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PREFACE

The work described herein was conducted by personnel from TRC - Environ-
mental Consﬁltants, Iﬁc., Research Triangle 1Institute (RTI), ‘Del Green
Associates (DGR), CH2MHill, Engineers, Planners, Eéonomists and Scientists;
the Champion International Corporation in Lebanon, Oregon; the National
Council of the Paper Industry for Air and Stream Improvement (NCASI) and the
United States Environmental Protection Agency (EPA) Emission Measurement
Branch (EMB}.

The scope of work was issued under EPA Contract 68-02-3543, Work Assign-
ment 1. The work was performed under ;he supervision of Eugene A. Brackbill,
P.E., TRC work assignment manager, and John H. Powell, TRC field team leader.

Robert L. Chessin of RTI monitored process operations‘and was assisted by
Paul Willhite of DGA. RTI was responsible for preparing Section 3 and
Appendix I of this report, both of which deal with process éescriptions ané
operations. Mark S. Boedigheimer supervised Method 5X analyses performed by
CH2MH111. Victor Dallons supervised NCASI sampling and analysis activities
as well as providing helpful suggestions and comments in support of the test
program; Jack Hayes, plant engineer for Cﬁampion, provided invaluable assist-
ance and guidance to TRC, EPA, and RTI in the performgnce of the test pro-
gram. Clyde E. Riley, Office of Air Quality Planhing and Standards (OAQPS),
Emission Measurement Branch, EPA, served as task manager and was respoﬁsible
for coordinating the test program{

. Edwin J. Vincent, Office of Air Quality Planning and Standards, Chenmical

and Petroleum Branch, EPA, served as project lead engineer. Mr. Vincent was

also responsible for coordinating and directing the process operations
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1.0 INTRODUCTION

1.1 Background

: Section 111 of the Clean Air Act of 1970 charges the administrator of the
United States Environmental Protectien Agency with the responsibility of

establishing Federal Standards of Performance £for New Stationary Sources
; (SPNSS) that may significantly contribute to air pollution. When promul-
gated, these standards of performance for new stationary sources are to
reflect the degree of emigsion limitation achievable through application of
the best demonstrated emission control technology. Emission data collected
from controlled sources in the plywood industry will provide a portion of the
data base used by EPA to develcop SPNSS.

EPA's Office of Air Quality Planning and Standards selected the Champion-

' plywood plant in Lebanon, Oregon, as a site for an en}issicm test program

because it is considered to employ process and emission control technology

U . -

\‘?‘ Mﬁ-‘-‘-ﬁ
representative of modern plywood manufacturing plants.

The test program was designed to determine the emission ratem—

e ulate, condens1ble and noncondensxble orgam.c matenal emltted from the veneer

————

drying operat1on. - A second objective was to measure. the -destruction

effxc:.ency of wastewood-f:.red boilers as incinerators for condensible and

-noncondensxble organlc emissions. -

r e e e a—

TRC - Environmental Consultants, Inc. was retained by the EPA Emissions
. Measurement Branch ({EMB) to perform emission measurements at the Champion

.- .. plywood plant in LebanOn, Oregon. : Testing was performed on .the veneer dryer'

- PO A

-.«emssions and their . pollution control . system . which ; consists of two )

L_E.;._

R,

LT S wastewood-fired boilers used ‘as incmerators. » Th;s report has been prepared

5--;-1n accordance w:.th EPA Contract rNo. =-68-02-3543 under uthe provisions .of Work _'

nAe T e

[ —————
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. The Research Triangle Institute (RTI), the N

tfactor, was responsible for coordinaéing the overall; test _pf%gkam" Qith
x.. Champ 55 personnel anq for assuring that érocess and congrol equigment bperat- ) :1
ing cénditions were suitable for testing. Rel;t;d érocess data were monitdred
and recorded by RTI. Fugitive emissions from the veneer dryers, ambieqt air
temperature and relative humidity were monitored and recorded by RTI and their
subcontractor, Del Green Associates (DGA). |
Additional testing for total organic compounds was performed by the
Naticnal Council of the Paper Industry for Air and Stream Improvement (NCASI)
simultaneously with the TRC test program. This testing was performed at the
request of the American Plywood Association (APA) for research purposes and to

provide an additional measure of quality assurance.

1.2 Summary of Process and Emissions

The Champion-Lebanon plywood plant is part of a large complex including
veneer peeling, drying, plywood layup and finishing processes as well as a
hardbéard plant. Approximately 870,000 square feet (3/8-inch basis) of veneer
is dried per day (24 hours/3 shifts). A diagram of the total veneer dryer
exhaust system is presented in Figure 1-1.

Champion's Lebanon plant has seven veneer dryers. Dryer 7 is heated by

e

hot gases from an Advanced Combustion Systems Fuel Cell, and is not included

e

in this program. The remaining six dryers, installed in the late 19%40s, are

steam-heated by two Combustion Engineering water tube boilers.

The veneer drying operation begins after the veneer has been peeled from
the log at the lathe operation. The veneer then proceeds to the drying opera-
tion. Here, the veneer is continuously hand-fed onto the dryer feed conveyor
and into the dryer. The purpose of the operation is to thermally drive the 1

moisture out of the veneer in preparation for the layup and laminating opera-

Lo

1-2
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dnven out' of- the~ veneer.= These orgaruc compounds are the emissions of..
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Each dryer has two exhaust ducts, Atbp each duct is an abort damper for

emergency use only (a source of fugitive emissions). All 12 exhaust ducts

converge to a common 48-inch inside diameter (i.d.) duct which carries the

effluent through a set of dampers to an mduced draft (I.D.)} fan. The dryer

— ——— e e et e ——

exhaust is t.hen ducted through another set of dampers and fed 1nto two

— - — e .-l A e T e o -

wastewood~fired boilers as overfire and underfire air.

-— - r——

The exhaust from each boiler is ducted to wet I.D. fans which were

—

originally installed as spark arresters rather than __p_ollut:ion controls. The

exhaust is then ducted to the atmosphere.

1.3 Applicability of EPA Reference Test Methods

f:PA is required to publish a national reference test method for each
requlated source category and pollutant for which a New Source Performance
Standard (NSPS) is established. Reference test methods are usually specified
by a State regulatory agency during the State Implementation Planning process
and may be different from national reference test methods.

The purpose of establishing a national reference test method is to ensure
that emission data collected from a specific source is representative of that
source and comparable to data collected at other designated sources. The
primary purpose of this test program was to collect emission data using
standardized test methods which allowed the data to be evaluated to develop a
national SPNSS. -Two different test methods were selected by EPA to. measure
emissions from plywood veneér drying operations. These methods are briefly
described in the following subsections and are described in detail in

Section 5.

T
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1.3.1 EPA Method SX (Provisional)

Provissonal Method 5X is similar to the Oredon Department of Environmental
' Qualitf (ODEQS Method 7 used to measure condensible organic emissions. EPA
- Method S5X measures particulate and condensible organic matter. “Particulate
matter™ is defined as any finely divided solid or liquid material, other rhao
uncombined water. that'condenses at or above the filtration temperature range
of 350 +25°F (177 +14%C), and is collected by the probe and filter (front
half of the sampling rrain).' “Condensible organic matter" is defined as any
material remaining after extraction, filtraoion and ambient evaporation of the
ether-chloroform extract of the impinger portion of the sampling train.
Particulate matter andl condensible organic matter are quantified
gravimetrical;y and results are expressed as the mass of collected material.

t The puroose of the 350°F filrration temperature is to precondition the
Method 25 slipstream sample being withdrawn from the Method 5X sample stream.
This temperature‘was seiected on tﬁe oasis of average veneer dryer operating
temperatures throughout the indasrry. This temperature condition excludes

only matter than can condense at or above 350°F from the Method 25 samples.

.

It does not affect Method 5X results because the remaining sample is caught in

the condenser portion of the train.

1.3.2 EPA Method 25

EPA Reference Method 25, as promulgated in the October 3, 1980 Federal

F. Register (volume 145, no.“ 194, _65959 ££.), 'applies to “the measurement of
L“‘ V . - ; : Y 3 . T v ""»‘-;. B S L
(S o organxc compounds ‘as total gaseous nonmethane organxcs (TGNMO) : Emissxons are'“
expressed as’ equxvalent carbon (Cl) mass. ) Method 25 sample fract;ons are
SRERS sidwed EIL -_':‘"::_.u.- \—Sm:: ?—:nﬂ_:}""' il e T T pSsnReTiAuUn "“i:";- LT TSR
L separated by a gas chromatographic column, oxxdxzed ‘to carbon’ dloxlde (CO ),'
L saed efdpnanfasd _hexh‘x'**’o'*vnsprﬁr“ﬂ e SRSV MG T 143 «ft---: ,J';;u"

and reduced to methane (CH ) prior to analysxs by flame ronlzatxon detectorv




problems associated thh the vanablé 'FID responscych-a?a.ctenstlc fo: dlffer-' h
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ent organ:.c compound structures is eliminated. Thls allows compar.i.son of

LAl
EE_ a.a.--....,
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emiss:.on data on a uniform c1 bas:.s. Method 25 is d:.scussed in greater

.= - - - - -

detail in Section 5 of this report. 7

Major procedural modifications to Method 25 were required to meaaure
accuratoly emissions from plywood veaeer drying facilitias. An additional
condensate trap immersed in water ice was placed in the sampling train ahead
of the standard dry ice immersed condensate trap. The purpose of the
additional trap is to condense moisture that would freeze in the dry ice
immersed trap and cause a premature sample flow stoppage. In this manner gas
stream moisture content, ohich may range from 30 to 60 percent by volume may
effectively be reduced to 3 percent or less before entering the dry ice
immersed trap.

The use of the Method 5X sampling train as a sample preconditioner also
represents a major modification. In addition to the 350°F sample stream
temperature, isokinetic sample extraction from the source using Method 5X was
also deemed necessary to obtain a representative Method 25 sample. This is
particularly the case when moisture-saturated gas streams, such as those
following wet scrubbing devices, are being sampled. Entrained water droplets
may contain organic materials that would not be collected using the normal

Method 25 constant sampling rate procedure.

1.3.3 Comparability of Test Methods

Methods 5X and 25 are not related and measured results may not be compared
under any circumstances. Condensation temperatures differ by more than
lOOoF between the two methods, and consequently different c‘ondensible com-

pounds are collected by each method. In addition, it has been demonstrated

1-6
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Lo - that Method 5X has limited collection capabilities for organic compounds with
high~vapor pressures. 1In addition a loss of organic material is experienced

during normal sample recovery and drying operations.

1.4 Measurement‘Program Sﬁﬁmagy
1 ‘ The measurement program was conducted at the Champion plywood manufactur-

ing facxlzty in Lebanon, Oregon during the week of September 21, 1981. Tests

————

ngg_performed at the veneer dryer exhaust duct and _at_the outlet of boiler 2,

Cm—— e

which used veneer dryer exhaust for combustion air.
All emission testing was performed by TRC and NCASI personnel. RTI

;- ‘personnel monltored pProcess operating conditions, while DGA personnel moni-

L
tored fugltlve emissions, amblent temperature and relative humidity. Wet fan ]
operational data and solution samples were taken by TRC personnel.
l.4.1 Veneer Dryer Exhaust
Preliminary Measurements . R
L Preliminéry testing was performed on September 21 to determine volumetric
flow rate and stack gas moisture content.  An integrated gas sample was
also taken to determine concentrations of CO,, 0O and CO. = Stack
diameter and the sampling port configuration were confirmed at this time.
Method 5X ~ Particulate and Condensible Ordanics Tests
!
i (_Pour Method 5X_tests were performed, cone each on September 21, 22, 23 and
25, concurrently with tests performed at the boiler 2 outlet.

' Method 25 - Total Organic Tests : . . . e C e
- ;ﬂ e Sixteen Method 25 samples were taken at this location concurrently with . .
S ihff the Method 5X .tests performed.f Four Method 25 samples were taken concur-_h;
b3 T rently w1th each Method 5% EEEEE:>T-' T SRR i

- Lesange ez gdnl - medindlerel
; . Prelimlnary Measurements
i : . e &

Prelimlnary tests were‘performed on Septembern2lhto determine volumetrlcf-

£1ow rate;and . stack gas zmoisture - content.ﬂ.hn “integrated’ ga§i§amp1e was.




¥ £'taken” to* determine “the / concentration™ of?.CO3,f* 03 Tand® co:* int the‘!-gas
stream. . 7 §
M —.l:'- et " . T :--,'-_-ﬂ' Lo r );?.--" ’ i 2T . ) el
Method 5x - Partxculate and Condensible Organics Tests
R R L A L R L I R L R bae Ciule

Four Method 5X tests were performed at this location on September 21, 22,
23, and 25 concurrently with tests performed at the veneer dryer exhaust.
Two additional tests were performed on September 24 while no veneer dryer
emissions were ducted to the boiler. These two additional tests were
boiler background emission tests.

Method 25 — Total Organic Tests

Sixteen Method 25 samples were taken at this location concurrently with
the Method 5X samples (four per test run). In addition, four more samples
were taken concurrently with each Method 5X boiler background emission
test. A total of 24 Method 25 samples were taken at this location.

Method 3 - Determination of CO,, 0-, and CO

An integrated gas sample was taken simultaneously with each Method 5X
sample. A total of six tests were performed.

Methed 9 ~ Visible Emissions

Visible emissions from the boiler 2 outlet were monitored concurrently
with each Method SX test performed at this site.

1.4.3 Boiler 1 Qutlet

Two velocity traverses were performed at the boiler 1 outlet during each
Method 5X test performed at the boiler 2 outlet. A total of 12 traverses were

L

performed.

l.4.4 Wet Fan - Boiler 2

Pressure Drop Measuréement

Pressure drop {AP) across the wet fan sump was monitored at 30-minute
intervals during each Method 5X test performed at the boiler 2 outlet.

Solution Sampling

Solution samples were taken from both the water supply and drain of the
wet fan sump at 30-minute intervals during each Method 5X. test performed
at the boiler 2 outlet. The samples were composited into two separate
samples for each test,

R A
by




J 1.4.5 Fugitive Emissions
Fugitive emissions from the veneer dryers were monitored by RTI and DGA

f ) during each Method SX test.

l1.4.6 Ambient Air Measurements

! Ambient air temperature and relative humidity were monitored and recorded

by DGA at the beginning and end of each Method 5X test.

1.4.7 Clean-Up Evaluations and Audit Samples

Prior to any emission testing, two Method 5X sampling trains were pre-

!: ;,

‘pared and charged, ready to perform a test. The unexposed trains were then

cleaned according to the method and samples- recovered. The samples weté‘

analyzed to establish background and/or contamination levels from the sample
collection equipment.

Method 25 audit éamples were prepared by RTI and analyzed at the TRC
laboratory in Wethersfield, Connecticut and by RCASI in their laboratory in
Corvallis, Orgenn. These audit gnmples were knnwn concentrations of toluene
I and propflene analyzed to détéfmine thg'accu:acy of Method 25 analysié by the

individual laboratcries.

1.5 Report Sections

. The remaining sections of this report present the Summéry and Discussion .

I oﬁ Results (Sectxon 2), _Process Descrzption and Ope:atlons (Sectlon 3), .

. - - I - A P

b P bescriptién of Samplxng fLocationsi (Section 4), Eémpllng and Analytlcal'“lf-'f

T ._r_.”'t' T X ‘ .

I“ Prccedures (Sectxon 5), and Quality Assurance (Sectfon 6) ,Descriptlons of

“E,Uii‘rwmethods and procedures,. field and 'laboratOry &data.;aand calcﬁlat16né are.
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1ces_as noted 1n the Table of Contents._
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2.0 SUMMARY AND DISCUSSION OF RESULTS

r———— e

A summary of all emission measurements and collected data is presented in

this section. Section 2.1 provides a brief background discussion and defini-
i; tions ©f measured parameters. Section 2.2 presents Method 5X particulate/
condensible organics eesults with a complete breakdown and discussion of
parameters at both sampling sites. Method 25 total organic emission results
are described 1in detail _in Section 2.3, which includes a discussion of
emissioﬁs at both sampling sites as well as a breakeown of\major analytical
data. Section 2.4 summarizes the visible emissions observations. - Section 2.5

compares the volumetric flow rates of the veneer dryer exhaust and the exhaust

h}:
s pelar

outlets of boilers 1 and 2. A summary of wet fan (boiler 2 only) operational
data is presented in Section 2.6. Fugitive emissions are discussed in Section
2.7. A full discussion of the Method 5X (cleanup) evaluation and results may
be found in Section 2.8.. Testing was condeeted only during drying of Dougles"

Fir veneer.

