified
by an appiicable subpart of the standards or
approved by the Administrator for a par-
tieular application. (The tester may opt to
operate the equipment.at a temperature
lower than that specified.) Since the actual
temperature at the outlet of the probe is
not usually monitored during sampling,
probes constructed according to APTD-0581
and utilizing the calibration curves of
APTD-0578 (or calibrated according to the
procedure outlined in APTD-0578) will be
considered acceptable.

N

R
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Elther borostlicate or quarts glass probe
iiners may be used for stack temperatures
up to about 480° C (900° F) quartz liners
shall be used for temperatures between 480
and 900° C (500 and 1.650° F). Both types of
liners may be used at higher temperatures
than specified for short periods of time, sub-
ject to the approval of the Administrator,
The softening temperature for borosilicate
is 820° C (1,508" F), and for quartz it is 1.500°
C (2,732 P).

Whenever practical, every effort should
be made to use borosilicate or quartz glass
probe liners. Alternsatively, metal lners
(e.g., 318 stainless steel, Incoloy 823.' or
other corrosion resistant metals) made of
seamless tubing may be used. subject to the
approval of the Administrator.

2.1.3 Pitot Tube. Type 8, as described in
Section 2.1 of Method 2, or other device ap-
proved by the Administrator. The pitot tube
shall be attached to the probe (as shown in
Flgure 5-1) to allow constant monitoring of
the stack gas velocity. The impact (high
pressure) opening plane of the pitot tube
shall be even with or above the nozzle entry
plane (see Method 2, Figure 2-6b) during
sampling. The Type S pitot tube assembly
shall have a known coefficient, determined
as outlined in Section 4 of Method 2.

1Mention of trade names or specific prod.
uct does not constitute endorsement by the
Environmental Protection Agency.

IMPINGER TRAIN OPTIONAL, MAY BE REPLACED
‘BY AN EQUIVALENT CONDENSER
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Notz: The above equation does not consid-
er argon in air (about 0.9 percent, molecu-
lars weight of 37.7). A negative error of
about 0.4 percent is introduced. The tester
may opt to include argon in the analysis
using procedures subject to approval of the
Administrator.
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4.2.5 To Insure complete absorption of
the C0Oy. Ou or if applicable, CO, make re-
peated passes through each absorbing solu-
tion until two consecutive readings are the
same, Several passes (three of four) should
be make between readings. (If constant
readings cannot be obtained after three con-
secutive readings, replace the absorbing so-
lution.)

4.2.8 Repeat the analysis untll the fol-
lowing c¢riteria are met:

4.2.8.1 For percent CO,, repeat the ana-
ytical procedure until the results of any
“three analyses differ by no more that (a) 0.3
percent by volume when CO, is greater than
4.0 percent or (b) 0.2 percent by volume
when CO, I3 less than or equal to 4.0 per-
cent. Average the three acceptable values of
percent CO, and report the results to the
nearest 0.1 percent.

4.2.6.2 For percent O,, repeat the analyti-
cal procedure until the resuits of any three
analyses differ by no more than (a) 0.3 per-
cent by volume when O, is less than 15.0
percent or (b) 0.2 percent by volume when
0O, is greater than or equal to 15.0 percent.
Average the three acceptable valuea of per-
cent O, and report the results to the nearest
0.1 percent.

4.2.6.3 Por percent CO, repeat the ana-
Iytical procedure until the results of any
three analyses differ by no more than 0.3
percent. Average the three acceptabie
values of percent CQ and report the resuits
to the nearest 0.1 percent.

4.2.7 After the analysis is completed,
leak-check (mandatory) the Orsat anaiyzer
once again, as described in Section 5. For
the results of the analysis to be valid, the
Orsat analyzer must pass this leak test
before an after the analysis.

Nore: Although in most instances only
CO, or O, i3 required, it is recommended
that both CO, and O, be measured, and that
Citation § in the Bibliography be used to
validate the analytical data.

4.3 Multi-Point, Integrated Sampling and
Analytical Procedure, .

4.3.1 Both the minimum number of sam-
pling points and the sampling point location
shall be as specified in Section 3.3.1 of this
method. The use of fewer points than speci-
fied is subject to the approval of the Admin-
istrator.

43.2 PFollow the procedures outlined In
Sections 4.2.2 through 4.2.7, except for the
following: Traverse all sampling points and
sample at each point for an equal length of
time. Record sampling data as shown in
Plgure 3-3. ) .

4.4 Quality Control Procedures.

4.4.1 Data Validation When Both COy
and O, Are Measured. Although in most in-
stances, only COs or O measurement is re-
quired, it is recommended that both CO,
and O: be measured to provide a check on
the quality of the data. The following qual-
ity control procedure is suggested.

Notx: Since the method for validating the
COr and O, analyses is based on combustion
of organic and fossil fuels and dilution of
the gas stream with air, this method does
not apply to sources that (1) remove COy or
0O, through processes other than combus-
tlon, (2) add O, (e.g., oxygen enrichment)
and Ny in proportions different {rom that of
air, (3) add COy (e.g.. cement or lime kilns),
or {(4) have no fuel factor, F,, values obtain-
able (e.g., extremely veriable waste mix-
tures). This method validates the measured
proportions of COy and Os for the fuel type,
but the method does not detect sample dilu-
tlon resulting from leaks during or after
sample collection. The method is applicable

tor samples collected downstream of most
lime or limestone flue-gas desulfurization
units as the CO. added or removed from the
gas stream is not significant in relation to
the totai CO, concentration. The CO,: con-
centrations from other types of scrubbers
uaing only water or basic slurry can be sig-
nificantly affected and would render the F,
check minimaily useful.

4.4.1,1 Calculate a fuel {actor, F,, using
the following equation:

20.9-%0:
TCO:

Fy=

Eq. 3-3
Where:
%0, = Percent O, by volume (dry basis).
%,COy=Percent CO, by volume (dry basis).
20.8 =Percent Oy by volume in ambient air.
If CO is present in quantities measurable by
this method, adjust the O, and CC, values
before performing the calculation for F, a8
follows:

%COyad))=%CO:+%CO

% Ow(ad)) = %0 -0.5 %CO

Where: %C0O=Percent CO by volume (dry
basiz),

4.4.1.2 Compare the calculated F, factor
with the expected F, values, The following
table may be used in establishing acceptable
ranges for the expected F, if the fuel being
burned is known. When fuels are burned in
combination, calculate the combined fuel F,
and F, factors (as defined in Method 19) ac-
cording to the procedure in Method 19 Sec-
tion 5.2.3. Then calculate the ¥, factor as
follows:

0.209 F,
= h—
P,
Eq. 3-4
Fuel type F, ranga
Conl:
Amtracite and ignits............ocoiee  1.018-1,130
Biturmenous 1,083-1.230
O
Distillate 1.260-1.413
Resichusi 1.210-1.370
Gas:
Naturat 1.800-1.836
Propane 1.434-1.588
Butane 140514953
Wood 1.000-1.120
Wood bark 1.003-1.130

Calculated F, values beyond the accepta-
ble ranges shown In this table should be in-
vestigated before accepting the test resuits.
For example, the strength of the solutions
in the gas analyzer and the analyzing tech-
nique should be checked by sampling and
analyzing a known concentration. such as

air; the fuel factor should be reviewed and’

verified. An acceptability range of +12 per-
cent is appropriate for the F, factor of
mixed fuels with vartable fuel ratios. The
level of the emission rate relative to the
compiiance level should be considered in de-
termining if a retest is appropriate, ie., if
the measured emissions are much lower or
much greater than the compliance limit,
repetition of the test would not significantly
change the compliance status of the source

and would be unnecessarily time-consuming
and costly. o
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5. Leak-Check Procedure for Orsal Analyzers

Moving an Orsat analyzer frequently
causes it to leak. Therefore, an Orsat ana-
lyzer should be throughly leak-checked on
site before the flue gas sample is introduced
{nto it. The procedure for leak-checking an
Orsat analyzer is:

§.1.1 Bring the liquid level in each pi.
pette up to the reference mark on the capii-
lary tubing and then close the pipette stop-
cock,

5.1.2 Raise the leveling bulb sufficiently
to bring the confining liquid meniscus onto
the graduated portion of the burette and
then close the manifold stopcock.

5.1.3 Record the meniscus position.

5.1.4 Observe the menicus in the burette
and the liquid level in the pipette for move-
ment. over the next 4 minutes.

5.1.5 For the Orsat analyzer to pass the
leak-check, two conditions must be met.

5.1.5.1 The lquid level in each pipette
must not fall below the bottom of the capil-
lary tubing during this 4-minute interval,

§.1.5.2 The meniscus in the burette must
not change by more than 0.2 ml during this
4-minute interval.

5.1.6 II the analyzer fails the leak-check
procedure, all rubber connections and stop-
cocks should be checked until the cause of
the leak is fdentified, Leaking stopcocks
must be disassembled, cleaned, and re-
greased. Leaking rubber connectlons must
be replaced. After the analyzer is reassem-
bled, the leak-check procedure must be re-
peated.

8. Calculations
8.1 Nomenclature.

My=Dry molecular weight, g/g-mole (1b/Ib-
mole),

% EA = Percent excess air.

%CO,=Percent CO, by volume (dry basis).

%0Oh = Percent O, by volume (dry basis).

%C0O=Percent CO by volume (dry basls).

%N.=Percent N, by volume (dry basis).

0.264=Ratio of O, to N, in alr, v/v.

0.280=Molecular weight of N, or CO, divid-
ed by 100,

0.320=Molecular weight of O, divided by
100.

0.440=Molecular weight of COQ, divided by
100.

6.2 Percent Excess Alr, Calculate the per-
cent excess air ({f applicable), by substitut-

ing the appropriate values of percent O,
CO, and N, {(obtained from Section 4.1.3 or
4.2.4) into Equation 3-1.

% EA=
%0:—0.5% CO
0.284% N: - (4,0,-0.5 % CO)

x 100

Equation 3-1

Norte: The equation above assumes thal
ambient air is used as the source of O, and
that the fuel does not contain appreciable
amounts of N.: (a5 do coke oven or blast fur-
nace gases). For those cases when apprevia-
ble amounts of N, are present (coal. oil, and
natural gas do not contain appreciable
amounts of N,} or when oxygen enrichment
is used, alternate methods, subject to ap-
proval of the Administrator, are required.

8.3 Dry Molecular Weight. Use Equation
3-2 to calculate the dry molecular weight of
the stack gas
My=0.440(%C0O,) +0.320(%0.) +

0.280( %N, + % CO}
Equation 3-2
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13.1 Dry Molecular Welght Determina-
tlon. An Orsat analyzer or Fyrite type com-
bustion gas analyrer may be used.

2.3.2 Emission Rate Correction Factor or
Excess Alr Determination. An Orsat analyx-
er must be used. For low CO, (less than 4.0
percent) or high O, (greater that 15.0 per-
cent) concentrations, the measuring burette
of the Orsat must have at least 0.1 percent
subdivisions.

1. Dry Molecular Weight Determination

Any of the three sampling and analytieal
procedures described beiow may be used for
determining the dry molecular weight.

3.1 Single-Point, Grab Sampiing and An-
alytical Procedure.

3.1.1 The sampling point Iin the duct
shall either be at the centroid of the cross
section or at a point no closer to the walls
than 1.00 m (3.3 ft), unless otherwise speci-
fled by the Administrator.

3.1.2 Set up the equipment as shown in
Figure 3-1, making sure all connections
ahead of the analyzer are tight and leak-
free. If and Orsat analyzer is used, it is rec-
ommended that the analyzer be leaked-
checked by following the procedure in Sec-
tion §; however, the leak-check i{s optional

3.1.3 Place the probe In the stack. with
the tip of the probe positioned at the sam-
pling point; purge the sampling line. Draw a
sample into the aralyzer and immediately
analyze {t for percent CO, and percent O,
Determine the percentage of the gas that is
N, and CO by subtracting the sum of the
percent CO, and percent O, from 100 per-
cent. Calculate the dry molecular weight as
indicated in Section 6.3.

3.1.4 Repesat the sampling, analysis, and
calculation procedures, until the dry molee-
ular weights of any three grab samples
differ from their mean by no more than 0.3
g/g-mole (0.3 lb/lb-mole). Average these
three molecular weights, and report the re-
sults to the nearest 0.1 g/g-mole (lb/lb-
mole).

3.2 Single-Point, Integrated Sampling
and Analytical Procedure.

3.2.1 The sampling point in the duct
shall be located as specified in Section 3.1.1.

3.2.2 Leak-check (optional) the flexible
bag as in Section 2.2.6. Set up the equip-
ment as shown in Flgure 3-2, Just prior to
sampling, leak-check (optional) the train by
placing a vacuum gauge at the condenser
inlet, pulling & vacuum of at least 250 mm
Hg (10 in. Hy). plugging the outlet at the
quick disconnect, and then turning off the
pump. The vacuum should remain stable for
at least 0.5 minute. Evacuate the flexible
bag. Connect the probe and place it in the
stack, with the tip of the probe positioned
at the sampling point: purge the sampling
iine. Next, connect the bag and make sure
that all connections are tight and leak free.

3.2.3 Sample at a constant rate. The sam-
pling run should be simultaneous with, and
for the same total length of time as, the pol.
lutant emission rate determination. Collec-
tion of at least 30 liters (1.00 ft of sample
gas is recommended; however, smaller .vol-
umes may be collected, if desired.

3.24 Obtain one integrated flue gas
sample during each pollutant emission rata
determination. Within 8 hours after the
sample is taken, analyze It for percent CO.
and percent O, using either an Orsat analyz-
er or a Fyrite-type combustion gas analyzer.
If an Orsat analyzer is used, it i recom-
mended that the Orsat leak-check described
in Section 5 be performed before this deter-
mination; however, the check is optional.

Determine the percentage of the gas that is
N, and CO by subtracting the sum of the
percent CO. and percent O, from 100 per-
cent. Calculate the dry molecular weight as
indicated in Section 8.3.

3.2.5 Repesat the analysis and cslculation
procedures unti} the individual dry molecu-
lar weights for any three analyses differ
from their mean by no more than 0.3 g/g-
mole (0.3 1b/Ib-moie). Average these three
molecular weights, and report the results to
the nearest 0.1 g/g-mole (0.1 Ib/lb-mole).

3.3 Multi-Point, Integrated Sampling and
Analytical Procedure,

3.3.1 Unless otherwise specified by the
Administrator, a minimum of eight traverss
points shall be used for circular stacks

having diameters less than 0.61 m (24 in.), &

minimum of nine shall be used for rectangu-
lar stacks having equivalent diameters less
than 0.6l m (24 in.), and a minimum of
twelve traverse poinis shall be used for all
other cases. The traverse points shall be lo-
cated according to Method 1. The use of
fewer points is subject to approval of the
Administrator.

3.3.2 Follow the procedures outlined in
sections 3.2.2 throught 3.2.5, except for the
following: traverse all sampling points and
sample at each point for an equal length of
time. Record sampling data as shown In
Figure 3-3.

4. Emission Rate C‘onccuou- Factor or
Ezcess Air Delerminatlion

Nortx: A Fyrite-type combustion gas ana-
lyzer is not acceptable for excess air or emis-
sion rate correction factor determination,
unless approved by the Administrator. If
both percent CO, and percent O, are meas-
ured, the analytical results of any of the
three procedures given below may also be
used for calculating the dry molecular
weight.

Each of the three procedures below shall
be used only when specified in an applicable
subpart of the standards. The use of these
procedures for other purposes must have
apecific prior approval of the Administrator.

