
I AP42 Section: 

IReference: 
I Title: 

I 

10.5 

14 

Emission Test Report-Champion 
International Lebanon Plant, 
Lebanon, Oregon, EMB 
Report 81-PLY-2, U. S. 
Environmental Protection Agency, 
Research Triangle Park, NC, May 
1982. 

1997 supplement 



i untw Stares ;rice or Air Uuaiiry U i o  ne30P+ t j l - , - ~ Y - <  
Environmental PToresipn 

Air 

B 
Planning and Srancards 
'Research Triangie ?ark NC 277: 1 May ' '*' ' ' \ t* 3-r 

I Agency 
I 

Emission Test Report 
Champion I nternaticnal 
Lebanon Plant 
Lebanon, Oregon 

i . 2  

i 

.- . 

21 .- 

I ! .. 

j 



i 

I 
I 

-. 
8 .  .: 

I 

STANDARDS DEVELOPMENT TESTING 
PERFORMED AT THE 

CHAMPION PLYWOOD PLANT 
LEBANON, OREGON 

SEPTEMBER 1 9 8 1  

Environmental 
Consultants, Inc. 

EMB Report 81-PLY-2 
ESED P r o j e c t  80/02 
EPA Contract No. 68-02-3543 
Work Assignment N o .  1 
TRC P r o j e c t  No. 1460-E80-51 

Prepared  for: 
C.E. R i l ey ,  EPA/EMB 
Task Manager 

I 

I 

Prepared  by: 
P e t e r  W. K a l i k a  P.E. 

Program Manager 
Eugene A. B r a c k b i l l  P.E. 

Work Assignment Manager 
John €I. Powell  

P r o j e c t  Sc i en t i s t  
E r i c  A. Pearson  

Project S c i e n t i s t  
S. Dexter P e i r c e  

Environmental  Engineer  

May 1982 

i 

. 2  . .. . .  . .  . . .  

! . . .  

! 
' 1. 

.. . .  

, -  - .  .. . .  
":.( .. . + 800 Connecticut Blvd. 

East Hartford, CT 06108 . . .  .. 
.... . ... - 

, . .: 

. .  . 



This report has been reviewed by the Emission Standards and Engineering 
Division, Office of Air Quality Planning ind Standards, Office of Air, 
Noise and Radiation, Environmental Protection Agency, and approved for 
publication. Mention of company or product names does not constitute 
endorsement by EPA. Copies are available free of charge to Federal 
employees, current contractors and grantees, and nonprofit organizations - 
as supplies permit - from the Library Services Office, MD-35, Environ- 
mental Protection Agency, Research Triangle Park, NC 27711. 

Order: EMB Report 81-PLY-2 

. . . . . . .  ~ . . . .  , . ~~ 

. . . .  . . . . .  - . . . . . . .  - .- I ~ 

. . .  . .  
2 ,  . . :  ~. . I  

. ~ . , . .  

. . . . . .  ~. . .. 
........ . .  

. . . . . . .  
. .  

. . .  . .  
._ . _ .  . _ .  . .. - . .  . , .  

- . i  . .  
.. 

. . .  I . .  .... . . . . . . . . . . . .  



~~ 

I 

I 

I 

-7. 

... 

I . .  . .  

... 

. .  ... ... 

'72 

.:. 
I. 

, i ,~ , ,. 1 ,jl* - / .. , 

PREFACE 

The work described herein was conducted by personnel from TRC - Environ- 
mental Consultants, Inc., Research Triangle Institute (RTI) , Del Green 

Associates (DGA), CH2MHill, Engineers, Planners, Economists 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 the supervision of Eugene A. Brackbill, 

P.E., TRC work assignment manager, and John E. 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 descriptions and 

operations. Mark S. Boedigheimer supervised Method 5X analyses performed by 

CH MHill. 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 Champion, provided invaluable assist- 

ance and guidance to TRC, EPA, and RTI in the performance of the test pro- 

gram. Clyde E. Riley, Office of Air Quality Planning and Standards (OAQPS), 

Emission Measurement Branch, EPA, served as task manager and was responsible 

for coordinating the test program. 

2 

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

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

also responsible for coordinating and directing the 'process operations 

manitoring. 
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1.0 INTRODUCTION 1. 

I 
1.1 Background 

Section 111 of the Clean Air Act of 1970 charges the administrator of the 

. .  !r<:, United States Environmental Protection 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 emission 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 develop SPNSS. 
C." 

EPA's Office of Air Quality Planning and Standards selected thgchampion 

plywood plant in Lebanon, Oregon, as a site for an emission test program 

. .  - 
_ -  -__. __ ~- - 

because it is considered to employ process "d_ emission control technology 
I_ - -- __ 

---&-'. '.A- - 

t 

~~ - ,,. ~ 

representative of modern plywood mahfacturing plants. 
~ - _ _ ~ _ _ I - .  - . _- 
The test program was desi.gned.to determine. the emission -- rate of parti?- 

ulate, condensible and noncondensible organic material emitted from the veneer 

drying operation. . A second objective was to measure. the destruction 

efficiency of was_t_e_wwd-f . \- ired boilers as2ineratEsfor condensible and 

. -  ~. - 

.... _- .. -- - . ....... . -  
/-- 

-~ - ._ 

- 

'noncondensible organic emissions. - . ~  ........ - - 
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 . 

...; emissions and, ,their .. pollution .control . system.. which ,.consists of two .. 

wastewood-fired boilers .used :as incinerators. ...: This report .has, been prepared 
'. .'..&in:accordance :,with :EPA .Contiact r.No. -68-02-3543. under ;.the provisions ..of -:Work .. r. 

,. . . .  . . .  . . . . . . . . .  . . .  
. .  

.. ..... , .  
.. *.- 

.._.. 
.. 

. I  
I ..'! 

. . . .  . . .  ~- . .  

. I.>, 

I .- . .- . .  - ~. . .  . .  . . . .  . . .  . .  . .  . .  1 . .  . .  ~ . .  -- . _ . '  

.~ 
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.. 

. .  . .  



1 .  . .  
tractor, was responsible for coordinating the overall test. program" with 

:.: Champ Jn personnel and for assuring that process and control equipment Operat- 
i j  

.. . 

. . .  ing conditions were suitable for testing. Related process data were monito'red , :... !>:! 
/ :  

i )  and recorded by RTI. Fugitive emissions from the veneer dryers, ambient air 

temperature and relative humidity were monitored and recorded by RTI and their . .  

subcontractor, Del Green Associates (Ocn) .  

Additional testing for total organic compounds was performed by the 

National 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 

hardboard 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 

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

in this program. The remaining six d r B  installed in the late 1940s, 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. Eere, 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 i 
moisture out of the veneer in preparation for the iayup and laminating opera- 

I 
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. . . . . . .  . .  
. I .  

. -  . 
d r i v e n - - o u t .  of.- the- veneer.--' These-organic  compounds a r e  the emissions Of.. . . . .  I . . .  . ...,--_----. ........... -is. . .  : 1  . . .  ,'4 -,-.. . .  - .  - . .  

.~ .. ! 1  .. 2 . . :L i : . _  . : 

. . . . .  - > !  . . .  . .  . .  , . ?  -. _ .  . 
. .  i '  , 

-- . . .~ . . 
. .:- interest. 

. .  . . .  
. .  -. . 
' ' Each dryer  has  t w o  exhaust ducts .  Atop each duc t  is an abor t  damper for tdl 

z., 

.. emergency use only (a  source of f u g i t i v e  emissions) .  A l l  12 exhaust duc t s  

converge t o  a common 48-inch icside diameter ( i .d . )  d u c t  which c a r r i e s  the 

e f f l u e n t  through a set of dampers t o  an induced d r a f t  ( I .D . )  fan. The dryer  

- 
.I . . .  .. 

-- - . .~ -I I 

- - - - ~  - -  -~ .- - 
exhaust is then  ducted through another  s e t  of dampers and fed i n t o  two 

wastewcod-fiz-b_oil.ers-asoverf i re  and underf i r e  a i r .  

__C_.- .--A__. ~ ___ - . .~ 

- - 
The exhaust from each b o i l e r  is ducted to  wet I.D. f ans  which were - - 

o r i g i n a l l y  i n s t a l l e d  a s  spark a r r e s t e r s  r a t h e r  than po l lu t ion  cont ro ls .  The -- 
exhaust is then  ducted t o  t h e  atmosphere. 

_I---- 

1.3 Appl i cab i l i t y  of EPA Reference T e s t  Methods 

EPA is required t o  publ ish a na t iona l  re ference  t e s t  method f o r  each 

regulated source category and p o l l u t a n t  for which a New Source Performance 

Standard (NSPS) is es t ab l i shed .  Reference test methods a r e  usual ly  s p e c i f i e d  

by a S t a t e  regula tory  agency during the S t a t e  Implementation Planning process  

and may be d i f f e r e n t  from na t iona l  r e fe rence  test  methods. 

The purpose of  e s t ab l i sh ing  a na t iona l  re ference  t e s t  method is t o  ensure 

t h a t  emission d a t a  co l l ec t ed  from a s p e c i f i c  source is rep resen ta t ive  of t h a t  

source and comparable t o  da ta  c o l l e c t e d  a t  o ther  designated sources.  The 

primary purpose of t h i s  test program was t o  c o l l e c t  emission da ta  using 

s tandardized t e s t  methods which allowed the  da t a  t o  be evaluated t o  develop a 

na t iona l  SPNSS. .TWO d i f f e r e n t  test methods were se l ec t ed  by EPA t o  measure 

emissions from plywood veneer drying opera t ions .  These methods a r e  b r i e f l y  

described i n  the following subsect ions and a r e  descr ibed  in  d e t a i l  i n  

Sect ion 5 .  

. j  
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1.3.1 EPA Method 5X (Provisional) 

Provisional Method 5X is similar to the Oregon Department of Environmental 
I Quality (ODEQ) Method 7 used to measure condensible organic emissions. EPA 

7- Method 5X measures particulate and condensible organic matter. "Particulate 

matter" is defined as any finely divided solid or liquid material, other than 
I' 

uncombined water, that condenses at or above the filtration temperature range 

of 350 - +25OF (177 +14OC), and is collected by the probe and filter (front 

half of the sampling train). 'Condensible organic matter" is defined as any 

material remaining after extraction, filtration and ambient evaporation of the 

ether-chloroform extract of the impinger portion of the sampling train. 

. .. Particulate matter and condensible organic matter are quantified 

gravimetrically and results are expressed as the mass of collected material. 

! The purpose of the 350°F filtration temperature is to precondition the 

Method 25 slipstream sample being withdrawn from the Method 5X sample stream. 

This temperature was selected on the basis of average veneer dryer operating 

temperatures throughout the industry. This temperature condition excludes 

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

It does not affec,t Method 5X results because the remaining sample is caught in 

the condenser portion of the train. 

. .  . . ,  

. . .  
0 ! .; . .  

. .. . .  
. .  

. . .  . .~ - . .  . .  1 .  
. . ,  ., 

. ,  . .  . . . ,  . 
1.3.'2 EPA Method 25 

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

. .  . . . .  
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ent  organic compound s t r u c t u r e s  is el iminated.  This  a l lows comparison Of . i  

. . I_ ,. .- ,. .. - i,..; ._ . . . . . .  . . .  . .  . .  ... ~.,.., . . . ~ .  .. I'..: .... ; ,:...b&*:z<*" .... _>+ ,,,.. ?,- ,. *" l i .L i  . --.-.- ... .*,. i-. >.-.-.- ... 
. emission da ta  on a uniform C1 bas i s .  Method 25 is d iscussed  i n  g r e a t e r  

. .  .- _ .  - - .  . - . . .  ~. . . . . . . . .  - . . . .  - - . . .  - . .  . .  . .  
i$ 
,..., d e t a i l  i n  Sec t ion  5 of  t h i s  repor t .  ' 

Major procedural  modif icat ions to  Method 2 5  were requi red  to measure 

accura te ly  emissions from plywood veneer drying f a c i l i t i e s .  An a d d i t i o n a l  

condensate t r a p  immersed i n  water i ce  was placed in  the  sampling t r a i n  ahead 

of the s tandard dry i c e  immersed condensate t rap .  The purpose of t h e  

a d d i t i o n a l  t r a p  is t o  condense moisture t h a t  would f r eeze  i n  t he  dry i c e  

immersed t r a p  and cause a premature sample flow stoppage. I n  t h i s  manner gas  

stream moisture ' c o n t e n t ,  which may range from 30 to 60 percent  by volume may 

e f f e c t i v e l y  be reduced to 3 percent  or less before  en te r ing  t h e  dry  i c e  

... 

h e r s e d  t rap .  

The u s e  of the  Method 5X sampling t r a i n  a s  a sample precondi t ioner  a l s o  

represents  a major modif icat ion.  In  add i t ion  t o  t h e  35OoF sample s t ream 

temperature, i s o k i n e t i c  sample e x t r a c t i o n  from t h e  source u s i n g  Method 5X was 

a l s o  deemed necessary to ob ta in  a r ep resen ta t ive  Method 25 sample. T h i s  is 

p a r t i c u l a r l y  the  case  when moisture-saturated gas s t reams,  s u c h  a s  those  

following wet scrubbing devices ,  a r e  being sampled. Entrained water d r o p l e t s  

may conta in  organic  m a t e r i a l s  t h a t  would n o t  be c o l l e c t e d  u s i n g  the  normal 

Method 25 cons tan t  sampling r a t e  procedure. 

1.3.3 Comparabili ty of T e s t  Methods 

Methods 5X and 25 a r e  not  r e l a t e d  and measured resul ts  may not  be compared 

under any circumstances.  Condensation temperatures d i f f e r  by more than 

100°F between t h e  two methods, and consequently d i f f e r e n t  condensible  com- 

pounds a r e  c o l l e c t e d  by each method. I n  add i t ion ,  it has been demonstrated 

. L  
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that Method 5X has limited collection capabilities for organic compounds with 

high-vapor pressures. In addition a loss of organic material is experienced 

' during normal sample recovery and drying operations. 

1.4 Measurement' Program Summary 

The measurement program was conducted at the Champion plywood manufactur- 

ing facility in Lebanon, Oregon during the week of September 21, 1981. T&S 

were pgrformed at the veneer dryer exhaust duct and at the outlet of boiler 2, ___--_- -- - - - _- - - _ _  -.----- 

which used veneer dryer exhaust for combustion air. 

All emission testing was performed by TRC and NCASI personnel. RTI 

.personnel monitored process operating conditions, while DGA personnel moni- 

Wet fan 

. .  
. .  

, '  tored fugitive emissions, ambient temperature and relative humidity. 

operational data and solution samples were taken by TRC personnel. 

. .  . .~ . .  

1.4.1 Veneer Dryer Exhaust 

. . .  . . .  .- Preliminary Measurements . ~. 

Preliminary testing was performed on September 21 to determine volumetric 
flow rate and stack gas moisture content.' An integrated gas sample was 

diameter and the sampling port configuration were confirmed at this time. 

. .  .. . . . .  also taken to determine concentrations of C02, 02 and CO. Stack 

Method 5X - Particulate and Condensible Orqanics Tests 
<Pour Method 5X tests were performed, one each on September 21, 22, 23 and 
25, concurrently with tests performed at the boiler 2 outlet. 

Method 25 - Total Organic Tests . .-. . . .  . .  . . .  - . .  . . .  .. . -  .. .- . 
... 
. . .  Sixteen Method 25 samples were s e n  at ,this location concurrently with :;. ~, 5.;l;.'z.:-. 

' 

. . . . . .  % Method 5X. tests performed.Pour Method .... =_. 25 .- samples. . . . . . .  --  were . taken 
. . .  . .  

. . . . . . .  . .  
. . . - . , . . . . . .  

-3 

2.. . .. 
-. rently 'with-each Method 5X -test 

. . .  . . . .  .. -. - . @ .  . . .  
. .  

... ... . . . . .  
5 ,  .L.;. >-.;:I 

'.<. : . ' 
. . ' .  .. , 
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stream. 

Method 5X - Particulate and Condensible Organics Tests 
Four Method SX tests were performed at this location on September 21, 22, 
23, and 25 concurrently with tests performed at the veneer dryer exhaust. 

emissions were ducted to the boiler. These two additional tests were 
boiler background emission tests. 

., . ~. : .I 
1.. 1 . .: i .. :,...I .. --... . , . ..Ft'. ..:3 . ;-'...'?.. 7. \,'..,,_ ..... -1 t . .  . A * >  ' 1  

K< 

i- 
.... 

Two additional tests were performed on September 24 while no veneer dryer 
!_I -. 

Method 25 - Total Orqanic 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. 

Method 3 - Determination of COP, 07, and CO 
An integrated gas sample was taken simultaneously with each Method 5X 
sample. A total of six tests were performed. 

Method 9 - Visible Emissions 
Visible emissions from the boiler 2 outlet were monitored concurrently 
with each Method 5X test performed at this site. 

A total of 24 Method 25 samples were taken at this location. 