N 2.1 Background and Definitions

i ' _ The test program was designed to measure particulate,:condensible, and
[ - - ’ h . . ) - ’ - ’

noncondensible organic materia) emitted from veneer dryers, and the destruc-

1 _ tion efficiency of wastewood-fired boilers as a control for those emissions,

S 2.1.1 Particulate Emissions

- .l-g:}'L Partlculate emi351ons -are defined as . any fxnely -divided solid or llquld ,QTT;

'
‘i' P . - nzl A-._A.....,:._..;._.._.....‘._
L

e =me e - R pa e s -

- - T matter, other than uncomblned water,ﬂthat condenses at o: above 350 +25 F

(177 +l4 C) (front half)

‘-ur. [S—— Py

Tof “the 1

Method Sx 3ampling tx:.a:l.n.’r
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2. 1 2 Condensible Em1551ons T eme

. rox - < - T e rmlny

Condensxble em1851ons are déflned dlfferently in Methods sx and 25.

R T L S ‘. 14:_ - o s .,_.,,.__._ -

‘ cantly in content and composition and may not under any circumstances be com-
pared. -

Method Sﬁ condensibles are collected in glass impingers containing deion-
ized distilled water and immersed in a water ice bath, and on a back-up filter
following those impingers. Any material remaining after extraction, filtra-
tion and ambient evaporation of the impinger solution, plus any material
collected on the desiccated back-up filter, is. defined as condensible organic
matter. OQuantification of this matter is done gravimetrically.

Method 25 condensibles are collected in two stainless-steel traps, one
immersed in water ice followed by ancther packed in dry ice. Material
collected in the traps is oxidized, reduced and analyzed by flame ionization.
Results are expressed as a concentration of carbon (C

Ve

2.1.3 Noncondensible Emissions

Noncondensible emissions are measured by Method 25 only and are those that
pass through both ice traps to the evacuated sample tank at the end of the
Method 25 train, These samples are oxidized, reduced and analyzed by FID.
Results are expressed as concentrations of carbon (C

e

2.1.4 Total Organic Emissions

Total corganic emissions are those collected by the complete Method 25
sampling train drawing a preconditioned sample slipstream from a Method 5SX
train. These emissions include condensible and noncondensible emissions as

defined above. -

"7 Although’ caliéd'by the same name, these two sample fractions dlffer sxgnlfx-_

I
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- and 2 2 2 and in Appendix A. . Sample equations and -calculations are presented )

.'i.n Appendxx B.

2.2 Method 5X - Particulate/Condensible Organics Emission Tests

A summary of Method 5X particulate and con_densible organics data collected
at the veneer dryer exhaust and the boiler 2 outlet is presented in
Tables 2-la {English units) and 2-1b (metric units). These tables include
relevant emission data: stack gas temperature, moisture content and wvolu-
metric flow rate; veneer drying production rate; and a summary of the total
measured particulate/condensible emissions by conoentration, mass emission
rate, and emission rate per unit production.

Emission data are presented for five of the six test series performed.
Tests 1, 3 and 6 were performed concurrently at the veneer dryer exhaust and
the boiler 2 outlet’. Tests 4 and 5 were boiler background emission tests
without veneer dryer exhaust for combustion air and were performed at the
boiler 2 outlet only. Test 2 w_as entirely voided because of a broken filter
holder at the boiler 2 outlet discovered at the conclusion Of the test.

Emissions from the veneer dryer exhaust duct averaged 33.4 lbs/hr (15.0
kg/hr) or 1.19 lbs/looo f2 veneer on a 3/3-1nch pasis (s 62 kg/1000 m‘ on
9.5 mm basls) for the three valid tests performed. Em:.ssmns from bo:.ler_ 2
averaged 33.0'lbs/hr for the 'same three tests. _'::[‘he_- ooooentrations ‘of the
emissions from the.two sources,‘ however, differed markedly. The 'average
veneer dryer exhaust concentration was 0.161 gr/DSCF (.C).363'9T/Md’h);' while’
the boiler 2 outlet averaged only 0.098 gr/DSCF (0.224 g/MM¥ ) £for the same

three tests. - 1' . Sl e . . ; ) .

<. More deta:.led summar:.es of ‘this ‘test data‘ are presented in Sections 2 2. 1

N AT .; .. u‘ :.“...'.‘.. g o

. - - prao Rare e

l “-\-. .- ¥ - + RS

Fi ld data sheets appear 1n Appendrr C.
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sampling train is found in Appendix F. Laboratory'analys:ls‘ data are pre
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2.2.1 Veneer Dryer Exhaust

A summary of Method 5X particulate and condensible organics data collected
at the veneer dryer exhaust is presented in Table 2-2. Data presented include
sample volume; stack gas flow rate, temperature, and moisture content; isoki-
nesis for each test; veneer production rate; front half (particulate) and
total (particulate plus condensible) emissicns.

Tests 1, 3 and 6 were performed af'; the veneer dryer exhaust on September
21, 23, and 25, 1981, respectively. Measured particulate emissions ranged
from 1.60 to 3.22 1lbs/hr (0.06 to 0.1l3 1lbs/1000 ft?* wveneer), averaging 2.38
lbs/hr (0.09 1bs/1000 ft® veneer). Total particulate/condensible emissions
ranged from 31.1 to 37.8 1lbs/hr (0.99 to 1l.31 1lbs/1000 ft* veneer) for an
average of 33.4 1lbs/hr (1.19 1lbs/1000 ft* wveneer). Particulate matter
collected accounted for approximately 7 percent of the total sample weight
while the remaining 93 percent of the catch was condensible organics.

Particulate grain loadings measured at the veneer dryer exhaust averaged
0.011 gr/DSCF for tests 1, 3 and 6; ranging from 0.007 to 0.0l6 gr/DSCF.
Total ({particulate/condensible} grain loadings ranged from 0.153 to 0.175
gr/DSCF, for a three-test average of 0.161 gr/DSCF. The bulk of the total
emission concentration was accounted for by condensible organics (93 percent).

The average stack gas temperature was 319°F with an average moisture
content of 12.7 percent. Moisture content varied from'll.l percent to 15.1
percent over the three tests. The average stack gas flow rate was 24,300

DSCFM and did not vary significantly among the three tests.

sented - _'..,'A



TABLE 2-2

SUHMARY OF METHOD 5X PARTICULATE AND CONDENSIBLE ORGANIC MEASUREMENTS
AT THE VENEER DRYER EXHAUST

CHAMPION PLYWOOD PLANT-LEBANON, OREGON

Run Number 1 3 6 Average
Date 9/21/81 9/23/81 9/25/81 -

i ©© Sample volume (DSCF)a 48.5  -46.1 - 41.8 45.9

, Stack Gas Flowrate (DSCFM)2 : . 23,900 25,700 23,300 24,300

; Stack Temperature (OF) 315 320 322 319

! Stack Gas Meoisture (% by volume) i5.1 11.7 11.2 12.7
Isokinesis (%) ‘ . 112 99.6 99;7 104

%% Production Rate (1,000 £t /hr)P 31.7  28.8 24,3 28.3

‘Particulate/Condensible Emissions

Front Half (Probe and Filter)

: ' ' ng © o 35.6 21.7 - 43.7  33.7

' gr/DSCF 0.011  0.007 0,016  0.011
; ‘1bs/hr . 12,326 1;60' 3.22 2.38
- ANSEN © " 1bs/1,000 £2 7 T 0.07 - 0706 " 0.13 - 0.09
' g ‘mg - - 481 513 - 422 472
9r/DSCF - 0.153  0.175 - 0.156 - 0.161
: lbs/hr - 31.4° 37.8 311 33.4 g z?? L
H e aT~Fﬁu~§‘fﬁ4' lbs/l?OO fe "‘ ' (;Fo.ss _ 1(31’f ;71.2g)'_'1.}9 f. 'ffzzfzf:'
{;‘w-;—lt“r:iPercent Condensinle EmiSSLOns:ifi§§?iiﬁ'92.6 j%F-Bsia ;—fhé:l < 92.9 T ;jj;;"=&§13“

S, -
R - s . - oo
P

a Standard Conditions ére 29 92 in. Hg at 63°F :

‘

N _;. --—-.-u..w..
R

— ‘\..

and area ratio method calculations
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Isokinesis averaged 104 percent for the  three valid™ test

Fal i o T Tt P T

s
i -

Isckinesis for test 1 was high at ll;'percenfnaué to a homographrcalculation

- - . - W oaese - - .

errof, while testgﬁq_and;sxwere.acceptablé_aéxqu;i;o percenﬁ. ‘Leag checks
were pérforméd a; thg conclusion of each test énd leak rates found aqceptable
at less than 0.02 cfm. ) . i

The mass emission rate for test 1 was recalculated using the area ratio
method because of anisokinetic conditions. The results are presented in Table
2-4 and are identical to those obtained from the concentration method, which
is the normal approach. This fact is probably due to the small percentage of
particulate matter in the gas stream which would escape collection by the
sampling nozzle under anisokinetic sampling conditions. An explanation of the

area ratio method for calculating mass emission rates is presented in Section

5 of this report.

2.2.2 Boiler 2 Outlet

A summary of Method 5X particulate and condensible organics data collected
at the boiler 2 outlet is presented in Table 2~3, Data presented include
sample volume; stack gas flow rate, temperature, and moisture content:
isokinesis for each test; veneer production rate; front half (particulate} and
total (particulate plus condensible) emissions.

Five emission tests were performed at the bojiler 2 outlet. Tests 1, 3 and
6 were performed concurrently with tests performed at the veneer dryer exhaust
on September 21, 23 and 25, respectively. Tests 4 and 5 were performed on
September 24 at the boiler 2 outlet to measure only boiler emissions when
veneer dryer exhaust was not used for overfire/underfire air. Tests 4 and 5

were poiler background emission tests.

2-8
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TABLE 2-4

At

COMPARISON OF VENEER DRYER EXHAUST EMISSIONS
(CONCENTRATION METHOD VS. AREA RATIO METHOD)

CHAMPION PLYWOOD PLANT-LEBANON, OREGON

Run #5X-1-I (Isokinesis = 112%)

Pounds Per Hour

Concentration Area Ratio? Average
Method Method
Front Half 2.32 2,32 2.32
Back Half 29.1 29.1 29.1
Total 31.4 31.4 31.4

a Brenchle&, Turley, Yarmac; Industrial Source
Sampling, Ann Arbor
Science, Publishers, Inc., 1973, pp.173-175

e By

j"~

{1 e




rey
G
:

=)
.

2,2.2.1 Tests 1, 3, and 6

Measured particulate emissions for tests i, 3 and 6 ranged from 26.4 to

32,0 1lbs/hf, averaging 29.6 1lbs/hr (1.05 1bs/1000 ft? veneer). Total

T

PR A %.:.:2 X

p, 2.2. 2 2 Tests 4 and 5 - (Boxler Background ‘E:mi.ssion Test_)_

measurez_i emissions (ﬁarticulate'and condensible) ranged from 28.1 1lbs/hr f_or
test 6 to 35.4 lbs/hr for both tests 1 and 3. The average total emission
rate was 33.0 1lbs/hr (1.17 1bs/1000 £t veneer). Particulate material
collected during these three tests accounted for approximately 90 percent of
the ;otal emissidns, while thé remaining lo‘éércent was condensible organics.

Particulate graiﬁ loadings measuréd at the boiler 2 outlet averageé 0.088
gr/DSCF for these tests, ranging from 0.077 g9r/DSCF during test _6 to 0.094
gr/DSCF for test ‘1. Total gi:aixi Vloadings (particulate/condensiblé) ranged
from 0.082 to 0.107 gr/DSCF, averaging 0.098 gr/DSCF for the three tests.

The average stack gas temperature measured during tests 1, 3 and 6 was

o . _
422 F and showed little variation among tests., Moisture content of the gas

stream averaged 18.3 percent for the three tests with little variation. St:;ack
gas flow rates averaged 39,‘400 DSCFM without significant variation.

Isokinesis was acceptablelfor ail three tests at . 100 ilo percent and
averaged 192 percent. Leak rates were aéceptable for tests_l and 6 at ‘less
than 0.02 cfm. The average leak rate for test 3 (from four leak checl_:;’a.) was
0.026 cfm., Additional calculations for excessive leak rate were performed,

but the sample volume and emission rate were not significantly effected. .

S I I " EEEE I A S R -
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- was condensible organies. .. nzic 0 v ¢ wawdind

[

ai:i:roxiur;téi} 88 percent of the total samp 2

~-" particulate: grain. loadings:' averaged 0.124 gr/DSCF for = the. two.: boiler

background ez;:ission tests, 'ranging from 0.106 gr/DSCF for test 4 to 0.1l41
gr/DSCF_ for test 5. Total grain loadings (particulate/condensible) ranged
from 0.127 to 0.151 gr/DSCF, averaging 0.139% gqr/DSCF for the two tests.

In addition to emission rates that were significantly higher than the
three tests (1, 3 and 6) discussed previously in this section (almost 20
percent higher on the average), other parameters were gquite different. The
average stack temperature of 328°F was 96°F.lower than tests 1, 3 and 6.
This may be due to overfire/underfire air being introduced at ambient
temperature (not preheated) into the beoiler during the background emission
tests while the temperature of overfire/underfire air used during tests 1, 3
and 6 exceeded 300°F. The average stack gas flow rate (33,100 DSCFM), was
16 percent lower than the average of tests 1, 3 and 6. Moisture content of
the stack gas was measured to be 15.2 percent and 21.2 percent for tests 4 and
5, respectively, but the average is essentially the same as tests 1, 3 and 6.
Steam production from the boiler remained relatively stable for tests 1, 3, 4
and 6, but a significant increase in production occurred during test 5, due to
startup of the hardboard plant, and possibly accounting for the higher
emission rate.

Although the intent of these tests was to preclude the introduction of
veneer dryer exhaust into the beoilers, it was observed through the inspection
port in the ductwork immediately in front of the beoiler that some veneer dryer

exhaust was leaking through the upstream isolation damper and entering the

boilers.

2-12
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2.3 Method 25 - Total Organic Tests

A summary of the Method 25 total organic data (condensible and
nonoondensible) eoilected at the veneer dryer exhaust and boiler 2 outlet is
presented in Tables 2-5a (English units), 2-5b (metric units), 2-6a (Englrsh

~units) and 2-6b (metric units) amd 2-6¢, respectively. These tables include
TRC and NCASf average emission data: stack gas flow rate, moisture content
and temperature; veneer drying production rate, and a summary of the total
oréanic emissione bx concentration, mass emission rate, and emission rate per
unit production, All emissions are expressed as carbon (Cl). NCASI
calculates the emission rate as }bs/hr equivalent methane (CH4) instead ot

carkbon (C ). Their data in the tables have been converted to 1lbs/hr C1

for comparlson and to present the data on a consistent basrs. conformrng with
Method 25.

Emission data are presented for:five test seriee. ?ests 1, .3 and-G‘were
performed concurrently at.the veneer dryer exhaust and the boiler 2 outlet.
Tests 4 and 5 were boiler background emlssion tests and were performed at the

poiler 2 outlet only. -Test 2 was entlrely vo:.ded because of a Method 5X

sampling problem at the boiler 2 outlet. . A ST _'j'-f:

"More'detailed summaries of these test data are presented. in Secticns 2.3.1

and 2 3.2, and in Appendix A. Sample equations and calculations are presented
in Appendix B. Field data sheets appear in Appendix cC. . Sampling logs and

.summaries are shown in Appendix D, Laboratory analysis data are presented in

.

.Appendix G.
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emissions calculated by both TRC and NCASI as concentration, mass emission
rate, and emission rate per unit production. Table 2-7 presents a breakdown
of the total organic emissions into condensible and noncondensible organics as
analyzed by the two laboratories. In addition, individual sample traln
analyses results are shown. The relative standard deviation between the
paired sample trains is also presented.

Emissions of carbon {C from the veneer dryer exhaust as measured by

l)
TRC and NCASI showed good overall correlation except for test l. The TRC

condensible trap concentration determined for one sampling train exceeded its
mate by a factor of S. This might be because of contamination in the trap.

The precision of the test data between the sample pairs {(relative standard
deviation) was considerably better for NCASI data (averaging 8.8 percent) than

for TRC data, which averaged 70 percent.