4.1 Single-Peoint, Grab Sampling and An-
alytical Procedure.

4.1.1 The sampling point in the duct
shall either be at the centroid of the croas-
section or at & point no closer to the walls
than 1.00 m (3.3 ft), unless otherwise speci-
fied by the Administrator.

4.1.2 Set up the equipment as shown In
Pigure 3-1, making sure al} connections
ahead of the analyzer are tight and leak-
"free. Leak-check the QOrsat analyzer accord-
ing to the procedure described In Section ‘3.
This leak-check is mandatory.

FIGURE 3~-3—SAMPLING RATE DATA

Time Traverse pt. Q tpm % cew*
[ Y
*% Dav. = (0—pg/Qpey X 100  (Must be <10%)
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4.1.3 Place the probe in the stack, with
the tip of the probe positioned at the sam-
pling point: purge the sampling line. Draw a
sample into the analyzer. For emission rate
correction factor determination. immediate-
ly analyse the sample, as outlined in Sec-
tions 4.1.4 and 4.1.5, for percent CO, or per-
cent O,. If excess air is desired. proceed as
follows: (1) immediately analyze the sample,
as in Sections 4.1.4 and 4.1.5, for percent
COy, O, and CO; (2) determine the percent-
age of the gas that is N, by subtracting the
sum of the percent CO,, percent O,, and per-
cent CO from 100 percent; and (3} calculats
percent excess air as outlined in Section 8.2,

414 To [nsure complete absorption of
the CC,, O, or if applicable, CO, make re-
peated passes through each absorbing solu-
tion until two consecutive readings are the
same, Several passes (three or four) should
be made between readings. (If constant
readings cannot be obtained after three con-
secutive readings, replace the absorbing so-
lution.)

4.1.5 After the analysis is completed,
leak-check (mandatory) the Orsat analyzer
once again, as described in Section 5. For
the results of the analysis to be valid, the
Orsat analyzer must pass this leak test
before and after the analysis,

Nore: Since this single-point, grab sam-
pling and analytical procedure In normally
conducted in conjunction with a single-
point, grab sampling and analytical proce-
dure for a pollutant, only one analysis is or-
dinarily conducted, Therefore, great care
must be taken to obtain a valld sample and
analysis. Although [n most cases only CO,
or O, is required, it is recommended that
both CO, and O, be measured, and that Sec-
tion 4.4 be used to validate the analytical
data.

4.2 Singile-Point, Integrated Sampling
and Analytical Procedure.

4.2.1 The sampling point in the duct
shall be located as specified in Section 4.1.1.

4.2.2 Leak-check (mandatory} the flexi-
ble bag as in Section 2.2.6, Set up the equip-
ment as shown in Flgure 3-2. Just prior to
sampling, leak-check (mandatory) the train
by placing a vacuum gauge at the condenser
inlet, puiling a vacuum of a least 250 mm Hg
(10 in. Hg). plugging the outlet at the quick
disconnect, and then turning off the pump,
The vacuum shall remain stable for at least
.5 minute. Evacuate the flexible bag. Con-
nect the probe and place it in the stack,
with the tip of the probe positioned at the
sampling point; purge the sampling line.
Next, connect the bag and make sure that
all connections are tight and leak free.

4.2.3 Sampie at a constant rate, or as
specified by the Administrator. The sam-
pling run must be simultaneous with, and
for the same total lengh of time as, the pol-
lutant emission rate determination. Collect
at least 30 liters (1.00 ft" of sample gas.
Smaller volumes may be eollected, subject
to approval of the Administrator.

4.2.4 Obtain one integrated flue gas
sample during each pollutant emission rate
determination. For emission rate correction
factor determination. analyze the sample
within 4 hours after it is taken for percent
€O, or percent O, (as outlined in Sections
4.2.5 through 4.2.7). The Orsat analyzer
must be leak-check (see Section 5) before
the analysis. If excess air is desired, proceed
as follows: (1) within 4 hours after the
sample Is taken, analyze it (as in Sections
4.2.5 through 4.2.7) for percent CO,, O, and
CO; (2) determine the percentage of the gas
that is N, by subtracting the sum of the per-
cent CO,., percent O,, and percent CO from
100 percent: (3) calculate percent excess air,
as outlined in Section 6.2,




METHOD 3

MerHOD 3—Gas ANALYSIS FOR CARBOX DIiox-

IDE, OXYGEN, EXCESS AIR, AND DRY MoOLEC-
ULAR WEIGHT

1. Principle and Applicability

1.1 Principle. A gas sample is extracted
from a stack. by one of the following meth-
ods: (1) single-point, grab sampling; (2}
single-point. Integrated sampling: or (3}
multi-point, integrated sampling, The gas
sample is analyzed for percent carbon dicx-
ide {COy), percent oxygen (O,), and, if neces-
sary, percent carbon monoxide (CO). If a
dry molecular weight determination is to be
made, either an Orsat or a Fyrite ' analyzer
may be used for the analysis; for excess alr
or emission rate correction factor determi-
nation, an Orsat analyzer must be used,

1.2 Applicability. This method is applica-
ble for determining CO. and O, concentra-
tlons, excess alr, and dry molecular weight
of a sample {rom a gas stream of a fossil-
fuel combustion process. The method may
also be applicable to other processes where
it has been determined that compounds
other than CQ,, O, CO, and nitrogen (m.)
are not present in concentrations sufficient
to affect the results.

Other methods, as well as modifications to
the procedure described herein, are also ap-
plicable for some or all of the above deter-
minations. Examples of specific methods
and modifications include: (1) a multi-point
sampling method using an Orsat anhalyzer to
analyze individual grab samples obtained at
each point. (2) a method using CO, or O,
and stoichiometric calculations to determine
dry molecular weight and excess ajr; (3) as-
signing a vaiue of 30.0 for dry molecular
weight, in lieu of actual measurements, for
processes burning natural gas, coal, or oil.
These methods and modifications may be
used, but are subject to the approval of the
Administrator, U.S. Environmental Protec-
tion Agency.

2. Apparaius

As an alternative to the sampling appara-
tus and systems described herein, other
sampling systems (e.g., liquid displacement)
may be used provided such systems are ca-
pable of obtaining a representative sample
and maintaining a constant sampling rate.
and are otherwize capable of ylelding ac-
ceptable results. Use of such systems is sub-
Ject to the approval of the Administrator.

2.1 Grab Sampling (Figure 3-1),

2.1.1 Probe. The probe should be made of
stainless steel or borosilicate glass tubing
and should be equipped with an in-stack or
out-stack fllter to remove particulate matter
(a plug of glass wool is satisfactory for this
purpose). Any other materials inert to O,,
COy, CO. and N, and resistant to tempera.
ture at sampling conditions may be used for
the probe; examples of such material are
aluminum, copper, quartz glass and Teflon.

2.1.2 Pump. A one-way squeeze bulb, or
equivalent, {5 used to transport the gma
sample to the analyzer.

2.2 Integrated Sampling (Figure 3-2).

2.2.1 Probe. A probe such as that de-
scribed in Section 2.1.1 {s suitabie,

'Mention of trade names or specific prod-
ucts does not constitute endorsement by the
Environmental Protection Agency.

RULES AND REGULATIONS/AUGUST

2.2.2 Condenser. An air-cooled or water-
ecooled condenser, or other condenser that
will not remove O,, CO:, CO, and N,, may be
used to remove excess moisture which
would interfere with the operation of the
pump and flow meter.

2.2.3 Valve. A needle valve Is used to
adjust sampile gas flow rate.

2.24 Pump. A leak-free, diaphragm-type
pump, or equivalent, is used to transport
sample gas to the flexible bag. Install a
small surge tank between the pump and
rate meter to eliminate the pulsation effect
of the diaphragm pump on the rotameter.

2.2.5 Rate Meter. The rotameter, or
equivalent rate meter, used should be capa-
ble of measuring flow rate to within +2 per-
cent of the selected flow rate. A flow rate
range of 500 to 1000 cm*/min is suggested.

2.2.6 Flexible Bag. Any leak-free plastic
(e.g., Tedlar, Mylar, Teflon) or plastic-
coated aluminum (e.g., aluminized Mylar)
bag., or equivalent, having a capacity con-
gistant with the selected flow rate and time

'l

FILTER (GLASS wWOOL)

PROBE

L

N

SQUEEZE suLE

’

18, 1877

length of the test run, may be used. 4 ca-
pacity in the range of 55 to 90 liters Is gug.
gested.

To leak-check the bag, connect it to a
water manometer and pressurize the bag to
§ to 10 cm H,O (2 to 4 in. H,0). Allow tg
stand for 10 minutes. Any displacement in
the water manometer indicates a leak. An
alternative leak-check method Is to presgur.
ize the bag to 5 to 10 em H.O (2 to 4 in. H,O)
and allow to stand overnight. A deflated bag -
indicates a leak.

2.2.7 Pressure Gauge. A water-fllled U-
tube manometer, or equivalent, of about 28
c¢m (12 in.} is used for the flexible bag leak.
check,

2.2.8 Vacuum Gauge. A mercury manom-
eter, or equivalent, of at least 760 mm Hg
(30 In. Hg) I8 used for the sampling train
leak-check.

2.3 Analysia. For Orsat and Pyrite ana-
lyzer maintenance and operstion proce-
dures, follow the instructions recommended
by the manufacturer, uniess otherwise spec-
itied herein.

FLEXIBLE TUBING

‘TQ ANALYZER

" Figure 3-1, Grab-sampling train.

AIR-COOLED
CONDENSER

VALVE
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FILTER
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RIGID CONTAINER
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Figure 3-2. Integrated gas-sampling train.
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Figure 2-10. Projected-area models for typi-
cal pitot tube assemblies.

4.1.6 Fleld Use and Recalibration.

4.1.6.1 Field Use.

4.1.6.1.1 When a Type S pitot tube (1so-

lated tube or assembly) is used in the field.
the appropriate coefficient value (whether
assigned or obtained by calibration) shall be
used to perform velocity calculations. For
calibrated Type S pitot tubes, the A side co-
efficient shall he used when the A side of
the tube faces the flow, and the B side coef-
ficient shall be used when the B side faces
the flow; alternatively, the arithmetic aver.
age of the A and B side coefficient values
may be used, irrespective of which side faces
the flow.

4,1,6.1.2 When a probe assembly is used
to sample a small duct (12 to 38 in. in diame-
ter), the probe sheath sometimes blocks &
significant part of the duct cross-section,
causing a reduction in the effective value of
Cher. Consult Citation 9 in Section 8 for de-
tails. Conventionai pitot-sampling probe as-
semblies are not recommended for use in
ducts having inside dlameters smaller than
12 inches (Citation 16 in Section 6).

4.1.6.2 Recalibration.

4.1.8.2.1 Isolated Pitot Tubes. After each
field use, the pitot tube shall be carefully
reexamined in top, side, and end views. If
the pitot face openings are still aligned
within the specifications illustrated fn
Plgure 2-2 or 2-3, it can be assumed that the
baseline coefficient of the pitot tube has not
changed. If, however, the tube has been
damanged to the extent that it no longer
meets the specifications of Pigure 2-2 or 2-
3, the damage shall either be repaired to re-
store proper alignment of the face openings
or the tube shall be discarded.

4.1.6.2.2 Pitot Tube Assemblies. After
each fleld use, check the face opening align-
ment of the pitot tube, as in Section
4,1.8.2.1; also, remeasure the intercompon-
ent spacings of the assembly. If the inter-
component spacings have not changed and
the face opening alignment is acceptable, it
can be asgumed that the coefficlent of the
assembly has not changed. If the face open-
ing alignment is no longer within the speci-
fications of Figures 2-2 or 2-3, either repair
the damage or replace the pitot tube (call-
brating the new assembly, if necessary). If
the intercomponent spacings have changed,
restore the original spacings or recallbrate
the assembly.

4.2 Standard pitot tube (if applicable). If
a standard pitot tube is used for the velocity
traverse, the tube shall be constructed ae-
cording to the criteria of Section 2.7 and
shail be assigned a baseline coefficient value
of 0.99. If the standard pitot tube is used as
part of an assembly, the tube shall be in an
interference-iree arrangement (subject to
the approvai of the Administrator).

4.3 Temperature Gauges. After each
field use, caiibrate dial thermometers,
liguid-filled bulb thermometers. thermocou-
ple-potentiometer systems, and other
gauges at a temperature within 10 percent
of the average ahsolute stack temperature.
For temperatures up to 405° C (761" F), use
an ASTM mercury-in-glass reference ther-
mometer, or equivalent, as a reference; al-
ternatively, either a reference thermocoupie
and potentiometer (calibrated by NBS) or
thermometric fixed points, e.g.. ice bath and
boiling water (corrected for barometric pres-
sure) may be used. For temperatures above
405° C (781" P}, use an NBS-calibrated refer-
ence thermocouple-potentiometer system or
an alternate reference, subject to the ap-
proval of the Administrator.

If, during calibration, the absclute tem-
peratures measured with the gauge being

. calibrated and the reference gauge agree

within 1.5 percent, the temperature data
taken in the field shall be considered valid.
Otherwise, the poliutant emission test shall
either be considered invalid or adjustments
(if appropriate) of the test results shall be
made, subject to the approval of the Admin-
istrator.

4.4 Barometer. Calibrate the barometer
used against a mercury barometer.

5. Caleulations

Carry out calculations, retaining at least
one extra decimsl figure beyond that of the
acquired data. Round off figures after {inal
calculation.

5.1 Nomenclature.

A=Cross-sectional area of stack, m*{ft 9,

B =Water vapor in the gas stream (from
Method 5 or Reference Method 4), pro-
portion by volume. :

C, = Pitot tube coefficient, dimensionless,

K,=Pitot tube constant,

m [(nlg-mnh-)(mm Hg:]ife
St (OR) (e 1O

for the metric system and

it [{ib/ib-mole)tin. Hg) "
see (°R}(in. H,O)

Ki. 449

for the English system.

Ma.=Molecular weight of stack gas, dry basis
{see Section 3.68) g/g-mole (1b/1b-mole).

M,=Molecular weight of stack gas, wet
basis, g/g-mote (lb/lb-mole).

=My (1 —Bys) +18.0 B
Equation 2-5

P.sBarometric pressure at measurement
site, mm Hg (in. Hg).
P,=8tack static pressure, mm Hg (in. Hg).

P, =Absolute stack gas pressure, mm Hg (in.
Hg).

= P, wes + P[

Equation 2-8

P,=Standard absolute pressure, 760 mm
Hg (29.92 in. Hg).

Qu=Dry volumetric stack gas flow rate cor-
rected to standard conditions, dsem/hr
(dscf/hr).

& =Stack temperature, “C ("F),

T, = Absolute stack temperature, ‘K, ("R).

=273+ 4 for metric

. Equation 2-7
=460+ 4 for English
Equation 2-8

Tuw=Standard absolute temperature, 293 'K
(528' R

n=Average stack gas velocity, m/sec (ft/

. sec).

A, = Velocity head of stack gas, mm H,O (n.
H,O).

3.600=Conversion factor. sec/hy.

18.0 =Molecular weight of water. g/g-mole
{lb/1b-moie).

5.2 Average stack gas velocity.
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b= Ko Co(VBP) ey /%fi‘i":’

Equation 2-9

5.3 Average stack gas dry volumetric flow
rate, .

( Toa ) ( p;)
Qu=3.600(1 — Bu)tud - -
T: wm B,

Equation 2-10
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Feuation 2=
where:

Cou=Type S pitot tube coefficient

C:..;Egtandm pitot tube coefficient; use
0.99 if the coeificient is unknown and
the tube is designed according to the cri-
teria of Sections 27.1 to 2.7.3 of this
method.