1.4.3 Boiler 1 Outlet 

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 

performed. 

1.4.4 Wet Fan - Boiler 2 
Pressure Drop Measurement 

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 5 X  test performed 
at the boiler 2 outlet. The samples were composited into two separate 
samples for each test. 

._ 

I 
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1.4.5 Fuqitive Emissions 

Fugitive emissions from the veneer dryers Cere monitored by RTI and DGA 

during each Method 5X test. 

1.4.6 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 were 

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

collection equipment. 

Method 25 audit samples were prepared by RTI and analyzed at the TRC 

laboratory in Wethersfield, Connecticut and by NCASI in their laboratory in 

Corvallis, Orgeon. These audit samples were known concentrations of toluene 

and propylene analyzed to determine the accuracy of Method 25 analysis by the 

individual laboratories. 

1.5 Report Sections 

. .  . -  

The remaining sections of this report present, the Summary and Discussion 

,Process .Description-" and ,Operations ..:. ..(Section -. , , .3) ,  . . .  
. -  . .  

I Of Results . (Section 2) , 
: :  . . . . . . . . . . .  

. -  .. . .  
. . . .  . . .  . . .  . . . . . .  . . .  ... .:.< . ~ . . . .  . . . . . .  ~ . . . . .  

. .  
. . : . .  . -  . .  . .  ._. . -  : . _. . . .  

. .  Description of . Sampling . Locations .. (Section . p ) ,  '-.Sampling . . .  ."and . . . .  . Analytical.".. ........ . .  
. . .  . . .  .. 

. .  . . . . . . .  . . .  . .  ... .. . . . . .  
. .  . .  

. .  . .  
.:i 

. . . . . .  
. .  

i .  i ..,,_ .> .  .-+:*,>, .. ,.. , ; . A  .,., 

. . .  

~. 

. . . . .  . . . . .  . . . .  
. .  

.... .... . . . . . . .  
'Procedures (Section 5) , and' - Quaiity~ Assurance (Section . .  6). -. - Descriptions of ". 

. . .  ._. - . . . . . . . .  . . . . . .  .~ ~._ ..... ... . . . . . . . .  ...... _. -, . . . . . .  . . . . .  
. .  .. . . .  . .... . .  

. . .  
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2.0 SUMMARY AND DISCUSSION OF RESULTS i '. 
i 

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

this section. Section 2 . 1  provides a brief background discussion and defini- 

tions of measured parameters. Section 2.2 presents Method 5X particulate/ 

condensible organics results with a complete breakdown and discussion of 

parameters at both sampling sites. Method 25 total organic emission results 

are described in detail in Section 2.3, which includes a discussion Of 

I .  

1 

! 

emissions at both sampling sites as well as a breakdown 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 

r .'.: 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 conducted only during drying of Douglas 

Fir veneer. 

. .  
. .  

. .  . . .  . . .  . .I 2 . 1  Background and Definitions 

. " .. 
The test program was designed . to' measure particulate,. condensible, 'and 

noncondensible organic material emitted from veneer dryers, and the destruc- 

tion efficiency of wastewood-fired boilers as a control for those emissions. 

. .  . .  j ' ,  

.. . 

I. 
. .  . .. . .  . . .~ 

. .. . . . . . . .  
! .  . .  
i ', 2.1.1 Particulate Emissions . .  



. . . I ._ I .  _-  - ...- .. . .  ,.., . . .. . . , . . -. . .._:_ Condensiblc emissions -are- defined'- differently in Methods 5X and 25. 
. .  

- : I .  .._.. -... i : i . , .  . , . - '  __ . - -. - - . -. . t  
. .  . - ... . - . , .  .~ . - 

-.-.Although called. by the same name,: these- two sample'fractions differ Signifi-. . 
. .  . .  

. .  cantly in content and composition and may not under any circumstances be com- *$ 
Y 5 

pared. 
. ,  

Method 5X 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. Quantification of this matter is done gravimetrically. . I  

, ::.. 
Method 25 condensibles are collected in two stainless-steel traps, one 

immersed in water ice followed by another 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 (C1). 
,.. 

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 

Methcd 25 train. These samples are oxidized, reduced and analyzed by FID. 

Results are expressed as concentrations of Carhn (C1). 

2.1.4 Total Orqanic Emissions 

Total organic emissions are those collected by the complete Method 25 
, -, 
,'?A . :  sampling train drawing a preconditioned sample slipstream from a Method 5X I 

-. train. These emissions include condensible and noncondensible emissions as 

defined above. 
., I 
-i - 
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2.2 Method 5X - Particulate/Condensible Orqanics Emission Tests 
- 

A summary of Method 5X particulate and condensible organics data collected 

at the veneer dryer exhaust and the boiler 2 outlet is presented in 

Tables 2-la (English units) and 2-lb (metric units). These tables include 

relevant emission data: stack gas temperature, moisture content and volu- 

metric flow rate; veneer drying production rate; and a summary of the total 

measured particulate/condensible emissions by concentration, 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 was 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/1000 ft' veneer on a 3/8-inch basis (5.62 kg/1000 Id on 

9.5 mm basis) for"the three valid tests performed. Emissions from boiler 2 

averaged 33.0 ' lbs/hr for the same three tests. The concentrations .of the 

emissions from the two sources, however, differed markedly. The average 

veneer dryer exhaust concentration was 0.161 gr/DSCF (0.363 g@ ) , while 

. .. . . . .  . .  

., 
. .  

the boiler 2 outlet averaged only 0.098 9r/DSCF (0.224 g/") for the same 
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- .  in Appendix G.' 
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I a, . -. ..a. r ,. ~. . .  
I .  > - . .  . .  

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) emissions. 

Tests 1, 3 and 6 were performed at the veneer dryer exhaust on September 

. .  21, 23, and 25, 1981, respectively. Measured particulate emissions ranged :. 

from 1.60 to 3.22 lbs/hr (0.06 to 0.13 lbs/1000 ft' veneer), averaging 2.38 

1BS/hZ (0.09 lbs/1000 ft' veneer). Total particulate/condensible emissions 

ranged from 31.1 to 37.8 los/hr (0.99 to 1.31 lOs/1000 ft' veneer) for an 

average of 33.4 lbs/hr (1.19 lbs/1000 f P  veneer). 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 0.016 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). 

0 The average stack gas temperature was 319 F with an average moisture 

content of 12.7 percent. Moisture content varied from 11.1 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. 

- ,  
-, 

' I  

- 
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TABLE 2-2 

SUMMARY OF METHOD 5x PARTICULATE AND CONDENSIBLE ORGANIC MEASUREMENTS 
AT THE VENEER DRYER EXHAUST 

C W I O N  PLYWOOD PLANT-LEBANON, OREGON 

Run Number 1 3 6 Average 
Date 9/21/81 9/23/81 9/25/81 -- 
Sample volume (DSCF)~ 48.5 46.1 . ' .  41.8 45.9 

Stack Gas Flowrate .(DSCFM)~ ' .23,900 25,700 23,300 24,300 . 

Stack Temperature (OF) 315 320 322 319 

Stack Gas Moisture ( %  by volume) 15.1 11.7 11.2 12.7 

Isokinesis (%) 112 99.6 99.7 104 

Production Rate (1,000 ft' /hrjb 31.7 28.8 24.3 28.3 

'Particulate/Condensible Emissions 

Front Half (Probe and FilterL 

mg 

gr/DSCF 
. .  . . . . .  

lbs/hr 
... kLy .  lbs/1,000 ft' 

. .  
' . Total - 

. .  mg 

9 r/DSCF 

lbshr I 

. . . .  
. .  . .  

35.6 21.7 43.7 ' .  33.1 

0.011 0.007 0.016 0.011 

2.32~ ' 1.60. 3.22 2.38 

0.13 . . 0 . 0 9  0.07 0.06 

, .  

. . .  - -~ . . . .  . . - ~  ~-.. 

. .  . . . - .  - . . . . .  

481 513 422 ' 472 

0.153 0.175 . 0.156 . 0.161 

31.4c 37.8 31.1 33.4 ' .  ?MI .  
.. c, (F-, 1.31 ' . -7 1.28 ,) , . 1-19 ., 1: %tJS . 

c_ . . . .  . . . . . . . . . .  . . .  -. - ...._ . . . . .  . .  - . .  .._ _.I .  - - .~ . .  
. . . .  . ,;% . 92.6 --:- 95.8 .;. .:89.7 --",:92.9 . . ' . .  . . . . . . . . . . . .  . . .  . .  ._ "~ .-. ,;'_Percent CondensiDle Emissions . -:..:-:: --:'- 

_ .  . .  .~ . ._  . . . . .  
. -a, . .  .,.. . . . . . . .  . . . . . . . .  . . .  . .  .. 4 . 



. . . . .  

. . .  . . .  I . ,  . . j  .. . , - >  ~* -. . 
Isokinesis for test 1-'was high at 112' percent'due to' a nomograph calculation . . .  I .. . .  ,;.+ 1 

: 'i 
error, while tests ... 3 and, 6.-were, acceptable . at..100. . 210 percent. Leak checks . . . .  ~ .. ,<.. 

were performed at the conclusion of each test and leak rates found acceptable ' '4 ?"< - ,. .... 
...... - . . . .  - . at less than 0.02 cfm. 

. ,  
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 ... 
: I  

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 boiler 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 boiler background emission tests. 

..>J 

8 
! 

I 
t 

2- 8 





. .  

. . . - -  
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TABLE 2-4 

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

CHAMPION PLYWOOD PLANT-LEBANON, OREGON 

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

Pounds Per Hour 
Concentration Area Ratioa Average 

Method Method 

Front Ealf 2.32 2.32 2.32 

Back Half 29.1 29.1 29.1 

Total 31.4 31.4 31.4 

a Brenchley, Turley, Yarmac; Industrial Source 
Samplinq, Ann Arbor 
Science, Publishers, Inc., 1973, pp.173-175 

..I 
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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 lbs/hr, averaging 29.6 lbs/hr (1.05 lbs/1000 ft' veneer). Total 

measured emissions (particulate and condensible) ranged from 28.1 lbs/hr for 

test 6 to 35.4 lbs/hr for both tests 1 and 3. The average total emission 

rate was 33.0 lbs/hr (1.17 lbs/1000 ft' veneer). Particulate material 

collected during these three tests accounted for approximately 90 percent Of 

the total emissions, while the remaining 10 percent was condensible organics. 

Particulate grain loadings measured at the boiler 2 outlet averaged 0.088 

gT/DSCF for these tests, ranging from 0,077 gr/DSCF during test 6 to 0.094 

gr/DSCF for test 1. Total grain loadings (particulate/condensible) 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 

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. Stack 

gas flow rates averaged 39,400 DSCFN without significant variation. 

0 

Isokinesis was acceptable for all three tests at 100 - +10 percent and 

averaged 102 percent. Leak rates were acceptable for tests 1 and 6 at less 

than 0.02 cfm. The average leak rate for test 3 (from four leak checks) was 

'. 0.026 cfm. Additional calculations for excessive leak rate were performed, 

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

. . . .  . .  . . . .  . . . . .  . .  . . .  - .-...... . .  1 < :i - ~ :. .. , . . ._ ^.. > . \ %  :. 
. .  

. .t.~.'>d:.,~. 2.2.2.2 Tests 4 and 5 - (Boiler Background Emission Tests) 
. _.. . , .-* . ~ -  : *. The measured particulate emission, rate for the Miler. bac 

... . . . . . . .  . . . . . . . . . . . . . . . . . . . . .  . . . . . . .  . . . . . . . . .  .. - *  
. .  . .  

, .  

. 



. . .  . . .  . . .  
. .  . . . . . . . .  ..... . . ,. .* . . 

. -. . - ,  
. . .  .. . .  

_ _ . -  . 

. . . . . . .  . .  
>>.e-. . .  -.> +; . ~ .  . . 1 '.,: . . .  . . .  ,;! 1 

' ! 1 '  . Particulate i grain:, loadings:. averaged 0.124 . gr /DSCF for=.the- two.: boiler .. . I  

$! 

. .  was condensible organics. % _ _  _._.. . .  A>,:.-j: - .. i 1 .  . - 
.~ . ... 1 

background emission tests, ranging from 0.106 gr/DSCF for test 4. to 0..141 

gr/DscF for test 5. Total grain loadings (particulate/condensible) ranged 

from 0.127 to 0.151 gr /DSCF,  averaging 0.139 gr/DSCF for the two tests. 

.., , .. 

, I  

I 

In addition to emission rates that were significantly higher than the 

three tests (1, 3 and 61 discussed previously in this section (almost 20  

percent higher on the average), other parameters were quite different. The 

average stack temperature of 328'F was 96OF. lower than tests 1, 3 and 6 .  

This may be due to overfire/underfire air being introduced at ambient 

temperature (not preheated) into the boiler during the background emission 

tests while the temperature of overfire/underfire air used during tests 1, 3 

and 6 exceeded 300 P. 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. 

0 

Although the intent of these tests was to preclude the introduction of 

veneer dryer exhaust into the boilers, it was observed through the inspection 

port in the ductwork imediately in front of the boiler that some veneer dryer 

exhaust was leaking through the upstream isolation damper and entering the 

boilers. 
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2.3 Method 25 - Total Organic Tests 
.A summary of the Method 25 total brganic data (condensible and 

noncondensible) coilected at the veneer dryer exhaust and boiler 2 outlet is 

presented in Tables 2-Sa (English units), 2-5b (metric units), 2-6a (English 

units) and 2-6b (metric units) amd 2-6c, respectively. These tables include 

TRC and NCASI average emission data: stack gas flow rate, moisture content 

and temperature; veneer drying production rate, and a summary of the total 

organic emissions by concentration, mass emission rate, and emission rate per 

unit production. All emissions are expressed as carbon (C1). NCASI 

calculates the emission rate as lbs/hr equivalent methane (CH4) instead of 

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

. ~. , .  . 

for comparison and to present the data on a consistent basis, conforming with 

Method 25. . -  . .  

.. Emission data are presented for five test series. 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 and were performed,at the 

boiler 2 outlet only. -Test 2 was entirely voided because of a Method 5X 

. .  . 
.. 

. .  . .  - .  . .. . . ~. . . .  . 
, ,I , ' :. . i:. . , . .  . .  . . 

. .  
sampling problem at the boiler 2 outlet. . . . .  

: More detailed summaries of these test data are presented.in Sections 2.3.1 

Sample equations and calculations are presented .. .. : ~ 

- 
and 2.3.2, and in Appendix A. 

in Appendix B. Field data sheets appear in Appendix C. . Sampling logs and , 

-SummarieS are shown in Appendix D. Laboratory analysis data are presented in 

. . . .  

. .  



. . . . . . .  . . . . . . .  
. .  

... .... . .  . .  .- 

. . '.. . .  . . . . . . .  . .  
.. . , - . ._ - . . 

- .  *.. .. .. .. 

3 
9 
-7 

m 
U 
.rl 
E 
3 
a 
.rl 
.4 
m 
C 
W 

m 

- 
.a  m 

I 
N 

!! h 

h 
0 

3 3 
m 

. . . .  . . .  . .- . - . . 

. 
0 
N 

0 
0 
m 

N 

L 

n 

0 
0 
I- 
VI 
N 

. 

0 
0 
m 
n 
L 

N 

a - 
E 
0 
VI 
0 

0) 
U 

- 
2 
8 

s 
4 
h 
m 

Y 
0 
U m 
a 

N 
N 
m 

0 
N 
n 

VI 
rl 
n 

rn 
0, 
m 
U 
¶ 
U 

0) a 
E 

2 

8 
X u 
U 
VI 

a 

-_ 

N 
rl 
rl 

I- 
rl 
rl 

rl 

VI 
rl 

- 
Q 

rl 
5 

2 

E 

E 

dP - 
¶ 
U 

-I 
m 

m 
a 
c) 

Y 
U 

-U 
v1 

a 

n 
0 
N 

m 
m 
N 

I- 

rl 
n 

n 
U 

f 
1, 
W 

0 
0 
0 
2 
Q 
U 

! 
-I 
U 
U < Y 

fi 

:. w - :  
W 
W 

. .  .=<; ;s 
W m m 

W 
N 
I- 

I- 
w 
W 

m 
N 
I- - 
m 
I- 

n 
0 
VI 

I- 
I- 
VI 
rl 

- - u" 
E a a 

VI 

O N  
. N  

m .  
O r l  

rl 
0 - 

a n  u u  

2 -14 



-.. ~. . 

. .. . .  
, , .  . .  

m 
a 
W 

0 
W 
W 

m 
N 
r- 

P 
P 
W 

m 
In 
4 

0 
In 
rl 

0 
W 
rl 

r- 
In 
4 

m - 
C 

E 
\ 

.rl .... 

e o  
- 0  

0 

W 
W 
W 

W m m 

(0 
N 
P 

P * 
W 

m 
'I- 
N 

* 
r- 
n 

c) 
e 
Y) 

r- 
P 
In 
d 

. -. - .  
.. - 

N 
m 
m . .  
m 
* m 

N 
W 
m 

m 
N 
m 

* 
W n 

P 
W 
m 

0 
I- 
N 

m m 
I- 

m 
* 
4 

m 
N 
d 

m 
W 
rl 

0 

W 
d 

0 

m 
n 
W 

W 
W 

In 

m 
0 

W 

r- m 
In 

* 
P 



I 

..I 
I 

2-16 



. . . .  . -  
I ? .  . ,  . . .. . . . . . .  . . . . .  ... 