2.3.2 Boiler 2 Cutlet

A summary of Method 25 condensible and noncondensible organics data

collected at the boiler 2 outlet is presented in Tables 2 6a, 2-6b, 2-66, and

ke

2-8. Table 2=-6 ‘shows relevant emission data and presents total organxc'

emissions calculated by both TRC and NCASI as concentratlon, mass emission
rate, and emission rate per unit production. Table 2-8 presents a breakdown
of the total organic emissions into condensible and noncondensible o:ganics as

analyzed by the two laboratories. -'In addition, individual sample train

. . - - . - - -

"analyses results are shown. The relat;ve standard deviation between palzed

s
“ - - -

aample trains is also presented. )

“The average emissionsvas:calculated by =
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2.4 Visible Emissions

A summary of visible emission observations from the boiler 2 outlet is
presented in Table 2-9, Average opacities are presented for 6-minute time
periods during each test. WNo opacity data are provided for port change inter-
ruptions. The average opacity for tests 1, 3, 4, 5 and 6 was 10 percent,
ranging from 8 percent for tests 3 and 5 to 16 percent for test 1. These 6-
minute average opacities are presented graphically in Figures 2-1 through 2-~5.

During tests 5 and 6 opacity could not be evaluated because of excessive
cloud cover obscuring the white plume. The average opacities in these cases
were determined by averaging only the unobscured readings. Visible emission

field data sheets and the observer certification are contained in Appendix E.

2.5 Boiler 1 Flow Measurements

A summary of volumetric flow measurements 'taken at the boiler 1 outlet is
presented in Table 2-10. This table shows the two volumetric flow rates
measured during each test and the average of the two. In addition, the
volumetric £low rates at the boiler 2 outlet and veneer dryer exhaust
determined during the Method 5% tests are presented for comparative purposes.

Volumetric flow rates from boiler 1 measured during tests 1, 3 and 6
ranged from 38,680 to 42,370 DSCFM, averaging 38,700 DSCFM with an average
stack gas temperature of approximately ZSOOF. The average stack gas flow
rate from boiler 2 during these tests was 39,400 DSCFM, while the flow rate
measured at the veneer dryer exhaust averaged 24,900 DSCFM. These

measurements reveal a total system output of approximately 280,000 DSCFM, while

e B e e ST
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6-MINUTE AVERAGE OPACITY (%)

at Champion plywood plant, Lebanon, Oregon.

30— —_
TEST 1 -
9/21/81
25— —
20 p- —
PORT
CHANGE
15— —
10 — -—
5 —
0 | | ! | ! | ]
1642 1700 1712 1724 1736 1748 1806 1818
TIME
Figure 2-1. Summary of visible emissions from Boiler Z outlet
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6-MINUTE AVERAGE OPACITY (%)
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Figure 2-3. Summary of visible emissions from Boiler 2 outlet
at Champion plywood plant, Lebanon, Oregon.
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6-MINUTE AVERAGE OPACITY (%)
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the input from the veneer dryers was only approximately 25 000 DSCFM. The5¢,7
'only other’ 1nput to this system is a 3000 SCFM fan prov1d1ng combustlon air to

the wood-fired temperature booster 1n the boxler 1 heat exchange: system._ The‘

Fras

‘remaining 50,000 DSCFM represents amblent temperature combuetlon air.

The measured boiler 1 volumetric flow rates for the boiler background
emission tests wete 33,300 and 40,500 DSCFM for tests_4 and 5; respectively.
The stack gas temperature was measured to be 3550? during test 4. This
higher temperature‘was due tovthe shutdown of the heat exchanger in the boiler
1 exhaust system. The heat exchanger, which supplies hot air to the hardboard
platt, was back in operation for test 5 and the stack gas temperature returned
to the normel 250°F range.

No measurements of flow from the veneer dryer exhaust were made during the
boiler background emission tests. It was, however, observed that small
amounts of veneer dryer emissions did enter the boilers during these tests
even though all veneer dryer abort dampers were opeh.

Field data sheets for these measurements may be found in 2Appendix C.

Pitot tube calibration data is presented in Appendix E,

2.6 Wet Fan Operational Data

The pressure drop (4P} across the boiler 2 wet fan sump was monitored at
30-minute intervals during each boiler 2 outlet emission test. A summary of
these data is presented in Table 2-11.

AP measured across the wet fan sump ranged from 0.50 inches HZO for
test 3 to 0.95 inches H.O0 for test 5. The average AP for the five tests

2

was 0.66 inches HZO'

2-32
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The followiﬁg is a summary of fugitive emission obserbationg provided by
1 P H . -

_RTI/DGA. -

M ) 1

' estimaﬁéé were ‘ﬁédé As ‘to iheié contribﬁfion‘ t;;;t;tal ‘émissions from _the
_d;ye:s put they are not insignificant; Cgampion“has a regular program of
dryef maintenancé including resealing and replacing ékihs when the dryers‘are
shut down. Door seals éppeared to contribute more to total fugitive emissions
than any other single source. There were significant emissions coming from
seals around the elephant ears. Leaks did materialize from the green end
Qeneer entrances but were not a major source of fugitive emissions.

The most noticeable change during the week was on Thursday when the abort
stacks were opened and no emissions were being incinerated in the boiler.
During the morning hours the room air was much clearer around the dryers. 1In
the afternoon there were noticeable fugitive emissions, but probably less than
on other test days. Number 4 dryer showed noticeably higher fugitive
emissions all week, including Thursday when fugitive emissions wefe noticed in
the afternoon. Dryers 3, 5 and 6 also contributed significant fugitive
emissions while dryers 1 and 2 appeared to be somewhat better sealed or dried
in such a manner that there were fewer emissions.

bs for cooling sections, only dryer number 6 consistently showed organic

emissions. The roof vents did reflect the fugitive emissions that were coming

off the dryers. Fugitive emission information is included in Table 3-1.

2.8 Ambient Air Measurements

A summary of ambient temperature and relative humidity measurements by
RTI/DGA is presented along with process information in Table 3-1. Ambient
temperatures ranged from §§ to 69°F, while relative humidity ranged from 46
to 75 percent during the test program.

2-34
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!3 2.9 Method 5X Clean-up Evaluation

Results of the clean-up evaluations perfofmed on both Method 5X sampling
! trains are presented in Table 2-12. Front half total residue collected was

- 1.3 mg and 5.7 mg for the dryer exhaust and boiler 2 sampling trains, respec-

tively. ~Back half total residue collected was 1ll.5 mg for each sampling

[ train. Total residue collected during the clean-up evaluation was 12.8 mg fer
the veneer dryer exhaust sampling train and 17.2 mg for the boiler 2 ocutlet

! sampling train.

The average collected residue of 15 mg indicates a lower detection limit

; in the approximate range of 0.008 gr/DSCF for a Method 5X sample of 30 DSCF.

2.10 Method 25 Audit Sample Analyses

Audit sample analyses were performed by TRC and NCASI in conjunction with
the test program. Three - audit sample cylinders were provided to each’
laboratory by RTI. Two of the cylinders contained propylene/nitrogen mixtures

and the third contained a toluene/nitrogen mixture. The contents of each tank

L were anal&ze& by direct iﬁjeerioh ef a sampie:inrd'the TGﬁMO‘énalyzer. These
L ' samples were quantified against.the NMO calibration.standards.:

TRC performed two addltlonal audit sample analyses whlch were performed by

5 ‘ .wlthdr;;:;;“;eﬁglee fr;e‘rheiroleene/nitr;een cyiieder and r;to two Method. 25

trains conflgured and operated in a manner indentical to those used for the

' field sampling program. The samples were then analyzed us1ng the usual Method

25 procedures involving condensible trap purge and recovery,_and sample tank

:lf;analysis. NCASI performed six additional audit sample analyses by withdrawxng -

two samples from each cylxnder 1nto two Method 25 trains identical to those'

v,,presentedj inﬁ'rable'é"“v

nE
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}SUMMARY OF METHOD 5x CLEAN-UP EVALUATI
CHAMPION PLYWOOD PLANT—LEBANON, OREGQN

]

) S RO el e 9/21/81 moET A
Sample Fraction Residue Weight {(mg)
Front Half~ - =~ 5X-I 5%=0
Probe Wash (D. D. Hj0) 1.3 4.4
Probe Wash {acetone) 0 1.2
Front Filter 0 0.1
Front Half Total 1.3 5.7
Back‘ Half
Organic Extraction 2,9 3.0
Evaporation 0 0
Acetone Rinse 8.4 8.5
Back-up filter 0.2 o
Back Half Total 11.5 11.5
Total Sample 12.8 17.2

|
|
5



P ' TABLE 2-13a

TRC METHCD 25 AUDIT SAMPLE RESULTS
DIRECT INJECTION

Audit RTI TRC
. Sample Organic Component Result Result %
N Number Compound _Analyzed (ppm Cy) {ppm C;) Error
663 Propylene Cy 44.4 42.3 ~4.73
i
i 665 Propylene C3 984 1027 +4.37
- Toluene CL 3010 2985 -0.83
) TABLE 2-13b

TRC METHOD 25 AUDIT SAMPLE RESULTS
PREPARED SAMPLING TRAINS

RTI TRC TRC TRC
Train Organic Conmponent Result Trap Tank Total ]

I1.D. Compound Analyzed {ppm C1) (ppm C1) {ppm C3) {ppm C1) Error

[ T i R A, -

‘. . .. A  Toluene . .C S .3010 . 872 . %1521 2393 - =20.5
B . Toluene ¢, . 3010 1190 - .. LI57 - e-- 2347 30.-22.0 . . ..




Lo eI R L TABLE 2 14a~“*‘~z <N i T

ca - '1_‘_ o el s o T BUGRTIAME TR T
LT e AR NCASI HETHOD 25 AUDIT SAMPLE RESULTS “1
oL e T T e T DIRECT INJECTION : =
- ) AUdit - i e - e e RTI.,_“-- TNCAST .-~ w0 i
Sample Organic = Component Result Result s o £,
Number Compound Analyzed {prpm Cq} {ppm C1) Error |
664  Propylene c1 60.9  61.0 +0.16 ;
666  Propylene c, - 1437 1383 -3.76
675 Toluene Cy 3409 4002 +17.4
TABLE 2-14b
NCASI METHOD 25 AUDIT SAMPLE RESULTS
PREPARED SAMPLING TRAINS
Audit RTI NCASI NCASI NCASI
Sample Organic Component Result Trap? Tank® Total? %
Number Compound Analyzed (ppm Cq} {ppm Cy} {ppm Cy) {ppm Cq} Error
644 Propylene cy 60.9 20 52 72 +18.2
666 Propylene Cy 1437 41 1073 1114 -22.5
675 Toluene C1 3409 4451 67 4518 +32.5
4 Average concentration for two test runs
;
- 1
!
- i
A
i
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3 2.11 Conelusions
Both the Method 5x and Method 25 test results tend to demonstrate that the
) - boiler used as an incinerator achieves a substantial emission reduction. The
o emissions of concern for this test program were the condensibles only.
Despite a number of complicating factors such as the dryer emissions being
yf ducted to two boilers and the increased boiler fuel feed rate during the
boiler backqround tests, examination of the data clearly reveals an emission
reduction,

In order to interpret the data properly, it must be assumed that the
veneer dryer emissions are equally split between the two boilers. This is
" T necessary since emission data was obtained for only one boiler. The boiler
- j"--eonfigt.n:at:ic:ms were nearly identlcal elth the exception that the test unit,

Boiler No. 1, incorporated a wastewood fired burner and heat exchanger

downstream from the b01ler, prior to the spray section and induced draft fan. .

| l The only effect that this equipment should have on the measured boiler

_ emissions would be to sllghtly increase the particulates. * The" measured

exhaust flowrates from both b01lers were enough to allow the assumptlon that,

"operating'at similar conditions.‘¢Neither-of these'assemptions is so severe so

as to preclude general conclusions being drawn from the data,

The aeeraged Method S5x data is shown below in Table 2-15a. The veneer

dryer data has been divided by'teo;ioxorder to account for the exhaust stream

T *being ducted to both b01lers. ;rhe“condensible‘Eﬁlssions from the veneer dryer

SR ,.:T-v.-_._,»'.fr.mm .

s « ewpm, Wt E R \-.' SEhh a emese. o
ot S : v, .
-y .}-.,_7_1.... e - erf—;“. X, —rr t,‘- '----:l‘uvmt

_'_3 4 b ““- .:.E-:.- g z -” ;
H“w‘t!'"“t""i'hi.s indfggteség.cgﬁdeﬂsibléuemissionfreduction of‘approximately*?& percent.

”using the flowrates as a rough “performance “indicator, the boilers were';

ducted to each boiler averaged 15‘5 lbs/hr while the condensible em1551ons

dryer emissions ducted to it,“averaged 3.4 lbs/hroriﬁ.




e ‘- B “ulﬁzﬁa
_ : = TABLE 2-15a - T
e o ._AVERAGQeMEanp 5X MEASURED messxous._ﬁd - g .

. o e : LRI
FICEEN . a . - .

- - . A P - e -
[, - ool

Veneer Dryer Only Drver and Boiler = - .. Boiler Only

- Particulate Condensiblé Particulate Condensible Particulate Condensible

1.19 1bs/hr_ 15.5 lbs/hr  29.6 lbs/hr 3.4 lbs/hr.  34.8 lbs/hr 4.5 lbs/hr

The averaged Method 25 results, shown below in Table 2-15p, also tend to

support the conclusion of a substantial emission reduction.

TABLE 2-15b
AVERAGE METHOD 25 MEASURED EMISSIONS

Veneer Dryer Only Dryer and Boiler Boiler Only
TRC NCASI TRC NCASI TRC NCASI

15.2 lbs/hr 15.1 lbs/hr 65.4 lbs/hr 5.8 lbs/hr 66.6 lbs/hr 9.07 lbs/hr

Applying the same logic as used to interpret the condensible emissions, the
NCASI data indicate that the boiler reduces total organic enissions by
approximately 67 percent. Although not as apparent in the same way, the TRC
data also tend to support the conclusion. The total emission rate of the
boiler and dryers operating separately must be higher than the boiler emission
rate when the dryers are vented into the boiler. This is clearly evident from
the data in the table. Therefore, venting the dryers to the boiler results in
an overall emissions reduction for the plant.

A significant difference exists between total organic emissions from the
boiler as independently measured by TRC and NCASI. The reason for this is not
readily apparent. Examination of the analysis data for the individual sample
train components (the trap and tank), reveals that the TRC results are much

higher even when the tank components are ignored. Therefore, the discrepancy

2-40
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may be attributabie to the trap samples., Based on reanalyses of the recovered
TRC trap samples by RTI, the TRC results appear to be correct. Howevér, based
on the audit sample results, the nature of the trap samples, and the ratios of
boiler and dryer emissions alone to the combined effluent emissions, it could
probably be concluded that the NCASI data are more correct. It may also Se
concluded that there might have been a real difference between the TRC and
NCASI samples at the time of analysis. It is not known, however, whether any
such difference would be attributable to contamination, sample lbss. or

recovery procedures.
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) 3.0 PROCESS DESCRIPTION AND OPERATIONS kProvided by RTI)

This section describes the plywood manufacturing process, specifically the

veneer drying process and its emission control, a boiler incineration system,
- Production and boiler monitoring by RTI as well as process operational condi-

tions during the test program are also discussed.

3.1 Process Equipment

The veneer drying operation begins after the veneer has been peeled from
the'log at the lathe operation. The veneer then proaceeds to the drying cpera-
tion. Here, the veneer is continuousiy hand-fed onto the dryer feed conveyor

- and into the dryer. The purpose of the operation is to thermally drive the

—=rr
¥
LF

moisture out of the veneer in preparation for the layup and laminating opera-
P tions which follow. During -the drying operation, . organic compounds are
steam-distilled out of the wveneer. .These organic'compounds_are the emissions

of interest.

B The Champion Internatlonal Lebanon plant is a large wood products camplex,

i
’

e plywood belng one of the operatxons. It has a total of seven veneer dryers,”
..8ix of which are steam-heated and whose emissions are incinerated in ‘the plant.
boilees. Dryer 7,is_heated by hot gases from an Advanped Combustion System
T o -_.Fuel Cell and is not ducted to the boiler system. All steam—heated dryere
except numbe;rﬁiare c:ossflow conventional dryers of 1S-seetion length, except

for dryer number 4 which is 14 sections. Dryers 1,.2, 3 and 5 are three-zone,

five-deck models.‘.,Dryer .4 _is _two-zone .and five-deck, while dryer 6 is -a

2 A,ﬁi sxngle—zone,- siizaeck, longitudxna].'dryer...nDryer 7 dries -white fir (genus

ld.lnln\v .

s N

-Ab1es)- exélusﬁely and the remammg h6 dryeks dry Douglas Fir,(Pseudotsuga .
5 : i . L o




E 5&*-‘- Each dryer has"‘ tw 1 exhaust ducts.

qu:.pment E"G"? i‘ } A

. LT s am‘cm’

W

e, “. . .o - ‘. T _.,_.,,

i stack for emergency use- only (a source of fugitive em:.ss:.ons) JSALL 12+ exhaust

- . .
e

'ducts converge to'a common 4B—inch ms;de dxameter (.1 d ) duct-. that carries e

the effluent _through. a set of dampers to an I.D. fan. The dryer exhaust .13
then forced dcunward iu the duct through another set of dampers (fugitive
emissicns were also observed here) and then fed into the two ‘boilers as
overfire/underfire air.