APua= Velocity head measured by the stand-
ard pitot tube, em H,O (in. H.0)

ap,=Velocity head measured by ihe Type 8
pitot tube, cm H,O (In H,0)

4.1.4.2 Calculate C, (side A), the mean A-
side coefflcient. and C, (side B), the mean B-
side coefficient: caicuiate. the difference be-
tween these two average values,

4.1.4.3 Calculate the deviation of each of
the three A-side values of Cew from C, (side
A), and the deviation of each B-side value of
Cows from C, C, (side B). Use the following
equation:

Devintion=Cypa—Ch(A or B)
Equation 2-3
4.1,.4.4¢ Calculate 5. the average deviation
from the mean. for both the A and B sides
of the pitot tube. Use the following equa-
tion:

3 —
S [Crin—Col 4 or 1)}
o (side A or B) =2

3
IEquation 2-4

+

.

| —m™

(a)

4.1.4.5 Use the Type 8 pitot tube only if
the values of 8 (side A) and § (side B) are
less than or equal to 0.01 and if the absolute
value of the difference between C, (A) and
G, (B) iz 0.01 or less.

.4.1.5 Specini considerations.

4.1.5.1 Selection of calibration point.

4.1.5.1.1 When an lIsolated Type S pitot
tube is calibrated, select a calibration peint
at or near the center of the duct, and follow
the procedures outllned in Sections 4.1.3
and 4.1.4 above, The Type S pitot coeffl.
cients 50 obtained, i.e., G, (side A) and C,
(side B), wiil be valld. so long as either: (1)
the isolated pitot tube ls used; or (2) the
pitot tube is used with other components
(nozzle, thermocouple, sample probe) in an
arrangement that is free from aerodynamic
interference effects (see Figures _2-6
through 2-8).

4.1.5.1.1 For Type S pitot tube-thermo-
couple combinations (without sampie
probe}, select a calibration point at or near
the center of the duct, and follow the proce-
dures outlined in Sections 4.1.3 and 4.1.4
above. The coefficients so obtained will be
valid 50 long as the pitot tube-thermocouple
combination is used by itself or with other
components in an interference-{ree arrange-
ment {Figures 2-6, and 2-8).

4.1.5.1.3 For asgemblies with sample
prabes, the calibration point should be lo-
cated at or near the center of the duct; how-
ever, insertion of a probe sheath into a
small duct may cause significant cross-sec-
tional area blockage and yield incorreect co-
efficient values (Citation 8 in Section 8).
Therefore, to minimize the blockage effect,
the calibration point may be a few inches

EXTERNAL 1

off-center if necessary. The actual blockage
effect will be negligible when the thegreti-
cal blockage, as determined by a projected.
area modei of the probe sheath, is 2 percent
or less of the duct cross-sectional area for
assemblies without external sheaths (Plgure
2-10a}), and 3 percent or less for assembiies
with external sheaths (Figure 2-10b).

4.1.5.2 For those probe assemblles in
which pitot tube-nozzle Interference is a
factor {i.e., those in which the pitot-nozie
separation distance fails to meet the apecifi-
cation illustrated in Figure 2-8a), the value
of C.e depends upon the amount of free-
space between the tube and nozzle, and
therefore is a function of nozzle size. In
these instances. separate calibrations shail
be performed with each of the commonly
used nozzle sizes in place. Note that the
single-velocity calibration technique is ac-
ceptable for this purpose, even though the
larger nozzle sizes (»0.635 cm or % in,) are

-not ordinarily used for isokinetic sampiing

at velocities around 915 m/min ¢3.000 ft/
min), which is the calibration velocity; note
also that It i3 not necessary to draw an iso-
kinetic sample during callbration (see Cita-
tion 19 ln Section 8).

4.1.5.3 For a probe assembly constructed
such that its pitot tube is always used in the
same orientation, only cne side of the pitot
tube need be cailbrated (the side which will
face the flow). The pitot tube must still
meet the alignment specifications of Figure
2-2 or 2-3. however, and must have an aver-
age deviation (3) value of 0.01 or less (see
Section 4.1.4.4).

SHEATH
W :
|
v . :
(b
ESTIMATED LW
SHEATH - = | ~—= x 100
BLOCKAGE  LDUCT AREA
(%}

Figure 2-10. Projected-area models for typical pitot tube assembiies.
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4.1.2.1 The flowing gas stream must be
confined to a duct of definite cross-sectional
area, either circular or rectangular. For cir-
cular cross-sections, the minimum duct di-
ameter shall be 30.5 cm (12 in.); for rectan-
gular cross-sections. the width (shorter side)
shall be at least 25.4 cm (10 in.).

4.1.2.2 The cross-sectional area of the
calibration duct must be constant over a dis-
tance of 10 or more duct diameters, For a
rectangular cross-section, use an equivalent
diameter, caiculated from the following
equation, to determine the number of duct
diameters:

2LW
T
Equation 2-1
where:
D.=Equivalent diameter
L=Length
W=Width

To ensure the presence of stable, fully de-
veloped {low patterns at the calibration site,
or “test section,” the site must be located at
least eight diameters downstream and two
diameters upstream from the nearest dis-
turbances.

Note The eight- and two-dlameter crite-
rila are not absolute; other test section loca-
tions may be used (subject to approval of
the Administrator), provided that the flow
at the test site is stable and demonstrably
parallel to the duct axis.

4,1.2.3 The flow gystem shall have the ca-
pacity to generate a test-section velocity
around 815 m/min (3,000 {t/min). This ve-
locity must be constant with time to guaran-
tee steady flow during calibration. Note that
Type 8 pitot tube coefficients obtained by
single-velocity calibration at 915 m/min
(3,000 ft/min) will generally be valld to
within +3 percent for the measurement of
velocities above 305 m/min (1,000 f{t/min)
and to within +35 to 8 percent for the meas-
urement of velocities between 180 and 305
m/min (800 and 1,000 ft/min). If & more
precise correlation between C, and velocity
is desired, the flow system shall have the ca-
pacity to generate at least four distinct,
time-invariant test-section velocities cover-
ing the velocity range from 180 to 1,525 m/
min (600 to 5,000 ft/min), and caiibration
data shall be taken at regular velocity inter-
vals over this range (see Citations 9 and 14
in Section 8 for details).

4.1.2.4 Two entry ports, one each for the
standard and Type S pitot tubes, shall be
cut in the test section, the standard pitot
entry port shail be located slightly down-
stream of the Type 8 port. so that the

standard and Type S impact openings will
lie in the same cross-sectional plane during
calibration. To facilitate alignment of the
pitot tubes during calibration, it is advisable
that the test section be constructed of plex-
iglas or some other transparent material.

4.1.3 Callbration Procedure. Note that
this procedure is a general one and must not
be used without first referring to the special
considerations presented in Section 4.1.5.
Note alse that this procedure applies only
to single-velocity calibration. To obtain cali-
bration data for the A and B sides of the
Type S pitot tube, proceed as follows:

4.1.3.1 Make sure that the manometer is
properly filled and that the oil is free from
contamination and is of the proper density.
Inspect and leak-check all pitot lines; repair
or replace if necessary.

PITOT TUBE IDENTIFICATION NUMBER: DATE:
CALIBRATED B8Y:
“A” SIDE CALIBRATION
- Apad Apgs)

cm H20 em H20 DEVIATION

RUNNO. {in. H20) {in. H20) Cols) Cals) - CplA)
1
2
3

€, (SIDE A)
8" SIDE CALIBRATION
Bosd Oatg

cm H20 em H20 DEVIATION

RUN NO. fin. H20) (in. H20) Cpis) Cpist - CpiB)
1
2
1

Cp (SIDE 8)
3 -
< |cplsi-Tyla 0R B8 |

~a——MUST BE <0.1

AVERAGE DEVIATION = o (A OR 8) =

3

Tp (SIDE A)-C; ISIDE B) |=—MUST BE < 0.01

Figure 2.9, Pitot tube calibration data.

4.1.3.2 Level and zero the manometer,
Turn on the fan and allow the flow to stabi-
lize. Seal the Type S entry port. ’

4.1.3.3 Ensure that the manometer is
level and zeroed. Position the standard pitot
tube at the callbration point (determined as
outlined in Section 4.1.5.1), and align the
tube so that its tip is pointed directly into
the flow. Particular car should be taken in
aligning the tube to avoid yaw and pitch
angles. Make sure that the entry port sur-
rounding the tube is properly sealed.

4.1.3.4 Read A”,, and record its value in a
data table similar to the one shown in
Figure 2-9. Remove the stapdard pitot tube
from the duct and disconnect it from the
manometer. Seal the standard entry port,

4.1.3.5 Connect the Type S pitot tube to
the manometer. Open the Type S entry
port. Check the manometer level and zero.
Insert and align the Type S pitot tube so
that its A side impact opening is at the same

point as was the standard pitot tube and is
pointed directly into the flow. Make sure
that the entry port surrounding the tube is
properly sealed,

4.1.3.6 Read Ap, and enter its value in the
data table. Remove the Type S pitot tube
from the duct and disconnect it from the
manometer.

4.1.3.7 Repeat steps 4.1.3.3 through
4.1.3.6 above until three pairs of Ap readings
have been obtained.

4.1.3.8 Repeat steps 4.1.3.3 through
4.1.3.7T above for the B side of the Type 3
pitot tube.

4.1.3.9 Perform calculations, as described
in Section 4.1.4 below.

4.1.4 Calculations.

4.1.4.1 For each of the six paira of Ap
rendings (l.e., three from side A and three
from side B) obtained in Section 4.1.3 above,
calculate the vajue of the Type S pitot tube
coetificient as follows:
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I o TYPE S MTOT TUBE

2180 em (J4in) FOR D5 » 1.0 cm (42 in)

A

SAMPLING NOZZLE

<]

A, BOTTOM VIEW: SHOWING MINIMUM PtTOT-NOZZLE SEPARATION.

SAMPLING STATIC PRESSURE
NOZZLE QPENING PLANE

IMPACT PRESSURE

/ CPENING PLANE

NOZZLE ENTRY
PLANE E \ ! ..

TYPES
MTOT TUBE

8. SIGE VIEW: TO PREVENT PITOT TURE
FROM INTERFERING WITH GAS FLOW
STREAML INES APPROACH!NG THE
NOZZLE, THE IMPACT PRESSURE
GPENING PLANE OF THE MTQT TUBE
SHALL BE EVEN wiTH OR ABOVE THE
NOZZLE ENTRY PLANE.

41.1 Type 8 Pitot Tube Assemblies,
During sample and velocity traverses, the
isolated Type S pitot tube is not always
used: In many instances, the pitot tube is
used in combination with other source-sam.
pling components (thermocouple, sampling
probe, nozzle) as part of an “‘assembly.” The
presence of other sampling components can
sometimes affect the baseline value of the
Type S pitot tube coefficient (Citation 2 in
Section 8} therefore an assigned {or other.
wise known) baseline coefficient value may
or may not be valid for a given assembly.
The baseline and assembly coefficient
values will be identical only when the rela.
tive placement of the components in the as-
sembly {3 such that aerodynamic interfer-
ence effects are eliminated. Pigures 2-6
through 2-8 Iillustrate interference-free
component arrangements for Type S pitot
tubes having external tubing diameters be-.
tween 0.48 and 0.95 cm (%4 and % in.). Type
8 pitot tube assemblies that fail to meet any
or all of the specifications of Pigures 2-§
through 2-8 shail be calibrated according to
the procedure outlined in Sections 4.1.2
through 4.1.5 below, and prior to calibra-
tion. the values of the intercomponent spac-
ings (pitot-nozzle, pitot-thermocouple, pitot-
probe sheath) shall be messured and record-
ed.

NorE: Do not use any Type S pitot tube
assembly which is constructed such that the
impact pressure opening plane of the pitot
tube i3 below the entry.piane of the nozzle
(see Flgure 2-6b).

4.1.2 Calibration Setup. If the Type 3
pitot tube Is to be calibrated, one leg of the
tube shall be permanently marked A, and
the other, B, Calibration shall be done in a
flow system having the following easential
design features:

Z2500cm |
Jind
. THERAMOCOUPLE ‘/}——'—'/ . THERMOCQUPLE
I o 27190 cm{dia) T 1t —
6 O TYPE SMTOT TUBE 6 TYPES MITOT TURE

W 1)

SAMPLE PROBE
N

Figure 2-7. Proper lhermocc»uﬁle placement 10 prevent interference;

D¢ between 0.48 and 0.95 cm {3/16 and 3/8 in.).

D TYPE S PITOT TUBE

R

L

. SAMPLE PROBE |~e—— Y >7.62 cm (3 in) ——)

Figure 2-8.  Minimum pitot-sample probe separation needed to prevent interference;

D¢ between 0.48 and 0.95 cm (3/16 and 3/8 in.).
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PLANT

OATE

AUN NO.

STACK DIAMETER OR DIMENSIONS, m(in.)
BARCQMETRIC PRESSURE, mm Hg (in. Hg)
CROSS SECTIONAL AREA, m2(h2)

OPERATORS

PITOT TUBE i.D. NO.

AVG. COEFFICIENT, Cp =
LAST DATE CALIBRATED

SCHEMATIC OF STACK
CROSS SECTION

Stack Temperature
Teaverse Val. Hd., &9 Pg
Pt. No. mm {in.) H20 ts, 9C (°F} Ts. OK (°R} |[mm HglinHg) | V &p
Average N

3.6 Determine the stack gas dry molecuiar
weight. For combustion proceases or proc-
esses that emit essentlally CO,, O, CO, and
N, use Method 3. For processes emitting es-
sentially air, an analysis need not be con-
ducted; use & dry molecular weight of 28.0.
For other processes, other methods, subject
to the approval of the Administrator, must
be used.

3.7 Obtain the moisture content from
Reference Method 4 (or equivalent) or from
Method 5.

3.8 Determine the cross-sectional area of
the stack or duct at the sampling location.
Whenever possible, physically measure the
stack dimensions rather than using blue-
prints.

Figure 2-5. Velocity traverse data.

4, Calidration

4.1 Type S Pitot Tube. Before its initial
use, carefully examine the Type S pitot
tube in top, side, and end views to verify
that the face openings of the tube are
aligned within the specifications illustrated
in Figure 2-2 or 2-3. The pitot tube shall
not be uged if it fails to meet these align-
ment specifications.

After verifying the face opening align-
ment, measure and record the following di-
mensions of the pitot tube: (a) the external
tubing diameter (dimension Dy, Flgure 2-2b);
and () the base-to-opening plane distances
(dimensions P, and P,, Pigure 2-2b). If D, is
between 0.48 and 0.95 cm (%« and % in.) and

EPA STATIONARY SOURCE SAMPLING METHODS
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It 2, and P, are equal and between 1.05 and
1.5¢ Dy, there are two posaible options: (1)
the pitot tube may be calibrated according
to the procedure outlined in Sections 4.1.2
through 4.1.5 below, or (2) a baseline (lsolat-
ed tube) coefficient value of 0.84 may be as-
signed to the pitot tube. Note, however, that
if the pitot tube |s part of an assembly, cali-
bration may still be required, despite knowl-
edge of the baseline coefficient value (see
Section 4.1.1).

If Dy, P., and P; are outside the specified
limits, the pitot tube must be calibrated as
outlined in 4.1.2 through 4.1.5 below.