. -  . %.. .ir. . ~ ... 
. . .  

3 

8 

n 3 
- 0 .  

2::s 
3 

8 

8 

k! 
I. 

.. .. 

YI 

r 
E 



. . _ -  
. .  . . ... 

. .  
.. .. . 

. .  

n 

n 
m 

n 
c 
e4 

'D. 
m n 

n 
n 
n 
n 

6 
e 
4 
Y 

e 
m 

!-., 

! 
I 

i 
.. I 

2-18 
\ 



. . . .  - _  . . .  . . . . . . .  
. . . . . .  

0 m 
4 

rl 
I- 
O 
4 

N 
W 
0 
4 

N 
0 
4 

W 
0 
w 
rl 

N 

4 

m n 

I- 
Itl 
rl 

W 

I- 
n 

4 

I- 
n 

.- 

m 
N 
0 

0 

w 
0 
N 

0 

rl 
n 
N 
0 

N 
. N  
0 

0 

I- o m 
0 

n o .m 
0 

w 
0 

0 

m 

0 
W 
rl 

0 
' .  
m 
VI 
rl 

0 

... 

:. 
u - 

w 
0 

m 

m 
VI 
W 

I- 

VI 
10 

I- 
4 

W 

N 
VI 
m 

n 

m 
0 

rl m 
m 

In 
W 
w 

N 
W 
w 

... - 
u" - 

v) 

N 

n 
VI 

0" 
M 
&I 
U 
al 
In 

al m 
a 

i c 
&I 

. . . .  

. -  

. .  
.. . . . .  

. . . e  ......... . -. .. 

. .  - 
. ~ . I ,., . .  ....... r .  

- .  . .  . . . . .  . 
.<... ..:2 -2. ,*;:..;,;: :... ._.__ . . _. 



. . .  . .. .- . , 

. . . 
. .  

~- . -. . .  . . . . 

. I  
. .  

- 
. .  
o 
VI o 

. ,... 
*:.I 

C " c 
W n c 

c 
C 

m n 
I- W 

m o  
C n  
- 0  

rl 

m o  
z n  
C m  

a 

K 
7 7  
* V I  
n n  

0 
0 c 
VI n 
. 

I.. 

! 

I 
.I 

2-20 
I 



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 train 

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 

TRC and NCASI showed good overall correlation except for test 1. The TRC 

condensible trap concentration determined for one sampling train exceeded its 

mate by a factor of 5. This might be because of contamination in the trap. 

- 1  

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 Outlet 

A summary of Method 25 condensible and noncondensible organics data 

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

2-8. 

emissions calculated by both TRC and NCASI as concentration, mass emission 

rate, and emission rate per unit production.,, Table 2-8 presents a breakdown 

of the total organic emissions into condensible and noncondensible organics as 

, .  . .  
. .  

Table 2-6 'shows relevant emission'~.data -and ;resents total. organic . ' 

. .  

. . .  

. .  . -  
. - .  

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

. . .  . . - ~ .  analyses results -are shown. 'The' relative.'standard 'deviation between .paired .. . . .  ... . .~ . . . . . .  . . .  . . . .  .... < .... 1 ?- --,.-.: ...... ,.. 
' -  I . .  

. 
. .  
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. . - sample 'trains .is also presented. ,2 , ..>,. 4.: . ,. 
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2.4 Vis ib l e  Emissions 

A summary of  v i s i b l e  emission observa t ions  from t h e  boiler 2 o u t l e t  is 

presented i n  Table 2-9. Average opacities are presented  f o r  6-minute time 

periods during each test. N o  opac i ty  d a t a  are provided for port change i n t e r -  

ruptions.  The average opac i ty  f o r  tes ts  1, 3, 4, 5 and 6 was 1 0  pe rcen t ,  

rang'ing from 8 percent  f o r  t e s t s  3 and 5 to  16 percent  f o r  t e s t  1. These 6- 

minute average o p a c i t i e s  are presented  g raph ica l ly  i n  Figures  2-1 through 2-5. 

During tests 5 and 6 opaci ty  could  not  be evaluated because of  excess ive  

cloud cover obscuring t h e  white plume. The average o p a c i t i e s  i n  these  cases 

were determined by averaging only  t h e  unobscured readings.  V i s i n l e  emission 

f i e ld  data s h e e t s  and t h e  observer  c e r t i f i c a t i o n  are contained i n  Appendix E. 

2 . 5  Boiler 1 Flow Measurements 

A summary of  volumetric flow measurements taken a t  t h e  boiler 1 o u t l e t  is 

presented i n  Table 2-10. This  table  shows t h e  t w o  volumetric flow r a t e s  

measured during each t e s t  and t h e  average of t h e  two. I n  add i t ion ,  t h e  

volumetric flow r a t e s  a t  t h e  boiler 2 o u t l e t  and veneer d rye r  exhaus t  

determined during t h e  Method 5X tests are presented f o r  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 g a s  temperature of approximately 250°F. The average s t ack  g a s  flow 

rate from boiler 2 during t h e s e  tests was 39,400 DSCFM, while  t h e  flow ra te  

measured a t  t h e  veneer d rye r  exhaust  averaged 24,900 DSCFM. These 

measurements r evea l  a total  system ou tpu t  of approximately 80,000 DSCFM, while 
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Figure 2-1. Summary o f  .visible emissions f rom Boiler 2 outlet 
at Lhampion plywood plant, Lebanon, Oregon. 
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. .  . ' - 1 '  .. . .  
. . .  

. . .  
.. only other'input to this system is a 3000 S C F i  fan providing combustion air to :. - ,  ! 

: t  . ' ., 
!.. . 

i :1 

. .-. . . . . .  . . .  ' :  
. _ .  

fired temperature b00ster in the boiler 1 'heat exchanger system., The' 
. .  . .  . .  , .  

I 

. .  
, . . .  . .  

. . ' remaining 50,000 DSCFM represents amaient temperature combustion air. e$ 
..;J 

. .  The measured boiler 1 volumetric. flow rates for, the boiler background 

emission tests were 33,300 and 40,500 DSCFM for tests 4 and 5, respectively. 

The stack gas temperature was 'measured to be 355OF during test 4. This 

higher temperature was due to the shutdown of the heat exchanger in the boiler 

. . I  

; 

1 exhaust system. The heat exchanger, which supplies hot air to the hardboard 

plant, was back in operation for test 5 and the stack gas temperature returned 

to the normal 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 open. 

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

Pitot tube calibration data is presented in Appendix E. 

2.6 Wet Fan operational Data 

The pressure drop (AP) 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 H 0 for . I  

2 

test 3 to 0.95 inches H20 for test 5. The average AP for the five tests 

was 0.66 inches H 0. 
. .  
. :  

2 

.., 

I 
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. . The following is a summary of fugitive emission observationd provided by' 
. . . . .  . . . . . . . . .  . . . . . . .  . . . .  . .  . : .> . , ....... ! 

i :  
! ' . .  I 

, .  . .  

; :. .. .RTI/DGA~... The steam-heated veneei dryers all showed fugitive emissions. . ,  NO.-. . . :  

.. '. estimates were &de as to their contribution to: total emissions from the I 

. . . . . . .  . .  .- .: . .  . .  . - .  ... . . .  . . . . .  

.. 614 ._. . .  . .  
I .  1 dryers but they are not insignificant. Champion has a regular program of 

'I ' .  dryer maintenance including resealing and replacing skins when the dryers are 

shut down. Door seals appeared 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 

veneer 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. In 

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 were 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. 

...... ... 

As 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 58 to 69 F, while relative humidity ranged from 46 

to 75 percent during the test program. 

0 I 

1 
I 
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2.9 Method 5X Clean-up Evaluation 

Results of the clean-up evaluations perfotmed 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 11.5 mg for each sampling 

train. Total residue collected during the clean-up evaluation was 12.8 mg for 

the veneer dryer exhaust sampling train and 17.2 mg for the boiler 2 Outlet 

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. mo of the cylinders contained propylene/nitrogen mixtures 

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

were analyzed by direct injection of a sample into'the TGNMO analyzer. These 

samples were quantified against the NMO calibration standards. 

. .  . .  . . ~ .  . . . . .  . .  

~. 

TRC performed two additional audit sample analyses which were performed by 

withdrawing samples from the toluene/nitrogen cylinder and into two Method. 25 

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

. . .  ........... . .  __I_. _._. . .  - "- .. __ ....... .. 

field sampling program. 

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

two 'samples 'from each 'cylinder ... into two Method 25 trains- identical to those. 

The samples were then analyzed using the usual Method 
. -  

. .  . . .  . .  
. .  .. . _ .  . 

. . .  . :  
. . . .  .?analysis.' "NCASI performed six' additional audit sample analyses by withdrawing . .  ' . . . .  . . . . .  . . . .  . . .  ... . .  . . . .  . . . . .  

. .  . .  
. .  

. .  c..; y.:: 



Sample F r a c t i o n  Residue Weight (mg) 
. .. . .  

- .  Front  H a i f -  . .' ' . sx-I sx-0 

Probe Wash (D. D. AZO)  1.3 4.4 

Probe Wash ( a c e t o n e )  

Front F i l t e r  

Front  Half T o t a l  

Back Half 

Organic  E x t r a c t i o n  

Evaporation 

Acetone  Rinse  

Back-up f i l t e r  

Back Half T o t a l  

T o t a l  Sample 

0 

0 

1.3 

- 

2.9 

0 

8.4 

0 .2  

11.5 

- 

- 
12.8 

1.2 

0.1 

5 . 1  

- 

. \ I  

3.0  

0 

8.5 

0 - 
11.5 

- 
17.2 

2-36 



i TABLE 2-13a 
, .  

TRC METHOD 25 AUDIT SAMPLE RESULTS 
DIRECT INJECTION 

I 
Audi t  RTI TRC 
S a m p l e  Organic Component  R e s u l t  R e s u l t  % 
Number Compound Analyzed (ppm C1) (ppm C I )  Error 

44.4 42.3 -4.73 

I 

r,. .. . ,  

663 P r o p y l e n e  C 1  

i 665 P r o p y l e n e  C1  984 1027 +4.37 

-- T o l u e n e  C l  3010 2985 -0.83 

.... 
y:.: . .  

TABLE 2-13b 

TRC METHOD 25 AUDIT SAMPLE RESULTS 
PREPARED SAMPLING TRAINS 

RT I TRC TRC TRC 
T r a i n  O r g a n i c  Component  R e s u l t  T r a p  T a n k  T o t a l  % 

I . D .  Compound Analyzed (ppm C l )  (Ppm C I )  JPPm C l )  (PPm C I )  E r r o r  
. . . .  . . . . . . .  . .. . .  . .  ., . . .  , .  

. .  .. . . .  A . T o l u e n e . .  . . .  ~1 _ _ .  -> ::30lO . .  - . . a 7 2  .... :.-,:-,:152l."--L . .  2393 .:I.'. -20.5 

. . .  . . . . . .  . . . . . . . . . . . . .  . . .  ~. . . .  . .  , . <  - 

. ,. . . B ,. T o l u e n e  c1 ' .  3010 ,1190 .- ., . 1157-  - A'.-. 2347 :. .. .-22.0 . ~ ,  . .  . . .  .,. . 
. .  , .  

. .  .... . .  I " 

. .  
. . . .  ... . . . .  . . . .  . .  _.I . . . . .  . .  

. .  .. .: . 
. .  

- .  . -  - . , .  . .  . -  . -' 'i. - ~ . .  . .  . .  
. ~- .. .... ." . . . . . . . . . . . . . . .  . . . . . .  

. .  
. . .  . .  

~. 
. ~ .. ..-. c . .  

. . . . .  

1 .  

~. ~ . . .  .~ . ; .;.. 
7 ~i i - -_ . . .  . . . . . .  . . .  . . .  ..... .. . . . . . . . . .  

. .  
. .  

. .  . .  . .  .. - . .  ~ . . .  . .  . ,  . .  .. . .  - .-- 



-. . .: .. I . 

. .  . 

. . _  . 

L !  

. .  

-.. . ... 

. .  Number Compound Analyzed (ppm CI) ( P P  Cl) Error 
. .  .- . .  i . .  . .  

+0.16 

1437 1383 -3.76 

3409 4002 +17.4 

! 
664 Propylene C1 60.9 61.0 . .  

666 Propylene c1 

675 Toluene C1 

TABLE 2-14b 

NCASI METHOD 25 AUDIT SAMPLE RESULTS 
PREPARED SAMPLING TRAINS 

Audit RT I NCASI NCASI NCASI 
Sample Organic Component Result Trapa Tanka Totala % 
Number Compound Analyzed (pp m Cl) (ppm Cl) (ppm C1) (ppm C1) Error 

60.9 20 52 72 +18.2 

1437 41 1073 1114 -22.5 

3409 4451 67 4518 +32.5 

644 Propylene C1 

666 Propylene C1 

675 Toluene C1 

4 Average concentration for  two test runs 
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! 

I 
. !  

i 
I 
1 2.11 Conclusions 
! 

Both the Method 5x and Method 25 test results tend to demonstrate that the 

I boiler used as an incinerator achieves a substantial emission reduction. The 

!- emissions of concern for this test program were the condensibles only. 
i )' 
I 

Despite a number of complicating factors such as the dryer emissions being 

1 :  ducted to two boilers and the increased boiler fuel feed rate during the 

boiler background tests, examination of the data clearly reveals an emission 

reduction. 
. .  i 

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 

- necessary since emission data was obtained for only one boiler. The boiler 

'- . :  configurations were nearly identical with the exception that the test unit, 

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

I 

_ -  
b:.: 
i. 

. .  . . ~. 

I - .  . . .  I . . . . . .  -. - ., . . . . .  
i 

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

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

- 1  
I 

emissions would be to slightly increase the particulates. The measured 
.. ,, _. . . . . . . .  . . .  I -  exhaust flowrates from both "boilers were enough to allow the assumption -that, . . .  

. . . . .  
. . . .  

. . ,  . 
using the flowrates as a rough ' performance '.'indicator, the boilers were ~ .. I -: 

... . . .  
- operating'at similar conditions. -Neither  of these is so severe so 

_.. , . , .- . . ,  . . .. as to preclude general conclusions'being drawn. from the data. I .  
The averaged Method 5x data is shown below- in Tabie 2-15a. .The veneer 

. . .  I 
! 
i dryer data has been divided by .two- in.order to account foi the exhaust stream 

. . . . . . .  . . . . . . .  . . . . . . . .  .......... . . . . . .  ,.,i ..L .I__. L ?.  
. . .  .. . .  ..+.,' being ducted to both boilers. '.:The "condensible emissions from the veneer dryer . . . . . .  

. .  
~I . . . .  . .  ...... . . . . . . . . . . .  . .  . . . .  . . . . . . . . . . . .  ...... ....... . .  . . .  

. .  b .: 
. . ~  . -. .-_ 1 1. i .c^--: ., 1 _ _  :... i ...,, .................-........,.,.....,.. -. i 

. -. : .'' '. 'ducted to'& boiler averaged ~ 15.5 lbs/hr ~ while the condensible emissions '.. 



.. I _  . . ,  . 
' _  AVERAGE METHOD, 5X MEASURED EMISSIONS :-%,,. -2;; :jd,& . . ' 

. .  .. 
&,-a .d.-d: ........ _._- ".. --........-.-I. --- ..'A:-:* .. . . . .  -1 . . . .  ... . . .  . .  . . - . . . .  

... 
. .  

. . . . .  . . . . .  :4 
Particulate Condensible Particulate Condensible Particulate Condensible : ..J 

, .  
. ~. . .  . -  . .  

.. . '. ... 
, ,. . 

. .  . .  . .  . .,. . : - .  . ' .  _ .  . .  
~ ~ . . . -  . .  . .  

. , . . - 
. .  . .  Veneer Dryer Only Dryer and Boiler ' . . .  Boiler Only . .  -1 = - . ~  

?.,> 

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 taDle. Therefore, venting the dryers to the boiler results in 

. .  
t:t:i 1.19 lbS/hr.- . .  15.5  lbS/hr 29.6 lbs/hr 3.4 lbS/hr, 34.8 lbS/hr 4.5 lbS/hr 

. .  . . .  . I  .. I 
. .  

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

I 

support the conclusion of a substantial emission reduction. 

TABLE 2-15b 
AVERAGE METHOD 25 MEASURED EMISSIONS 

~~ ~ Veneer Dryer Only , Dryer and Boiler Boiler Only ..1 , 

:,.> TRC NCASI TRC NCAS I TRC NCAS I 

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

A significant difference exists between total organic emissions from the 

wiler as independently measured by TRC and NCASI. The reason for this is not I 

:? j 

' I  

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 
. . .  