The twin Combustion Engineering water tube boilers are of the dutch oven
type. Fuel includes hog fuel (bark and wood), dry trim, veneer clipping and
sanderdust from plywood veneer, plus a small amount of hardboard dry waste.
Dry fine material is added in a secondary zone. Each boiler has a capacity of
77,000 lb/hr steam at 200 psi, and has a water-cooled grate which is cleaned
periodically. A maximum of 10 MWe is produced by steam-driven turbines, but
most -0of the steam is used to heat the veneer dryers and run the hardboard
plant adjacent to the plywood facility. The total steam production is about
110,000 lb/hr of which 50,000 1lb/hr is reguired for the veneer dryers. The
boiler installation at this test site is not representative of a boiler at a
typical plywood plant. When tested with dryer emissions ducted into the
boiler, the excess air was over 200 percent. During the test with dryer
emissions not going into the boiler, the steam efficiency was presumably
higher than when dryer emissions were going to the boiler.

The exhaust from boiler 1 enters a wood-fired temperature booster and a
heat exchanger before going through the wet I.D. fan and up a 6-foot i.d.
stack. Combustion air for the temperature booster is provided by an I.D. fan
rated at 3000 SCFM. Heat generated from the temperature booster and boiler

combustion is reclaimed in the heat exchanger for use in the hardboard plant.

. Atop each'exhaust duct. is""da‘n: abort

[N




b An alternate emission control has been installed on boiler 1. This system

vents emissions from the heat exchanger to a Zurn dry scrubber (a multiple

¢yclone unit) tﬁrough an I.D. fan, and to the atmosphere through a S5-foot i.d.

iq; stack. When the 2Zurn system is oo line, the wet fan is shut down. A schema-
tie drawing of the veneer dryer exhause system is presented in Figure 1-1.

{ The exhaust from boiler 2 is ducted to a wet I.D. fan which is more of a

spark arrester than a pollution control device. Wastewater from the wet f£an

goes through a canal to a holding pond. The exhaust is then forced to the

atmosphere through a 6-foot i.d. steel stack.

ca

i

3.3 Production and Control Equipment Monitoring

]
y B

A summary of the production monitoring data collected by RTI is presented

in Table 3-1. Boiler operating conditions are provided in Appendix I.

—

3.4 Process Operating Conditions During Test Program

The operation of each drYer 15 eet eccording fo .the size, thickness and

FAN 0 -

kind of wood being dried. The operation of the six steam—heated dryers does

?_ vary during most shifts, though as few changes are made as 90531ble.. Redry. R R
1

was handled in the morning and testing was not allowed until redry was

; . “ A,

completed. Douglas Fir was the only species dried in the six dryers during = "

¢ P s 'R

the emission test program. : R S

On September 21, 22 and 23 all six dryers were being operated and only RS

. * " minor upsets occurred on those days._ On September 24 aryer 6 was Shut down ?

X% o o -v-l-.,---t-la- iy s - Y QU ST .;a..u L UL R L I 8 «9-..;......." J......,.......q.. £ ‘u.L-u.‘. Y

t: (no monitoring of dryer that day) and dryer 5 was shut down on September 25

T - A P - --_ =
A A . -l"w._._._,_ ' - L

ryer, production_ was__sufficient_'to allow

'\1» 2, -""':"_:»‘
TR TN
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T ) . : : Sept. 21 Sept. 23 - Sept. 24 Sept. 25
Pt :,:-. :: _ r;I-‘: ] Production* - STl ) e T T R - T F o, PR TR [P
{ft* per hour on . 45 not in
‘et .- . - 3/8"™ basis)___ ", . .. . . .- o operation_
sapwood 7,018 16,899 11,943
a T, heartwood (heart- - , .
sap mix) 24,655 11,941 12,333
Total: Douglas
Fir Species 31,673 28,840 24,276
II. Redry rate 9.29% 11.2% 6.9%
III. Steam Use~=-
1bs per hour, 98,000~ 106,000~ 127,000 106,000~
120,000 110,000 135,000 110,000
total plant sudden drop
at 1:50 in
boiler 1

IV. Temperatures, 320-360°F 330-355°F 325-355°F

dryer

V. Fugitives .

1. Abort Stack §5 green end §5 open, 15% all closed
open, light
haze
2. Door leaks all dryers all dryers Heavy #'s
leaked, mod-heavy 1,3,4,6
especially
heavy
between 3&4
3. Above dryers blue haze mod-heavy light in
very evident morning,
mod-heavy
in
afterncon
4. Cooling stacks occasional $6 mod-heavy #1, $6 mod
light haze :

VI. Weather 61-69°F, 58-65°F 58-66°F 60-64°F,
46-68% rel. 60-74% rel. 55~75% rel. 52-62% rel.
humidity humidity, humidity humidity
overcast and sunny broken sunny.,
sprinkly clouds broken

clouds
/-_-—‘_‘—.__--_\‘-“m._‘_
-‘—-""l—

*Does not include dryer #7. Production is on finished plywood basis, not actual

throughput of the dryers.
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It is normal for small plugups in the feeding and. outloading mechanisms to
occur and this did happen during the tests. Dr;rers 1 and 2 also required
stops for a couple of minutes when dry end graders required pallet changes.
These stops were insufficient causo for cancelling a test.

The boiler operations were monitored each day of testing, Steam load,
temperatures and pressures were maintained with minor perturbations. Ten
dryer exhausts are vented to the boiler, as was the case on all testing days
with the exception of September 24 (Test Runs 4 and 5}. The boiler operation
is strongly influenced by the volume of air coming from the dryers.

The Lebanon plant's boiler operators have little difficulty in maintaining
relatively steady fuel feed rates under this arrangement. On Thursday,
September 24, when ambient air was the source of oxygen, the day and evening
operators were adjusting fuel feed rates nore frequently because they were not
as familiar (or had lost familiarity) with how the'_boilers. operated with
ambient air being the air supply.. However, -operator variations had minor

affects on bozler performance. B T P S

More important were the sudden ohanges in - steam productxon._ wédnesduy,;

September 23, boiler 1 1ost its air supply'momentarily'at 1:50 causinc étcam-'

¥

production to drop to 35,000 ‘lbs per hour,- forcing boiler 2 .to':increasev3j

‘production to 68,000 1lbs per hour. This happcned near the end of Test Run 3,_

but was not felt to greatly affect the sampling .on boiler 2 stack. The short.ra.

rise 1n steam production for boiler 2 should not have decreased its efflcienoy

'in deatroying the dryer exhausts. ,1The following day steanl productlon was .

“_--1ncreased once the first background test run (Run 4) was completed. Air flow

e R s r..-:-

[ty
ol S

uapparent fromhthe boiler paranéters




'tests notr an-ﬂhnexpecte

.;:..x_.. ,J_: P e

T 'exhaust‘for combustion air at 1east_partia11§ explalns the increased emissions»v*

Du:zng the- week of testing steam loads varied between 62 and 77 percent of T

.fulleload.;~Variations in steam production changed minute. to minute, but the

ehanges were within a relatively narrow band for most of the tests (See

-
H
1
o

Appendix K for the steam production charts).

Air flow to the boilers was thought to be determined Sy the dryer exhausts
for tests 1, 3, and 6, but additional air was introduced to the boiler process
as shown in the higher air flow‘out of the boiler stacks when compared to
dryer exhaust volume. Doors that allow air under the grates provided air for §u
the background tests, 4 and 5, and were closed during the remaining tests,
though they still may have been a source of air. It is unclear what the
additional sources were for the air.

Production figures provided are not the actual sguare footage of green
veneer dried in the steam-heated dryers but rather a figure that accounts for
trim and shrinkage. A full green veneer sheet is approximately 54 inches by
101 inches and will eventually be trimmed to 48 inches by 96 inches following
shrinkage in the dryer. fThe amount of shrinkage depends on the original
moisture level, As is the c¢ase with all western softwoods, Douglas fir
sapwood will shrink more than heartwood, An expected shrinkage loss is 5 to 7
percent. The production figures reported are, therefore, approximately 85
percent of the actual throughput of the dryers. All veneer has been converted ;

to a 3/8-inch basis.




)

;

Redry is typically 10 percent of the green veneer rate, but very little
(<1 percent) was processed during the testing at Lebanon. Redry contributes

nothing to total plywood production, but does add to dryer emissions and steam

demand per plywood unit produced.  No redry production adjustment is required_

for the Lebanon data.
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4.0 DESCRIPTICON OF SAMPLING LOCATIONS

This section presents a description of %each sampling location and a
summary of the work performed at each site. Figure 4-1 presents a schematic
layout of the veneer dryer exhaust system and identifies all sampling loca-

tions.

4.1 Veneer Dryer Exhaust

The veneer dryer exhaust was sampled in the 48-inch i.d. duct, 240 inches
(5 diameters} downstream of the dampers and 72 inches (1.5 diameters) upstream
of tha I.D. fan. In accordance with EPA Method 1, sampling was performed at
32 traverse points through two 4-inch sampling ports situated 90o aparc and

45° above the horizontal. Figure 4-2 presents the sampling port configura-

tion and a cross section of the duct showing the exact distance of each sampl-

ing point from the duct wall.

Method 5X tests performed at this site lasted 64 minutes (2 minutes per

‘traverse point). Method 25 tests were 60 minutes long and were performed

concurrently with the Method SX tests. A total of 3 valid Method 5X and 12

valid Method 25 tests were pe:formed at this location.

4.2 Boiler 2 Outlet

The boiler 2 outlet was sampled in the elliptical steel duct, the axes of

which measured 73 inches and 70.5 inches. For calculation purposes the duct

-lwas consxdered to have a 72-inch nomlnal d1ameter..-Two sampling ports were ..--.

- -
>

'*;sxtuated 1n the duct 90° apart, 480 inches (6 7 d1ameters) doﬁnstream_from”

- ey _‘_

e an o .,..’,,X.h

the topEof the;wet fan and 300 1nches (4-

-Twenty-foui{_traverse*'points ﬁéfe sampled

=
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(NOT TO SCALE)

oL l TRAVERSE POINT LOCATIONS
TRAVERSE POINT . TRAVERSE POINT LOCATION
NUMBER {Inches from Inside of Duct}
‘ 1 0.75
2 2.4
3 4.1
4 6.0
5 8.1
6 10.6
7 13.6
8 18.0
9 30.0
10 34.4
11 37.4
12 39.9
13 42.0
14 43.9
15 45.6
16 47.2

Figure 4-2.

Veneer dryer exhaust sampling location at Champion

plywood plant, Lebanon, Oregon.
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TRAVERSE POINT LOCATIONS
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o, "';;'f J.fimu;a e : e o ST
: Method' 5x tests performed __lasted ?2 “min tes' (3 m:.nutes.

-.,.:. - ._:" PR oRE TR "*‘--’y’;“
per traverse point).» An integrated gas sample was takeg}zn,accordance wi

z hat

UG S

‘-'Method 3 smultaneously w1th each Method 5x test - for Orsat analys:.s. Method E

- e .

25 tests were 60 m:.nutes long and were performed concurrently with the Method -

5X tests. 1In addition, visible emission observations' were made during each
Method 5X test performed at tfxis location.

Three Method 5X tests and 12 Method 25 tests were performed at this
iocation concurrenti}}' with similar testing perfermed ‘at the veneer dryer
exhaust. Irf addition, 2 Method 5X and B Method 25 tests were performed at

this site as boiler background emission tests,

4.3 Boiler 1 Outlet

The boiler 1 cutlet was tested only for velocity and stack gas temperature
to determine the volumetric flow rate exiting the stack. Tests were performed
in the 72-inch (nominal)? steel duct at two ports located 900 apart, 420
inches (5.8 diameters) .downstream. of the wet £fan and 480 inches (6.6
diameters) from the top of the stack. In accordance with EPA Method 1,
measurements were made at 24 traverse points. Figure 4-3 presents thne sampi—
ing port configuration and a cross section of the duct showing the exact

distance of each test point from the duct wall.

4.4 Visible Emissions Observation Locations

An overhead view of the Champion boiler house and its immediate environs

is presented in Figure 4-4. This figure also shows the two visible emission

2 This duct was also elliptical, with measured axes of 71 inches and 72
inches.
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Overhead view of visible emission observation locations at
Champion plywood plant, Lebanon, Oregon.

Figure 4-4.




~was atop a“shed roof attaéhed'to th;/r"

[ o .‘..h. n.*.. —-
P hima XY

'observer was at least one stack he1ght away from the source, thh the sun at L

"

the ohserve:'s back and the plume perpendiculqr to the observer's line of

“sight.”

4.5 Wet Fan Pressure Drop Measurement Locations

Pressure drop across the boiler 2 wet fan sump was monitored at 30-minute
intervals during each Method 5X test using a U-tube water manometer. One side
of the manometer was inserted in'the duct at the wet spray while the other
side was inserted into'the duct after the sump Jjust upstream from thé fan.

These measurement points are shown in Figures 4-1 and 4-5.

4.6 Wet Fan Liquor Sampling Locations

Solution samples were taken from the inlet and cutlet of the boiler 2 wet
fan sump at 30-minute intervals during each Method 5X test. A 100-ml sample
was taken every 30 minutes from each locaticn and composited into two samples

for each test. The solution sampling leocations are shown in Figures 4-1 and

4-5.

4.7 Fugitive Emissions

Fugitive emissions were observed by RTI/DGA around the veneer dryers and

throughout the exhaust system leading to the boilers.

4-7
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. : 5.0 SAMPLING AND ANALYTICAL METHODS
- _-,This section presents descriptions of sa;plinq and analysis procedures
employed dﬁring the emission testing eonducted at the Champion plywood
facility in Lebanon, Oregon ‘during the week of September 21, 1%8l1. EPA

Methods 1, 2, 3, 4, 5%, 9, 22 and 25 were used to measure emissions at the

veneer dryer exhaust and from the boiler outlets. These methods are pre-

.sented in greater detail in Appendix G.

5.1 EPA Reference Methods Used in This Program

The following EPA Reference Methods were used for the testing at the
L Champion plywood plant. These methods were taken from CFR 40, July 1, 1980,

part 60, "Standards of Performance for New Stationary Sources,” Appendix'A,

} pPP. 183 ff.; and Federal Regjister, voluhé 45, no; 194, Ffiday, Qctober 3,

1980, pp. 65959 £E.~ - o avloseooLao=T ool )

Method 1 - Sample and Velocity Traverses for Stationary Sources

%g L This method specifies the number and location of sampling points. within a
b o . duct, taking into -account duct size and shape and local: flow disturbances.

- . . L et - G e Tt u--_'_;.-.;-.-w i el .
- e B PR - - -.-w-.-.. o . P,

:‘ L Method 2 - Determlnatlon of Stack Gas VElOClty and Volumet:ic Flow Rate
. This méthod specifies ;hé measurement of gas velocity and flow rate using
- an S-type pitot tube,. manometer, and temperature sensor. The physical
{ dimensions of the pitot tube and its spatial relationship to the tempera-

ture sensor and a sampling probe are also specxfled..‘ P S

i' . oTCoTvimn Method 3 - Gas Analysig - for CO,, 0,, Excess Air and Dry Molecular o

. N D e - ma -y M ams s i s PR m-.-
--nywr - e R N -l-- B -

vt

- . - -. IR
- . IR ‘

) This method specifies sampllng -and analytical procedures for the determl-‘: RIS
-nnation Tof percent COg,”percent Os,"7and ~percent:CO. -by 3Orsat analySLS,- -
and for the calculatxon‘of the molecular weight pf the gas stream. e e

LY 7 - P e T _ .
Q:fl LT & "&‘L:ua: ra -"‘_‘:: ‘-E‘ o % “-Ew.-‘::f_fﬁ:’

f£rom-EPA : Method 5 "and - Oregoa'Depaztment of Environmental Quality (ODEQY*
5 L e . .

‘,_1"‘“'4‘-’-,“ Py




e Stack GasesIJﬁﬁﬁﬁ

,xC-’»‘ .
t"content of,lr "
PO S,

M LTt i P
et

:;:;ﬁwg:-Th1s method._based upon EPA Method 5 and Oregon DEQ Method 7,ﬁdescr1bes’

_— ' -+ procedures for measuring emissions in the context of the following = |

"~ "+: ., definitions.'' Particulate matter is material- which'condenses at or. above - - i?