St

C

3. Procedure -

3.1 8et up the apparatus as shown in
PFigure 2-1. Capillary tubing or surge tanks
Installed between the manometer and pitot

* tube may be used to dampen Ap fluctua-

tions. It is recommended, but not required,
that a pretest leakcheck be conducted, as
follows: (1) blow through the pitot impact
opening until at least 7.6 cm (3 in.) H,O ve-
locity pressure registers on the manometer;
then, ciose off the Impact opening. The
pressure shall remain stable for at least 15
seconds; (2) do the same for the static pres-
sure side, except uasing suction to obtain the
minimum of 7.6 em (3 in.} H;Q. Other leak-
check procedures, subject to the approval of
the Administrator may be used. '
3.2 Level and zero the manometer. Be-
cause the manometer level and zero may

CURVED OR
MITERED JUNCTION
STATIC v
HOLES f/’
(~0.10)

. HEMISPHERICAL -

TIP \\\_/ Bl

Figure 2-4.- Standard pitot tube design specifications.

drift due to vibrations and temperature
changes, make periodic checks during the
traverse. Record all necessary data as shown
in the example data sheet (Figure 2-5).

3.3 Measure the velocity head and tem-
perature at the traverse points specified by
Method 1. Ensure that the proper differen-
tlal pressure gauge is being used for the
range of Ap values encountered (see Section
2.2). If it is necessary to change to a more
sensitive gauge, do 30, and remesasure the Ap
and temperature readings at each traverse
point, Conduct a post-test leak-check (man-
datory), as described in Section 1.1 above, to
validate the traverse run.,

3.4 Measure the static' pressure in the

' stack. One reading is usually adequate.

3.5 Determine the atmospheric pressure.

EPA STATIONARY SOURCE SAMPLING METHODS
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taken. as above, for the last two back purges
at which suitably high ap readings are ob-
served.

2.2 Differential Pressure Gauge. An in-
clined manometer or equivalent device is
used. Most sampling trains are equipped
with a 10-in. (water column) inclined-verti-
cal manometer, having 0.01-in. H,O divisions
on the 0-to 1.in. inclined scale, and 0.1-in.
H,O divisions on the 1- to 10-in. vertical
scale. This type of manometer (or other
gauge of equivalent sensitivity) is satisfac-
tory for the measurement of Ap values as
low as 1.3 mm (0.05 in.) H,O. However, a dif-
ferential pressure gauge of greater sensitivi-
ty shall be used (subject to the approval of
the Administrator), if any of the following
s found to be true: (1) the arithmetic aver-
age of all Ap readings at the traverse points
in the stack is less than 1.3 mm (0.05 in.)
H,Q; (2) for traverses of 12 or more points,
more than 10 percent of the individual Ap
readings are below 1.3 mm (0.05 in.) K,O; (3)
for traverses of {ewer than 12 points, more
than one Ap reading is below 1.3 mm (0.05
in.) B,0. Citation 18 in Section & describes
commercially available instrumentation f{or
:ihe measurement of low-range gas veloci-

es,

As an alternative to criteria (1) through
(3) above, the following calculation may be
performed to determine the necessity of
using a more sensitive differential pressure
FRuge:

"

> Vap+K

i=1

il

T=

where:
Ap =Individual velocity head reading at a
' traverse point, mm H.Q (In. H.O).
n=Total number of traverse points.
K=0.13 mm H,O when metric unijts are used
and 0.005 in H,O when English units are
used.

If T is greater than 1.03, the velocity head
data are unacceptable and a more sensitive
differential pressure gauge must be used.
Nore: 1f differential pressure gauges other
than inclined manometers are used {(e.g..
magnehelic gauges), thelr calibration must
be checked after each test series. To check

the calibration of a differential pressure
gauge, compare Ap readings of the gauge
with those of a gauge-oil manometer at a
minimum of three points, approximately
representing the range of Ap values in the

stack. If, at each point. the values nf An na -

read by the differential pressure gauge and
gauge-0il manometer agree to within 5 per-
cent, the differential pressure gauge shall
be considered to be in proper calibration.
Otherwise. the test series shall either be
voided, or procedures to adjust the meas-
ured Ap values and finsl results shall be
used subject to the approval of the Adminis-
trator.

2.3 Temperature Gauge. A thermocou-
ple, liquid-filled buib thermometer, bimetal-
lic thermometer, mercury-in-glass thermom-
eter, or other gauge, capable of measuring
temperature to within 1.3 percent of the
minimum absolute stack temperature shall
be used. The temperature gauge shall be at-
tached to the pitot tube such that the
sensor tip does not touch any metal; the
gauge shall be in an interference-free ar-
rangement with respect to the pitot tube
face openings (see Figure 2-1 and also
Figure 2-7 in Section 4). Alternate positions
may be used If the pitot tube-temperature
gauge system is calibrated according to the
procedure of Section 4. Provided that a dif-
ference of not more than 1 percent in the
average velocity measurement is introduced,
the temperature gauge need not be attached
to the pito! tube; this aiternative is subject
to the approval of the Administrator.

2.4 Pressure Probe and Gauge. A piezom-
-eter tube and mercury- or water-filled U-
tube manometer capable of measuring stack
pressure to within 2.5 mm (0.1 in.) Hg is
used. The static tap of a standard type pitot
tube or one leg of a Type S pitot tube with
the face opening pianes positioned parallel
to the gas flow may aiso be used as the pres-
sure probe.

1.3 Barometer. A mercury, aneroid, or
other barometer capable of measuring at-
mospheric pressure to within 2.5 mm Hg
(0.1 in. Hg) may be used. In many cases, the
barometric reading may be obtained from a
nearby national weather service station, in
which case the station value (which is the
absolute barometric pressure) shall be re-
quested and an adjustment for elevation dif-
ferences between the weather station and
the sampling point shall be applied at a rate
of minus 2.5 mum (0.1 in.) Hg per 30-meter
{100 foot) elevation increase or vice-versa
for elevation decrease.
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2.6 Gas Density Determination Equip-
ment. Method 3 equipment, if needed (see
Section 3.8), to determine the stack gas dry
molecular welght, and Reference Method 4
or Method 5 equipment for moisture con-
tent determination; other methods may be
used subject to approval of the Administra-

tor.

2.7 Calibration Pilot Tube. When callbra-
tion of the Type 8 pitot tube is necessary
(see¢ Section 4}, a standard pitot tube is used
as a reference. The standard pitot tube
shall, preferably, have a known coefficlent,

obtained either (1) directly from the Nation-
al Burean of Standards, Route 270, Quince
Orchard Road, Gaithersburg. Maryland, or
(2) by callbration against another standard
pitot tube with an NBS-traceable coeffi-
cient. Alternatively, a standard pitot tube
designed according to the criteria given in
2.7.1 through 2.7.5 betow and illustrated in
Flgure 2-4 (see also Citations 7, 8, and 17 In
Section 81 may be used. Pitot tubes designed
according to these specifications will have
baseline coetficients of about 0.99+0.01,

2,7.1 Hemispherical (shown in Figure 2-
4), ellipsoidal, or conical tip.

27.2 A minimum of <ix dlameters
straight run (based upon D, the external di-
ameter of the tube) between the tip and the
static pressure hoies.

273 A minimum of eight diameters
straight run between the static pressure
holes and the centerline of the external
tube, following the 90 degree bend.

2.7.4 Static pressure holes of equal size
(approximately 0.1 D), equally spaced in a
plezometer ring configuration.

2.7.5 Ninety degree bend, with curved or
mitered junction, .

2.8 Differential Pressure Gauge for Type
& Pitot Tube Calibration. An inciined ma-
nometer or equivalent is used. If the single-
velocity callbration technique is employed
(gsee Section 4.1.2.3). the caiibration differ-
ential pressure gauge shall be readable to
the nearest 0.13 mm H,O (0.005 in. H.O).
For multivelocity calibrations, the gauge
shall be readable to the nearest 0.13 mm
H,O (0.008 in H,O) for Ap values between 1.3
and 25 mm H,O (0.05 and 1.0 in. H.0), and
to the nearest 1.3 mm H,O (0.05 in. H,Q) for
Ap values above 25 mm H,0 (1.0 in. H:O). A
special, more sensitive gauge wiil be re-
guired to read Ap values below 1.3 mm H,O
[0.05 in. H,Q) (see Citation 18 in Section 6).
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Figure 2-3. Types of face-opening misalignment that can result from field use or improper construction of
Type S pitot tubes. These will not affect the bassline value of Cp(s) so long as al and a2 10°, £1 and 82
§'.z 0.32cm (1/Bin.) and w 0.08 cm (1/32 in.) (citation 11 in Section 6). '

A standard pitot tube may be used instead
of 8 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
is 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 taking a velocity head (ap) reading at

the final traverse point, cleaning out the
impact and static holes of the standard
pitot tube by “back-purging” with pressur-
ized air, and then taking another Ap read-
ing. If the Ap readings made before and
after the air purge are the same (*5 per-
cent), the traverse is acceptable. Otherwise,
refect the run. Note that if Ap at the final
traverse point is unsuitably low, another
point may be selected. If “back-purging” at
regular intervals is part of the procedure,
then comparative Ap readings shall be
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TRANSVERSE
TUBE AXIS !
FACE
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Figure 2-2. Propetly constructed Type S pitot tube, shown in: (a) end view; tace opening planes perpendicular
to transverse axis; {b) top view; face opening planes parallel to longitudinal axis; (¢) side view; both legs ot
equal length and centerlines coincident, when viewed from both sides. Baseline coefficient values of 0.84
may be assigned to pitot tubes constructed this way.
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METHOD 2 RULES AND REGULATIONS/AUGUST 18, 1977

MeTHOD 3—DETERMINATION OF STACK Gas
VeLOCITY AND VoruMrriic FrLow Ratx
(T¥re 8 PrroT TUBE)

1. Principle and Appiicabilily

1.1 Principle. The average gas velocity in
a stack is determined from the gas density
and from measurement of the average veloc-
ity head with a Type § (Stausscheibe or re-
verse type) pitot tube.

1.2 Applicablility. This method is applica-
ble for measurement of the average velocity
of a gas stream and for gquantifying gas
flow.

This procedure is not applicable at meas-
urement sites which 1ail to meet the criteria
of Method 1, Section 2.1. Also, the method
cannot be used for direct measurement in
cyclonic or swirling gns streams; Section 2.4
of Method 1 shows how to determine cy-
clonic or swirling flow conditions. When un-
acceptable conditions exist, alternative pro-
cedures, subject to the approval of the Ad-
ministrator, U.8. Environmental Protection
Agency, must be employed (o make accurate
fiow rate determinations; exampies of such
alternative procedures are. (1) to install
straightening vanes; (2) to calculate the
total volumetric flow rate stoichiometrical-
1ly. or (3) to move to another measurement
site at which the flow is acceptable.

190254 em*
0.75-18in}

1+ Q =
R M

2. Apparatus

Specifications for the apparatus are given
below, Any. other apparatus that has been
demonstrated (subject to approval of the
Administrator) to be capable of meeting the
specifications will be considered acceptable.

2.1 Type S Pitot Tube. The Type 8 bitot
tube (Figure 2-1) shall be made of metal
tubing (e.g. stainless steel). It is recommend-
ed that the external tubing diameter (di-
mension D Figure 2-2b) be between 0.48

" and 0.95 centimeters (%.: and % inch). There
shall be an equal distance from the base of
each leg of the pitot tube to its face-opening
plane (dimensions P, and P; Figure 2-2b); it
is recommended that this distance be be-
tween 1.058 and 1.50 times the external
tubing diameter. The face openings of the
pitot tube shall, preferably, be aligned as
shown in Figure 2-2; however, slight mis.
alignments of the openings are permissible
(see Figure 2-3). -

The Type 8 pitot tube shall have a known
coefficient, determined as cutlined in Sec-
tion 4. an identification number shall be as-
signed to the pitot tube; this number ehall
be permanently marked or engraved on the
body of the tube.

162em(Jinl)*
|._- uw:nnun: SENSOR

254%%

TYPE S MTOT TURE /

*SUGGESTED (INTERFERENCE FREE)
PITOT TUBE - THERMOCDUPLE SPACING

" LEAK-FREE
CONNELTIONS

MANOMETER

Figure 2.1. Type S pitot tube manometer assembiy.
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2.54.1 Calculate the resultant angle at
each traverse point:
Ry=arc cosine [(cosine Y))(cosine P})]  Eg.
1-2 '
Where: .
R, =Resultant angle at traverse point i,
degree, -
Y,=Yaw angle at traverse point i, degree.
£,=Pitch angle at traverse point i. degree.
254.2 Calculate the average resultant for
the measurements:

Eq. 1-3

where:
R - Averege resultant angle, degree.
n=Total number of traverse points.
2.54.3 Calculate the standard deviations:

Where:
S,y = Standard deviation, degree.

255 The measurement locationis
acceptable if R< 20° and $,<10°.

2.5.6 Calibration. Use a flow system as
described in Sections 4.1.2.1 and 4.1.2.2 of
Method 2. In addition, the flow system shall
have the capacity to generate two test-
section velocities: one between 385 and 730
m/min (1200 and 2400 ft/min) and one
between 730 and 1100 m/min {2400 and 3R00
ft/min).

2.5.8.1 Cut two entry ports in the test
section. The axes through the entry ports
shall be perpendicular to each other and
intersect in the centroid of the test section.
The ports should be elongated slots parallel
1o the axis of the test section and of sufficient
length to allow measurement of pitch angles
while maintaining the pitot head position at
the test-gection centroid. To facilitate
alignment of the directional probe during
calibration, the test section should be
constructed of plexiglass or some ather
transparent material. All calibration
measurements should be made at the same
point in the test section, preferably at the
centroid of the test-section.

25.8.2 To ensure that the gas [low is
parallel to the central axis of the test section,
follow the procedure in Section 2.4 for
cyclonic low determination to measure the
gas flow angles at the centroid of the test
section from two test ports located 90° apart.
The gaa flow angle measured in each port
must be £ 2° of 0% Straightening vanes
should be installed, if necessary, to meet
this criterion.

25.8.3 Pitch Angle Calibration. Perform &
calibration traverse according to the
manufacturer's recommended protocol in 5°
increments for angles from —80° to +60° at
one velocity in each of the two ranges

specified above. Average the 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 measurement factor as
recommended by the manufacturer) versus
the pilch angle. Draw a smooth line through
the data points. Plot also the data values far
each traverse point. Determine the
differences batween the measured data
values and the angle from the calibration
curve at the same pressure ratio. The
difference at each comparison must be within
2* for angles between 0" and 40" and within
3* for angles between 40" and 80°,

2564 Yaw Angle Calibration. Mark the
three-dimensionsl probe to allow the
determination of the yaw position of the
probe, This is usuaily a line extending the
length of the probe and aligned with the
impact opening. To determine the accuracy of
measurements of the yaw angle, only the zero
or null position need be calilbrated as
follows. Place the directional probe in the test
section, and rotate the probe until the zero
position is found. With a protractor or other
angle measuring device, measure the angle
indicated by the yaw angle indicator on the -
three-demensional probe. This should be
within 2* of 0". Repeat this measurement for
any other points along the length of the pitot
where yaw angle measurements could be
read in order to account for variations in the
pitot markings used to indicate pitot head
positions.
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2.3.1.2 Stacks With Diameters Equal to
or Less Than 0.61 m (24 in.). Follow the pro-
cedure in Secilon 2.3.1.1, noting only that
any “adjusted” points should be relocated
away from the stack walls to: (1) a distance
of 1.3 cm (0.50 in.); or (2) a distance equal to

the nozzle inside diameter, whichever lsr

larger.