. I  
2-40 :. i 



8 !. 3; : 
i :i;, 

may be attributable to the trap samples. Based on reanalyses of the recovered 
.. 

TRC trap samples by RTI,  the TRC results appear to be correct. However, based I 

I :  on the audit sample results, the nature of the trap samples, and the ratios of ' i  

,._ boiler and dryer emissions alone to the combined effluent emissions, it could 

I probably be concluded that the N C A S I  data are m r e  correct. It may also be 

concluded that there miqht have been a real difference between the TRC and 

NCASI samples at the time of analysis. It is not known, however, whether any 

I ,  

r-3. 

I 

such difference would be attributable to contamination, sample loss, or 

recovery procedures. 
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3.0 PROCESS DESCRIPTION AND OPERATIONS (Provided by RTI) 

This section describes the plywood manufacturing process, specifically the 

veneer drying process and its emission control, a bailer 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 proceeds to the drying opera- 

tion. Here, the veneer is continuousiy hand-fed onto the dryer feed co,nveyor 

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

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

tions which follow. , During .the drying operation,. organic compounds are 

steam-distilled out of the veneer. .These organic compounds are the emissions 

of interest. 

:._.. .. The Champion International Lebanon plant is a ,large wood products complex, 

It has a total of seven, veneer dryers, 
. .  . - . . . . 

. .  . .. plywood being one of the operations. . .  . .  . . . .. 

, . six of which are steam-heated and whose emissions are .incinerated in the plant . 

boilers. Dryer 7 ,is .heated by hot gases from an Advanced Combustion System 

. .Fuel Cell and is not ducted to the boiler system. All steam-heated dryers 

except number . .  6 are crossflow conventional dryers of 15-section length, except 

for dryer number 4 - which . is .. ,ll.sections., Dryers,l,:Z, 3 and 5 are three-zone, 

. 

.. 

I 

Is. .'. Dryer. .4. is -two-zone .and five-deck,. .while dryer 6 -3s .a . .. ' ' . .  . . .... .. .. 
. , ..::.. . .. . .  

. *=,;.,. - .~ .. 
. .  . . .  . . .  . .. , . . ... ____.._ .... . . 

. ~ .  ..:- .. . singie-zone,: . . . . ... six-deck, . ...~ longitudinal dryer.. -Dryer~:7;-dries :iwhite;~fir ~ ..(genus' ,. . ' 



1 i; . 

.. , , . . . _ .  

. .  - , .  ... __ . 

. .  . . .  . . .  

the effluent .through a set of dampers to an I.D. fan. The dryer exhaust is 

then forced downward in the duct through another set of dampers (fugitive 

emissions 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 m e  is produced by steam-driven turBines, but 

most.of 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 lb/hr is required 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-f& i.d. 

stack. Combustion air for the temperature kcester 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. 

3-2 



An a l t e r n a t e  emission c o n t r o l  has been i n s t a l l e d  on boiler 1. This  System 

vents  emissions from t h e  h e a t  exchanger t o  a Zurn dry  scrubber  ( a  mul t ip le  

Cyclone u n i t )  through an I.D. f an ,  and to t h e  atmosphere through a 5-foot i .d .  

Stack. When t h e  Zurn system is on l i n e ,  t h e  wet fan  is s h u t  down. A schema- . 

t i c  drawing of t h e  veneer d rye r  exhaust  system is presented i n  F igure  1-1. 

The exhaust  from boiler 2 is ducted t o  a wet I.D. f an  which is more of a 

spark arrester than a p o l l u t i o n  c o n t r o l  device.  Wastewater from the  wet f an  

goes through a c a n a l  t o  a holding pond. The exhaus t  is then forced t o  t h e  

atmosphere through a &foot  i.d. s t ee l  s tack.  

3.3 Production and Cont ro l  Equipment Monitorinq 

A summary of t h e  product ion monitoring data  collected by RTI is presented 

i n  Table 3-1. Boiler opera t ing  cond i t ions  are provided i n  Appendix I. 

3.4 Process Operating Condit ions During T e s t  Program 

The opera t ion  of each d rye r  is , s e t  according .to ,the s ize ,  t h i ckness  and 
.... . .  . . .  . .  .~ , .  

kind of w o o d  being dr ied .  The opera t ion  of t h e  s i x  steam-heated d r y e r s  does. ~ . .: 

vary during most s h i f t s ,  though 'as .few changes are made as possible. ' .Redry. ., - .  

was handled i n  t h e  morning and t e s t i n g  was n o t  allowed u n t i l  redry was . . 

completed. ' Douglas F i r  was t h e  only  spec ie s  dr ied in the  six' d r y e r s  .dur ing  ' 

. ' .  
. .  ... . . . . .  -. . . . .  . . .  ~. . .  .. 

. .  

. .  . -<7. . .  . . . . .  . . _  . . .  . ,  . .  
' ' ' .  

. . . . . . .  . .  . .  . . . . .  . .~ . . . . . .  . .  . .  
. . .  t h e  emission t e s t  program. . . .  

.~ 
. .  
. . . . .  On September 21, 22 and 23 a l l  s i x  d r y e r s  were being Operated and only . . . . . . .  . . .  . . . . . . . .  . . .  . . . .  . .  . . . . .  ,.. -.- . . . .  :...:-:. ~. . .~ . .  . .  . -  

minor " u p s e t s ,  occurred on those  days.. On September -24 d rye r  6 was s h u t  down .:-.,. 1 ." ' 

..:' (no "monitorina' of ' d r v e r  t h a t  davl and drver 5 was s h u t  down on' September 25 .' ' .  - 

. . - ..... -GL.* ,  -?....e:. . . . . .  ~ . : :<. i . . . : a  ?.A..*.'a*. ! . .L-,_LI..-)I,"-c_~ "i.L.i.-l  LA'-.'-..^ . .i . . . . .  . . . . . . . .  ,; ._. . . . . . . . .  . . .  . . . . .  . .  . .  
~, - .. . ~. . 



. .  

. . .  . . .  . __  .~ . .... .. ,.I.-: Production* :I; .T;- :. :. -_ ~,, - -. . - . ji . .~ 
(ft2 .per hour on ' 

sapwood 7,018 
heartwood (heart- 

... 
.) . . . . .  3/8" basis)- ......... .c . . . . .  

. . . . . .  . . . . . . . . .  
. sap mix) 24,655 

Total: Douglas 
Fir Species 31,673 

11. Redry rate 

111. Steam Use-- 
lbs per hour, 

total plant 

IV. Temperatures, 
dryer 

V. Fugitives 
1. Abort Stack 

2. Door leaks 

3. Above dryers 

4. Cooling stacks 

VI. Weather 

9.29% 

98,000- 
120,000 

320-360°F 

15 green end 
open, light 
haze 

all dryers 
leaked, 
especially 
heavy 
between 364 

blue haze 
very evident 

occasional 
light haze 

61-699, 
46-68% rel. 
humidity 
overcast and 
spxinkly 

- .. . . . . . . . .  : .  . ., . 

16,899 

11,941 

28,840 

11.2% 

106,000- 
110,000 
sudden drop 
at 1:50 in 
boiler 1 

330-355OF 

15 open, 15% 

all dryers 
mod-heavy 

mod-heavy 

#6 mod-heavy 

5 8 - 6 5 9  
60-74% rel. 
humidity, 
sunny 

, operation- 
11,943 

12,333 

24.276 

6.9% 

127,000 106,000- 
135,000 110,000 

325-3559 

all closed 

light in 
morning, 
mod-heavy 
in 
afternoon 

#i, 1 6  mod 

58-669 60-649, 
55-75% rel. 5242% rel. 
humidity humidity 
broken sunny, 
clouds broken 

clouds 

\\, 

- 
*Does not include dryer #7. Produzn. 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. Dryers 1 and 2 also required 

Stops for a couple of minutes when dry end graders required pallet changes. 

These stops were insufficient cause 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 more 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 

. .  . . .  . .  . .  c .: affects on boiler performance. - :(.: , . . - _ . _  " . : ; : - ' :. 
. . .  . .  1 More important. were the sudden changes in. steam production. ... Wednesday, ... . .  

. .  . -  . . .  . . . .  . . . . .  . . .  . . . . . .  . . . . .  . . . . .  . . .  . .  . .  
September 23, boiler 1 lost its air supply momentarily -at 1:50 causing steam ' '~ ., . ~ . .  . .  . .  

. . . .  . .  production to drop to 35,000 -1bs per' hour;.- forcing boiler 2 .to -increase .': . . . .  
. .  . .  

'production to 68,000 lbs per hour. This happened near the end of Test' Run 3, . . . . . .  . . .  . ,  

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

rise in steam production for boiler 2 should not have decreased .its efficiency . . ' . .. '. . . . . . . .  .. ,:.. 
... .-. 

. . . . . .  . . . . . .  ..... . . .  . . .  . . .  . . .  ...... . . . . . . . .  . . . . . . . . . . . . . . .  -: 
in -'aestroying . the dryer . exha_usts.* _,The 'following ,dag .;,steam production. was 

. . . . . . . . . .  __ -. _ .  . . .  
, . .-. .~ 



' : 
. .  

.... .... 

.~ .. . 
. -  . . . . .  

~ . . ~  .. . ~ .  . . -.. . ~. .. .. . 
.~ . .  .: . .  

. .  
~ . .. .. .~ . 

. .  . . .  .. . - . .  ' .  ' During the.'week of 'testing steam. loads varied-between 62 and 77 percent Of';''. 

f u l l .  load..:,.Variations in steam production changed minute..to minute, but the 
. *  

I i  
. .I  

changes were within a relatively narrow aand for most of the tests (See 

Appendix K for the steam production charts). 

Air flow to the boilers was thought to be determined by 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 

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. 

; 1  

,.. 
. .. 
.2:. .. . . 
.I.. 

Production figures provided are not the actual square 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. The amount of shrinkage depends on the original 

moisture level. As is the case' 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 convsrted 

to a 3/8-inch basis. 

. .  
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. .  j--, 
! 

. .  Redry is typically 10 percent of the green veneer rate, but very little 
. I  

((1 percent) was processed during the testing at-Lebanon. Redry contributes 

nothing to tota1,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 DESCRIPTION OF SAMPLING LOCATIONS 

This section presents a description of $ach 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 the I .D. fan. In accordance with EPA Method 1, sampling was performed at 

32 traverse points through two 4-inch sampling ports situated 90 apart and 

45O 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. 

0 

. .  

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 5X tests. A total of 3 valid Method 5X and 12 : '.: 

valid Method 25 tests were performed at this location. 

4.2 Boiler 2 Outlet 

The boiler 2 outlet was sampled in the elliptical steel 

which measured 73 inches and 70.5 inches. For calculation .. 

duct, the axes of 

purposes the duct 
. .  

\..:j . . was considered to have a 72-inch nominal diameter.: -Two sampling ports were ...... ;-. , . -  
. .  
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(NOT TO SCALE) 
. .  

TRAVERSE POINT LOCATIONS 

TRAVERSE POINT 
NUMBER 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

12 
13 

14 
15 
16 

TRAVERSE POINT LOCATION 
( Inches from I n s i d e  o f  Duct)  

. 0.75 
2.4 
4.1 
6.0 
8.1 

10.6 
13.6 
18.0 
30.0 
34.4 
37.4 

39.9 
42.0 

43.9 
45.6 
47.2 

1 . .  

F igu re  4-2. Veneer d r y e r  exhaust sampl ing l o c a t i o n  a t  Champion 
plywood p l a n t ,  Lebanon, Oregon. I 



t SOUTH (1) 
NORTH ( 2 )  

CROSS 
SECTION e WET FAN ( N O T  TO SCALE) 

....... .. . . . . . .  . .  

. . . . . .  . -  . . ..:.. ...* 

-.. . .  - .. 

........... . . .  

. .  

TRAVERSE P O I N T  LOCATIOMS 

TRAVERSE P O I N T  
NUMBER 

TRAVERSE P O I N T  LOCATION 
(Inches from Inside of Duct) 

1.5 
. . . . . . . .  ~ .4 .~-. ~~ j... , ., ... 

8.5 ...... . . . . . .  

12.75 
18.0 

. .  . .  . .  . .  . .  
. . .  

- . . ~. 

. . .  .... 
. .  _ .  . .  

. . .  - 25.6 ~ : r  .::.-:. _ _  .., . . -  

. . .  46.4  ':. ..: . : . .  . -  . . .  54.0 
59 .3  

. . . . .  

_. ~ . .:63.5 . .  ..c_ . 
. . . .  .- . . .  

. ,  -.-. ... 
. -  

.-- ............ ...,-.-,--..c . . . . . . .  . . . . .  ..... ,;. 1.:- 
. . . . .  . . .  .- . c .  

. .  

. .  . . .  

. . .  
... 

.. . ;: . 
: . .  - .. :.. . . . .  . . . . . .  . . . . .  

- . .  
. . . .  .;: . ,, . . . .  . . . .  I :_ .; - ,.~r 

. . . .  .......... >.. .. /i. 
. .  . . . .  ..... ".. ... 



.. . . : - ~. . .  

. .  ~ . .  . . .  . . . .  . .. _._ J . .  . . . .  , 
':' . Method .-3 .simultaneously with- each Method 5X test for Orsat analysis. Method - .. . .- ,. 

. .  
25 tests were'60 minutes long and were performed 'concurrently with the Method 

5X tests. In addition, visible emission observations were made during each 

Method 5X test performed at this location. 

Three Method 5X tests and 12 Method 25 tests were performed at this 

location concurrently with similar testing performed at the veneer dryer 

.. 
. .  

.. 
exhaust. In addition, 2 Method 5X and 8 Method 25 tests were performed at 

'this site as 'boiler background emission tests. 
. . -. 

4.3 Boiler 1 outlet 

The boiler 1 outlet 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 (nomina1)z steel duct at two ports located 90 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 tne s-1- 

ing port configuration and a cross section of the duct showing the exact 

distance of each test point from the duct wall. 

0 

i 

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 

This duct was also elliptical, with measured axes of 71 inches and 72 
inches. 

4-5 
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. .~~ .~ , .I . .  
. .  .. . ,  

. .  
. .  :' the observer's back and the plume perpendicular to the observer's line of 

. .  

1 
sight. 

4.5 Wet Fan Pressure Drop Measurement Locations 

.: I Pressure drop across the boiler 2 wet fan sump was monitored at 30-minute 

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 just upstream from the fan. 

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

intervals during each Method 5X test using a U-tube water manometer. ! 
.,", 
:._.. . 

. )  
4.6 Wet Fan Liquor Sampling Locations 

Solution samples were taken from the inlet and outlet 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 location and composited into two samples 

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

4-5. 

4.1 Fugitive Emissions 
! 
! 

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

'. I . throughout the exhaust system leading to the boilers. 
,! 

I 
! 

4-1 
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5.0 SAMPLING AND ANALYTICAL METHODS 
I' 
1 - 

. .This section presents descriptions of sampling and analysis procedures 

employed during the emission testing conducted at the Champion plywood 

,' ': facility in Lebanon, Oregon during the week of September 21, 1981. EPA 

Methods 1, 2, 3, 4, 5x', 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. 

. I  
i 

i 

i 

8 

I 

5.1 EPA Reference Methods Used in This Program 

The following EPA Reference Methods were used for the testing at the 

Champion plywood plant. These methods were taken from 40, July 1, 1980, 

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

pp. 183 ff.; and Federal Reqister, volume 45, no. 194, Friday, October 3, 

. .  I*.'; 
. .  

I 

. . . .  . .  . . . .  . . . . .  . .  . .  . -  
. . .  . . .  . . . . . . . . . . .  . .  . .  

. .  . .  . .  . .  . .  
-. - .. - . ~~ - . 

i 
. .  

. .  1980, Rp. 65959 ff-.. - 

. .  .. I 

Method 1 - Sample and Velocity Traverses for Stationary Sources ~ 

This method specifies the number and location of -sampling' points. within a 
: , duct, taking into.account duct size and shape- and 1ocal:flow disturbances. 

, 

. .  . .  . .  
r -  
r... . . . .  $ .. 
I. .I 

. .- 
. .  

. . . .  .... - . . I  : .  .- 
- .. ' . Method 2 ,- 

. .  . .  . . . .  . . . . .  
.. I This method specifies the measurement of gas velocity and'flow rate using 

dimensions of the pitot tube and its spatial relationship to the tempera- 
ture sensor and a sampling probe are also specified.'. ' ;L..:-.. - _, .,_. .:. . 

Method 3 - Gas Analysis 'for CO,, O;, ' Excess Air and Dry Molecular 

' .  

an S-type pitot tube.-manometer, and temperature sensor. The physical . ,  ., . .  ' 

. . . .  . .  
. .  

. : . .  
1 

. . .  . .  
- .  ._I^_ 

. .  
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.. . . .  . 

.. 
. .  