‘ : filtration temperature and is collected by the front half of the sampling - o
train. Condensible organic .matter is that material which remains after '

(PP

i extraction, filtration, and evaporation of the impinger portion of the ‘
train. ’ : .
Method 9 - visual Determination of the Opacity of Emissicns From Sta-

tionary Sources

. PR

] Thxs method spec1f1es the procedures by whlch oPac1ty of emlSSlons are
T measured.. - . . - ¢o- .-

—r— -

vt

Method 22 - Visual Determination of Fugitive Emissions from -Material
Processing Sources -

This method specifies the procedures "for visual determination of the
presence and total time of occurence of fugitive process emissions.

Method 25 - Determination of Total Gaseous Nonmethane Organic Emissions
as _Carbon

This method describes procedures for the sampling and analysis of gaseous
nonmethane organic emissions. An emission sample is drawn through a
condensate trap and into an evacuated tank. Trap and tank contents are

oxidized to carbon dioxide, reduced to methane, and analyzed by a flame
ionization detector.

5.2 Preliminary Measurements

Before the start of emission sampling, each location was tested according
to EPA Methods 1, 2 and 4 to determine the preliminary stack gas velocity and
moisture content within the ducts. In addition, sampleé were collected at
each location according to EPA Method 3 to determine concentrations of Coz, B

1
02 and CO in the gas stream. ~}

5-2 .




5.3 Measurements for Particulate, Condensible and Noncondensible Emissions

. 5.3.1 EPA Reference Method 5X - Particulate and Condensible Organic
}: Compounds

This section presents a summary of procedures followed by TRC during
particulate and condensible organic sample collection, recovery and prepare-
tion, analysis, and data reduction. Deviations from the specified method are

i explained in this section. Further details of this method are presented in

: Appendix G.

! 5.3.1.1 Method 5X ~ Sample Collection

The sampling train was a modified EPA Method 5X train as shown in
F
'ﬁf ) Figure 5-1. This train was designed and built by TRC. .A slipstream was
drawn from behind the heated Method 5X filter to duplicate TRC and duplicate

- " NCASI Method 25 sampling trains.- No vacuum grease was used in the assembly‘

of the Method 5%. traln prior to the Teflon sample 11ne-1mplnger traln con-

1 5

nection, Thzs prevented contamznatlon of the total organlc compound samples

- e

- e ekt PR . a

y- o by the vacuum grease. A mlnlmum amount of grease was used in the imp1nger

. . H - - -
A - - R - * [

train. Leak checks were performed on the complete sampllng traln (modxfzedlf*

waa” e - L
Cn .. .

5X train attached to the four Method 25 trains) before and after each test.‘.r--

.!—' - . e
R po %

~ Fleld data were recorded on standard EPA Method 5 data sheets wh:.ch are:

presented in Appendix c. B 7{.“: : &V§

!'_ .7 . The Method 5% sampllng train is essentlally the same as that described by

| L H S oam s ST -:._‘ P ol - - ..

! : . EPA Metnod 5 Wlth the followlng modlflcations. A flexxble Tef10n sample 11ne

.- R -—
-’.. .

- - 7 T ewt Troom
> s

fon® 2 - o -

. was used “to! connect the outlet of the 4 1/2 1nch glass-fiber Gelman Spectroi :’

R 'V.P-"- -u.r q—; ,—- T Ll "-M_ ‘-.,'J‘Ln w-n-ni-‘--{‘.' o i ‘-' . - T 2 i

1 N . -
grade no.=64948 filteizto the implnge train. msince the fllter was at a -

A T

= W ==
into the«first impinger»and n oL’ be




LR NP

[

F - ks

=)

-

Ay ok i

(¥535163y [e49pa] /(61 ‘8T 3snbny)

tupedy buppdwes sojuebac 3(qEsSuspuod pue 3je[ndijaed yd3 paLsLpoy

"1-G 94nbyy

INIT 31dWYS NOT43L 3191X31d - S
o YILIWONYW ONV 38nL 1011d - €I

SATINOIOWYIHL - {1
Y3070H Y¥3LTI4 dN-AdvE - 91

1N00vV3Y I7dN0I0WYIHL - b1

Y313IHONYW ONY 3214140 - 21
4313W SYD Ada - T

FATWA SSYdAg - 01

dWiid - 6

e bl _ﬂ_v

dind 0L JATVA NIVKW - 8
— 390¥9 WNNOYA - £
X X -3 @407 TYII1IgWn - 9
(4 Hi¥g 321 ¥IONIAWI - §
¥08 ¥3ILT14 QILVIH - ¢
Y3GI0H 3114 - €
: 39044 - 2 T
SNIVYL G2 QOHLIW J1ZZON - 1 !
b 0L WY3YLSdITS
AihlrL aN3vL I
M TIVM NIVIS
el el 1
| w_ _ w1 B
ity 1T°° 7 i g
L gl z I ri £
L1




{ first impinger was a modified Greenburg—Smith {impingement plate removed)
charged with 100 ml of deionized distilled (D.B.) water, The second impinger
was a regular Greenburg-Smith unit also charged with 100 ml of D.D. water.
o The third was ancther modified Greenburg-Smith and was empty. The fourth was

also a modified Greenburg-Smith type and was charged with 200 grams of silica
;i ~ gel. A 2-1/2 inch glass-fiber filter (similar to the 4-1/2 inch filter) was

inserted between the third and fourth impinger to collect any organic
i materiaiﬂcondenSed but not collected in the impingers..

Prior to initial field use, all glassware was washed with a chromic acid
soluticon and rinsed with D.D. water and acetone according to Method 5X. To
remove any residual vacuum grease Freon 1i3 {(trichlorotrifluoroethane} was
used for a final rinse.

A Sampling train operations were identical to those of EPA Method 5, with
seueral exceptlons;- In order to orevent condensatxon of organic mater1als in

i the probe and on the 4- 1/2 inch glass-fzber fllter, the stainless steel probe

{“ . -and the fllter were heated to 350 +25 o Thermocouples'Were 1nserted into ;

= D . . EPCITR o . : A T

the probe and the fllter outlet gas ‘stream to ensure that proper temperatures

-..,A._‘. -

a wéie maintained. These temperatures were "noted on the f1eld data sheet el

during'routine data recording intervals.

- e S ama e ETew DU N R S e e - : . s Ve, s . -
LITA LIS ZIa e Dol o M R ; PR LT R . L el

5.3.1.2 Method 5X - Samg;e Recovery and Preparatxon

[ o 'Sample recovery was performed in a laboratory on sxte. This area had a_' .

) L L~ - N
- PR A ) .o P T 2 s

£ T clean and wind-free env1ronment, was well-lighted, and was suited for sample

et _,..._.,.!,.‘,.n.._. -M..,_.- T R Tremerd -n,-v- R il IR A S

recovery and preparat;on for shlpment{.

-, _\-',_.,.;-..-....... ,..-_ . ~,ﬁ- _\.) il S gy f’ S~ ,J_,r‘ e S
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“‘ﬁ@‘iﬁﬁ”ﬁ@m. DYULES .wq-,., = 1 W , ; 2
from each ethod K- sampllng train by a three-person e

-WL'WM 1o
.Thewiiquid sample34were placed;in Elass
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PR
L ;h-'ml
e Pl

ST COnta1ner 2 < D. D..Hzo wash of nozzle, probe end front half oﬁwthe 4-
el ff“'ff'~f',“”“ﬁ *“lnch filter holder.' R :?l--’ﬁfJLT“f" f”i?.l ' .

F o - o L - .- L . B LT -

1/2

-:"LT Contaxner 3 - Acetone ‘wash "of nozzle, probe and front haif of the 4-1/2- inch
e . fllter holder.

Contalner 4 - Exposed impinger solution from impingers 1, 2 and 3 and D.D.
- H,0 wash of impingers, connectors, Teflon. sample line, back

Vo filter holder.- e e - ‘*--;.- =--:-v-"- -‘v '7-‘- i ‘

Contalner 5 - Acetone wash ~of - first ‘three impingers,- connectors, Teflon

sample line, back half of 4-1/2 inch fllter holder, nnd.front

half of 2—1/2 1nch filter holder.

Contalne: 6 - 2- 1/2 inch glass—fxbe: filter.' PR . - T

- ae e e s . - PN

T R

The probe and nozzle were brushed and rlnsed three tlmes with D, D. H. O,

2
which was deposited in contairner 2. The front half of the 4-1/2 1nch filter

lholder was also rinsedlwith D.D. HZO, whlch was deposxted in container 2.
The probe, nozzle and front half of the 4-1/2 inch filter holder were brushed
and rinsed with acetone in the same manner andldeposited in container 3.

The Teflon sample line was drained into the impinger train. The Teflon
sample line was not brushed because the particulate catch in the sample line
is generally considered to be insignificant. Impinger contents were weighed
to determine moisture catch and deposited in container 4. Tne Teflon sample
line, impingers, connectors and the back half of the 4-1/2 inch filter holder
were rinsed three times with ﬁ.D.. HZO into container 4, and then rinsed
three times with acetone into container 5.

Both the probe and Teflon sample line were washed with‘D.D. Hzo after
the acetone wash to remove any acetone residue which might contaminete the

EPA Method 25 samples. These washes were discarded and the components

allowed to dry at ambient conditions before being reassembled.
5-6

-\-v-'—'

o R C half of 4-1/2 1nch fllter holder and front half of 2—1/2 inch
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Both filters were removed from their holders and deposited into their

. respective petri dishes, containers 1 and 6. PFilter residue on the filter
holders was scraped and deposited into the same acetone rinse containers as

-

the front halves of their respective filter holders. The stainless steel) and

glass filter frits used in the filter holders were not rinsed during sample
recovery, because any organic material collected on the £frits is generally
considered to be insignificant. Glass and/or metal particles could become
i ' detached and contaminate sample fractions.

Silica gel samples were weighed immediately at the conclusion of each
test and the weights recorded by the clean-up crew. All Method 35X samples
L were packed in locked shock-proof containers and driven to the CHzMHill
laboratory in Corvalis, Oregon for analysis at the conclusion of the test

program.

| . 5.3.1.3 Method 5% -'Sample'Analgsis

i wiﬁﬁ the exceptxon of the 5111ca gel samples, all’ sample fractions were
i . . . . : p

analyzed by CHZMHlll. ' CH2HHill waa 'chosen yto perform' the analytlcall;;'f

T "‘phése 6f the Method 5X sampling program because of their extensxve experience
with Oregon DEQ Method 7, from which EPA Method 5X was derived. All.analyses R
fo were performed in accordance with EPA Method 5X and as approved by‘EPA/EMB.

The sample fractions were analyzed as follows: - .:l |-
{-.

B T T crme— - . Ch = 4 e e e, - . * . - - -

_Container 1 - {4-1/2 inch glass-fiber filter) - deslccate and weigh after
) o : ‘.'jf'if'”'?r‘ 24 hours, “then welgh to constant weight. " S

Container 2 -_j*(D D. 'Hzo probe

b-m e .

evaporate,,desxccate and weigh‘after
T AN Rt I o :E;:w«

T bﬁt‘§

Dormniate, = e ';fi:ﬂ} 2 o
ater-usolutionpland D.D.:F HaQ

beontaiqer.




i ol " AT ! P 5
ﬂConta_ ner 6 (2 43;1nch glass-fiberrfilter)‘ desi cate amd’weigh*afge_
Foalis o i h':then weightt a constant“weight;f“

'experimer‘n:s‘1 were performegﬁ'to determine if

Fuhe . midibh enas | O
e

1’filter‘ sample loss occurred after the

- .4,‘- TR

R welghts were measured after 24 hours of desxccatron ‘and . every,_lz,-hours'{vﬂ

thereafter for another 48 hours.‘ It was discovered that sample loss occurred

followxng the initial welghxng and continued throughout the remainder of the

72 hour perlod. The flnal vers1on of Method 5% therefore specrfles that_

e i

- sample weights be measured after 24 hours of des;ccat;on. The 24-hout

weights were used for data calculation in this test program.

Silica.gel samples were weighed on site with a triple-beam baianee at the

conclusion of each test by the Method 5X sample recovery c¢rew. The weight

gain of the silica gel was determined to the nearest 0.5 gram and recorded.
All analytlcal data were recorded on the. data sheets as presented 1n -{

Appendlx H. Sample residue remalnzng after analysis are being retained for

at least 90 days after the end of the field program after which they will be s

discarded. ‘ !

5.3.1.4 Method 5X Data Reduction ’

All Method 5X data reduction is performed in a manner identical to

procedures described by EPA Method 5. (See Appendix G.) The only variation

from these calculations is as follows. Because of the high anisokinetic
sampling conditions during test 1 at the veneer dryer exhaust, the ;

particulate mass emission rate (MER) for this run was calculated by two

e
AL

methods: the concentration method (by which calculations are normally done) ‘

and the area ratio method.* With the former method, the concentration of




( ' particulate matter entering the nozzle is calculated and then multiplled by

the volumetric flow rate to obtain the mass emission rates

(m/V) x Q = MFR (lbs/hr) {Eq. 5-1)
Faid .
gt
g where m = amount of particulate sampled {(lbs)
Vv = volume of sampled gas (DSCF)
. Q = volumetric flow rate (DSCF/hr)
! - |
If the nozzle sampling velocity is greater than the stack gas velocity
] .
\ (superisokinetic sampling conditions), then the calculated mass emission rate
l will be less than the true MER. This is because the heavier particles will
_i, leave their streamlines (gas streamlines diverted into the nozzle) and will
k” not enter the nozzle, as they would under isokinetic conditions. Since the
' volume of gas sampled is greater than what would be sampled under isokinetic
v
L conditions, the concentration (m/V) will be less than that under isokinetic
i N - . . . N -
conditions. ' o -7
f With the area ratio method, the mass of partlculate matter collected is
divided by the sampling t1me and then multiplled by the ratlo of the stack
) . area to the’ _nozzle area to obtain the mass emlSSiOn rate: . '“; -
L g (m/t) x (AS/An) = MER (lbs/hr} =~ - - -- (Eq. 5—2)
. .. .. where - :. .. m = amount of particulate sample (lbs) 2 1""“'“f;7'_' T
| ST T t = sampling time (hrs} ‘ ST _ N
- Ag = area of stack (£t*). . .o . s e sode
An = area of nozzle (ft')
! o .- : e -
i
When the_ nozzle .sampling velocity Ais greater than the stack gae veloc1tyr;;m : i
,-.‘._'j.:.-.,'. - " - - - - _
B A S then the MER calculated by thls method will be somewhat greater than the true_jqi o

—*:- L - A fea

i e
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. 5 3.2 EPA Reference Method- 25 - Condensible and- .ﬁoncondensible Org_anlc
_::"‘- "'._ - ".‘._L..*- N “ ] .CO!EE_gundS . EEEEEEE i .‘ Jt.\...} 1:1-3'11.'.'1 !‘JxL.I i ass Aw4h§ D A:t
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J. 5 -r...‘---"m ...r' s PR S te s

— e condens:.ble and noncondensrble organlc samplmg equlpment preparatzon, sample

B v -
i = a PR [SP-SRPU. . - iu

‘ collect:.on, field sample recovery, and sample analysrs. The TRC Method 25

. - Rl SRS 3 CCATE AbRT L e Ffsas P O U W

sampl:.ng train is shown in Figure 5-2,° Deviations from the method are also ‘;
i

Yope - N . = - "'Tk -

PP P O a..,u,,- - . L s e Lo . 5 it

explamed m t:h:.s sectlon. NCASI Method 25 procedures are presented in

- N - a1 ' .

Append.tx G. Further deta:.ls of Method 25 are presented in Appendlx G.

" - N . . . L . . — v e e e a
- . L H . L - - . -

5.3.2.1 Method 25 -~ Sampling Equipment Preparation '

This procedure is based on and supplements EPA Method 25, “Determination c]

of Total Gaseous Nonmethane Organic Emissions as Carbon.™

- .. - . - ey

Condensate Trap

After being checked for any sign of physical damage, each trap was
interconnected to a hydrocarbon (HC)-free air c¢ylinder, £flowmeters and Co2 L
monitor (nondispersive infrared detector (NDIR})} and inserted in the furnace !
as shown in Fiqure 5-3. The trap wes‘ then purged with the HC~free ai.r at a
100 ml/min flow rate with the furnace operating at a temperature of GOOOC.

A propane torch was used to heat those portions of the trap and probe ;

assembly that extend outside the furnace. The purge was performed until the

CO2 monitor indicated a concentration of 10 ppm or less.

s Federal Register, volume 45, no. 194, October 3, 1980, pp. 65959-73. =
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Method 25 Sampling Train
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tank pre53urlzed to 10 in Hg WIth HC free air._ This cycle was repeated three_ﬁL

et A U . ...,{ R __-_..... .-
' AP b e _.'