2.3.2 Rectangular Stacks, Determine the
number of traverse points as explained in
Sections 2.1 and 2.2 of this method. From
Table 1-1, determine the grid configuration.
Divide the stack cross-section into as many
equal rectangular elemental areas as tra-
verse points, and then locate a {raverse
point at the centroid of each equal area ac-
cording to the example in Figure 1-4..

If the tester desires to use more than the
minimum number of traverse points,
expand the "minimum number of traverse
points’ macrix (see Table 1-1) by adding the
extra traverse points along one or the other
or both legs of the matrix: the final matrix
need not be balanced, For example, if a £x3
“minimum number of points; matrix were
expanded to 36 points, the final matrix
could be 9x4 or 12x3, and would not neces-
sarily have to be 6x8. After constructing the
final matrix, divide the stack cross-gsection
into as many equal rectangular, elemental
areas as traverse points, and locate a tra-
verse point at the centroid of each equal
area.

The situation of traverse points being too
close to the stack walls ia not expected to
arise with rectangular stacks. If this prob-
lem should ever arise. the Administracor
must be contacted for resclution of the
matter.

2.4 Verification of Absence of Cyclonic
Flow. In most stationary sources, the direc-
tion of stack gas flow is essentially parallel
to the stack walls. However, cyclonic {low
may exist (1) after such devices as cyclones
and inertial demisters [following venturl
scrubbers, or (2) in stacks having tangential
inlets or other duct configurations which
tend to induce swirling; in these lnstances,
the presence or absence of cyclenic flow at
the sampling location must be determined.
The following techniques are acceptable for
this determination.

Figure 1-4, Example showing rectangular stack cross
section divided intd 12 equal areas. with 2 traverse
point at centroid of each area.

e ————

Level and zero the manometer. Connect a
Type 3 pitot tube to the manometer. Posi-
tion the Type S pitot tube at each traverse
point, In succession, so that the planes of
the face openings of the pitot tube are per-.
pendicular to the stack cross-sectional
plane; when the Type S pitot tube is In this
position, it is at “0" reference.” Note the dif-
ferential pressure (Ap) reading at each tra-
verse point. If a null (zero) pitot reading is
obtained at 0° reference at a given traverse
point, an acceptable flow condition exists at
that point. If the pitot reading is not zero at
0°* reference, rotate the pitot tube (up to
=90" yaw angle), until a null reading 13 ob-
tained. Carefully determine and record the
value of the rotation angle (a) to the near-
est degree, After the null technique has
been applied at each traverse point, calcu-
late the average of the absolute values of a:
assign « values of 0° to those points for
which no rotation was required, and include
these in the overnll average. If the average
value of a ls greater than 20°. the overall
flow condition in the stack is unacceptable
and alternative methodology, subject to the
approval of the Administrator, must be used
to perform accurate sample and velocity tra-
verses.

The alternative procedure descnibea in
Section 2.5 may be used to determine the
rotation angles in lieu of the procedure
described above. The limil of acceptability
for the average value of a would remain 20°.

25 Alternstive Measurement Site
Selection Procedure. This alternative applies
to sources where messurement locations are
less than 2 equivalent stack or duct diameters
downstream or less than % duct diameter
upstream from a flow disturbance. The
alternative should be limited to ducts larger
than 24 in. in diameter where blockage and
wall effects are minimal. A directional flow-
sensing probe is used to measure pitch and
yaw angles of the gas flow at 40 or more
traverse points; the resultent engle is
calculated and compared with acceptable
criteria for mean and standard deviation.

Note.~Both the pitch and yaw angles are
measured from a line passing through the
traverse point and parallel to the stack axis,
The pitch angle is the angie of the gas flow
component in the plane that INCLUDES the
\raverse line and is paraliel to the stack axis.
The yaw angie is the angie of the gas flow
component in the plane PERPENDICULAR to
the traverse line at the traverse point and is
measured from the line passing through the
traverse point and parallel to the stack axis,

251 Apparatus.

2.5.11 Directional Probe. Any directional
probe, such as United Sensor Type DA Threse-
Dimensional Directional Probe, capable of
measuring both the pitch and yaw angles of
gas flows is acceptable. [Note: Mention of
trade name or specific products does not
conatitule andorsement by the U.S.
Environmenta] Protection Agency.) Assign an
identification number to the directional
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probe, and permenenly mark or engrave the
number on the body of the probe. The
pressure holes of directional probes are
susceptible to plugging when used in
particulate-laden gas streams. Therefore, a
system for cleaning the pressure holes by
“back-purging” with pressurized air is
required.

251.2 Differentia) Pressure Gauges.
Inclined menometers, U-tube manometers, or
other differential pressure gauges (e.g.,
magnehelic gauges) that meat the
specifications described in Method 2, § 2.2.

Note.—If the differential pressure gauge
produces both negative and positive readings,
then both negative and positive pressure
readings shall be calibrated at & minimum of
three points as specified in Method 2, § 2.2,

252 Traverse Points. Use a minimum of
40 traverse points for circular ducts and 42
points for rectangular ducta for the gas flow
angle determinations. Foliow § 2.3 and Table
1-1 or 1-2 for the location and layout of the
traverae points. If the measurement location
in determined to be acceptable according to
the criteria in this alternative procedure, use
the same traverse point number and locations
for sempling and velocity measurements.

2.53 Measurement Procedure.

2.5.3.1 Prepare the directional probe and
differential pressure gauges as recommended
by the manufacturer. Capillary tubing or
surge tanks may be used to dampen pressure
fluctuations. It is recommended, but not
required, that a pretest leak check be
conducted. To perform & leak check,
pressurize or use suction on the impact
opening until a reading of at least 7.6 em (3
in.) HyQ registers on the differentia] pressure
gauge, then plug the impact opening. The
pressure of & leak-fres system will remein
stable for at least 15 seconds,

2532 Level and zero the manometers.
Since the manometer level and zero may drift
because of vibrations and temperature
changes, periodically check the level and
zero during the traverse.

25.3.3 Position the probe at the
appropriate locations in the gas stream, and
rotate until zero deflection ias indicated for the
yaw angle pressure gauge. Determine and
record the yaw angle. Record the preasure
gauge readings for the pitch angle, and
determine the pitch angle from the calibration
curve. Repeat this procedure for each
traverse point. Completa a “back-purge” of
the pressure lines and the impact openings
prior to measurements of each traverse point.

A posi-test check as described in § 2.5.3.1
is required. If the criteria for a leak-free
system are not met, repair the equipment, and
repeet the flow angle measurements.

254 Calculate the resultant angie at each
traverse point, the average resultant angle,
and the standard deviation using the
following equaticns. Complete the
calculations retaining at least one extra
significant figure beyond that of the acquired
data. Round the values after the final
calculations.



2.2.2 Velocity (Non-Particulate) Tra-
verses. When .velocity or volumetric fiow
rate is to be determined (but not particulate
matter), the same procedure as that for par-
ticulate traverses (Section 2.2.1) is followed,
except that Figure 1-2 may be used instead
of Figure 1-1.

2.3 Cross-sectional Layout and Location
of Traverse Points. .

2.3.1 Circular Stacks, Locate the traverse
points on two perpendicular diameters ac-
cording to Table 1-2 and the exampile shown
in Figure 1-3. Any equation {for examples,
see Citations 2 and 3 in the Bibliography)
that gives the same values as those in Table
1-2 may be used in lieu of Table 1-2.

For particulate traverses, one of the diam-
eters must be in a plane containing the
greatest expected concentration variation,
e.g., after bends, one diameter shall be in
the plane of the bend. This requirement be-
comes less critical as the distance from the
disturbance increases; therefore, other di-
smeter locations may be used, subject to ap-
proval of the Administrator.

TRAVERSE DISTANCE.
POINT ‘s ot diameter

4.4
14.7
29.5
705
853
95 6

[ T TR 8 R

In addition for stacks having diameters
greater than 0.861 m (24 in.) no traverse
points shall be located within 2.5 centime-
ters (1.00 In.) of the stack walls; and for
stack diameters equal to or less than 0.61 m
(24 in)), no traverse points shzll be located
within 1.3 em (0.50 in.) of the stack walls.

To meet these criteria, observe the proce-
dures given below. .

2.3.1.1 Stacks With Diameters Greater
Than 0.61 m (24 in.). When any of the tra-
verse points As located {n Section 2.3.1 fall
within 2.5 cm (1.00 in.) of the stack walils, re-
locate them away from the stack walls to:
(1) a distance of 2.5 cm (1.00 in.); or (2) a
distance equal to the nozzle inside diameter,

whichever is larger. These relocated tra-
verse points (on each end of a diameter)
shall be the “adjusted” traverse peints. ~

Whenever two successive traverse points
are combined t¢ form a single adjusted tra-
verse point, treat the adjusted point as two
separate traverse points, both in the sam-
pling (or velocity measurement) procedure,
and in recording the data.

Figure 1.3. Example showing circular stack cross section divided into
12 equal areas, with location of traverse points indicated,

TABLE 1-2. LOCATION OF TRAVERSE POINTS !N CIRCULAR STACKS
[Parcent of stack dismeter from inzide wal to traverss poimt)

Number of traverss points on & diameter—

Traverse point rumber on a diameter

2 4 -] a 10 12 14 18 18 2 a2 24
146 877 44 32( 28] 21 1.8 1.8 14 1.3 1.1 1.1
854 | 2501 148 | 105 82| &7 57p 48 44| 29| 35]| A2

750 296 | 194 | 148 1B 98| A5 75| &7 680 55
933 704 | 323 | 224 | 27| 1486|125 09| @F | &7 79
854 | 87,7 | 342 | 250 201 | 189 | 148 ( 120 118 108

9568 | 808 ( 858 | 356 | 26.0 | 220 ( 188 105, 146 | 132

805 | 774 | 644 | 3868 | 283 238 204 ) 180 | 1819
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METHOD 1

METHOD i-~SAMPLE anp VELOCITY TRAVERSES
FOR STATIONARY SOURCES

1. Principle and Applicability

1.1 Principle. To aid in the representa-
tive measurement of pollutant emissions
and/or total volumetric flow rate from a
stationary source, a measurement site where
the effluent stream is flowing in a known di-
rection is selected, and the cross-section of
the stack is divided into a number of equal
areas. A traverse point i5 then jocated
within each of these equal areas.

1.2 Applicability. This method is applica-
ble to flowing gas streams in ducts, stacks,
and flues. The method cannot be used
when: (1) flow is cyclonic or swirling (zee
Section 2.4), (2) a stack is smaller than
about 0.30 meter (12 in.) in diameter, or
0.071 m?(113 in." cross-sectional ares, or (3)
the measurement site is less than two stack
or duct diameters downstream or less thana
half diameter upstream from a flow disturb-
ance.

The requirements of this method must be
considered before construction of a new fa-
cility {rom which emissions will be meas-
ured; failure to do so may require subse-
quent alterations to the stack or deviation
from the standard procedure. Cases involv-
ing variants are subject to approval by the
Administrator, U.S. Environmental Protec-
tion Agency.

2. Procedure

2.1 Selection of Measurement Site. Sam-
pling or veiocity measurement is performed
al a site located at least eight stack or duct
diameters downstream and two diameters
upstream from any flow disturbance such as
a bend, expansion. or contraction in the
stack. or from a visible flame. If necessary,
an alternative location may be selected, at a
pasition at least two stack or duet diameters
downstream and a half diameter upstreamn
from any flow disturbance. For a rectangu-
lar cross section, an equivalent diameter
(D) shall be caiculated from the following
equation, to determine the upstream and
downstream distances:

2 LW

Dia ————
{L+W)

where L=length and W=width.

An alternative procedure is available for
delermining the acceptability of a
measurement location not meeting the
criteria above. This precedure, determination

. of gas flow angles at the sampling points and
comparing the results with acceptability
criteria, is described in Section 2.5.

2.2 Determining the Number of Traverse
Points.

2.2.1  Particulate Traverses. When the
eight- and two-diameter criterion can be
met, the minimum number of traverse
points shall be: (1) twelve, for circular or
rectangular stacks with diameters (or equiv-
alent diameters) greater than 0.61 meter (24
in.}; (2) eight, for circular stacks with diam-
eters between 0.30 and 0.61 meter (12-24
in.;; (3) nine, for rectangular stacks with
equivalent diameters between 0.30 and 0.61
meter (12-24 in.),

‘When the eight- and two-diameter crite-
rion cannot be met, the minimum number
of traverse points is determined from Figure
1-1. Before referring to the figure, however,
determine the distances from the chosen

-

RULES AND REGULATIONS/AUGUST 18, 1977

measurement site to the nearest upstream TABLE 1-1. CROSS-SECTION LAYOUT FOR
and downstream disturbances, and divide RECTANGULAR STACKS

each distance by the stack diameter or

equivalent diameter, to determine the dis- Number of raverse pomts | s iayout

tance In terms of the number of duct diame-
ters. Then, determine from Pigure 1-1 the ¢
minimum number of traverse points that 12
corresponds: (1) to the number of duct dl- W ————
ameters upstream; and (2) to the number of 20
diameters downstream. Select the higher of 5
the two minimum numbers of traverse g
points, or a greater value, 80 that for circu- 42
lar stacks the number is a multiple of 4, and 49

I3
4x3
Axd
Sxd

5x5
6x§
6x6
Tt
Ix?

for rectangular stacks, the number is one of
those shown in Table 1-1.

=
DUCT DIAMETERS UPSTREAM FROM FLOW DISTURBANCE (DISTANCE A)
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- RECTANGULAR STACKS QR DUCTS A .
z 0 ' MEASUREMENT| ]
e -’~ [ =— " CSITE
9
]
[}
g i
>0 J_ -
= a
5 24 OR 257 {Qisuraance
20
x— -
2 16 STACK DIAMETER > 0.61 m (24 in
; 12
Z 1w I - Bong*
a # FROM PQINT OF ANY TYPE OF
DISTURBANCE {BEND. EXPANSION. CONTRACTION. ETC.)
" STACK DIAMETER = 0.30 TO 0.51 m (1224 in}
o I | | ] ! | I
2 1 4 5 [ 7 a 9 10
. . . .
DUCT DIAMETERS DOWNSTAEAM FROM FLOW OISTURBANCE (DISTANCE B)
Figure 1-1. Minimum number of traverse points for particulate traverses.
DUCT DIAMETEAS UPSTREAM FROM FLOW DISTURBANCE (DISTANCE A)
0.5 1.0 15 2.0 X
b T T T T | T T
. )
HIGHER NUMBER IS FOR . isTURS AN“!
AECTANGULAR STACKS OR DUCTS T .
<4 40 j— . A el
z {| Measurement
o - =- STE
& ’ .
[}
: il |
S wl- -
£ |
DISTURBANCE
s
=
g 20— -
2 16 STACK DIAMETER > 0.61 m (24 in.)
3 )
:i: ]_ 12
g 10 - l &
3 gors
STACK DIAWETER = 0.30 TO0.61 m (12:24 in.}
0 ! | | l: i J |
2 3 4 5 3 7 8 9 10

DUCT DIAMETERS DOWNSTREAM FROM FLOW OISTURBANCE (DISTANCE 8

Figure 1-2. Minimum number of traverse points for velocity tnonpamcﬁlate) traverses.

EI_"A S'_I'ATIONARY _SOURCE SAMPLING METHODS
Page 1-1 REV 3 1/87



T Owens — Corn j \:'(blerjlqgj
October 56#6) ]ﬁ’q‘
Hu‘ﬂ{lijth Borouﬁk [-'Lk{—“,\jcjo.,\

l INTRODUCTION y

l Particulate and ammonia compliance sampling was performed on the Drying Drum
exhaust from the #2 Conductive Roving line at the Owens-Corning Fiberglas

| Huntingdon Plant on October 8 and 9, 1991. The testing was performed per

E 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 €. Jenne, Envirommental Technician , of Owens-Corning Fiberglas’,
Environmental Affairs Department.