5 . 2  

. 
definitions..',: Particulate matter is material- which. condenses at or. above ,L'~ ' 

filtration temperature and is collected by the front half of the sampling 
train. Condensible organic .matter is. that material which remains after 
extraction, filtration, and evaporation of the impinger portion of the 

;.;, 

1 
train. .) 

Method 9 - Visual Determination of the Opacity of Emissions From Sta- 
tionary Sources ' . I  

.. _ .  . > 

' . I  

. .  . . .  
, i . .  . .  . .  

This method specifies the procedures by which opacity of emissions are 
. .  

;>. . .  
._ . . .,.. 

. .  ., , . - . . - measured.. - 1 .. ,.. - .. .,-i 

Method 2 2  - 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 Orqanic Emissions 
, 
I 

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. 

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, samples were collected at 

each location according to EPA Method 3 to determine concentrations of C 0 2 ,  

0 and CO in the gas stream. 
2 

' ,  
I 

.. 8 
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5.3 Measurements for Particulate, Condensible and Noncondensible Emissions 

5.3.1 EPA Reference Method 5X - Partichate and Condensible Organic 
Compounds 

This section presents a summary of procedures followed by TRC during 

particulate and condensible organic sample collection, recovery and prepara- 

tion, analysis, and data reduction. Deviations from the specified method are 

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 

Figure 5-1. This train was designed and built by TRC. . A  slipstream was 

drawn from behind the heated Method SX filter to duplicate TRC and duplicate 

NCASI Method 25 sampling' trains. No vacuum grease was used .in the assembly 
. . . . . . . . . .  . . .  . .  . .  . .  i 

of the Method. 5 x .  train prior to the Teflon sample line-impinger train Con- . .  

nection. This prevented contamination of the total organic compound .. samples - ,.~-. . .z . . .  ~. . .  
.... 
. . , _.___i 

. .  

. . .  . . .  
..' by the vacuum grease. .A.minimum , " of -grease -was. used .in' the im 

, . + .: . .  
.. . . -  

train. Leak checks were perfor 

5X train attached to the four Method 25 trains) before .. and after each , . ~  . . . . .  test. 

. . . . . . . . . . . . . .  .~ . . .  . 
. .  . .  . .  ..~.~. . . .  . - .  

. .  . .  
. .  

. ~ . - '  
. . .  ... . . i .- . i ..- - . . : :  

. ,  

, . ~ .~ ..- . . . .  - 
:i - Field data were recorded on standard EPA Method 5 data sheets .which . .  - . . .  . .... . .  . . . .  ,. . . . .  ... - - .- - . . -.. 

. . .  . .  :.:t , : '  , . .  ,: . . .  . .  

- - - 
. .  

' .  - 
presented in Appendix 'C. 

. . .  
... ' 

. ~ EPA Method 5 with the followinq modifications. A flexible Teflon sample line 

The Method SX sampling train is essentially the same as that described by . .  

. . . . . .  . . .  . .  . .  .I .. *?.* .. ? > - '. ... . .  . .  
.. 
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I i first impinger was a modified Greenburg-Smith (impingement plate removed) 

charged with 100 ml of deionized distilled (D.D.) water. The second impinger 

j '  was a regular Greenburg-Smith unit also charged with 100 ml of D.D. water. 

r, The third was another 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 

material condensed but not collected in the impingers. 

i -. 

.. 

i 
Prior to initial field use, all glassware was washed with a chromic acid 

solution and rinsed with D.D. water and acetone according to Method 5X. To 
i 

! remove any residual vacuum grease Freon 113 (trichlorotrifluoroethane) was 
1% 

used for a final rinse. 

Sampling train operations were identical to those of EPA Method 5, with 

In order to prevent condensation of organic materials in 
. . . . .  . . .  . .  

several exceptions. 

the probe and on the 4-1/2 inch glass-fiber filter, the stainless steel probe ' 

and the filter were heated to 350 +25OF. . ~ '  Thermocouples were, inserted into 

ii 
. .  

. .  ... 
i 

. . . . .  , . _. . . .  . . . .  . .  . .  . . .  >;>;-:;I' . . .  ....I . . .  . .  
I~. , . . . . . . . . . . . . . . . . .  - . :. , .. I .:. . . .  . .  

~ 

. .  - ~ . i  . .  . .  - 
the probe and the' filter outlet 'gas stream t o  ensure that proper temperatures .~ ,.. 

i 
i 
i 
I 
I 

i > 
i 

. . . .  .. ..: ............ -. . . . .  . . , , . .  - _ . .  .. . .  
were maintained. 

during routine data recording intervals.. 

These, temperatures 'were noted' on 'the ' fieid data"8heet . . .  , '-:'. 
. .  . . .  - . . . .  - . .  

. .  .... . . . .  

. -  

........ . . . . . .  ... . . . .  . . . . . . . .  . . . . .  ... .. . :. . . -  ' T .. :: 7 .  : ; . :a,-.._ . ......... . . . . . . . . . . . . . . . . . . .  . . .  . .  - I.__ -.**... - . .  

. . . . . . .  . ._ . .  1.. 
. .  

....... . .  5.3.1.2 

Sample recovery was performed in a laboratory on site. This area had a 

Method 5x - Sample Recovery and'preparation 
. .  . . . .  . .  . -. l i  . .  

. .  
- -  ~ 

. . . .  . . . . . . . . . . . . .  :, . . .  .... . . . I  ~:. . . . . . .  . . . . .  . .  -.~. . ... :. r e  ;..:- '.--?i . . . . .  . .  . .  - .  . -  



. . . .  .. . . .  . .  . .  . . . . . .  . . .  .. . .~ .- ~. . . . .  .-.., .. . .  . .  
. , . .  . . . . . .  . . .  Contaiher 3 - Acetone wash--of :nozzle, probe and front half of the 4-1/2.inch 

. . . .  
. .  

. . . .  ;._ , . . . . .  < : .  . . .  . . .  , . ~  . 
filter holder. . .  

_ .  . .  . .  .. - 
. . 

- . .  .. 

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

. : half of 4-1/2 inch filter holder and front half of 2-1/2 inch 

. .  

. .  . .  . .  
. . . .  . . . .  ..... . . . . .  .- .- ~. - \ ... filter holder..'.:'..r.;~r >,. . . .  ...,_.~. ~ . . .  . . . . .  ...... 
. .  . . . .  .. 

.~ . . .  
Container 5 - Acetone wash:.of ' first .three impingees,'. connectors, Teflon 

sample line, back half of 4-1/2 inch filter holder, and front . . . . .  . . . .  . . . . .  . . .  
. 
' half.of 2-1/2 inch filter holder. '. 

. . ~  . . .  . . . . . .  . I  

. .  
. .  

. .  Container 6 - 2-1/2.inch glass-fiber filter. 
. .  

. .  ..... . .  . . . .  , . _ _ _  . .  . .  . . .  . . : .  , ' . (  i.. 

The probe and nozzle were brushed and rinsed three times with D.D. H20, 

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

holder was also rinsed with D.D. H20, which was deposited in container 2. 

The probe, nozzle and front half of the 4-1/2 inch filter holder were Drushed 

and rinsed with acetone in the same manner and deposited 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. The Teflon sample 

line, impingers, connectors and the back half of the 4-1/2 inch filter holder 

were rinsed three times with D.D.. B 0 into container 4, and then rinsed 2 

three times with acetone into container 5. 

Both the probe and Teflon sample line were washed with D.D. II 0 after 

the acetone wash to remove any acetone residue which might contaminate the 

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

2 

- 

allowed to dry at ambient conditions before being reassembled. 
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Both filters were removed from their holders and deposited into their 

respective petri dishes, containers 1 and 6. Filter 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 

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. A l l  Method 5X samples 

were packed in locked shock-proof containers and driven to the C H p i 1 1  

laboratory in Corvalis, Oregon for analysis at the conclusion of the test 

program. 
. . . .  . . . .  . . . . . . . . .  . .  . .  . . .  :- . . .  

. .  . .  

. .  . .  . .  .. , 

. .  . .  
.. 

5.3.1.3 Method SX - 'Sample~Analysis . .  . . .  
.' 

. . . .  . . . .  . . . . . . . . .  . .  . .  . . .  :- . . .  
. .  . .  

. .  . .  . .  .. , 

. .  .. 

5.3.1.3 Method SX -'Sample Analysis 
.. . . . . .  . i  .l. . I  . . .  With the 'exception of the silica gel samples, all sample ' fractions 'were 

. . . .  . .  . . . .  . . . . .  . . .  . . .  :_ . . . . . .  .~ . .  ... -, 

analyzed 'by CHpi11.' ' -  CH2MFiill was chosen .>.to perform- the analytical ~ 

phase of the Method 5x sampling program because of their extensive experience' 

with Oregon DEQ Method 7, from which EPA Method 5X was derived. All.analyses 

. .  
.~ . . . . . .  . -. . . .  .... . . . .  .i, ... 
. .  

. . .  

wete performed in accordance with EPA Method 5X and as approved by EPA/EMB. 

.~ The sample.fractions were analyzed as follows: . .  

.- 
.. 

. . . . . .  . . . .  . . . . . . .  .. ... . .  I .  ._ . . . _ _  .. ,..- * -  .. - 
...... . Container 1 . (4-1/2 inch glass-fiber 'filter) - desiccate and weigh . .  - -  ,after . . .  ......... 
. . ~ L . '  . .. . . . . . . . . . .  . . . . . . . . . . . . . . .  <... . . .  . . . . . .  ...I ..... .... - -  ''<' -- .,.___ 



... . . . . .  -~ - .  . , weights. were measured after , 24 hours of - desiccation ,and - every,.l2,.hours 
thereafter for another 48 hours: It, was discovered that sample loss occurred 

followlng the initial weighing and continued throughout the remainder Of the 

. . . . . . .  . . .  . .  . .  . .  . . --. . . .  . . .  . -  _.. ,. ,* , ,,. 
I = . . . .  . .  

-. 
.... . . . . . .  

. . .  ._ .. .. - .... - . . . .  
.. 

. . 72-hour period. ,The final. version..of-,*Meth*,- 5X therefore 'specifies that . . . . .  . . . . . . . . . . . . . . . .  . . . . . .  _i. . . . . .  -..., . .  . . .  " ,  
... 

. .  
-. ~ . . .  . _. . 

'. -. ' sample weights be measured after 24 hours of .desiccation,- The.. 24-hour . . . . . . .  . .  . . . .  - . . . . .  . .  . .  . .  .. . .  
weights were used for data calculation in this test program. ., . .  ~. , ' , . . .  . .  . .  . -  

. . .  
. .  

' 

Silica gel simples were weighed-on site with a triple-beam balance at the 

conclusion of each test by the Method SX sample recovery crew. The weight 

gain of 'the silica gel was determined to the nearest. 0.5 gram and recorded. 

. . . . .  . .  . .  

A l l  analytical data were recorded on -the. data sheets as presented in 

Appendix 8.  Sample residue remaining after analysis are being retained for 

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

discarded. 

. . . . .  

5.3.1.4 Method 5X Data Reduction 

A l l  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 

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

and the area ratio method.' With the former method, the concentration of 
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particulate matter entering the nozzle is calculated and then multiplied by 

the volumetric flow rate to obtain the mass emission rate: 

( m p )  x Q = MFR (lbs/hr) (Eq. 5-1) 

where m = amount of particulate sampled (lbs) 
. v = 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 

will be less than the true MER. This is because the heavier particles will 

leave their streamlines (gas streamlines diverted into the nozzle) and Will 

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 

conditions, the concentration (inn) will be less than that under isokinetic 

conditions. 
. . . . .  . . .  . . . . .  

. .  . .  

With the area ratio method, the mass of particulate matter collected is 
... . . . . . . . .  . .  ~ .. . .  

., divided by. the sampling time .and 'then multiplied by the ratio of the stack .. 

area to thelnozzle area to obtain 'the-mass emission rate: 

' . 
. . .  . .  . .  

. .  - . .  
. . .  

. . . .  . . .  ........ ,.. i. 
. .  
. . . .  . . . . .  .- . . . . . . .  

. .  
. . . . . . . . . . . .  _ _  ~ . .  . . . .  . . . .  

. 
. .  , -  . 

. .  
. .  

.,. . 

(m/t) x (As/An) = MER '(lbs/hr) . ' '  - ' . -  (Eq. 5-2) 
. . . .  . . . . .  . - _  , . . .  ....... - . . . . . .  . . . . . . . .  

. .  

. . . . . .  . . .  . . . .  . . . .  * ,  

. .  . . . . .  

- 'where - 1'. ' . -  rn = amount of particulate sample-(ibs) .- ' . 
t = sampling time (hrs) 

A, = area of nozzle (ft' 

. .  

. AS = area of stack (ft' I .  .. 
. .  

.... . .  . .  . . . . . .  . . .  .. . . ~ .  

........ When the. nozzle -sampling .velocity .is :greater than the stack gas velocity,. 
.. . . . .  . . . . . . . . . .  : . . . .  . . .  . .  . .  . . . .  

. .  . . . .  . . . . .  , .  . - .  
: 

.- 
. .  - 

'. ?+;;:then the MER calculated .by-.this method..will be somewhat greater. than .the .true. ~.:l . - .. 



.. ' - ' .  This section. presents a summary of -procedures followed by- TRC during . . . . . . . . . . . . .  . .." 
, . ' ,  . .. . . / _  : ..... _i . , _ _ _ _  ..... . . . . . .  . . .  . .  . . .  ..: _'...,... . . . .  . .  .. . .-. ._ . .  

...... i . ~ .  condensible and noncondensible organic . . .  sampling equipment preparation, sample 
., 1 . . . .  . . . . . .  . . .  .... . .- ._ ~- . . . . . . . . .  . . . . .  . .~ :  . . . .  . J 

. .  . .  - .  .,_ . .  . -  
. .  collection, field le recovery, and s le analysis. The TRC Method 25 

. . . . .  . . .  . . . . . . . . . .  - .. -.. . . . . . . . . . . . . . .  . . . . . .  ..... ................ . .. ..- i_ .I-: -,..-.+ ,.ii... ._ ,,., ,.__; -. .~ =._.... 
I . . .  sampling train is in Figure 5-2.' Deviations from the method are also .. I 

._-:.. ........ !.. :::'-A . . . . . . . . .  . . . . .  . . . . .  - L . .  . I,.. Z !  ~ . . . .  ..; - . : ...... :: v .  i . l  . . .  . .  . . . .  . .  . .  
. '  . .:.: . 

explained in this section. NCASI Method 25 procedures are presented in -. . . . . . .  . .  ._, . . . .  . . , .  . . . . .  . . & .  . .  ... 
\ . .  

Appendix G: Further details of Method 25 are presented in Appendix G. 
. . .  . .  . . . . .  . .  - . ~. . .  .~ - . .  

, I  . . .  . . . . . .  - . . . . . . . .  . . . . . . .  , .  . . . . .  
5.3.2.1 Method 25 - Sampling Equipment Preparation 
This procedure is based on and supplements EPA Method 25, "Determination ! l  i . . . .  . . . .  . . .  . . .  ... I . .  .. ^ .  . .  . .  

of Total Gaseous Nonmethane Organic Emissions'as Carbon."' 

Condensate Trae 

After being checked for any sign of physical damage, each trap was 

2 interconnected to a hydrocarbon (€IC)-free air cylinder, flowmeters and CO 

monitor (nondispersive infrared detector (NDIR) ) and inserted in the furnace 

as shown in Figure 5-3. The trap was then purged with the "2-free air at a 

100 ml/min flow rate with the furnace Operating at a temperature of 60OoC. 

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 

C02 monitor indicated a concentration of 10 ppm or less. 

Federal Register, volume 45, no. 194, October 3, 1980, pp. 65959-73. 
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...... ........ . I  ..'.'tank ... pressurized to' 10 in Eg with HC--free  air.^ This,cycle was repeated three .. ., . .  
. . . . .  . .  ... . . . . . .  .. . . . . . . .  . . .  . .  _ - _ . .  . . .  . ,  , .  - C.. . . .  .-.I.. .. . .  r:. L-. .___ ".. .: .. , 

. ., . . .  . . . . . .  'times. After- the:thifd pressurization: the. tank, was connected to. the TGNMO 
. . .  . . . . .  , .  . .  . .  . . . .  . .- 

. .  . .  
. . . . . .  

analyzer and a' sample analysis. was performed: -If' 'i nonmethane organic . .  

z -  - 
. . .  

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

The tank 

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

gen for shipment. to the, field. 

. .  . . .  
.. . . . . .  I . ., .? . - to the evacuation-pressurization analysis procedure until accepted. 
. .  

.., - -. 
. 

. .  . .  - - -  . .  . .  
-. .:-. . .,.._ _ ....... l i .  . . . . . . .  . 

_ .  . .  .~ 
. . .  . . . .  . .  . 

, . . . . . . . . . . . . .  '.. . 
I . . . I .  . . . . .  . .... . . .  . . .  ... . .  . . . .  

:. ~ . __. 