'times. After the thlrd pressurization, the tank was connected to the TGNMO

analyzer and a sample analysis was performedij ‘If' a nonmethane organic

concentration greater than 10 ppm was measured, the tank was again subjected

‘;hﬁwﬁ-to the evacuation-pressurization analysis procedure-until accepted. The tank

fl
P

was then evacuated and pressurized to atmospheric conditions with dry nitro-

gen for shipment to the f1e1d. _ S

Flcw Contzol Assembly el L

The eaﬁpiing "train was assembled as shown in Figure 5-2 and leak-
checked._'Eee:ércbe;end_cap was reﬁcved.and the probe'connected to a flow
meter as shown. The sample flow .shut-off valve was opened Iand the flow
control valve adjusted to achieve a flow rate of 50 +5 ml/minute. The flow
control adjustment screw was seeled after the flow rate was achieved. The

flow control valve number and calibration data were recorded on forms

presented in Appendix F.

5.3.2.2 Method 25 - Sample Collection

The sampling train was a modified EPA Method 25 apparatus. The modifica-
tion consists of placing an additional condensibles trap, immersed in a water
ice bath, ahead of the trap immersed in Adry (coz) ice. {See Figure 5=2.)

The additional trap is intended to remove the high moisture content associ-

5-12
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to'p ematu e sampleeflow stoppa 18,5,

e e a ey R

The tank

{‘tanks were, evacuated.ﬂu
L e -:4 ‘ S ‘.-m.. .

:vacuum;: amblent temperature and barometric?.pressure were recorded on the L

P S gewmes . 3T NE
h\\\lc— L\\.{'ﬂ e meae =

4..-...-.“-\ PR -t

W]

W S adit

field sampling data sheet. (Seeexﬁpendlx C-2 )

i .

Assurxng that the flow shut-off valve was in the closed position, the

o~

L. ,
B3I FTL L e
: vl

'

'r,---—-c-o-

- s - Bt e e

e

traln was assembled as shown in Fxgure 5-2."  The pretest leak check was then

Jperformed.ﬁhThe tank'vacuum‘as inoicateq by*theTVacunmlgauge was recorded and . .

- S o amw e e o Mo vEmmie e P e P Sy PP R S € SR

checked agaln after a minimum period of 10 minutes. If the indicated vacuum

-had not changed, the portion of the sampling train beh1nd the shut-off valve

did not leak and was con51dered acceptable. Assuring that the probe t1p was
tightly capped, the front partlof the samoling tra:n was leak checked by
opening the flow -shut-off valve. After a short period to allow pressure
'stabilisation.'(not more - than 2 minutes), the ‘oauge vacuum indicated nas
noted. After a minimum period of )0 minutes, the indicated vacuum was again
noted. The leak check was considered acceptable if no visible change in
vacuum occurred. The pretest leak rate (mmHg/1l0 minutes) was recorded if
observed. At the completion of the leak checks, the sample flow shut-off

valve was closed.

After the leak check had been performed, the sample tank number and each
trap number of a sampling train was recorded on the field data sheet with the
respective test run number and sampling site. Two TRC and two NCASI sampling
trains- were connected to each Method 5X sampling train at the insulated

outlet of their respective hotbox filters. Immediately prior to sampling,

s "Method Development for the Plywood/Plywood Veneer Industry," EPA

Contract 68-02-3543, Work Assignment l. TRC - Environmental Consultants,
Inc., August 1981,
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f ' the gauge vacuum and clock time were noted. The flow shut-off valve was
opened and sampling begun. . TRé gauge vacuum_readings were recorded every 5
minutes during the sampling period. At the end of the sampling periocd, the

o flow shut-off wvalve was closed, the time and £final gauge wvacuum recorded.

After the Method SX sampling was completed, the Method 25 probe lines were

disconnected from the Method 5X interface and tightly capped.

L ———
!

A post-test leak check was performed prior to disassembly of the sampling
k - train. After assuring that the probe had been tightly capped, the flow shut-~
off valve was opened and the gauge vacuum monitored for a minimum of 10
minutes. The leak check was acceptable if no visible change in tank vacuum

occurred. The post-test leak rate (mmHg/10 minutes) was recorded if

-
o
_observed. At the completion of the leak check, the flow shut-off valve was

Fl . closed. : .- - : -

; . . i T

lj 5.3.2,3 Method 25 - Field Sample Recovery

- = :::After the post-test ‘leak .check" was completed, the TRC sampling train

}U- components‘ were disconnected. - Both ends of each condenSibles trap . were

{i .. tightly sealed. The traps were then packed in dry ice for sample preserva—

| S .

) tion and shipment to the laboratory. : ... _< -- F1",§1ff74‘izfa-fzil;i,.:;- RS e
(- . N R - . . N = . [

l - - - '—-: - - e —ae - T B - -

i ]

_ vi.'.0"".5.3.2.4 Method 25 — Sample Analysis . co
. : - _

P .vz=:> _PRC analyzed two veneer dryeriexhaust sampling " trains and two~boiler 2. .
fﬁ o j‘u»auoutlet sampling trains from each test:“ The other two dryeruexhaust sampling_ :,

. . .
-~ e L R sy npdd e e e Ehee Al e e -

R ’trains and two b011er outlet sampling trains from each test were analyzed by . ?‘1'f

=V -pcﬂ:.‘

,the Methcd::”




o’

R {"“ﬁﬁﬁfTheianalyzerkwas#fabricatedsby'TRCSusing the?followingﬁbase componentso

i Sk om

tia nd

A .Hewlett-Packard Medel '3390A" Reportlng o -g
enar myrs,‘ea,v snj,x:(s;;sn ‘ : ;- LRSS

e :.f'-;*These components-<were 1nterconnected to provide‘ an- analyzern scheme very

simzlat to that descrxbed in the- method. "However TRC has- made"some changes o éﬁ

Ve Tas T et .

whlch we belxeve im@:ove the ease of- operation without affectlng analyzer

. !
,performance., Figure 5-6_ depicts the analyzer schematic rendering as b

.. 1. assembled. ‘A;bigh—gradel_ﬂc—free carrier gas.is used. which eliminates the
== ... . pnecessity--for the purification furnace.- i T e Lol 0T ;i“'_,a:;;a

T ﬂif~A szx-po:t valve (Ca:le Model 5521) was substituted for the two four-port

valves in the oxidation catalyst flow scheme.j One four-port valve was used

instead of-two four-port valves in the reduction catalyst flow. scheme. 1In

effect the latter valviﬁg modification precluded hydrogen venting within the

———

1abora£ory. o . L : . : \

The exit line from the oxidation furnace to the six-port valve was heat 3
traced to avoid condensation. Additionally, all four switching valves -
incorporated in the analyzer were enclosed in a heated, insulated compartment
thermostatically controlled to maintain a constant 100°C temperature.

The separation column used was prepared by Supelco, Inc. It is a 4-1/2
foot long, 1/8-inch diameter stainless steel tube with two packed sections. i
The injection side section is 3 feet long and contains 10 percent OV-101
(liquid methyl silicone) on B0/100 mesh Supelcoport. The following section
is 1-1/2 feet long packed with 60/80 mesh Poropak Q. : - -

The reduction catalyst is a Byron Instruments unit with integral heater. 2t
This was mounted within the Varian gas chromatoqraph oven to:ensure constant

temperature operation. -

LSRRIV
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. SR . d :
:'f«»-mThemncondensate"‘recovery
L - - : < “‘}_ ot

configuration detailed by the method. The NDIR 1ncorporated was an Anarad AR -

400, thh a range of 10 to 10,000 ppm Cco - R S

" avoid contam1nat10n by the 011 mist vented from the vacuum pump.

S

: - AE .
lthough oﬁ“clear

) ::—',....r " RV R B PN
lonization .detector..

"

b
supply to each device;

v -
a...‘ B

'and‘ conditioning'“apparatusf equipment " was -t -

.

assembled by TRC as shown in Flgure 5 7 and is essentially the ‘same as the

R

e — - <

2 el e f

- s '\ s __7"“-'\'

- The TRC arrangement did not incorporate the vacuum pump in a direct llnk_ o
with other equipment. Instead it was located remotely. This was done to -

oy e P iy e B A = h, A LT em e e des o =

A tube furnace is used for volatillzation of the condensate trap sample.

Lo [ _. . . )
I o T e - L PR HT im . ]
L

This provrdes more even, high temperature heating of the trap. A propane

torch is used to heat those parts of the trap,‘lncludlng the prooe, which

)
remain outside the furnace during the sample recovery procedure. Valves A, o

B, C and D in Figure 5-7 and their connecting tubing are enclosed in a j
thermostatically controlled oven maintained at 180°c to prevent
condensation. An oxygen rich carrier gas passes through the condensate trap

during heating and oxidizes the organic compounds to CO2 and water vapor.

The flow exits the trap, passes through a water trap and NDIR, and enters the ;

intermediate collection vessel, : T

Analyzer Operating Conditions:

Gas . Requlator Pressure (psig) Flow Rate (cc/ﬁin) _L
Helium 42 25 . ' o
Air 45 ' 30 FID e

50 Oxidation Catalyst v
Hydrogen 20 - 30 '

5-18 Lt
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tic Jtemperature =700
Separation columnabackflush#temperature. _1

750°c

{ DT ;3- CheT R
Condensate Recovery ‘Conditionst,

LA TR Y]
r

-—...--n - -

[ ORR,

Oxidat1on catalyst temperature - 850°C

e LS [ e - |

[ Y

Details of the NCASI analyzer and procedures are presented in Appendix H.

s A s - - L v E e - o [ .
) P - R - i

Tt : A _ _
!

o

P T LT . ‘\_.._.-,.4.;,'.-.—- i
_ - Nonmethane Organic Analysis Procedure - i

'ff 'ﬁ The analysrs was performed in accordance w;th the puollshed procedure. i}

M LAY e et " W T _.-‘..- - .—n...-
.'—A.~.{- - £ - !

B (See Appendzx H ) -However, the condensate trap carbon dxoxlde purge (SectLOn _ O

A.3.2 of the publxshed procedure) was’ modlfled. After briefly purging the SN |
'trap accordlng to the prOCedure, the valves were QGI:éﬁea so that the ¢trap \ L
was bypassed. After the trap had been bypassed. the 'carrier gas flow
continued through the system and into the .tank forlapproximately 5 minutes.
It was then vented to tne atnoephere throuoh tne valve located downstream of .
the NDIR. {See Figqure 5-7.) This time period was sufficient to purge the '
interconnecting tubing and NDIR cell volume. Prior to resuming flow through
the condensate trap, the valve was switched to introduce again the flow into
the sample tank. The trap was removed from the dry ice bath and allowed to

warm to room temperature (determined by touch). The trap was placed back

into the dry ice bath and the valves switched to resume carrier gas flow |

through the trap after frosting appeared on external trap surfaces. The .y

procedure was then completed as described. This modification to the E

i
e
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L r—

procedure is intended to assure the removal of any CO

’ . which may be trapped.
L :

‘within the ice crystals present in the trap.’

P

LT - . 5.3.2.5 Method 25 - COz Interference

The existence of potential carbon dioxide interference in the EPA Method
i‘ 25 analysis procedure has been acknowledged. This interference is believed
| attributable to the absorption of the inherent gas stream‘coz by water
condensed within the trap -and sanpling probe, and/or entrapment within ice
crystals formed inside the trap. This CO2 is not completely removed during
the trap purge procedure and is later released during the sample recovery
procedure. Therefore, the inherent CO2 is quantified as wvolatile organic
material. ’ o :
é.\-, ' NCASI was the first to raise and experimentally eubstantiate the C02.
interference issue and its inlpact on Method -25 derived sampling data‘. | Thef
performed a laboratory study’ using a slightly modified Method 25 scheme in
‘conjunction w:.th a’ sampl:l.ng program applied to wood-residue-fired“ milers.
The results‘mdrcate that the magnitude of the inter‘ference, although random, e

.

‘mrght be srgnrficant.' . Based 'upon these findings, NCASI _expreSSed

‘considerabie concern reéardinér ." the." method‘s.'applicability‘-‘in those cases

" <t .

"t,; o ) where combustion processes are used as a direct heat source for veneer dryers

or are used as a control technique for veneer dryer emissions.

’ Midwest Research Institute (MRI) performed a CCJ2

interference studf S

!, ' i for EPA that was somewhat limited when compared to that of NCASI._ _Only one

_.-i...r_ru .a.,-..g._ 2—13‘! +~'-et -..—*‘4--7 _-H---QJ- -,-.-..-q-u- ‘.. .-- - .....i.--q. ,,,_,

- Aa. Py - ot et S

T ~_' ‘."challenge concentration, .*5 percent by volume, was used w:.th varying

I. il Twnnt e S 0 '.rﬂ-‘* . - -:-

e e ks et i 39 o : 22 L .

I rbonqsniox dqulnterference :awith_?,nethod .«..25. ' = "EPA
t“‘s.4l ._gg,} Midwest_y;,nesearch ,-g-Inst itute

e T

- ’ - TrAD ’_1 721981 ,%pi. 7.~ _ ; 'grnnim.‘rbs_em
‘t. E E A L . ' . &£

e 32 L
e_idﬁe ;,Fir
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-warm1ng

e

) dlcted the"'NCASI study conc1u51on that ice-encapaulated co2 could not be.f‘;i

removed effectively by flusning. . . e s tama i

After rev1ewing the MRI findlngs, NCASI conducted a llmlted study to

N RPN Al e— - . - P -

-evaluate the recommended two-step purge procedure. Their results indlcated

B e Th L e S D30 .;... Tk pyetat Gaee O e N

4w

*
Y et

el that the procedure would at._best reduce . the interference Dby, 50 percent.

R Addztlonally, the amount of 1nterference still retained its random character._

[ S

.
e
X

(=8}
LI

Pollutlon Control Sc1ence, Inc..(PCS) performed an. 1ndependent evalua—

[ — .

v

HA

tion of the CO2 interference based solely upon theoretxcal absorption—

equilibrium chemistryﬂ° Tbe results of this evaluation were not intended
as a correction but rather as an estlmate of the magn1tude of the problem.

Both the PCS and NCASI studies present calculation methods for estimating

1
i
the interference. The PCS egquation is: | ) . e

S
P P ‘
Interference, ppm C, = COZ 5 x 1303.6

l —————

100 - P

s
where PCO = partial pressure CO2 {(atmospheres) i

2

Pg = percent water—vacor - - ' : . !
1303.6 = 1st approkimation conversion factor - '

The NCASI equation, based‘upon experimental data is: ' T 3
]
71 + [{9.8 x %002).— 6.2] (ml nzo collected)

Interference C.= s
PR - sample volume ik

¥ »Investigation of Carbon Dioxide Interference with Method 25", Final ‘ .
Report. EPA Contract 68-02-2814, Work Assignment- 41, Midwest Research .
Institute, April 15, 198l. ' - B

'e eppa Method 25 CO, Interferences.” Measurement of volatile Organic
Compounds by EPA Method 25 Seminar. University of Dayton, September 1981.
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" trap were ‘calculated from the gas stream moistire’ content .and the Method 25

The results from this calculation showed a CO2 interference about twice

that calculated for the NCASI samples. The reagon this equation showed a

2

equation contains a factor for trap blanks that was developed from an average

higher €O, interference when applied to the TRC data is that the NCASI
of blanks for the NCASI system. Use of this equation with smaller sizes such
as gathered by TRC will exaggerate the blank. For comparitive purposes, TRC

used a modification of the NCASI equation:

9,8 x $CO_ % ml H_O collected

2 2
Interference, ppm Cl = sample volume

NCASI calculated corrections for their data using their equation only.
Table 5-1 presents a summary of the calculated corrections for both the

TRC and NCASI data. The gas stream CO, and moisture contents used in the

2
equations for the TRC data correspond to those values obtained during the

concurrent EPA Method 5X .and Method 3 tests, In order to apply the NCASI

equation to the TRC data, the milliliters of .water collected in the sample

sample volume employing the EPA Methodi‘4*eqﬁ”tioh.i:ﬁCASI’héed'tﬁe ‘actual -

measured liquid volume in their sample trap and the measured CO content.iﬁ

2
the sample'tank for their calculétions.'. . "g-~":'=' L LV:-u““f .