The particulate analysis was performed by Owens-Corning Fiberglas'’
Environmental Affairs Laboratory. The Ammonia analysis was performed by
Clayton Environmental Consultants, Novi, Michigan 48375,

DISCUSSION

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.

GHGTS
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SUMMARY OF RESULTS

Ammonia

TEST# TEST#2
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PROCESS DESCRIPTION
AND

FLOW DIAGRAM

See Confidental Supplement
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PROCESS DATA

SEE CONFIDENTIAL SUPPLEMENT
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20 A TEST

e N Hy S04
This method involves the of a Methed 5 tzain with
a glass probe, no filter, and oyt N S0 in the impingers in
instead of distilled watex. Isckineti® simpling the same as
described in EPA Method S utilizing sample points as detexmined
by EPA Mothod 1 is required with a minimum sample volume of
50 dry standard cubic feet.

Sample recovery cantainexs:
{Use leak~free glass sample bottles.}

o

1.) The entire fromt half 6+ii ¥ E,50, washings.

2.) The contents of all of the lmp {except the
silica gel impinger} along with the washings of
these inpingers and the rest of the back half.

3.) Silica gel from the silica gel impinger.

4,) 001 N H,50, blank.

For sample analysis, use ion chxrumatography and filter

the samples through a preweshed 0.22 wm filter prior
analysis to avoid fouling or clogging the resin colwms as per
the ion chromatograph memfacturer’s instructions. Adjust the
samples to a pil of 2 or less during recovery and analyze the
samples as soon as possible after collection.
, Ton chromatographic analysis is requived of the entire
train. Utilize the icn chromatograph in accordance with the
memfacturer’s instructions. The anplyte used by the icn
chramtograph is the ammonium ion (M }. If ion chrumatography
is unavailable, the Nesslex reagent cSlorimetric method may be
veed for analysis.

GO NS
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SUMMARY OF WEIGHTS

TEST #1 TEST #2 TEST #3
. MG MG MG

FRONT HALF
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o NAIMA

NORTH AMERICAN INSULATION
MANUFACTURERS ASSOCIATION

February 4, 1992

Ron Myers

Emission Inventory Branch (MD-14)
U.S. Environmental Protection Agency
Research Triangle Park, NC 27711

Subject: Request For Information - AP-42

Dear Ron:

The NATIMA 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,

R

George R. Phelps
NATMA

—

f 44 CanNAL CENTER PLAZA B SUITE 310 ® ALEXANDRIA, VA 22314 m TEL 703/684-0084 »
Vi
> 4

FAX 703/684-0427




NAIMA

NORTH AMERICAN INSULATION
MANUFACTURERS ASSOCIATION

B 44 CANAL CENTER PLAZA
SUITE 310
ALEXANDRIA, VA 22314

Ron Myers

Emission Inventory Branch (MD-14)
U.S. Envirommental Protection Agency
Research Triangle Park, NC 27711
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UniledStates  : Region 10 Alaska .P;"IS ) 5
Environmental Protection 12830 Sixth Avenue idaho - y\\ R - -

Agency Seattle WA 98101 Cregon
Washingtcn
\’EPA March 29, 1990
Reply To
Attn Of: AT-082 L-11-90
MEMORANDUM

Subject:ajziinipgton Styrene Emissions Study Draft Report
-

Fromigz lizabeth Waddell, Air Toxics Coordinator
Air Programs Development Section, Region 10

To: Charles H. Darvin, Co-Chair
Control Technolegy 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 would welcome
your comments and recommendations. We will 1ncorporate all
comments received by April 18th into the final report.

Attachment

cc: DRESpatnter MD-15

Dave Kircher, APDS
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Styrene Emissions

by

Stacia Dugan and Michael Pilat

Department of Civil Engineering
University of Washington
Seattle, Washington 98105

to

Teddy le
Project Engineer
Air Quality Program
State of Washington
Department of Ecology PV-11
Olympia, WA 98504-8711

January 1990
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I.

II.

Styrene Emissicns Study

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.

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.




II.

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 ccat booth. Here, the gel
coat is applied to the mold. Only one of the two
ventilation ducts was running during the sampling
period. The sampling identification for this duct
is WNW which stands for Western Recreational
Vehicles, North-East Duct. '

The hooth located in the Scuth 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 Recreaticnal 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.
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IT.

Sampling Sites

B.

- Hytech - Yelm, Wa.

The plant manufactures fiberglass hot tubs and
showers. The fabrication process is on an

assembly line through $§ 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.
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IIT. 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 1s 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.




III.

Measurement Methods

B'

Sampling Method

NIOSH Methed 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.

Equipment: :

1. 100/50 mg or 350/350/350 mg charcoal tubes.
The charcoal tubes 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 L/min.
Flow rates form 20-80 ml/min for 8Shr 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.
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IIX. Measurement Methods

B‘

Sampling Method (continued)

Presampling

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.

Sampli

1. Assenmble sampling train on site. Break ends
of tube immediately before sampling. Attach tube
to pump with flexible tubing. Suspend charcoal
tube into duct.

2. Record time and initial digital reading on
pump. Start pump.

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 Sampling

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.
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III. Measurement Methods
C. Chemical Analysis
Sample Preparation:

1. Place each charcocal section of the
sampler tube in a separate vial. Discard the
glass wool and foam plugs.

2. Add 1.5 ml of cs, 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 five working standards over the
range 0.02 to 10 mg analyte per standard.

a. '~ Add known amounts of analyte to Cs,
‘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. Deternine 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.
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III. 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. Deternmine, 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, <, of analyte
in the air volume sampled, V:

C = (Wf+Wb-Bf-Bb)x1000 = mg/m>
v
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Emission :pﬂmmmmmmffm%mwmwwwwammwl%&m_%:m ﬁam%m.w.w. (Western Recreational Vehicles)
Duct 10| Area of | Afr Velocity Volumetyric | Date Styrene Concentration |
u m F m ﬁm measured m e rams
R :Namww nate of | [HY/ATEE) ESEPﬂ arans | (1b/hr)| (1b/dy)
W 12,11 21.92 11/28 15,927 11/28 120,40 0.9050 7.1834 61.06
11/29 84.071 0.6319 35,0159 42.64
11/30 54.66 0.4109 3.2612 | 27.72
12/1 64.73 0.4866 3.0620 | 32.83
WSE 6.0305 | 39.96 11/28 14,459 11/29 101.91 0.6954 5.5198 | 46.92
. 11/30 90,625 0.6184 4.9086 |-41.72
12/1 93,56 0.6385  |5.0675 | 43.07
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Emission Rates F ' :
EafEOTaliF AR AN RS0  TEALION S GUREEY (tieech)

Ouct ID| Area of | Air Velogity Volumetric | Date Styrene Concentration

- i Qu $ . Ft Ee measured| ma §£grgng ! grams 1b/hr)}] {1b/da

?¥EE) (ftp'D §1 oate of | (t¥mins) | ™ m SEC (1b/br}} (1b/day)
Sec¢, !
AE 6.305 42.34 8/23 : 10/6 276.01 2.0865 16.56 | 132.49
16,017

AW 6.305 36.55. 8/23 13,829 . 10/6 292,67 1.9102 15.16}1 121,29
BN 6.305 29.88 8/23 11,302 10/6 240,86 . 1.2847 10.197 | 81.576
BS 6.305 33.48 8/23 12,667 10/6 274,43 1.6407 13.022 | 104.176
DE 6.305 27.055 12/12 10,235 10/6 108.31 0.52317 | 4.152 33.22
DW 6,305 - | 35.767 12/12 13,531 10/6 281,60%¢ 1.7983 14,274 | 114.192
EE 6.305 3.2 8/23 16,539 10/6 119,30 0.9313 7.392 59.134
EW 6.305 45,80 8/23 17,327 10/6 120.63 © 0.98645 | 7.830 62.64
FE 6.305 37.722 12/12 14,270 10/6 325.03 2.1890 17.375 | 139
FW 6.305 34,598 12/12 13,088 10/6 226.47 1,40 11.103 | 88.82
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Emission zwﬂammﬂmmemm“

m*cmqmwwwwammw1*m¢«*o= “mﬁcuﬂqm nzwﬂonsy

ons p ugan & Aposte

Duct. 1D} Area of | Ay Velocity Volumgtric | Date Styrene Concentration

i mc 1 F m mo measured| ma mm«1m=mu qrams 1b/hr 1b/da

&ﬁMMU aﬁawmoQW% Date of | ( m@\sﬂ=.v m sec - (16/hr}| (Tb/day)

AE 6.305 42,34 . | 3723 16,017 11/1 67,1687 2.724 22.03 | 187.25
AW 6.305 36.55 8/23 13,829 11/1 308.0032 2.0102 15.956 | 135.63
BN 6.305 29,88 8/23 11,302 11/1 333,5556 1.7792 14.122 | 120.04
BS 6.305 33.48 8/23 12,667 11/1 478,65467 2.8615 22.712 193.05
DE 6.305 27.055 12/12 10,235 11/1 .Nbuuommou 1.1693 9,281 78.89
DWW 6,305 35.767 12/12 13,531 1171 344.4685 k 2.1998 17.460 148.41
EE 6.305 43.72 8/23 16,539 11/1 164,8912. 1.2871 10.216 86.84
EW 6,305 | 45.80 8/23 | 17,3217 11/1 171.3661 |- 1.4014  |11.123 | 94.55
FE 6.305 37.722 12/12 14,270 11/1 358,2205 2.4125 19.149 | 162.77
FW 6.305 34,598 12/12 13,088 10/31-11/] 266.5380 1,6464 13.068 | 111.08
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! Gas Veloacicv Data Sheet

(EI’A Method 2)

Plaanc: ///Qs‘/f’/”/’l /Z(“f ff‘%‘//Dfﬂu %’KICIC_, //,,,M Dace: r/ /2?/35’(
Location in Planc: Jf/&(/ [l/ﬂd’ G//C(‘W""‘/‘\/"W/A

7 /J_Cpucc Dimensions:

Location in Ducc: ; .
Atm. Baromectric Press: égq X3S / g, 2
Dry Gas Hol. Wec. 9“(,9'—!

,;l/,;m-’e@_,gg Hf-hm

m—

Duct Static Press:
Z Wacer Vapor: /24 =.5/%%
Date of EPA Mth 3 Orsat Test:_—— Date of EPA Mch 4 Hoiscuté 'I‘esc.
Pitot Tube Cp: ﬂé"/ Pitot Tube ID No. /, 4€ S- o 1 ér
Time of Vel. Traverse Measurements: }'3'0& Operat{-é/s. f\w v J

Sampling locacion ID: /AW
Traverse Pt. | Distance into duct | Picoc AP ‘I‘emp Gas Vel.
No. from duct wall (") ™ H,O) ( F) (fr/sec)
1 L2013 Loz sl zo.M
2 R AL T 2283
2 Ay, ALY, 2383
4 020" | pnFelo2 =
g Ll N, 02 9.97
b +.30" o7 29.20
] %&b DE? | 4298
& B 01417 22.66
a (37" a1 /9. 53
(9 4.37" 0.04 21,0
L IR 3 0.3, 1.7/
1T 220" pOl .64
13 127! 0 1.0
1y 422" ~,04 /6,92
4 & 1.7 G
Iy i ol | R0 o= I
1 Lg? 0.7

’/3-,.;: < UJ .qu

(XSIRT.E S am
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Gds Velocicv Daca Sheet (EPA Mechad 2)

Plant: /,/.ﬂ’f"[(r i i:&‘(rr‘/f”f‘»/“ / ' -/‘:’_r’;'/ ’f 1 C ('/.- Dace: // /,;’F‘/g','f
Locstion in Planc: S& ;?é-.c"."’, Lo , k=i _{-\,/j .
Locztion in Duct: 56'5-7/ ey -':';_\-"r)'./' A d(':" - Duct Dimensions: ‘?f/ /'
Atm. Barometric Press: Q9.9 I l Duct Static Press:_—
Dry Gas Mol. Wc. f"wé""’;': ‘:""/ (;5-}1/ gef Z Water Vapor: / - t&%
Date of EPA Mth 3 Orsat Test:_ ——— Date of EPA Mth 4 Moisture Test:_-——
Pitot Tube Cp: lardord. [ANPY Bitoe Tube ID No. 2007 Fin i
Time of Vel. Traverse Measurements: /7.3 Opéracars: Docan-""
Sampline Location ID: (/5= A,-,,.crf:"" A’/ -{'(;-,-{f i éJ\:

Traverse Pt. ] Distance into duct Pictot &P Temp Gas Vel.

No.  from duct wall (™) & H?O) °F) (ft/sec)

1A 0=y L A6C 4,49

2.57 {es S F | 4/.57

G GO N7 29,38

10,98 . N, - 239.00

23.02 O EL 44.37

040 ke 44 bl

QQ\.;{\\;\-«;NNH

0HE . I RS 2.3
3241, .41

1 ' (-0 RIS 33. 61

1o Pt R 38 &

” . ) P a0 . z/t/’/(ﬂ
| % AN . A 14.(6

13 P ey Y0449

1y L ~_L | 404G

1 A i IR 2754

Y " . .'? Ay 1, DD
27

A,
’,) .~
—r‘~/ r-
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Gas Velocicy Daca Shee: (gpa Mechod 2)

Planc: If/lf;‘f’C/\ Dace: ?/9:.‘:/(?7
Locacion ir{ Planc: Le. A1 ,4@" '
Location in Ducct: jgﬂﬂjﬁ‘ @ Ducc Dimensions: 4 /
Atu. Barometric Press: ?/7 0'? Duct Static Press: -Q—ay@v’z;—{zzﬁy—”'t;
Dry Gas Mol. Wc. - 4L S%.&4, [, vep- {1 % water Vapor: [0.H.=(7 /
Date of EPA Mth 3 Ors?l)c 'l‘csc '-————-"/ Date of EPA Mch 4 Moilsture Test: ————
Pito: Tube Cp:___(, ). &L“ Pitot Tube ID No. _ DS TR
Time of Vel. Traverse lMeasurecments: _f/ .'3’0[ /1 & Op:.aracars: Ou/,an “P#ﬁ/ /
Sampling Location ID: ”AS Jo ‘;.; U 70 cq 'FP’9
i YS(avE - 2D
Traverse Pr. | Distance into duct | Picot AP Temp Gas Vel.
No. from duct wall (') - H70) CF) {ft/sec)
L 101 0.27 AL | 28.8504
2 3.57 0.3! | ZSF | 20979
3 440 O4 X 25,9342
7 . [0.98 O,X " 29.240
5 R0 0.59 ) 2 .L,271
b — 2901 0.53 " |s0.mi52
] W HE 68? v =7 .0t
& 224] 0.8 =2 3042
q _ - T
(&7 . 0.8% 40. 7455
- o
(o .37 0.54 4z 29015
- L U0 620, .1 " |zq.uezq
T | 0%~ | " |esnes
| 10 () , 2B G2
T ‘
13 A3 02 _025 __|zz.2532
17 27,04 0N.65 Pods e
T-
1§ 2043 . | 077 5. Lt |
Iy 221 gl | '

ﬁﬂ#(’ '-'Ol S’B?S
Us =42 3‘-{%//5@
=79, 263 Yo

A 2. L ‘*J/_r‘u-ﬁr/

RN
N
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Cas Velocicy Data Sheet (EPA Merhod 2)