. . .  ; . Flow -Control- Assembly . . . . . . .  : 

, . .  

.... 
. .  

. . .  

. .  

The sampling train was assembled as shown in Figure 5-2 and leak- 

checked. The probe' end cap was removed and the probe connected to a flow 

meter as shown. The sample flow shut-off valve was opened and the flow 

control valve adjusted to achieve a flow rate of 50 55 ml/minute. The flow 

control adjustment screw was sealed 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 d r y  (CO ) ice. (See Figure 5-2.) 

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

2 
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F igure  5-3. Method 25 Trap Prepara t ion  
7 . .  

...... 

..... 

QUICK 5. . . .  . . .  ,.+fj . . . . . . .  " . ' ,  . . .  

. . . .  .... . . . . . . . . .  , .. 
. , u _.. , i ' 

. . . . . .  . . .  . . . .  . . . . .  . _  ~i Ii . . . . . . .  . . . . . . .  MERCURY MANOMETER _;_ . ' . 
.. ~~ . . ~ .  . .  .. . . .  . .  . . .  . . . . . .  

. .  . .  
. - -. . _ .  . . . . .  'Figure 5-4. . Method 25 Tank Purg ing 'and~Evacuat ion  . . . . .  '.' . 

. .  - ASSEMBLY . .." . 
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d 

I FLOWMETER . ~. . . . .  :; ._ j .. - I 



..... 
. . . .  Assuring. t h a t  the f low-shut -of f '  va lve :  was i n  the c losed  -- -. p o s i t i o n ,  t h e  . . . . . .  . . .  . . . . .  . . .  ... . I  

. . .  1 
I . . .  . . .  

t r a i n  was assembied as shown i n  F i g u r e  5-2:. The p r e t e s t  l eak  check was then  

..... ,- . . . . .  performed..':. The tank. vacuum. a s  indicated,  by-the-  vacuum, gauge was recorded and . . . . . .  
. .  . . .  . .  . . . .  .. 

. . .  
........ .... . .. ... ..... . i (  

: . i . . . . . . . . . . . . . . . . . .  ..__ ~. _. -. -._ _.---..--_*.-_. "I - . .  . . .  checked aga in  after a minimum per iod  of 1 0  minutes. If the ind ica t ed  vacuum 

' - .had , n o t  changed, the  po r t ion  of t he  ,sampling t r a i n  behind. t h e  shut-off  valve - .  

-- . . . . . . . . . .  .- -. 
. .  

. .  
. .  . .  

. . .  ' d i d  n o t : l e a k  and was. considered acceptab le .  Assuring t h a t .  t h e  probe t i p  was 
.. . .  ... 

. .  - .  
:' ! . . .  . ., t igh t ly 'capped ,  t h e  f ront  p a r t  of t h e  sampling t r a i n  was l eak  checked by 

opening t h e  f l o w  shut -of f  valve. A f t e r  a s h o r t  period to  allow p res su re  

. . '  s t a b i l i z a t i o n  . (no t  more . t h a n  2 minutes) ,  t he  gauge vacuum ind ica t ed  was 
. .  

. .  ! . .  
. ,  

noted. Af t e r  a minimum period of 10 minutes,  t he  ind ica t ed  vacuum was aga in  ... , 
! .. 

I ;, noted. The l eak  check was considered acceptab le  i f  no v i s i b l e  change i n  

vacuum occurred.  The p r e t e s t  l eak  r a t e  (mEg/lO minutes) was recorded if :.* , 
I. ,. 

observed. A t  t h e  completion of t h e  l eak  checks, t he  sample flow shut -of f  

valve was c losed .  
: ' i  

A f t e r  t he  leak  check had been performed, t h e  Sample tank number and each 

t r a p  number of a sampling t r a i n  was recorded on t h e  f i e l d  d a t a  s h e e t  w i t h  t h e  

r e spec t ive  test run number and sampling s i t e .  TWO TRC and two NCASI sampling 

t r a i n s  were connected t o  each Method 5X SamPlln9 t r a i n  a t  t h e  i n s u l a t e d  

O u t l e t  of t h e i r  r e spec t ive  hotbox f i l t e r s .  Immediately p r i o r  t o  sampling, 
- j  

' "Method Developnent f o r  t he  Plywood/P~yWOod Veneer Indus t ry ,"  EPA 
Cont rac t  68-02-3543, Work Assignment 1. TRC - Environmental Consul tants ,  
Inc., August 1981. 
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I 
I .,: t h e  gauge vacuum and c l o c k  time were noted. The flow shut-off valve was 

opened and sampling begun. . TRC gauge vacuum -readings were recorded every 5 

1.' minutes during t h e  sampling period. A t  t he  end of the  sampling per iod,  t he  

>;:: ... flow shut-off valve was closed, the  t i m e  and f i n a l  gauge vacuum recorded. 

After  t h e  Method 5X sampling was completed, t he  Method 25 probe l i n e s  were 

disconnected from the  Method 5X i n t e r f a c e  and t i g h t l y  capped. 

I .' 

. I . ,  

[$! 

1 .  
/: i 

A pos t - t e s t  l e a k  check  was performed prior to  disassembly of the sampling 

t r a i n ;  After assur ing  t h a t  t h e  probe had been t i g h t l y  capped, t he  flow shut- 

off  valve was opened and t h e  gauge vacuum monitored for a minimum of 10 

minutes. The l eak  check  was acceptab le  if no v i s i b l e  change i n  tank vacuum 

1 .  occurred. The post-test ' l e a k  rate (mmHg/lO minutes) was recorded if 

observed. A t  t h e  completion of t h e  l e a k  check, t h e  f l o w  shut-off  valve was 

I 

;4 

1- \ closed. . .  L .  

. ,  . . .  . .  .. . ,  I - .  ...... . : . .  . . . . . . .  L.. ::. . . . . .  I. . , .  . . . .  .~. . 
I 

.. 
!.. 
I i  5.3.2.3 Method 25 - Field Sample Recovery 

.- ~ ... .- .. ::_After t h e  post-test . leak .check was..completed, t h e  TRC sampling t r a i n  
. .  . .  . .  j:,;: . .  

1 . 1  

components were disconnected. -' Both  . ends of each ' condensibles  , t r a p  .were 

: t i g h t l y  sealed. The traps were then packed i n  d ry  ,ice f o r  sample preserva- 

. .  . .  
, 2: 

. -  . . . . . . .  . .:. . 
. . . .  . .  . . . . . . . . . . .  . .  

. . . .  . . . .  .._.; . . . . . .  - 
. . . .  - .  . . . . .  ... 

. .  L .. 
t i o n  and shipment to  the  laboratory.  I>.::.. -f t.. - 3  

:-.--.-- 
. . . . . . . . .  . .  - 

. . .  . . .  . , _.. - _  . -  
; .  

' I  : ,., 

........ 

I: !, 

.' ' ' - - . 5 .3 .2 .4  Method 25 - Sample Analysis ' . .  
I. 
I -.-- . .  .-TRC analyzed t w o  veneer d rye r  . exhaust  sampling . t r a i n s  and t w o .  boiler 2 . I ... 

. L  
- ._ 



. . . .  . . . .  . .  . .  $ ~ . ,  . . , 
7 .  - -____ :::. . . .  similar. to that'described' in the'.method. :'However. TRC has - made---some changes'. ' 1 [;.:; 

. . .  . .  . .  ., . . ,.. . .  >:, . . 
. .  

. .  which we believe. improve the ease. of,operation without affecting analyzer 

- .  performance.. Figure 5-6.. depicts the analyzer schematic:. rendering as 

A.- high-grade,. . HC-free carrier gas. is used. which eliminates the 

.I 
. .v 

. .  ' <  

I . 
, . .  . .  

I, ......... . . . . . . .  .. assembled. . . . . . .  . . . .  

.... . . . . . .  
. .  :.. : .:.- 

. .  . . . . .  . . i t> . ,< .  necessity-for the purification furnace:?::.;.. . - . , ~  .: ,< . . - - . *  

., . 

. . . . -  
. .  

. a 

- ' . : - ' :A  six-port valve (Carle Model 5521) was substituted for the two four-port 

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

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

effect the latter valving modification precluded hydrogen venting within the 

- .  . .  
. . . .  . . .  . . ~. . . . . . . .  . .  

. .  . .  
. . _  . -  . .  

.' 

. . .  . . .  . . . . . .  . . . .  . .  

, . laboratory. - 
The exit line from the oxidation furnace to the six-port valve was heat 

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. 0 

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. 

The injection side section is 3 feet long and contains 10 percent OV-101 

(liquid methyl silicone) on 80/100 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. 

This was mounted within the Varian gas chromatograph oven to ensure constant 

temperature operation. 
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.. ~ . ~ _ . .  . 
.. : assembled by TRC a6 showi ~iri Figure 5-7 and is essentially- the same as the 

configuration detailed by the method. The NDIR incorporated was an Anarad AR 

.., _- .... 

.. 
. . . .  ... I - . . .  . .  . _._ . . 

..-.. -. - 
400, with a range of 10 to 10,000 ppm COz. .--.' ...... .... . . - -  . .  , .  

, . ,  . .  
. . . .  

' The TRC arrangement did not incorporate the vacuum pump in a direct link 

with other equipment. 1nstead"'it was located' remotely..' This was done to 

. 

. _. .. i, L. I - -._ ~. . ._ .. . 
. . . .  

-. 

. . . .  .- . .  . .  . . . . . . .  - .  . .  . .  . . . . . .  . '- ' . - :. . avdid conta&%ation by the oil mist vented- from the vacuum p i p .  
. . .  . . .  ,_-  .,___. . ~ . . . .  .-..- -- ... -..- . ... . . .  . .  .. . . .  

. -  . . I. - .  
. -.. . .  

A tube furnace is used for volatilization of ,'the condensate. trap' sample. 

This provides more even, high temperature heating' 'of. the. trap. A propane .~ 

torch is used to heat those pacts of the trap, including the prow, which 

remain outside the furnace during the sample recovery procedure. Valves A. 

B, C and D in Figure 5-7 and their connecting tubing are enclosed in a 

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 C02 and water vapor. 

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

intermediate collection vessel. 

- .. . . . . . . . .  .............. . . . .  . . .  ... . . .  . . .  . . .  . . . .  ... I ~ ...,_.. . .  ... -.-~ ,-.-. _. ..* . .  I. e'-m. .... 
- . .  

,. . .  
. .  . .  

.~ . . ._ . 
. .  

. - .  
. .  . .  

. .  . . .  .. 

Analyzer Gperating Conditions: 

Gas Regulator Pressure (psiq) Flow Rate (cc/min) - 
Helium 
Air 

Hydrogen 

42 
45 

20 
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I 
. .  

Oxidation catalyst temperature - 85OoC ' ' ' . 

I .I . ~- .__. .- ~ ~. .- - . . -.-. _- I . . .  
. . . .  .... . . . .  .. , .-- 

' - . .  Details of the NCASI analyzer and procedures are presented-in Appendix E. 
... . . . . . . . . . . . .  . . . . . _ _ _ .  . . .  .. . . . .  . . . . .  ..,.I. ,.. 

:- . 
-. . 

. . . . .  . . .  . . . . . . . .  ! .  . .  
: ' I .'. 

. , . .  ~ " '  - 
- .  : I . ',.--.-.+-- . .  

. . : . L  . . , . _ _  - 
. .  .. . .  

. .  . .  

.... 

. . .  
. .  

.... ... . . . .  . . . . .  . . . .  . . . .  . . .  . . . .  
~ 

- Nonmethane Organic Analysis Procedure. 
... . .  

. .  

.i - :. : 

~ 

The' analvsis was uerformed in accordance. with the published procedure. .i - . . . . . .  .... . . .  . .  ...- .~.. ,.: .:>. ,, . . . . . . . . . . . .  . . .  
. . .  

. .  

. . .  
. . ,  , 

l j  .': ' (See .Appendix E.) trap carbon dioxide purge (section 
. . . .  . . . .  . .  ~. . , .  , .  

A.3.2 of the published procedure) was modified. After briefly purging the , 

It was then vented to the atmosphere through the valve located downstream Of 

the NDIR. (See Figure 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 Dy 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 

procedure was then completed as described. This modification to the 

. 
', I, trap according to the procedure, the valves were switched so that the trap 

' was bypassed.. After the trap had been bypass'ed, the carrier gas flow 

continued through the system and into the .tank for. approximately 5 minutes. 

. . . . . . . .  . .  

- 

. I  

! 

I .. 
4 
! '  

. I  
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procedure is intended to assure the removal of any CO which may be trapped 
2 

.within the ice crystals present in the trap.' 

5.3.2.5 Method 25 - CO2 Interference 

The existence of potential carbon dioxide interference in the EPA Method 

25 analysis procedure has been acknowledged. This interference is believed 

attributable to the absorption of the inherent gas stream CO by Water 

condensed within the trap and sampling probe, and/or entrapment within ice 

2 

crystals formed inside the trap. This C02 is not completely removed during 

the trap purge procedure and is later released during the sample recovery 

procedure. Therefore, the inherent C02 is quantified as volatile organic 

material. 
. . .  ... .. 

2 

They 

using a slightly modified Method 25 scheme in 

N C A S I '  was the first to raise and experimentally substantiate the CO 
. .  

interference issue and its impact 'on Method 2 5  derived sampling data'. 

performed a laboratory stud4 
. .  . . .  ..... . . .  . .  . ........ :- L. .. - . . , -,. ,. 

. .  con]unction'i;with' a'-s&iing'* program to wood-residue-fired . boilers. . .  . .  . . . . .  . . . . . .  . . . . . . .  . . . . .  . .  . . .  . . .  ..... . . . . .  . 
. .  . .  . .  . .  .r 

. .  _ .  .: 1. .:.. . .  . .  
The results indicate that the magnitude'of the .'i.nterfererice.,' although 'random, .. ' .. 1. 

. .  . .?.. . .  
. . . .  . . . . . .  . ~ ., . .  

.~ . .  
might be significant. . Based . upon these findings, NCASI . expressed . . . . .  

. . . . . . . .  . . . . .  . . . .  - 
considerable concern regarding . the. method's. 'applicability.-'in those cases '' 

where'combustion processes, are k e d  as a direct heat source for veneer dryers 

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

. .  . .  . . . .  
. .  

. .  -i -. if.. . .  

. . . . .  

_ . , >  . -  .. 
. .  

. . . . . . . . . . .  Midwest .Research ,Institute (MRI) _.performed a C02 .interference "study - ' 

. . .  I _: , ., . .  . 



:<.. 'T. ~: - ., . . .... - .._-. . . .  .. . , , .- ,, . .. . . . .  . .  

. .  .i ~ .~ . .~ ~ 

. .  .... . . - .  . ,~ 

: , . . . .  
. . . .  

.i . . . . .  ._: .~ .. . . .  . .  . .  

. .  

dicted .the<*. NCASI , study. conclusion.,.that ice-encapsulated i._ : C02 . i . could ;not '-. .be I , _  ' _. - , ~ .  .: !.! . .  . r _  -,.. . . . .  .. ~ __.-,_. .,. . : - .  . 
. .  . .  . .  : . . . . . . . . . . . . . . .  removed effectively .by flushing. . . . . .  1 ,  .............. . -  . .  

After reviewing .. the MRI , .  findings, - . NCASI conducted . . . . .  a limited study .., I to 
_ _ _ :  - .e . . . : .  ..... . -. . .  - .. 

evaluate the-recommended, _.__ two-step purge procedure. . .  Their results. indicated . . . .  -L .....,..: I I ,'.... ,.#.. . . . . . . . . . . . .  . _ . - < , _  _*..ii-_ - - - I c b . _ . L .  

that ,the procedure would at.?best . reduce .the, interference by,, . . . . . . .  50 percent. 

Additionally,..,the amount of interference . . .  .still retained . . . . . . . .  its random .. L . . . . .  character. : 
Pollution Control Science,'' Inc. ,, (PCS) performed ' an. independent . .  evalua- 

tion of the C02 ,interference . . . . .  based . solely' upon.: theoretical.. absorption- 

equilibrium chemistry.'0 The results of this evaluation were not intended 

as a correction but rather as an estimate . . . . . .  of the magnitude of the problem. 

.. .. 

. . . . . . . . . . . .  . . . . . .  ...... . . .  . . ,  . . .  . . . .  . . . .  

. .... ..__ . . . . . . . . . . . .  
. . . . . . . . . .  . .  . . . . .  . .  ,. - ,. 

. . .  . .  ,.". . . .:. ... 

. . . . .  

. .  . .  

. . . . .  . . . . . . .  - .  .._. . 

Both the PCS and NCASI studies present calculation methods for estimating 
. .  

the interference. The PCS equation is: 

Interference, ppm C1 - - '"2 ps x 1303.6 
100 - Ps 

where P = partial pressure C02 (atmospheres) 

Ps = percent water vapor 
. . . . .  

c02 

1303.6 = 1st approximation conversion factor 

The NCASI equation, based upon experimental data is: . . . .  