.- . LI - . 2T . -

TABLE 5-1
o o | -CO, INTERFERENCE CORRECTIONS .
“* ..t FOR BOILER 2 OUTLET TOTAL ORGANIC MEASUREMENTS

‘S ~TRC Data - =~
Modified




correlation;between!thateoqgainedﬁusing
g . .,15, : mmi;,wﬁi .,.':3-."‘!? 5

R ““"'equatlons, both must overestlmate ‘the actual Lnterference because each assume

that there is no attempt ‘to purge "the CO frozen in the water ice. *'F”'

A B U I e . .- >, eE

Se 4 CO» and 02, Cco Determ1nat10n e

Concentrations . of coz, and . 02‘ were | measuredw.in accordance_ with

,-gas sample was taken 31multaneously Wlth the Method 5X. sample th:ough a

'separate stalnless-ateel probe that is- 1ntegral w1th the Method 5X probe..

fhe:saaéle was eaaﬁa_througa_ahe probe and a.flexlble sample line and .air-
coeled condenser wieh a MetalhBellews puﬁp as a faae of aééroxiﬁately 0.5
‘liters per minute. The sample was then pumped into a Tedlar sample bag w1th
an approximate volume of 1 ft'. Flow rates were recorded simultaneously
with the Method 5X data.

Immediately following completion of each Method 3 and 5X test run, the
integrated bag sample was analyzed éith an Orsat analyzer manufactured by
Hayes-Republic, Concentrations of CO2 and 02 were determined to ehe
nearest 0.1 percent. Analysis was performed according to the method, using
three passes through eaca absdsbing bubbler to ensure complete absorption.
Each bag sample was analyzed in tripllcate. |

EPA Method 3 was to used to determine the molecular weight of the gas

stream at boller outlet during each test. It was determined by a preliminary

'5-24

) Method 3 to determzne the molecular weight of the gas stream.}"Aﬁ'integ:ated
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" Method 3 test that an atmospheric air composition prevailed in the dryer
{ exhaust duct. This was expected since no combustion was taking place in the
veneer drying process. No additional Method 3 tests were performed at this

v location. ) T

5.5 Preliminary Moisture Determination

Preliminary moisture tests were performed at the veneer dryer exhaust and
' . the boiler 2 outlet prior to emission testing. Testing was be performed in
| accordance with EPA Method (4. Data were recorded on field moisture

determination forms as presented in Appendix C.

ii."'

5.6 Preliminary Velocity Determination

o A——

Preliminary velocity measurements were made at the veneer dryer exhaust
-+ and boiler 2.outlet prior. to emission testing.. EPA Methods 1 and 2 were
i followed in measuring the velocity of the gas stream. -Data were recorded on

'_-'f_—"‘ the  field data sheets - (Traverse -Point. Location for Circular':- Ducts and Pre- .

-+ liminary Velocity Traverse, Appéhdix'é) S T AT TINS S I

}' - . A - -' - . . PR ' - - o - - v

5.7 Visible Emissions -7

£

‘:Visible “emission ‘observations were conducted concurrently with the
. .. particulate/condensible organic tests at the boiler 2 ocutlet to determine if

i - -;:'*::;:arrelationship*exists " between measured - and. visible - emissions. Observatidns : e

- v e

were made according ‘to EPA Hethod 9,1 Opacz.ty observatxons -were- recorded to ‘,

gco:ded_ y af“—'certified -0

: A i ipiigrguetgl
I o ;
s ‘_._-.5‘

Visibie f Emlssions

T T Bt e
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‘5 B P:essure Drop Measurements _

[N B -

_Pressure drop (AP) across the wet sump prior to t.he bo:.ler .2 wet 1.D.

- - - _..n-y

PR —

fan (I:‘:.gures 4-1 and 4- 5) " was measured,-to- establ:.sh the unit operatmg

conditicn.: A U-tube water: manometer- was - used . to  measure ;the; pressure

differential between -the spray chamber and the wet.I.D.‘ fan at _ 30-minute

Lo

. intervals dux:ing each_ test. - STl 1 eonIst Poer o rmmre - s v

Tom R emmprmd R ome me s Dy Sy n gaidsnimuensf

5..9 We't Fan Solution Samples - RN

Ther .boi]ler 27 wet;. fan soiutioﬁl ?;js._jamg_].—es_ _were ta‘kea_-mfrorwtt__“thg__s"-_qpply and
drain of the system concurrent.:ly ‘wi'th the particulate/condensib]-.e- organics
tests performed at the boiler 2 outlet:  These samples are being held for
p.ossible'future analysis at the direct'ion Of EPA. . . .3 ... s i+

A 100-ml sample was taken at the wet fan solution supply and drain

approximately every 30 minutes during the Method S5X boiler _outlet tests.

" These sa:ﬁples were taken by filling a 100-ml graduated cylinder. Sample

numbers and collection times were recorded on the Wet Fan Solution Sample
Collection form in Appendix C. The lob—ml aliquots were combined into two
composite samples- for each test (one supply sample and one drain sanmple).
The size of the composited samplé was a function of the actual duration
{including intefruptions) of the Method S5X test. -

The composite samples were packed in .locked shock-proof containers and

driveh to CHZMHill at the conclusion of the test program,

5-26
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5.10 Fugitive Emissions

: Fugitive emissions are emissions that are not emitted directly from a
process stack or duct. These generally include such emissions as those:

{1} escaping capture by process equipment exhaust hoods, (2) emitted during

material transfer:; (3) emitted from buildings which house material processing

or handling equipment; and, (4) emitted directly from process equipment.

—

Guidelines from EPA Method 22, as medified by RTI, were used to determine
fugitive emissions from the veneer dryer doors, abort stacks, and dampers in
the exhaust systen. The method does not require that the opacity of
emissions be determined. Instead, the method determines the amount of time
Lo g that any wvisible emiésions occur during the observation period; that is, the

accumulated emission time.

Fugitive emissions from the veneer dryers and the exhaust system were
monitored by RTI and DGA. ‘These observations were recorded. Abort. stack

emissions were also monitored by RTI but the observations were not recorded.

o - 5.11 Ambient Temperature and Relative Humidity “A,:u
= ‘ ' Outdoor ambient temperature and relative humidity were measured at the

begihning and end of each test period with a psychrometer p;ovided by TRC., 7. _j-3

These measurements were made by DGA to determine if a correlation exists

between ambient temperature and relative humidity, and the emissions from the

{ 1.‘="_ ‘.veneer dryérs. Data were recordedvon a form provided by RTI. = - '7;-;*~fﬁ,_, .  11 %

S
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6.0 QUALITY ASSURANCE

The TRC quality assurance program is designed to ensure that emission

measurement work is performed by gqualified people using proper equipment :

following written procedures in order to provide accurate, defensible data. }

, . This program is based upon the EPA Quality Assurance Handbook for Air Pollu- '

tion Measurement Systems, Volume III (EPA-600/4-7-027bh). _ ;
./ At tme beginning of each day, a meeting was held to orient personnel to
I the activities scheduled for. that day and to discuss results £from the
previous day, and to determine if any special considerations were appropriate

for the day's work.

6.1 Method 5X
; - TRC's measurement devices, pitot tubes, dry gas meters, thermocouples,
probes and nozzles are uniquely identified and calibrated with documented .

procedures and acceptance criteria 'before and after each field effort.

N

Records of all callbratzon data are malntalned 1n TRC flles. ~ Samples of

P - - .
P "

maTte oo 4

gl ' . these calrbratlon forms are presented in Appendxx F ; . .

i n ALYl Method 5X sampllng was 100 +10 percent isok1net1c,_'ekcept fas’ Lt
' ;mentioned in Section 2. Probe and hotbox. temperatures were ma1nta1ned .at B ‘

i . 350 +25 F. Dev1at10ns from these criterla at the boxler 2 outlet.ﬂwere -
-reported to the EPA/EMB task manager to dec1de whether a test run should be
j repeated or c0nt1nued. e e s e em.‘; U

A 51ngle clean-up evaluatlon test was_ perfcrmed on. each 1n1t1al eet_ L

&a z?*'-ﬂ"(collector “train) , of glassware prlor to collectlng field | samples."..The R IT

i - ,.;.u....____ g :-- _lr". P ..--._

- \’.‘ s,.J-..'un . ;.;.,Jr — e e F

- evaluatlon tests (Method Sx) were performed 1n the freld clean-up laboratory oL 1

were specif1ed by
- .‘_,‘".3 ?4'91{_‘5* & -' : otz _,'3,'”:-. LR
tO COllectinQ field”samples . : s tOf glasswarep_including | ":df~‘~*~*
\ ‘ 1;? w-_g.al ___a_ _;_‘ & ,iy"")vc - NI fee
e

o




o Y

b -na;n--xr‘?sn fran’ z*irﬁéﬁﬁexb the actual

'The impingers.wezegirecharged as sPeEf“
- < , gl ﬁ'«h—*—:

TR
_were

cleaned

- ,-~the blank samples recovered and analyzed “ds specified in the 'actualf test

= ek
-r e . -~ .

- ..._-,,-_. D P e

proqram.-kResults are presented 1n Section 2 of th1s report.~:; ““*” ” { "
| In summary, the evaluatios tests were de51gned to precondltzon the sample
collectors, to establish blank background values, and to educate the clean-up
personnel in specific sample recovery procedures. - R -
Acetone was provided by CHZMHill in glass-lined containers. Both the

acetone and D.D. water were analyzed by CH MHill prior to "field ‘use.

2
Residue data from this preliminary analysis was evaluated by the EPA/EMB task
manager with respect to tbe suitability for use during the test'pfogram.
These data are presented in Appendix H..In addition, three blank samples of
D.D. water, acetohe, and both 2-1/2 inch and 4-~1/2 inch filters were
collected for background analysis. All clean-up evaluation and blank samples'
were analyzed in conjdnction witﬁ the actual_test samples.

All sample ’recovery was performed by‘ a4 three-person clean-up crew.
hppropriate sample recovery data were recorded on the sample identification
log, sample handling log, chain-of-custody form, and analytical data forms as
presented in Appendix D.

gecovered samples were secured .in” padloeked; shock-proof.' steel con-

tainers for storage.and shipment for analysis.

All preparation and analysis of Methoed 5X samples were performed by
CH2MHill,- which has extensive experience with Oregon DEQ Metheod '7,' from
which Method 5X derives. CHZMHill adhered to the standards of quality

assurance set forth in the gQuality Assurance Handbook for Air Pollution

(
N
ot
H

PP,
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Measurement Szgtéms, Volume III (EPA-600/4-7-027b) and the Handbook for

Analytical Quality Control in Water and Wastewater Laboratories (EPA-600/4-

79-019, March 1979).

6.2 Method 25

Method 25 traps were burned out according to the method prior to testing
and spot-checked €for contamination. All Method 25 tanksvwere flushed with
nitrogen and checked for contamination prior to f£ield use.

Four sampling traing were used to provide a check on data precision. Two
trains were analyzed hy ?RC and NCASI analyzed the remaining two trains. &all
tanks and traps. have permanently engraved identification numbers.

Analyzers were oalibrated over the specified ranges using certified

calibration gases. Certification forms are provided in Appendix F.

EPA/EMB provided three audit samples for analysis. by TRC and NCASI.

These samples -were analyzed using procedures described by the method.

Results are presented in Section 2.

§.3 Method 3

All Method 3 analyses were performed in trlpllcate. ﬁith three'pooéés

being performed through each absorbzng bubbler to ensure complete absorptlon.'“":

Each analyzer was leak-checked according to the. method prior to . any

analysis. Samples were analyzed 1mmedzately upon completlon of the sampllng.
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APPENDIX A

SUMMARY OF EPA METHOD 5X TEST DATA

L E B B R B N B N R




= NG ExXNMaNST

T LEN
—a—— —_—
!
PARTICULATE TEST DATA
TEST | TDME LYg- 1810
C
mnoug%m DATE ﬁﬂ{)/’mm 2,19¢]
Fr (U miﬂtm : prorecT w0. __ YL -£ 80
Input A
P bar Barometric Pressure - in, Hg : 29.59
As Stack Area - Ft?
Dn Nozzle Diameter - in, -
Time Total Sampling Time - min.
Y Calibration Factor
Cp Pitot Coefficient '
(ap) 1/2 Average Square Root of Velocity Head (in, Hz0)
&H Average Qrifice Pressure Drop - in. Hz0
T Average Meter Temperature °F
Pstk Average Stack Pressure - in. Hp0
Tstk Average Stack Temperature °F
Vm . Meter Volume at Meter Conditions - Ft?
Vi Total Water Vapor Collected - ml
L =——=I500 % (07 in Stack Gas (Dry)
07 $ 07 in Stack Gas (Dry)
—>C0 % (0 in Stack Gas (Dry)
Input B
Mn Total Particulate Catch - Mg
Input C
$H % Hydrogen in Fuel
$C % Carbon in Fuel
t S % Sulfur in Fuel
N % Nitrogen in Fuel
£ 0 % Oxygen in Fuel
GV Gross Califoric Volume of Fuel - BTU/1b
Calculated
Vm (std)  Meter Volume at Standard Conditions (Dry)-Ft? Y Y
% Hz0 % H20 Vapor in Stack Gas 15/
Mws Molecular Weight of Stack Gas (Wet) 272
Vs Average Velocity of Stack Gas - FPM 2320
Qs Actual Stack Gas Flowrate - ACEM (Hf a1}
Qs (std) Stack Gas Flowrate (0.0% HpO; STP) - DSCFM 22390
§1I $ Isokinetic (Avg. Nozzle Vel/Avg. Stk Vel) yra
Cs Particulate Concentration-1b/DSCF D16 X0 ;Q‘AZ X/0°5/d. 17 x 165
Er Particulate Emission Rate-1lb/hour £, 32_. 29. ¢ 34 ?{
F F Factor - DSCF/MM BTU .
E

Particulate Emissions - 1bs/MM BiU
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PARTICULATE TEST DATA

TEST L ™E___ /353 & (523
=
ozttt WE | Sepfimbe, 22, /98]
7
FIRM y A M. _ ¥l £ 80
Input A
P bar Barometric Pressure - in, Hg Z?, 5 9
As Stack Area - Ft2 /2.6 -
Dn Nozzle Diameter - in. 0. 254
Time Total Sampling Time - min. &L 1
Y Calibration Factor /s D &
Cp Pitot Ceefficient 0. 589 E
(apy /2 Average Square Root of Velocity Head (in. Hy0) 0,195/ 24 71
&H Average Orifice Pressure Drop - in, H30 /¥ :
Tn Average Meter Temperature °F 6 g o
Pstk Average Stack Pressure - in. H0 -, 27 ¥
Tstk Average Stack Temperature °F 32/5 e
Vm Meter Volume at Meter Conditions - Ft? ok P04 o
V1 Total Water Vapor Collected - ml 147, & : E
——(05 : $ OD; in Stack Gas (Dry) o
' 0z $ 07 in Stack Gas (Dry) 28.9
—=.C0 $ OO0 in Stack Gas (Dry) & E
Input B
Mn Total Particulate Catch - Mg 2. 5’/ 3 73a/f/ 29,6 b, E
Input C ' ; l
$H 1 Hydrogen in Fuel : .
$C % Carbon in Fuel B
$S $ Sulfur in Fuel
t N % Nitrogen in Fuel -
$0 % Oxygen in Fuel 3 ﬁ
GV Gross Califoric Volume of Fuel - BTU/1b ‘ >
Calculated P ﬁ
Vi (std) Meter Volume at Standard Conditions (Dry)-Ft? Y. 5% ;
% HzO % Hz0 Vapor in Stack Gas
Mws Molecular Weight of Stack Gas (Wet) 3
Vs Average Velocity of Stack Gas - FPM d
Qs Actual Stack Gas Flowrate - ACRM
Qs (std) Stack Gas Flowrate (0.0% HyQ; STP) - DSCFM A DD 4
51 % Isokinetic (Avg. Nozzle Vel/Avg, Stk Vel) {O L
Cs Particulate Concentration-1b/DSCF O 2 1o ‘ﬂ.j{x 10 '7;.% x10 =3
Er Particulate Emission Rate-I1b/hour /.78 / > 7 / 44 ¥
E ’ F Facter - DSCF/MM BTU L
g Particulate Emissions - 1bs/M BIU

;’gg’-; Wil
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PARTICULATE TEST DATA

TEST s S TIME [200 Y0 141é
et (A lod ) DATE Se pfi/uéwp 23,19/
FIRM ; PROJECT M. __[4LD -E80
Input A
P bar Barometric Pressure -~ in. Hg 2725 o
As Stack Area - Ft? A
Dn Nozzle Diameter - in, 4. £S'(
Time .Total Sampling Time ~ min. ¥
Y Calibration Factor /.0
Cp “Pitot Coefficient 0 .8¢
(sP) 3/2 Average Square Root of Velocity Head (in. Hz0) 0.8
aH Average Orifice Pressure Drop - in. H0 e 59_
L4
To Average Meter Temperature °F L7
Pstk Average Stack Pressure - in, Hz0 0.3
Tstk Average Stack Temperature °F . 3&
Vm Meter Volume at Meter Conditions - Ft3 44 45
V1 Total Water Vapor Callected - ml (29.4_
——=300 $ C0; in Stack Gas (Dry) ()
‘ 02 $ 07 in Stack Gas (Dry) 20.9
—>m t OO in Stack Gas (Dry) 0
Input B / / ;
M Total Particulate Catch - Mg °9/'ZT ‘7!‘7/,0/ 513
\ Input C }
\ $ H $ Hydrogen in Fuel
Josces % Carbon in Fuel
$S % Sulfur in Fuel
$N % Nitrogen in Fuel
$0 % Oxygen in Fuel
GV Gross Califoric Volume of Fuel - BTU/1b
Calculated
Vm (std) Meter Volume at Standard Conditions (Dry}-Ft3 _‘_{@i
$ Hy0 % Hy0 Vapor in Stack Gas TR
Mws Molecular Weight of Stack Gas {Wet) LN
Vs Average Velocity of Stack Gas - FPM 4L D
Qs Actual Stack Gas Flowrate - ACPM Y3600
Qs (std) Stack Gas Flowrate (0.0% Hy0; STP) - DSCFM 25700
$ 1 % Isokinetic (Avg. Nozzle Vel/Avg. Stk Vel) 99. b
s . Partjculate Concentration-1b/DSCF 5ln.% %105 x10°5
Er Particulate Emission Rate-1lb/hour Lb 3(1,9,' 30§
F : F Factor - DSCF/MM BTU '
E Particulate Emissions - lbs/MM ETU




PARTICULATE TEST DATA

e _ A2 4o (398 e

S TR
FIRM

Calculated

Vm {std)
% H20
Mws

Vs

Qs

Qs (std)
51

Cs

Er

F

E

! PROJECT NO.