Plang: '/L/\]?‘Lé(.h Date: £ 22-&9
Location 11{ Planc: Bordh A W,

Locacion in Duct: — . Duct Dimensions: 3';",/ d‘ié\
Atm. Baromecric Press:  3/2.077 Duct Stacic Press: 38

Dry Gas Mol. We. 29,384 \b]l\g-h\-;!e Z Hater Vapor: —

Dace of EPA Mth 4 Moisture Test: ™

Pitoc Tube ID No. _‘ \ eé, % ;urﬂf

Date of EPA Mch 3 Orsat Test:

o34 -

Pitot Tube Cp:

Time of Vel. Traverse Measufemeats: |/2c % operacors: Ducen f Hell
Sampling Lacation ID: \l\f S
Duct Tempg 25C
Traverse Pt. | Discance inco duct Picoc AP Temp Gas Vel.
No. . from duct wall (") | (" H,0) “F) (ft/sec)
lL.o% a.37 28C | 23,4075

2 257 030 |94 |lsou71z

3 & GO 036 33 2790

7 1€.9% 2.4 247425

s 22.02 .38 274127
"’ _917.04 0,58 U2 BLE5

7 2z 93 i6=> Utk 1S70

23 32" Gy 067> Y1570

a 040 4 3.092%

(9 0.20 U6, SUEL \
L 0,62 Yz, B0 \
1T O.50 =4, 2382

13 Ol 22,2520

[ 0.4z =7. 295

1§ 04 24.7425

iy 093 2L, L>25

M No=30L.554 o

L

(Urlo?Jt’{. (f"' /.,,,-J’ E(J;((/ z;:(f (f’ AL ( A/ '
| L Aﬂu, e

g wa

7 /

e

auwsg<s
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JH BENS S

‘ AR i fa
Cas Velocicv Data Sheet (EPA Method 2) et ‘{_:‘“3_,_.,
Planc: _fhicec - Yeho win © Date:_  §- 1. vy
L F - . R e ——e
Locatfon in Plant: Ro.l. hec( é’f‘/{ [i.-,‘).‘if/i oy ,v/:./r( _/'L((,(}
P S / 1
Locacion in Duct: /?/f, F A Duct Dimensioas: << /!
Atm. Barowmetric Press: ’:if?,!_’)f{f Duct Scacic P:css:’?@f—'ﬂ;
Dry Gas Mol. We.. 03,00 - e 5?82 P ¢f %Z Wacer Vapor:
Dace of EPA Mth 3 Orsac Test: —— Date of EPA Mth &4 Moilsture Test: —.
Pitot Tube Cp: =) ( £4 \ Picot Tube ID No. SOE T Sivane [t £y
: 7
Time of Vel. Traverse Heasuremr.!nts'f 8 'i i Operacars: Tipon . / ¥ b1l
Sampling Lacation ID é@ﬂ/ ,—“‘.-. BT i """_C [ ——
Traverse Pt. | Discance into duct P:Lco-t; ap Temp Gas Vel.
No. ., from duct wall ("} | (" H?O) Ceye. (£t/sec)
. N "- —ti“'
] o9 SEEN A 223,555
2 27 i "/ﬂ Oy _"b.lf' 247879
\ -
3 e | g1 25 .400D
_7 l- 1 \
7 .98 (%l | p o3 200 BSZO
5 szer 0109 a3 2L.5520
l (? Q3 oy 7 ?//o.‘ﬂ 029 2_q%‘4—96
] To.9: Do Y, | ¢.2F5 - |12Z.74912%
& 2y a2yl .23 2.4k
q leg . 0.2z 2. 2oL
(9 2 £ 037 3. 7S
- ¢ eo 01 3¢ 241677
L A - L0 S0.2509
13 R e 22,4000
1Yy St s 29 __{29.943%
15 AR A 22,2494
I(a LW C o 3U.LI4S
: |7V

otoniTin Lt G =0 B eli

L rn “OF1
e: SGHEY
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‘ i SRAPir .-
Gas Velocicy Daca.Sheet (EPA Mechod 2) =

Plaac: podee - S - Date:__ f-22-% 9
Location in Plant: 5 .+ P A
Locacion in Ducct: P T ':'.~f-.= Duct Dimensions: 35’,'
Atm. Barowmetric Press: ’C)./)Q‘ Ducc Stacic Prcss:_[::‘a [5
Dry Gas Hol. Wc. ’L% .%u( % Water Vapor:
Date of EPA Mth 3 Orsac Test: Date of EPA Mth 4 Moisture Test:
Pitot Tube Cp: 54 . Pitot Tube ID No. _J[1//7€ S \ C rH’
Time of Vel. Traverse Measurements: Opcratoré{ ~
Sawmpling Location ID: 6 \‘9 =25 ,76'46 ‘FP9

Iraverse Pt. | Discauce into duct | Pitot AP Temp Gas Vel.

Ho. . from duct wall (") | (" H70) (&) (fc/sec)
1 OB 7 |19.9840
- <

2 3 /s 5. 18 Toll|z2.=5198

3 63/ 6.19 24 102

7 . N e CIF 23 .SSS

g 1y | ooae 27N\DD7

b 2 Y | cag 271537

7 ¢ " | o3¢ >2.219%

g 32 % | 035 =z 79124

a - ] Y¢ 0. 25 27. 7137

(9O 33/% Q40 25 0552

(- G n3 2. LIU?

kR N e e 25,055 %

13 22 E PR RA LR

1y ' 27 34 L A s b1

5 o T | o i 22 . %id4

I 2 e |- ' 2. 34 Do

. N
-2
/'/

g NE
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Planc:
Location in Planc: Dyct fZSSJ__j‘,
Locacion in Duct: 4
Atm. Barometric Press:

Dry Gas Yol. Wc.

H? ’Té.O['WL

Cas Veliacirs

L -
| mt 09%
Herhod )}

Pee wr ey = r/l"' ol
Tt s ‘{/ ro.
L AL TS S N,

Data Sheet (1rix

. —— e — = —— s . —

u.""n

HCC0GsS Al

20 0" e,
’Lﬁ _(‘1 /' "-'r.l"' :

LT T —
et v seenis b i ._...‘..:; o
_— buct i la Feoaemn: l'.’_._)_- I
S BERSALLY - .
T'\';_ .": e "'-;'.'1': aalt f_”.-" :‘-_:'_‘ L —

Dace of EPA Mth 3 Orsat Tesc: —_—

Pitot Tube Cp:

Date of OGP Yeh Hodnture T

o4 L

Pirot Tube 15 wo.

Time of Vel. Traverse Measurements: _ 7, 7/) ...  Operarers: e .
Sampling Location ID: _(& S PR

Traverse Pc.

No.

Distance into ducct

i p
. from duct wall ("; | {" H,

Tgap 1 Gan Vel

o)) EYC i rpaen)

]
—— —— ———— g wa am = N e — ¢ —

AT 235 l352_ SIDS3

D ey

ek = iy m—— © v e = r————

a9 118 ‘b - 3791

o] o=

i
i 55 D24 {
|

sl 1-57 LDIZqQL_. e
TR ______,-_%':4:_99577 ‘ S

STk 2L 1907

R I N [0 P - —
7 _ LT _' 5. 547, ——
8 - L eE ] .ﬁa‘?.—?.?‘]?’-i_ _
i i
: o R ——
a I /25 DO -7 2 < Y- 3%
(9 . :L J.tf I P '?‘qu?zi ———
1 R X
|z O L zeesdl |
13 i 222133 ]
1/ R T = VT L
i§ o 25,3703 o
I NN L lzu.0nze I
PN i - . ;
EARIAS LT NG, = EBMD
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" !

, Cas Velocicy Data Sheet (EPA Method 2)

Plaac: \,“/P(m \/é)/fn Dat:c:ﬁ/;)\/ /2 /VG
Location in Planc? f et l’)
Locacion in Duct: racr [05S -Lo() Bucc Dimensions: ZC_/ "
Ato. Batometric Press: 3%, IK Duct Scacic Press: 2.0
Dry Gas Mol. Wc. 3-?-'-?.:‘7 Z Water Vapor:___A/A
Date of EPA ¥Mch 3 Orsat Test: /)A Date of EPA Mth 4 Moisture Tesc:
“ Picot Tube Cp: .Oﬁ Picor Tube ID No.
Time of Vel. Traverse Measurements: /91 5‘7 Operators: /—\)ry.-.'_-.f. #
Sampling Location ID: __ H#D T L
i = =7 S S
Traverse Pt. ] Distance into duct | Pitor AP 're.:np Gas Vel.
Ho. from duct wall (™) | (" H 0) r) (ft/sec)
1 51 o | D6%C | 2¢.5Y
=0 -
2 5 e17 | I 27.3L§
3 22 Ry 26158
7 - 2 i L5
< R A 25.15C
@ '3) riR' 2—&’\5(
] 35 NA 1(,.s\f
8 23 dS 254,
a 20 .5 21.34€
(0 az il 2 L.y
- /A ¢ 2§.15€
K= S 2ENSE
13 a3 7 29.56¢
K NN 27.366
1& ) A5 13,9394
. - 77
My = 7.%‘51{( - 27abesy
D .

Mg (3?—) wﬁr)+ 6.2 (28, 0
Cow

Aoy _
| b0 3%y (1), gy A (.03
~ (10 &~ YAV 2y ™ 37IE > L3 1ed - ZJ‘TT(
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Gas Velocicy Dacta Sheet (EPA Mechod 2)

Dace: /J ,-’: fQ_I'E:"/

Plaac: ﬁ\/‘{f‘(lﬁ‘.: ‘f/-‘"//‘
Location {n Planc: ;ﬂ:-'--.' f',’//‘

.

Locaction in Duet: 4 TS o -"'-’-‘/'-" Duct Dimensions: S b
Atm. Barometric Press: ""f’7.35- Duct Stactic Press: -
Dry Gas Mol. Wt. 2.3 -B"'{ Z Water Vapor: —
Dace of EPA Mth J Orsacg Test: Dace of EPA Hth &4 Moiscture Tesc:
Pitot Tube Cp: R Pitot Tube ID No. [y -
Time of Vel. Traverse Heasurements: !,O.' 20 QOperacors: ? ‘y_gf:;/,y‘. D
Sawpling Locacion ID: HZy ) . v '
| Z. odh
Traverse Pt. | Distance into duct Picoc AP Temp Gas Vel.
Ho. from duct wall (") ™ H,O) CF) (ft/sec)
124 93 9%C | 3\.891
2 2 &7 3 i 3L, 431
3 4 b0 33 ‘ 3%, 209
)i _Jp. 9& 33 35297
g 23.02 3 1§-204
b 20.04 > - 37, (24
7 2045 |E 37.033
8 3241 2 35. $15
a al 36,450
o . 2 3\, 599
¥ % . 33.916
K= = 3YL 84
13 . 33 3.5 LoG
1Y 20 C {37, e

1y - 25

o
~Z
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Gas Velocicy Data Sheet (EPA Mccthod 2)

Planc: \'{ \/ T = C’\‘A ' Date: £/
Location in Planc: O;,r‘(" &5 - . L '
Locacion in Duct: Duct Dimensions: 347 -3\
Atm. Baromecric Press: Y0, D7/ Duct Sractic Prcss'fz%“f’.ff.;'. '// T
Dry Gas Mol. Wc. 7/%.%‘\ Z Uater Vapor: !
Date of EPA Mth 3 Orsac Test:__ Date of EPA Mth & Molsture Test:
Picot Tube Cp: O‘% L\ Pitot Tube ID No. T e 2, CfT
Time of Vel. Traverse Heasuffments: (/ N ‘///! 2 Op;racors: ’
Sampling Lacation ID: & Auwbiene Air 3,!__)0 C .

Traverse Pt. | Distance into duct | Pitor AP Temp Gas Vel.

No. from duct wall (") | (* HZO) e (ft/sec)

L 060 AS L UZ =91

T : 3

2 0.4 | 11¢ [y 2050

32 LT Us. 007w

¢ .66 4y, y704

g : D9 2% 9070

e e, gz . 24lv

7 0,7 47. LSS

8 0.9 L2 BT722

a 05 40,4059

10 X 47,9450

- 0,65 u4.»=07
e - Oud 4z.=4lb

13 D67 Ys.007

1y 0. 7%  us.=wi9

15 | 052 ' 4gq.79 1%

Iy o7 | 47, %003

L WE :

=

o= U27219 Ty

D{‘\ﬂ/c' ) é‘/fi/ N

(LRINTE fam

S¢

~[oacn AV n-
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Cas Velocicvy Data Sheet (EPA Mechod 2)

auweTSE

: CagH E

- f
Plaac: Fi;/—pf,/fﬂ!\ - Date: F-1r-5G
Location G Plant: [, £ W/ '
N 4
Location in Duct: vy *of, /4((056'.’5/‘) Duct Dimensions: ’?)4/,‘
Atw. Bavometric Press: ’/,Q o7 Duct Stactic Tress: (0 9E € nente,
Dry Gas Mol. Wc. f)_% .%4’ “’/Ih MDI Z Uater Vapor:
Dace of EPA Mth 3 Orsac Test: Date of EPA Mth 4 Moisture Test:
Pitot Tube Cp: O .4 Pitot Tube ID No. Tqr Oe 9  Lrth
Tiwe of Vel. Traverse Measurecments: )i 00 akn Opcrat:ors. fjj"ﬂm el /4// //
Sampling Locacion ID: J
Traverse Pt. | Discance into duct | Picot AP Temp Gas Vel.
No. | from duct wall (") | (" K,0) °F) (£t/sec)
i.c9 O. &) Us. 72521
2 vry 0.28 Up. Sl |
3 (CO ¢80 9. 1322
7 6.5 0.5¢ Lhi, \OLY
5 5203 B0 L (s. LIOY
1 b 1704 N 29 . lue.ozul
] 20.97 0. 3¢ 4{7. 2538
8 32 4 c 22 T
a 0.5} =29, 22949
(9 a2 24,9907
- 0.GY 4> qus|
| L : 0.57 U1.924%
13 oo U3, L0005
1Y o 14 e, 202
S T e oxas =0. 2455 "
Mﬂ C.<= . =1, 250
o RO, - FE  No=uS. o = 1p:
T{’ ‘V‘(’-’ a 3 < \)\“\ .—\ﬂ!"(— a?o —— T
oo
DI \
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Cas Velocicy Daca SheeC (EPA Mechod 2)

- Planc: f—!‘(r{#-?j/l ; :'/ *"‘f Fis Dace: /‘;7_,','{/ ;7/6""’"
i Lacation in 'i"l:mcl: /’)ucf'“ < .
! Location in Ducc: /4/-‘( [ ”!r'}/l Duct Dimensioas: ST
i e . e
l Atm. Barometric Press: 3¢0,3L" HE Ducc Scatic Press: 00
! Dry Gas Meol. We. 29.8 ‘f _ Z Hater Vapor: .
Date of EPA Hch 3 Orsac Tesc: ,‘(///'T . Date of EPA Mch &4 Moisture Test: ZI//C'
. * Pitot Tube Cp: LA’ Pitoc Tube ID No. (l)_£0" Staudsrd
Time of Vel. Traverse Measurements: /&.7 'L/ﬂ QOperacors: f..}r_g "
Sampling Location ID: ~
. s
; Traverse Pt.| Discance inco duct | Pitoc 4P Temp Gas Vel.
g No. from duct wall (") { (* H70) CF) (ft/sec)
1 2g| 215°C| SC.4s5
- 2 15 3R.37¢
3 2L 38.2d74
7 . , 27 33,219
| g : 34 3§,41O
b - .34 3 §-flo
] .51 37, 638
8 . 271 3y.545
4 - 35 34.31¢
(9 . : 39 4.5tk
. e s LAl 30, 56|
13 - 27 38235
4 27 o | Ho. wEC
4 ' ' 23 3§.239
Iy g 3. 83
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~ey ¥

GCas Velocicv Data Sheec

(EPA Mechod 2)

Planc: s

trer o Dace: /& i v
Location {n Planc: ., o= i
Locacion in Ducc: Ducc Dimensions: 31
Atm. Barometric Press: _’jﬁ.g{'y/ Duct Scacic Press: —
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UNIVERSITY OF WASHINGTON GGT 26 1980

SEATTLE, WASHINGTON 98195 AIR EROGRA

BiRatie

Department of Civil Engineering , FX-10 October 24, 1989
Memo To: Elizabeth Waddelllf’// Teddy Le
EPA Region 10 Washington State Dept. of Ecology
1200 Sixth Ave Ailr Programs PV-11
Seattle, WA 98101 Olympia, WA 98504-8711

Subject: Styrene Emissions Data from Hytec

Attached 1s a table of preliminary data from styrene emission source

-tests conducted Sept. 6, 1989 at Hytec in Yelm. There are "holes" in

the table because of missing data (i.e. for duct BS the air sampling pump
failed; for ducts DE, DW, FE, and FW no air velocity traverse measurements
were made).