71 + I(9.8 x %C02) .- 6.21 (ml B 0 collected) 
2 

. ,  

Interference, ppm Cl= sample volume 

' "Investigation of Carbon Dioxide Interference with Method 25". Final 
Report. EPA Contract 68-02-2814, Work Assignment.41. Midwest Research 
Institute, April 15, 1981. 

"EPA Method 25 co2 Interferences." 
Compounds by EPA Method 25 Seminar. 

Measurement of volatile Organic 
University Of Dayton, September 1981. 

. .  
5-22 



The results from this calculation showed a CO interference about twice 

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

higher C02 interference when applied to the TRC data is that the NCASI 

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

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: 

2 - 

9.8 x %CO x ml H 0 collected 
2 2 

Interference, ppm C = 1 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 
. . .  . . . . .  .. . . .  . .  , .  . . . . . . . .  . .  . . . .  

. .  
. r  

'.: trap were--calculated from the gas. stream moisture.content .and. the Method 25 

Sample volume employing the' EPA Methoc: 4 *ec$iation.-' N d I  ' used. the .actual 
.... .... . . .  . . . .  . ,~ . . . .  . . . . . .  . . .  . ? . .  . , .- 

. .  ~. . .  . .  . . .  . . .  . .  . .  .. ~ 

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

. . . .  .. : 2 . . : 

. . . . . . .  . . . . .  . .  . . . . .  - ... - . . .  
. .  

the sample' tank for their calculations. . . .  ~. . . .  . . .  
. .~ . .  . . .  . . . . . . . .  

~ . .  . . . .  . . .  . . .  , .  
. .  

. .  . .  
9 . .  

. . .  ~ . .  .~ .. - ,..- _. 
TABLE 5-1 

.. . .  . .  

. . .  . . .  . \ ' '  
-COz INTERFERENCE CORRECTIONS 

....... . . . .  " 
. - . .  . .  .FOR BOILER 2 OUTLET TOTAL ORGANIC MEASUREMENTS . .  . .  



.~ . .~ . 
. .  

. . .  .... 
. .  . .  . .  . . . . . . .  

. . .  . . .  . .  

that there is no attempt'to purge'the CO; frozen in the water ice'.. ' '.' 

. .  . .  
- 

- .  . .  . .  
_. ~ . .  

. . . . . .  .~ ~ 

. .  __- .~ .-__ . - ........ ...... _. . , . *  .. :II . . . . .  . . . . . . . . . .  
5.4 C02 and 02, CO Determination .e:- 

Concentrations . of - C02 and . O2 ,~ ,were , measured. . in accordance with 

Method.3 to determine' the molecular weight of the gas stream. .:' ?ai .. integrated 

gas sample was taken' simultaneously. with the Method 5X. sample.- through . a 

separate stainless-steel probe that is -integral with the Method 5X probe. . ' ' 

. . . .  .... . ~. 

. . .  . . .  . . . . . . .  . . .  . . .  . .  
~. ' ,  1 .  ' .  . .  i . .  

, .  

. . . . .  ~. . . .  . .  . .  . . . .  .... 
. . . ~ 

, .  

. . . . . . .  ... . . . . . . . .  . . . . .  . . . .  .. . .  
. .  . .  .~ 

The sample was drawn through the probe and a flexible sample line and .air- 

cooled condenser with a Metal Bellows pump at a, rate of approximately 0.5 

liters per minute. The sample was then pumped into a Tedlar sample bag with 

an approximate volume of 1 fp .. Flow rates were recorded simultaneously 

with the Method 5X data. 

. .  

Imnediately following completion of each Method 3 and 5X test run, the 

integrated bag sample was analyzed with an Orsat analyzer manufactured by 

Hayes-Republic. Concentrations of C02 and O2 were determined to the 

nearest 0.1 percent. Analysis was performed according 'to the method,. using 
. .  

three passes through each absorbing bubbler to ensure complete absorption. 

Each bag sample was analyzed in triplicate. 

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

stream at boiler outlet during each test. It was determined by a preliminary 
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Method 3 test that an atmospheric air composition prevailed in the dryer 

i 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 

location. 

i 

. 

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. 

5.6 Preliminary Velocity Determination 

Preliminary velocity measurements were made at the veneer dryer exhaust 

- . .... and boiler 2 outlet prior. to emission testing.. EPA Methods 1 and 2 were 

followed in measuring the velocity of the gas stream. . Data were recorded on 

-.- - the- field data sheets G (Traverse -Point. Location for Circular'. Ducts and Pre- . . ' 

. . . .  ... . . .  . . .  . . . .  . .  . .  . . . . . . .  ~ . . .  -. . . .  ... liminary Velocity Traverse, Appendix-C) .. . .  .: - 
. _ .  ~, . 

..... ~ . : ,  .. .: -. 

.,., - . - . , ; ;  ~, 
. .  

. . . . . .  . . .  . . .  ... . . .  
. .  , ,. . .- 

. .  .. . .~ ~. 

* . .  . -  . - .  ~~ 

. .  . . .  - ,  

. -  . . __. . -. . _ _ _  .,-. -..* 

I ' ' Visible emission observations were conducted concurrently with the 

. . particulate/condensible organic tests at the boiler 2 outlet to determine if 

. I  - '.-~.:a:relationship -exists -between measured ..and. visible -emissions. Observations . . .  . .  
. : . . . .  . . .  . . . . .  ........ , .  . . . . . - .  . .  ' . were made according 'to .EPA -.Methe, 9. i- 

..... -.. - ~ ....... _- . .  . ,,..... 7: ... ; ............. i.. .. .. ..=. . ..i:. . . . .  : . . .  ~ 

city-. observations .were. .recor . . .  
. .  

. .  . .  - . .  . .  . .  
. . , .  . . ,  . . .  



. . .  . . . .  . . -  . ~ .  .. ~ ;#>' . .  .. ~ . . .  

. .  . Pressure, drop' (AP) . across- the.-wet .sump prior 'to . . . . . . . . .  the kiler ...... 2 wet .I.D;- .: . x .  ~ . . ... . . .  . _: ? . I  . . - . .  _. , 

. .  ......._. 
.. , .  
, i ~. 

. . . . . . . . .  . ., - .. _. .... . .  . .  . .  . .  . .  . .  
. . .  fan .(Figures 4-1 ' and 4-5j ' was measuredl,tor establish!. the-:. unit,:operating - . .  - ... ___. x_ 

... condition.. 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 

........... "-- . . - -  . ....-^-L-_.._._r L .  ;, intervals during each test. I __,. / c  ... . * _  - - __  . 

- . A .  ._.-, .-: -.e, ..' .i.--" 7:. .?T-T'.,$. r ; . ? . i ~ a n i W ~ s ~ r t  . . . . .  
' .- 

5.9 wet Fan soiution Samples - ..- . .  . .  

. .  
- ,  The boiler 2 wet fan solution samples were taken. from the supply and 

drain of the system concurrently with the particulate/condensible. organics 

tests performed at the boiler 2 outlet:: These samples are being held for 

. . . . . . . .  ,-- .I---.._- 

. .  
. . . .  . . .  r i ~  . . .  . .:- possible future analysis at the direction of EPA. .. .. . ..... 

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

approximately every 30 minutes during the Method SX boiler .outlet tests. 

These samples 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 100-ml aliquots were combined into two 

Composite samples. for each test (one supply sample and one drain sample). 
i 

. i  The size of the composited sample was a function of the actual duration I 

.... . . . . .  .. i 
! 

(including interruptions) of the Method SX test. . .  
.. , The composite samples were packed in .locked shock-proof containers and 
.., 
S I  _. : .. driven to C H p i l l  at the conclusion of the test program. 

. . . .  . . . .  - .  
I . .  , . . . . .  . .  . . . . . . . . . .  ..: , . , . - ' 

. . I  

. .  
-; 
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5.10 Fuqitive 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 hwds, (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 modified by RTI, were used to determine 

fugitive emissions from the veneer dryer doors, abort stacks, and dampers in 

the exhaust system. The method does not require that the opacity of 

emissions be determined. Instead, the method determines the amount of time 

that any visible emissions 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. 

. . . .  
. . .  . .  . .  . . .  . . .  . .  

. .  
. .  

. -  . .  , .  . , .  

. . .  - .  
.. 

5.11 Ambient Temperature and Relative Humidity 
. .  

Outdoor ambient' temperature and relative humidity were' measured at 'the 

. .I beginning and end of each test period with a psychrometer provided by TRC.'. 

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

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

- ,  . . .  . . . .  . . . . . . . . . . .  ..... . . . .  . .  . .  

. _  
. . .  . . . . .  . _. ., . :. . . , .  

. . . . . . . . . .  
'. . veneer dryers. Data were recorded on a form provided by RTI.' . .  

. . . .  . . . . . . . . .  . . .  . .  
. .  

. . . . .  ... 
. .  

. . . .  . . . . .  .... . . - _ .  . . .  . . .  . . . .  .. . . ...... .... . . . .  ... .. . . . . . .  . . . . . > :  _ . . _ ~  i 
. .  

. . . . . .  .... 
.- 

. . .  
. .  ~. 

. .  . . . , .  . .̂ . .  
.. . .  . .  



6.0 QUALITY ASSURANCE 

The TRC quality assurance program is designed to ensure that emission 

measurement work is performed by qualified 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 I11 (EPA-600/4-7-027b). 

.~ At the beginning of each day, a meeting was held to orient personnel to 

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. 

Records of all calibration ,data are maintained in TRC files. . Samples Of 

. .  

. .  

. . . . . . . .  .~ . .  . . . . . . . . . . . .  . .  . . .  
. .  

.  these calibration forms are presented in Appendix F.,:~;,. 

-.- .All _. Method 5 X  sampling was 100 +10..-percent ... ,. isokinetic 

.. 350 +25OF. Deviations from these criteria' at the. boiler -2. Outlet ..were . . .  

, . 1 '  . . . . . . .  _. .... .. 
- .  

. . . . .  . . .  . . . .  ). . ... . . .  . . .  ..... . .  : > 
. .  . _  . -  -.  

. . . . .  
. ~ . , .  . ,  

. .  . -  
as ...': 

. mentioned in Section. 2. ,: . Probe and- hotbox. temperatures were maintained ..at . . .  

-- . 
. .  . .  . .  

: .;.. . . .  . . . .  .. . . .  . . . .  :: . .  . .  
. .  . .  

- _ .  -. 
. .  

. ,  . ,  
. .  

reported to the EPA/EMB task manager.to decide whether a test run should be . . . . .  

repeated or continued. .~ . .  

.; .~ . .  . . .  . .  . .  
.. . . .  - . .  I, 

._ -~ . ,  ..-. .. - - i  - ,  
. .  . .  . .  

single,, clean-up .... evaluation . ... test, was performed ..... on. .each;-initial . set . . .  1 . . . . . .  I . . . .  . . . .  . . . . .  . .  . .  . . . .  . 2 . a  .."_ -,. I ,  . - i  -__ 4." ----. ~ .. . .  .~ . .  



~~ ~ .. . .  .. . -.. -?,>>,-,? g:,!?.'- . 
. .  . . 

-.~ .. -. . ~ .. -. ~. 
program. ._Results akpresented - . . . , . . in . Section 2 of .. this 'report. . . . 

. . . ' -  . . .  
. .. ., _ _  - .-->. _ - :  ., 

In summary, the evaluation' tests3were'designed to precondition the sample 

collectors, to establish blank background values, and' to educate the clean-up 

personnel in specific sample recovery procedures; .. . . .  . .  . .  

Acetone was provided by CH MHill in .glass-lined containers. Both the 

acetone and, D.D. water were analyzed by CH W i l l  prior to' fieid 'use. 

Residue data from this preliminary analysis was evaluated by the EPA/EMB task 

manager with respect to the suitability for use during the test. program. 

These data are presented in Appendix E. In addition, three blank Samples Of 

D.D. water, acetone, and both 2-1/2 inch and 4-1/2 inch filters were 

collected for background analysis. All clean-up evaluation and blank samples 

2 
.. 

2 

were analyzed in conjunction with the actual test samples. . .  

All sample recovery was performed by a three-person clean-up crew. 

Appropriate 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. 

Recovered samples were secured . . .  in . .  padlocked; shock-proof; steel con- 

. .  ... .. . .  
tainers for storage and shipment for analysis. 

All preparation and analysis of Method 5X samples were performed by 

CH Will; which has extensive experience with Oregon DEQ Method 7; from 

which Method 5X derives. CH m i l l  adhered to the standards of"qua1ity 

assurance set forth in the Quality Assurance Handbook for Air Pollution 

2 

2 

. . . .  .- 

. . . .  
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r 
I 

I .  
Measurement Systems, Volume I11 (EPA-600/4-7-027b) and the Handbook for 

Analytical Quality Control in Water and Wastewater Laboratories (EPA-600/4- \ 
i 
I "  79-019, March 1979). \ I 
r- 
1 ,. 
; 6.2 Method 25 

1'  Method 25 traps were burned out according to the method prior to testing 

and spot-checked for contamination. All Method 25 tanks were flushed with 

nitrogen and checked for contamination prior to field use. 
I 

Four sampling trains were used to provide a check on data precision. Two 

trains were analyzed by TRC and NCASI analyzed the remaining two trains. All 

tanks and traps have permanently engraved identification numbers. 
ixx 

Analyzers were calibrated 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. , .. . .  . .  

. .  
. .  

. .: . .. . -  . . .. I::, !:., . .  

. '. .:. ' .  : . . :  . .  
. .  

. .  ~i 

. .  
. .  . .  . : . .  

. .  I .. 6.3 Method 3 

All Method 3 analyses were performed in triplicate, with three passes 
r . .  . 

being performed through each absorbing bubbler .to ensure complete -absorption. ':"'. ' :.' : 

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

SUMMARY OF EPA METHOD 5X T E S T  DATA 
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PARTICLUTE TEST DATA 

P tar 
A5 

Dn 
Time 
Y 

CP 
(AP) l/z . 
AH 

Tn 
Pstk 
Tstk 
Vm 
Vl 

-2 
02 

*a 
InpurB 

InputC 
Ml 

? H  
% C  
O S  
% N  
1 0  
Gcy 

Calculated 

Vm (std) 
O H 2 0  

M S  

vs 
Qs 
Qs (stdl 
% I  
cs 
Er 
F 
E 

Barmetric Pressure - in. Hg 
Stack Area - F t Z  
N o d e  Diameter - in. 

Cal+ration Factor 
P i t o t  &efficient 
Average Square Root of Velocity H e a d  (in. HzO) 
Average Orifice Pressure Drop - in. H20 
Average Meter T q e r a t u r e  O F  

Average Stack Pressure - in. H20 
Average Stack Temperature OF 
Meter V o l m  at  k t e r  Conditions - F t 3  
Total Water Vapor Collected - m l  

Total Sampling Time - min. 

I mz in stack  as (my) 
I 02 i n  S t a d  Gas (my) 
? a in Stack Gas 0 

Total ?articulate Catch - Mg 

% Hydrogen in Fuel 
% Carbon in Fuel 
% Sulfur in Fuel 
% Nitrogen in Fuel  
? Oxygen i n  Fuel 
Gmss Califoric Volrme of Fuel - B W l b  

Meter Volume a t  Standard.Conditions @ry)-Ft3 
% H20 Vapor i n  Stack Gas 
hblecular Weight of Stack Gas Wet) 
Average Velocity of Stack Gas - FF?I 
Actual Stack Gas Flowrate - ACFM 
Stack Gas Flowrate (0.0% HzO: Srp) - DSCFM 
% Isokinetic (Avg. Nozzle Vel/Avg. Stk Vel) 
Particulate Concentration-lb/DSC€ 
Particulate Emission Rate-lb/hom 
F Factor - DSCFW BTU 
Particulate Emissions - lbsRM BiZi 



s p & n b .  22,199,  
No. /f%o-FPO 

I 

P bar Earnmetric Pressure - in. Hg 24,59 
As Stack Area - Ftz 12,6 
En Nozzle Diameter - in. 
Time 
Y Calibrarion Factor 

(AP) 

Total *ling Time - min. 