DATE &[dmm 25,198/

Barometric Pressure - in. Hg -

Stack Area - Ft2

Nozzl¢ Diameter - in,

Total Sampling Time ~ min.

Calibration Factor

Pitot Coefficient

Average Square Root of Velocity Head (in. H20)
Average Orifice Pressure Drop - in. H20
Average Meter Temperature °F

Average Stack Pressure - in. H0
Average Stack Temperature °F .
Meter Volume at Meter Conditions - Ft3
Total Water Vapor Collected -~ ml

% C0; in Stack Gas (Dry)

% 07 in Stack Gas (Dry)

% 0 in Stack Gas (Dry)

Total Particulate Catch - Mg

t Hydrogen in Fuel

t Carbon in Fuel

% Sulfur in Fuel

% Nitrogen in Fuel

$ Oxygen in Fuel

Gross Califoric Volume of Fuel - BTU/lb

Meter Volume at Standard Conditions (Dry)-Ft3
% H20 Vapor in Stack Gas

Molecular Weight of Stack Gas (Wet)
Average Velocity of Stack Gas - FIM

Actual Stack Gas Flowrate - ACPM

Stack Gas Flowrate (0.0% Hy0; STP} - DSCPFM
% Isokinetic (Avg. Nozzle Vel/Avg, Stk Vel)
Parciculate Concentratien-1b/DSCF '
Particulate Emission Rate-lb/hour

F Factor - DSCF/MM BIU

Particulate Emissions - 1bs/MM BTU

H.81

lll a

276

2120

39300

13300 t«
9¢.°7 o

&3_&107’%2&110'75&331 '
94 ] 209 7 3hi
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PARTICULATE TEST DATA

LY. o b T __ /G4 2 [l
LOCATION Pmlﬂaq_ 2 @/;ffaf' MTE _ Serbofer 2/ /’98/

g

FIRM g;gnmjn;m é}fgg—%zam/hmm/ml. NG ~E80

Input A
P bar Barometyic Pressure - in. Hg 29. ;’;'7
As Stack Area - Ft2 EEE:
Dn Nozzle Diameter - in, o -1
Time Total Sampling Time - min. 22
Y Calibration Factor /&)
. Cp Pitot Coefficient O. g
(ap) /2 Average Square Root of Velocity Head {in. H0) Qe b4
&H "+ Average Orifice Pressure Drop - in, Hz0 /.07
T Average Meter Temperature °F _ 73
Pstk Average Stack Pressure ~ in, Hy0 -0
Tstk Average Stack Temperature °F 422
V Meter Volume at Meter Conditions - Ft? 39 66
Vi Total Water Vapor Collected - ml 250N
07 ¥ (0; in Stack Gas (Dry) &
02 " % 07 in Stack Gas (Dvy) ye)
o $ 0 in Stack Gas (Dry) . (o
Input B
Mn Total Particulate Catch - Mg
Input €
$H % Hydrogen in Fuel
§C° $ Carbon in Fuel
5 S $ Sulfur in Fuel
$ N t Nitrogen in Fuel
$0 % Oxygen in Fuel
Gev Gross Califoric Volume of Fuel -~ BTU/1b
Calculated
Vo (std) Meter Volume at Standard Conditions (Dry)-Fed
t H20 % Hz0 Vapor in Stack Gas ' 1Y
Mws Molecular Weight of Stack Gas (Wet) 27.5
Vs | Average Velocity of Stack Gas - FPM 2970
Qs Actual Stack Gas Flowrate - ACPM RI2.00
Qs (std) Stack Gas Flowrate (0.0% Hz0; STP) - DSCFM _R00 )
$1 . $ Isokinetic (Avg. Nozzle Vel/fAvg. Stk Vel) 10X . _
Cs Particulate Concentration-1b/DSCF ' 1 ¥an / o,;q/.(m"”/ 2 73?/0""
Er Particulate Emission Rate-lb/hour 22.0 ,7 2.3 7 354

F Factor - DSCF/™M BTU
Particulate Emissions - 1bs/MM BTU

1
i




TEST

PARTICULATE TEST DATA

me /349 h /5'2?

wetion  Boidero 3 Dutlbds  mE __Q}Qfm_ég_}r) 22, 198/

FIRM @ﬁaaﬁpzm‘ (épﬁ—péwmi‘z PROJECT NO. [460-£ 80

1 H
tC’
S
&N
$0
GCv

Calculated

Vin (std)
% Hp0
Mws

¥s

=
Qs (std)
51

Cs

Er

F

Barometric Pressure - in, Hg oﬂ?a A 3
Stack Area - Ft2 AZ.2
Nozzle Diameter - in. . D, De/
Total Sampling Time ~ min, oA
Calibration Factor- /. 0
Pitot Coefficient ' 2.5
Average Sauare Root of Velocity Head (in. H30) IR7INA
Average Orifice Pressure Drop - in., H20 Y34
Average Meter Temperature °F ‘ A
Average Stack Pressure - in. Hy0 —A{

Average Stack Temperature °F Y3/
Meter Volume at Meter Conditions - Ft?
Total Water Vapor Collected - ml

% C0; in Stack Gas (Dry)

% 07 in Stack Gas (Dry)

£ 0 in Stack Gas (Dry)

Total Particulate Catch - Mg

% Hydrogen in Fuel

% Carbon in Fuel

$ Sulfur jn Fuel

% Nitrogen in Fuel

% Oxygen in Fuel

Gross Califoric Volume of Fuel - BTU/1b

Meter Volume at Standard Conditions (Dry)-Fe? - /9,98

$ H70 Vapor in Stack Gas /5. 5

Molecular Weight of Stack Gas (Wet) 27 &

Average Velocity of Stack Gas - FPM 2970

Actual Stack Gas Flowrate - ACEM Y10

Stack Gas Flowrate (0.0% Hp0; STP) - DSCFM L7776 p

% Isokinetic (Avg. Nozzle Vel/Avg. Stk Vel) y/i¥i &
Particulate Concentration-1b/DSCE ' 7 26 10-56.20 (S X 10
Particulate Emission Rate-lb/hour .3l 5 L <o /) F6-

F Factor - DSCF/MM BTU
Particulate Emissions - 1lbs/MM BTU




PARTICULATE TEST DATA

TEST 3 ™ 1156 40 (2372
LOCATION e uiod DATE 5@'!7/‘0/14464&/*/

FIRM thﬂ( Zé& - &%‘ggoad ) PROJECT NO.

Input A ‘

input B
Mn

Input C
Y H
$C
$S
i N
$0
GCV

Calculated

Vm (std)
$ HaO
Mwg

Vs

Os

Qs (std)
t1I

Cs

Er

F

E

Barometric Pressure - in. Hg
Stack Area - Fr?

Nozzle Diameter - in, .
Total Sampling Time - min.
Calibration Factor

Pitot Coefficient

Average Square Root of Velocity Head (in. Hz0)

Average Orifice Pressure Drop - in. Hz0
Average Meter Temperature °F

Average Stack Pressure - in. Hy0
Average Stack Temperature °F

Meter Volume at Meter Conditions - Ft?
Total Water Vapor Collected - ml

% CDy in Stack Gas (Dry)

% 07 in Stack Gas (Dry)

% (O in Stack Gas (Dry)

Total Particulate Catch - Mg

% Hydrogen in Fuel

% Carbon in Fuel

$ Sulfur in Fuel

% Nitrogen in Fuel

§ Oxygen in Fuel

Gross Califoric Volume of Fuel - BIU/1b

Meter Volume at Standard Conditions (Dry)-Ft?

% H0 Vapor in Stack Gas

Molecular Weight of Stack Gas (Wet)
Average Velocity of Stack Gas - FPM
Actual Stack Gas Flowrate - ACEM

Stack Gas Flowrate (0.0% Hp0; STP) - DSCFM
§ Isckinetic (Avg. Nozzle Vel/Avg. Stk Vel)

Particulate Concentration-1b/DSCF
Particulate Emission Rate=-1b/hour
F Factor - DSCF/MM BTU

Particulate Emissions - 1bs/MM BTU
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PARTICULATE TEST DATA

mst AY-Y-0 TDE 1313 o I9¥
wocxtion _ Bpidin, 2. puted T Sept, I¢, (98]
rrd _ Chanaploro PROJECT 0. Yoo~ £80
I
Input A
P bar Barometric Pressure - in. Hg &?,éo
As Stack Area - Ft? 2¢.2
n Nozzle Diameter - in. 0. 8614
Time Total Sampling Time - min, . 72.
Y Calibration Factor : [
Cp Pitot Coefficient D.2Y
(ap} 1/2 Average Square Root of Velocity Head (in. Hi0) 0,50
oH Average Orifice Pressure Drop - in. Hz0 0. 65
T Average Meter Temperature °F 76
Pstk Average Stack Pressure - in, Hz0 . —, 05
Tstk Average Stack Temperature °F 3/7
vm Meter Volume at Meter Conditions - Ft3 3422
vi Total Water Vapor Collected - ml /6
02 3.00; in Stack Gas (Dry) s.7
0 % 0z in Stack Gas (Dry) /5./
co . % O in Stack Gas (Dry) o
Input B .
M - Total Particulate Catch - Mg
Input C ‘\“\\
t H % Hylﬁ'_ogen in Fuel
i
$C° % Carbon in Fuel
t 5 §. Sulfur in Fuel
t N % Nitrogen in Fuel
£ 0 % Oxygen in Fuel
GLV Gross Califoric Volume of Fuel - BTU/1b
Calculated
Vm (std) Meter Volume at Standard Conditions (Dry)-Ft? 304 5
$ Hy0 % Hy0 Vapor in Stack Gas (5.2
Mws Molecular Weight of Stack Gas (Wet) 27 7
Vs . Average Velocity of Stack Gas - FPM 2090
Qs Actual Stack Gas Flowrate - ACFM <9300
Qs (std) Stack Gas Flowrate (0.0% H0; STP) - DSCFM 33¢€00
s T . $ Isokinetic (Avg. Nozzle Vel/Avg, Stk Vel) 95. 46"
Cs Particulate Concentration-1b/DSCF , 3 x 0'5
Er , Particulate Emission Rate-1lb/hour , 30.6/ £.3
F : F Factor - DSCE/MM BTU

E Particulate Emissions - lbs/MM BTU




B B

PARTICULATE TEST DATA

5X-5-0 e 1442 o (810

TEST

ooty Botdens 2 OuHoAd ot &'pw 24 198/ ;
FIRM (L/’mzmlﬂfm PROJECT M. __ (460 - £8O : :
Input A

P bar Barometric Pressure - in. Hg eﬂﬁ. év

As Stack Area - Ft2 252

Dn Nozzle Diameter - in. _ O, A6/

Time Total Sampling Time - min. 74

Y Calibration Factor /.0

Cp Pitot Coefficient : 0, guf

(eP) 1/2 Average Square Root of Velocity Head (in. Hp0) 8. 58

sH Average Orifice Pressure Drop - in, H0 o 745

Tn Average Meter Temperature °F 70 |
Pstk Average Stack Pressure - in. Hz0 -, 08 :
Tstk Average Stack Temperature °F 33 ¢

Vm Meter Volume at Meter Conditions - Ft3 33./4

V'l‘ Total Water Vapor Collected - ml /857 g9

0, % C0; in Stack Gas (Dry) 7.5

02 $ 07 in Stack Gas (Dry) /2

@ - - % in Stack Gas (Dry) ' [

Input B s '

M Total Particulate Catch - Mg .ﬂm/ﬂ&e/.?/?”‘l» : t
Input € . . / ] £ & '
$ H % Hydrogen in Fuel

$C° % Carbon in Fuel

$8S % Sulfur in Fuel

N % Nitrogen in Fuel

$0 % Oxygen in Fuel

oV Gross Califoric Volume of Fuel - BTU/1b

Calculated

Vi (std) Meter Volume at Standard Conditions (Dry}-Ft? 3& : 49

$ Hz0 % Hy0 Vapor in Stack Gas o2/ 2

M Molecular Weight of Stack Gas (Wet) 29,4

Vs Average Velocity of Stack Gas - FPM 2220

Qs Actual Stack Gas Flowrate - ACRM 62200

Qs (std) Stack Gas Flowrate (0.0% HpO; STP) - DSCFM 22 Yo =i

t I $ Isokinetic (Avg. Nozzle Vel/Avg. Stk Vel) lop

Cs Particulate Concentration-1b/DSCF ' ) -5/0, / A x /¢ "(

Er Particulate Emission Rate-1b/hour 29/ ; 2.7 i 195 V4

F F Factor - DSCF/MM BTU

Particulate Emissions - 1bs/MM BTU

e ~ & i e




#)

3

PARTICULATE TEST DATA

TEST AY-46-0 TDME 207 o [332
LOCATION ' #2 DATE 25
FIRM D131, PROJECT NO. /460 - £80
Input A

P tar Barometric Pressure - in, Hg &9; é(a
As Stack Area - Ft? 28 2
Dn Nozzle Diameter - in. 26/
Time Total Sampling Time - min. 9.

Y " Calibration Factor /. 0
Cp Pitot Coefficient VA e
(sP) 1/2 Average Square Root of Velocity Head (in. Hz0) A, L4
aH Average Crifice Pressure Drop - in. Hy0 .99
Tn Average Meter Temperature °F ’7é
Pstk Average Stack Pressure ~ in. H0 — 85
Tstk Average Stack Temperature °F 7534
Vm Meter Volume at Meter Conditions -~ Ft? 3?_5) (A
i Total Water Vapor Collected - ml {84
o0y % 0, in Stack Gas (Dry) 5.°7
0z § 07 in Stack Gas (Dry) 14,/
(54) t (0 in Stack Gas (Dry) O
Input B

M Total Particulate Catch - Mg & 12.5/06
Input C

4 H % Hydrogen in Fuel

£ C- t Carbon in Fuel

£t S % Sulfur in Fuel

%N % Nitrogen in Fuel

{0 % Oxygen in Fuel

GCV Gross Califoric Volume of Fuel - BTU/1b

Calculated

Vim _(stdj Meter Volume at Standard Conditions (Dry)-Ft? 3 ﬁy. of
$ H0 % Hy0 Vapor in Stack Gas 1%, 2
Mws Molecular Weight of Stack Gas (Wet) ;711{
Vs Average Velocity of Stack Gas - FPM 2910
Qs Actual Stack Gas Flowrate - ACEM K178 0
Qs (std) Stack Gas Flowrate (0.0% Hp0; STP) - DSCFM dnpp D
$ I $ Isokinetic (Avg. Nozzle Vel/Avg. Stk Vel) 1LY
Cs Particulate Concentration-1b/DSCF x16F 01 x 1675/
Er Particulate Emission Rate-1b/howur 4. Y f(? EAYE
F F Factor - DSCF/MM BTU

E Particulate Emissions - 1bs/MM BTU