The total styrene emissions from the plant can be estimated by using the
average styrene concentration of 180.90 mg/m3 or .079055 grain/ft3 or
1.1293587 x 1072 1b/ft3.

st -
Emg:::ﬁns (1.1293587 x 10-5-—-3)(10 ducts) (13,992 ———o = 1.58 1b styrene/min.

= 94.8 1b/hr
Assuning a 16 hr. work day, this provides an emission of 1,517 1lb styrene/day.

We would like to request that the risk assessment calculations,which the
Washington State Department of Ecology will be making, be initiated soon
so that we can ensure that the required parameters, data, details, etec.
are made available. If an example of the risk assessment calculation
procedure can be mailed to us, this would help to see that we obtain the
needeéd data.

Stacia Dugan will be making additional tests at Hytec. Also, she has analyzed
sorbent samples obtained later than the Sept. 6, 1989 data shown in the attached
table. However, I wanted to send you some data to illustrate the data format
and the magnitude of the styrene emissions.

Please phone me at (206) 543-4789 or Stacia Dugan at 543-8195 (lab phone) if
you have questions about this. Your continued assistance is greatly

apprecilated.
\(iii}zf ours:; |

Michael J. Pilat
Professor

3

cc:  Stuart Clark
Jay Willenberg
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Enmission Rates From a Fiberglass Fabrication Industry

Calculations performed by:

Stacia Dugan

Duct ID|Area of b»m Velocity Volumetric Styrene Concentration “
TEE%) | (t/mec ) [ate of|(£09/nin:) |neasured| (grams/sec) | (1b/hr) | (1b/day) |(@e-styren yrene,
AE 6.305 40.76 15,421 9/6/89 2.250 17.86 327.23
AW 6.305 36.55 13,829 9/6/89 1.776 25.04 272.18
BN ' 6.305 29.88 11,302 9/6/89 0.877 6.96 164.47
BS 6.305 33.48 12,667 9/6/89 - - - -
DE 6.305 9/6/89 158.23
DW 6.305 9/6/89 168.71
EE 6.305 35.44 13,405 9/6/89 0.638 5.06 100.80
EW 6.305 45.80 17,327 9/6/89 0.555 4.40 67.84
FE .m.uou 9/6/89 232,18
FW 6.305 9/6/89 136.46
13,992 Average 180.90

-
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FIBERGLASS OPERATIONS
Aaron J. Teller and Joseph Y. Hsieh

The production of fiberglass consists of two different forms
of product—continuous-filament 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 electrical and physical proper-
ties, is also called E- (electrical} Glass. The major applica-
tions of the general-purpose textile fiberglass are in the
production of fireproof cloth, fiberglass-reinforced plastics

Batch
House

Waelghing
and
: Mixing
Rail )
Delivery

I

Fiberglass Manufacturing Process

FIGURE 1.
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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 entrained in the wool or blanket
prevents the movement of the air and sound wave. The
manufacturing process consists of (Figure 1): materials
blending and transport, melting and refining, and fiberform-
ing and textile operation.

As in the manufacturing of glass, the major air emission
problem where acid-gas recovery in addition to particulate
is required is related to the melting and refining furnace
operation. The fiberforming 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 manufacture because of the presence of boron
and fluorine in the most flexible E-Glass product.

PROCESS DESCRIPTION

The composition of textile and insulation fiberglass,
although varied gSﬁﬁncﬁon of the producer, has the
general composition! shown i Table 1.

The raw material§ are unloaded from freight cars or
trucks and wransported to specific silos in the batch house.
The materials are then withdrawn to automatic weight
machines and blended. The mix is transported by air con-
veying to the holding vesse! at the melter and then fed as a
batch to the fumace or melter.

Main Stack Forehearth
Reliner
Stacks
Hold
Tank - ~
lgomFbuuesltlo? Next Gas
/Flrlng
Melter [ A
Typical
Forehearth
or Refiner

Textile Fiher
Formations

To Textile Operalion
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TABLE 1. Composition of Textile and (especially textile) melt is extremely sensitive to very small
Insulation Fiberglass pressure variations and that boron emissions can clog the
— e _—_ brick-lattice regenerator.
extiie ulation. - e
: . me~temperature sensitivity of the final
Component % Weight % Weight Because of the 4 pe v
product, liquid glass flows through channels with zones of
Si0, 54 55 5665 refiners and forehearths, in addition to the melter. These
AlO, 13-14 48 forehearths and refiners are generally fired with natural gas.
Na,0 0.5 153-18 The flue gas from the melter flows upward from the com-
::0 22-24 4.5-9 bustion zone through the stack containing an annular zone
g0 0.3-0.4 0-4 heat exchanger. Combustion air flows in the annular zone of
B,0, 5.5-6.8 0-2 . e
Fe,0, 0.3 0.1-5 the recuperator for preheating. The flue gas at 500-800°C is
F 0.7 emitted, generally by passing through an air damper, to the
K.0 0.3 stack. The forehearth and refiner flue gases are emitted
gt:g &: through individual stacks. These flue gases are often com-
SO, <06 bined with the melter flue gas.
. . AIR EMISSIONS CHARACTERIZATION
The melters are of the reverberatory type with gas firing,
aithough oil may be used. There is a significant difference The air emissions for the fiberglass operation can be char-
from the container or float glass furnace. Thermal recovery acterized according to the three phases of manufacturing
is achieved by a recuperator in a continuous manner rather processes. Emission factors for the fiberglass operations are
than cyclical. A part of the reasoning is that the fiberglass given in Tables 2 and 3. .
TABLE 2. Emission Factors for Glass Fiber Manufacturing Without Centrols®
Emission Factor Rating: B
Particulates 50, co NO, voc* Flourides
Ibiton  kg/Mg Ibiton  kg/Mg ibton  kg/Mg lb/ton  kg/Mg ibrron  ke/Mg Ib/ton kg/Mg
Unloading and conveying® 3.0 1.5 d d d d d d d d d d
Storage bins® 0.2 ol 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
Crushing and batch charging® Neg - Neg d d d d d -d d., - . d d d
Glass fumnace—wool
Electric 0.5 0.25 0.0+ 0.02 0.05 0.025 0.27 0.14 ¢ e 0.002 0.001
Gas—regencrative 22 11 10 5 0.25 0.13 5 2.5 e 3 0.12 0.06
Gas—recuperative 2536 1315 10 5 0.25 0.13 1.7 0.85 e e 0.11 0.06
Gas—unit melter 9 4.5 0.6 0.3 0.25 0.13 0.3 0.15 e e 0.12 0.06
Glass furnace—iextile
Recuperative 2 1 3 1.5 0.5 0.25 20 - 10 -d d 2 1
Regenerative 16 8 30 15 i 0.5 20 10 d d 2 1
Unit melter 6 3 ¢ € 0.9 0.45 20 10 d d 2 1
Forming—wool
Flame amenuation 2 I d d d d d d 0.3 0.15 e ¢
Forming—textile 1 0.5 d d d d d d Neg Neg d d
OQven curing—wool
Flame attenuation 6 3 ¢ [ 35 1.8 2 1 7 s e e
Oven curing and cooling— 1.2 0.6 d d 1.5 .75 2.6 1.3 Neg Neg d d

textile

_*Expressed as units pet unit weight of raw material processed. Neg = negligible.
+ " "MIncludes primarily phenols and aldehydes, and to a lesscr degree. methane,
[ t *Reference 10.
\\§ —T#Not applicable.
- *No data are available. .
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TABLE 3. Uncontrolled Emission Factors for Rotary Spin Wool Glass Fiber Man-
ufacturing”

Particulate Organic Compounds”

Products Front Half  Back Half Total Phenolics® Phenol Formaldehyde
R-19 17.81 4.25 22.36 3.21 0.96 0.75
(36.21) (8.52) (44.72) (6.92) (1.92) {1.50)
R-11 19.61 3.19 22.79 6.21 0.92 1.23
{39.21) (6.37) (45.59) (12.41) (1.84) (1.46)
Ductboard 27.72 8.55 36.26 10.66 3.84 1.80
(55.42) (17.08) (72.50) (21.31) _{7.68) 3.s1)
Heavy 491 1.18 6.07 0.88 0.53 0.43
dcn'sjpr:—\ (9.81) (2.33) (12.14) (1.74) {1.04) (0.85)

'Reférlenqe 7. Expressed kg/Mg (Ibiton) of finished product. Gas stream did not pass through any added primary contol
device 1 ic precipitator, venwri scrubber, etc.)

*Included in total particuiate cawch. These organics are collected as condensible particulate matter and do not necessarily
represent the entine organics present in the exhaust gas stream.

“Includes phenol.

Materials Blending and Transport

The primary air pollution problem in this phase of the
operation is that of containment and fugitive dust handling
inasmuch as fine particulates are not involved. The raw
materials are generally in the size range of 20-500 um.

Melting and Refining

The emissions from the melting-refining furnace during the

‘textile fiberglass -operation contain:

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, nitrogen 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 um. 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 created 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/nm*
Boron oxide, solid

plus equivalent boric acid 1001000 mg/nm*

The gaseous components of the emissions are hydrogen
fluoride, silicon tetrafiuoride, sulfur oxides, and the boric
acid considered in the discussion of particulates. They are
present in concentrations ranging as follows:

HF, SiFj(equivalent HF)
S0,

20-160 ppm
40-80 ppm

The emissions from the melting-refining furnace of the

-insulation fiberglass-operation contain only small quantities

of boron and no fluoride. The emissions from the fiberform-
ing and textile operations include particulate and VOC
emissions. The VOC emissions are lower for textile fiber-
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 and Transport

In the materials storage and transport area, the railroad
discharge is generally partially sleeved and under either
positive or negative pressure. The silos are provided with
bin vent fiiters for collecting the fugitive dust. The blending
vessels are vented with airflow 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 and Refining

A major consideration in the control of emissions from
E-Glass furmaces is the suppression by capture of the boron
compounds. If this is not achieved, then the prospect of
opaque plumes resulting from sublimation of baric acid and

[l
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FIGURE 2. Spray Dryer—Electrostatic Precipitator System

the potential for forming a complex of HF and H3BO; such
as HBF, both exist.

A significant factor in the design of the air pollution
control system is the maintenance of the melter pressure,
with the permissible variation, as requested by fumace
operators, +£0.01 inch wc. Both wet and dry scrubbing
methods have been utilized in controlling the emissions
from the melting and refining 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-

Fiberglass Operations 769

cyclone arrangement for recovering the particulate and acid
gases. The treatment of blow-down stream required appears
to have limited its application.

A low-energy (less than 15 inches wc) nucleation cross-
flow scrubber was operated in a Canadian facility®. The
systern used a cooling tower to circumvent the steam plume
appearance. The major problems encountered were the dual
alkali transfer for (Na— Ca), resulting in excess solubility
of calcium ions. This often resulted in plugging of the
scrubbers by deposition of insoluble calcium salts.

Dry Scrubbing

Two types of systems have been installed in the United
States for E-Glass production.

1. Spray drier-¢electrostatic precipitator (ESP) (Figure 2)
2. Quench reactor—dry 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
106°C and then flow to the ESP, the systern fan, and out the
stack. Although gaseous fluoride was reduced to the S-ppm
range, there was evidence of significant plume opacity,

-Opacity < 10%

+0.25KPa
10°C Tertiary |
-058KPa Atr Blower
L
Water or Quench VGEI)'I%T' -‘Q
Lime Slurry |
ime Slu Reactor 97-102°C
-0B3KPa -
Dry ' e o
. Tertlary | oheomato Pty
graphic | 5 75Kpa
t Air Mixer Separator
— [ 64-67°C
315-400°C
619-816°C Tessiﬁgrib Return
O KPa (Limestone) to Melter
Stack By Others
' ~— Air

FIGURE 3.
and Particulate

Typical Teller Dry Chromatographic System for the Fiberglass Industry—HF, SO,,
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TABLE 4, Performance of Semi-Dry System Fiberglass Emission Control
Qudet Compasition
Fluoride Boron
Dry Gas Flow, Particulate, Solid. Gas, Solid, Gas.
sdefm 7 mg/nm’ Ib/hr b/hr ppm Ib/hr Ib/hr mgnm®

18.500 1.5 0.015 0.11 2.12 0.03 0.92 13.7
14.600 2.3 0.004 0.009 0.28 0.030 0.475 9.2
15,500 2.1 0.005 0.017 0.45 0.032 0.568 10.3
14,800 4.5 0.003 0.007 0.21 0.019 0.208 4.1
15,100 - P 0.003 0.002 0.10 0.03 0.52 9.3
Source: Refmn’r.je 9. )

I'\_//

reflecting the presence of boron compounds in the emirted
gases.

Problems were reported regarding condensation and

adhesion melting of particulate on the ESP clccu’qdcs.z

e

Quench Reactor-Dry Venturi-Baghouse™*

This system is operated with either water quench or lime
slurry quench as a function of requirements for reduction of
S0; and HF. Where the only SO, reduction requirement is
related to opacity, and SO; only is to be removed, water
quench in the quench reactor is utilized.

The quenched gas, at about 100°C proceeds to the dry
venturi, where limestone is introduced into the gas stream
as both reagent and cake modifier.’ The gas is then further
cooled by air dilution to the rangé=of 60-70°C. The lime-
stone acts to neutralize the fluorides and aid in the formation
of a low-compressibility layer in the baghouse. A signifi-
cant part 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 60-70°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. Filration in a temperature region only 20°F
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 greater 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 and Textile Operation

Fiber formation does not present emission control difficul-
ties. However. the spraying of the mat with lubricants
and/or binders to minimize erosion of the fibers can create
either VOC or inorganic particulate emissions.

e

The predominantly inorganic discharges are treated in a
cross-flow scrubber.with particulate emissions reduced to
less than 25 mg/nm’{Ihc organic emissions are treated by
condensation processes for high-molecular-weight emis-
sions and, if necessary, adsorption for low-molecular-
weight compounds.

-
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GLASS MANUFACTURING
Aaron J. Teller and Joseph Y, Hsieh

The production of glass products, although based on an oid
art, has emerged 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 1) establishes three major components of the
manufacturing process, raw-material blending and trans-
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