CP Pitot Coefficient A 
0. / IF /  

M Avenge Orifice Ressure D m p  - in. HzO /, YS' 
Tn Average Meter Telemperature OF 66 
Pstk Average Stack Pressure - in. H$ -, 27 
Tstk Average Stack Temperature 'F 3/5 
Vm Meter Volume at Lleter Conditions - Ft3 gg 
vl Total Water Vapor Collected - m l  /v?, r 
mz I 032 in Stack Gas (Dry) 0 
02 8 O? in Stack Gas (Dry) zd. ci 

InpurB 

Average Square b o t  of Velociry Head (in. HzO) 

-m %minStackGas(Dry) 0 

I I 
bil Total Particulate Catch - Mg 

\ H  % Hydmgen in Fuel 
\ c  I Carbon in Fuel 
I S  I Sulfur in Fuel 
% N  % Hitmgen in Fuel 
t O  I Gxygm in Fuel 
Gcv Gmss Califoric V o l w  of Fuel - Bnrllb 
Calculated 

Vm (std) 
% H20 
>bS hblecular Weight of Stack Gas (Vet) 72 ?. 
vs Average Velocity of Stack Gas - FRI 3330 
Qs Actual Stack Gas Flowrate - ACIM Y b n h  
Qs (scd) & l q n  D 
% I  % Isokinetic (Avg. Nozzle VellAvg. Stk Vel) to I 
CS Particulate ~ncentratian-lblDSCF Otl2 .i i0.5h;8q x IO%% X I 0  

Meter Volune at Standard Conditions (Dry)-Ft3 
% H@ Vapor in Stack Gas 

c 8- 

Stark Gas Flowrate (0.0% HzO; STP) - DSCFY 

Er Particulate Fnission Rate-lbhov /,w/ 2Y.7 / x g  
F 
E 

F Factor - DSCFfiN B'FJ 
Particulate Emissions - lbs/hM Flll 



J 

P A R T I W E  TESI DATA 

FIRM 

w 
P bar 
& 
h 
Time 
Y 

CP 
(AP) '1' 

Calculated 

Vm (std) 
% H 2 0  
MWS 

vs 
9s  
Qs (stdl 
% I  
cs I 

Er 
F 
E 

Barometric Pressure - in. Hg 
suck Area - Ft2 
Nozzle Diameter - in. 
Total Sampling Time - &. 
Calibration Factor 

Average Square b o t  of Velociq Head (in. 
Average Orifice Pressure Dmp - in. &O 
Average *ter TnperaNre O F  
Average Stack Prrssuze - in. H f l  
Average Stack Tenperatme "F . 
t.!eter V o l m  at b t e r  Conditiom - Ft3 
Total Water Vapor Collected - m l  

-pitot Coefficient 

'L a2 in stack tas DY) 
% 02 in stack Gas my) 
8 in Stack Gas DY) 

~ o t a l  Particulate Catch - Mg 

% Hydrogen in Fuel 
8 Carbon in Fuel 
'L Sulfur in Fuel 
% Nitrogen in Fuel 
'L oxygen in Fuel 
G ~ S S  Califoric Volrrme of Fuel - B'IU/lb 

Meter V o l m  at Standard Conditions WI 
% H 2 0  Vapor in Stack Gas 
Molecular Weight of Stack Gas Over) 

Velocity of Stack Gas - FIFl 
&mal Stack Gas Flowrate - ACFM 
Stack Gas Flowate (0.0% H20;  SF') - DSCFM 
% Isokinetic (Avg. Nozzle Vel/Avg. Stk Vel) 
Pareidate Concentration-lb/DS~ 
Particulate Fmission Fate-lblhom 
F Facto? - DScfMl B'IU 
Particulate Emissions - 1bsfiM B'IU 

A 
3 m O O  
99, b 

1~-5&, 4 $ jb.%?, T x 1 0 - 5  
I , b  / 3 b , L /  3%v 



I 

P bar 
A5 

h 
Time 
Y 

CP 
(AP) l/* 
AH 
lh 
Pstk 
Tstk 
Vm 
v1 

+COZ 
02 

-a, 

hh 

Inout C 

% H  
'Lc 
I S  
t N  
\ O  
Gcv 

Calculated 

Vm (stdl 
t H?O 
ms 
VS 

Qs 
Qs (stdl 
% I  
cs 
E r  
F 
E 

- 

Barometric Pressure - in. Hg. 

Nozzle Diameter - in. 
Total Sampling Time - min. 

Stack Area - F t 2  /e?.& 

0, CP5.6- 
b 4  

Calibration Factor / ,do  

Average Quare Root of Velocity Head (in. H10) 

Avenge Meter Temperature OF v7 
Average Stack Pressure - in, H@ 
Average Stack Terqerature 'F 
Meter Volrme a t  Meter Conditions - Ft '  
Total Water Vapor Collected - ml 
8 w2 in stack Gas (Dry) 
t 02 in stack Gas (Dry) 

% a, in stack cas ( ~ r y )  

Pitot toefficient 0. rirt! 

Average Orifice Pressure Drop - in. H20 
0 .  7'y 

-0. og 

/. 3.4 

+ / ,  
0 
0 

J d *  p 

Total Particulate Catch - b@ 

% ttydrogen in Fuel 
t Carbon in Fuel 
I Sulfur in Fuel 
% N i t r o g e n  in Fuel 
% Oxygen in Fuel 
Gross Califoric Vollme of Fuel B?U/lb 

Meter V o l m  a t  Standard Conditions @ru)-Ft3 
'L H20 Vapor in Stack Gas 
Molecular Weight of Stack Gas Wet) 
Average Velocity of Stack Gas - FFPl 
Actual Stack Cas Flowate - ACFM 
Stack Gas Flowate (0.0% HzO; STP) - E C F E I  
1 Isokinetic (Avg. Nozzle VeUAvg. Stk Vel) 
Particulate toncentration-lb/ECF 
Particulate Emission Rate-lb/hour 
F Factor - DSCFfiM B?U 

P a r t i d a i e  Emissions - lbsh-M BTu 



... 

, _ _  .~ . ... . .... .. . - . . . . . 

J 

P bar 
As 
rm 
Time 
Y 

PARTICULATE TEST DATA 

m 71- 1- 6 TDE /h44 7', 1% 

FIRM No. 

2 O / ? A f  

Barometric Pressure - in. Hg 
Stack Area - Ftz 
Nozzle Diamter - in. 
Total Sampling Time - min. 
Calibration Factor 

CP 
(AP) '1' 
AH 
lh 
Pstk 
Ts tk 
Vm 
VI 

, . 
02 
m 

!.h 

% H  
% C  
% S  
% N  
1 0  
Gcv 

Pitot Coefficient 
Awrage Square Rwt of Velocity Head (in. H2O) 
Average Orifice Ressure Dmp - in. H20 
Average Meter Temperature OF 
Average Stack Pressure - in. HzO 
Average Stack Temperature 'F 
Meter Volume at Meter Conditions - FtP 
Total Water Vapor Collected - ml 

%co2inStackGas@rl) . 
% 02 in stack Gas or?) 
i m in stack cas my) 

Total Particulate Catch - Mg 

% Hydrogen in Fuel 
t Carbon in Fuel 
% Sulfur in Fuel 
8 Nitrogen in Fuel 
% Oxygen in Fuel 
Gmss Califoric V o l m  of Fuel - B W l b  

&ter Volume a t  Standard Conditions W)-Ft3 
I HzO Vapor in Stack Gas 
Molecular Weight of Stack Gas Vet) 
Awrage Velocity of Stack Gas - FRI 
Acrual Stack Gas Flowrate - AI234 
Stack Gas Flowate (0.0% H20; Sl'P) - DSCFM 
I Isokinetic (Avg. Nozzle VelIAvg. Stk Vel) I 
Paniculate Gmcentration-1bIDXF , I  Wdfi4  z , , q / 4 f i - w  V8r/O"; 
Paniculate Emission Rate-lb/hour 22.0 / ?.:lo / 35 -Y  
F Factor - DSCFM B W  
Particulate hissions - 1bshM BlU 



!?ELI 
P bar 
A3 

Dn 
Time 
Y 

CP 
(AP) 
nH 
lh 
Pstk 
Ts tk 
Vn 
vl 

m2 
9 
m 

Ml 

% H  
% C  

% S  
I N  
$ 0  
u;y 

Calculated 

Vm (std) 
t HzO 

MwS 

VS 

Qs 
Qs (stdl 
% I  
cs 
ET 
F 
E 

Barometric Pressure - in. Hg 

Stack Area - F t 2  
Nozzle Diameter - in. 
Total -ling T h e  - min. 
Calibration Factor -_ 
Pitot Coefficient 
Average auaie Rwt of Velocity Head (in. HzO) 
Average Orifice Pressure Dmp - in. HzO 
Average Meter Tanperawe 'F 
Average Stack Pressure - in. HzO 
Avenge Stack Temperature 'F 
Heter V o l m  a t  Meter Conditions - F t 3  
Total Water Vapor Collected - ml 
% cO2 in Stack Gas (Dry) 

S in Stack Gas (Dry) 
t 02 in Stack Gas (Dry) 

Total Particulate Catch - Mg 

% Hydrogen in Fuel 
% Carbon in Fuel 
% Sulfur in Fuel 
$ Nitrogen in Fuel 
0 oxygen in Fuel 
Gmss Califoric Volume of Fuel - BN/lb 

Meter V o l a  a t  Standard Conditions @rl)-Ft' 
% H20 Vapor in Stack Gas 
M l d a r  Weight of Stack Gas p e t )  
Average Velocity of Stack Gas - FI?I  
Actual Stack Gas Flowrate - KFM 
Stack Gas Flowrate (0.0% H20; STP) - Ds(TII 

% Isokinetic (Avg. p z r l e  Vel/Avg. Stk Vel) 
P a m i a l a t e  Cmcentration-lb/ECF 
Panicula te  Emission Rate-lb/hour 
F Factor - DS(IFhC4 BTU 
Particulate Emissions - 1bsiM SN 



I I 

L 

Input. 
P b a r  

h Nozzle Diameter - in. 
Time 
Y Calibration Factor 1. b 

(AP) Average Square Rwt of Velocity Head (in. H20) 8 ,  6 3 
AH Average Orifice Pressure Drop - in. H20 

Average Stack Pressure - in. HzO 

Meter Volwe at Meter Conditions - Ft3 
Tom1 Water Vapor Collected - ml  

Barnmetric Pressure -. in. Hg 
As Stack Area - Ft' 

Total Sampling Time - min. 

CP Pitot Coefficient 8' 8Y 

rn Average Meter T q e r a t u r e  OF A 
- 

PStk 
Tztk Average Stack Temperame O F  

Vm 
vl 

9 
, . a 2  t 032 in Stack Gas (Dry) 

% 02 in Stack Gas (Dry) 

03 1rn inStackGas@ry)  D 

Eh Total Particulate Catch - 
inputC 

l H  I Hydmgen'in Fuel 
1 c  % CarMn in Fuel 
1 s  % Sulfur in Fuel 
% N  I Nitrogen in Fuel 
\ O  % Oxygen in Fuel 
Gcy Gross Califoric Vollmp of Fuel - B?U/lb 

Calculated 

Vm (std) Meter Vollmp a t  Standard Conditions (Dry)-Ft3 L 

WS 

9s Actual Stack  Gas Flowrate - ACFM PO 0 
Qs (stdl Stack Gas Flowate (0.0% H20; STP) - IlYFM 
% I  I Isokinetic (Avg. Nozzle Vel/Avg. Stk Vel) /#/ 
cs Particulate Concentration-1bDSCF /,3//y/b'5/b~ 2/. 

% H20 % H20 Vapor in Stack Gas (9. LL 
Mlealar Weight of Stack Gas (Wet) 

VS Average Velocity of Stack Gas - FFW a. ~~ ~ . . ~  . . - . .  ~ 

ET Particulate Enission Pate-lblhorp 38*3a.l/ / 
F 
E Particulate Emissions - IbshM 5T.J 

F Factor - ECFfiM BlU 

I 

Lh 



I w 

P bar 
A5 

Dn 
?me 
Y 

CP 

AH 

Ik 
Pstk 
Tstk 
Vm 
vl 
a 2  
02 
m 
Inmt  B 

Ml 

(np)  112 

- 
InputC 
1 H  
8 C  

% S  
% N  
1 0  
U N  

Calculated 

Vm (std) 
% H20 
WS 
vs 
QS 

Qs (stdl 
b I  

cs 
Er 
F 
E 

Barometric Pressure - in. Hg 
Stack Area - F t 2  
Nozzle Diamter - in. 
Total Sampling Time - min. 
Calibration Factor 
P i to t  Coefficient 
Average Square b o t  of Velocity Head (in. HzO) 
Average Orifice Pressure Drop - in. H20 
Average Wte r  T e q e r a w e  'F 
Average Stack Pressure - in. H$ 
Average Stack Tenperamre 'F 
Meter V o l m  a t  Neter Conditions - F t 3  
Total Water Vapor Collected - m l  
1 5 0 2  i n  Stack Cas (Lhy) 

% in Stack Gas (my) 
% 02 in Stack Gas (Dry) 

Total Panicu la te  Catch - M g  

'. 
% Hydmgen in F u e l  '. 

% Carbon i n  Fuel 
?. S h u r  in F W ~  
% Nitrogen in Fue l  
% Oxygen in Fuel 
Gross Califoric Volum of Fuel 

\. 

BN/lb 

Wte r  V o l m  at Standard Conditions (Dry)-Ft' 
'L H2O Vapor in Stack Gas 
Molecular Weight of Stack Gas OVet) 
Average Velocity of Stack Gas - FFM 
Actual Stack Gas Flowrate - KFM 
Stack Gas Flowate (0.0% H2O; SF') - D s ( T k I  

% Isokinetic (Avg. Nozzle Vel/Avg. S t k  Vel) 
Particulate Concen?ration-lb/DSCF 
Particulate Emission Fate-lb/hom 
F Factor - DSCFW BN 
Particulate Emissions - 1bshM BN 

I 
i 



- 
&E!k! 
P bar 
As 
h 
Time 
Y 
CP 
(AP) '1' 
A i i  

Tn 
PStk 

Tstk 
Vm 
n 
m2 
02 
a - .  

>h 

Innut C 

\ H  
\ C '  
% S  

\ N  
% O  
UN 

Calculated 

Vm (std) 
% H20 
ms 
VS 

Qs 
Qs (stdl 
% I  
cs 
ET 

F 
E 

- 

Barometric Ressure - in. Hg 
Stack Area - F t 2  
Notzle Dimmer - in. 
Total -ling T i m  - &I. 
Calibration Factor 
Pitot  Cnef f icient 
Average Square Root of Velocity Head (in. Hz0) 
Average Orifice Ressure h p  - in. H20 
Average Meter Temperature *F 
Average Stack Ressure - in. H20 
Average Stack Twperatrm 'F 
Meter Volum a t  Meter Conditions - F t 3  
Total Water Vapor Collected - ml 
I m2 in stack Gas @ry) 
% 02 in stack Gas (Dry) 

\ CO in Stack Gas @ryl 

Tatal Particulate Catch - Mg 

% Hydrogen in Fuel 
t Carton in Fuel 
't Sulfur in Fuel 
% Nitmgm in Fuel 
% Gxygen in Fuel 
Gross Califoric V o l a  of Fuel - B W l b  

Meter Vol- at standard Conditions @ry)-Ft3 
% H20 Vapor in Stack Gas 
Molecular Weight of Stack Gas Wet) 
Average Velocity of Stack Gas - FW 
kml Stack Gas Flowrate - AcFhl 
Stack Gas Flowate (0.0% H20: STP) - DSCFM 
\ Isakinetic (Avg. No::le Vel/Avg. Stk Vel) 
Particulate Cnncentratim-lb/DSCF 
Particulate Emission Rate-lbhour 
F Factor - DS(3fiM BW 
Particulate Emissions - 1bshM EIU 



I.. 

I 
i 

PARTIWTE 'ITS DATA 

I I 

Ptar 
& 
I)n 

Time 
Y 

CP 

A H '  
Th 
Pstk 
Tstk 
Vm 
YI 

(AP) 

a 2  
02 
a 

hh 

a 
% H  
% C  
% S  
% N  
8 0  

Gcv 

Calculated 

Vn (std) 
% H20 
>&S 

vs 
Qs 
Q5 (stdl 
% I  
c5 

Er 
F 
E 

I 

Banmntric Pressure - in. Hg 
Stack Area - FtZ 
Nozzle Dieter - in. 
Total %ling Tim - min. 
Calibration Factor 
Pitot Coeff ic ient 
.Average Svare Root of Velocity Head (in. HzO) 
Average Orifice Ressure Drop - in. HzO 
Average Meter Temperature OF 
Average Stack Pressure - in. H20 
Average Stack Temperature OF 
tleter Volum at Keter Conditions - F t 3  
Total hater Vapor Collected - ml 
% m2 in Stack   as (w) 
8 02 in Stack Gas @ry) 
' t a i n S t a c k G a s ( D r y )  

Total Particulate Catch - h$ 

% tiydmgen in Fuel 
't Carton in Fuel 
't Sulfur in Fuel 
% Nitmgen in Fuel 
: Oxygen in Fuel 
Gmss Califoric V o l m  of Fuel ' BN/lb 

Meter V o l m  at  Standard Conditions m ) - F t 3  
J H@ Virpor  in Stack Gas 
hlecular Weight of Stack Gas Wet) 
.Amrage Velocity of Stack Gas - FPI 
Actual Stack  Gas Flowate - ACFM 

Stack Gas Flowrate (0.0% H20; 5-P) - DSCFM 
% Isokinetic (Avg. Nozrle Vel/Ave. Stk Vel) 
Particulate Cmcentration-lb/ECF 
Particulate Emission Rate-lb/hour 
F FaCtoT - ECFfiM BN 
Particulate Emissions - 1bsfiP.I BN -1 


