
AP42 Section: 

Background Chapter 
Reference: 

Title: 

10.5 

6 
6 

A Study of Organic Compound 
Emissions from Veneer Dryers and 
Means for Their Control, 
Technical Bulletin No. 405, National 
Council of the Paper Industry for Air 
and Stream Improvement, Inc., New 
York, NY, August 1983. 

2002 supplement 

I 

EPA
Text Box
Note: This is a reference cited in AP 42, Compilation of Air Pollutant Emission Factors, Volume I Stationary Point and Area Sources.  AP42 is located on the EPA web site at www.epa.gov/ttn/chief/ap42/

The file name refers to the reference number, the AP42 chapter and section.  The file name "ref02_c01s02.pdf" would mean the reference is from AP42 chapter 1 section 2.  The reference may be from a previous version of the section and no longer cited.  The primary source should always be checked.




r I 
rlO~b~CCUNCIL OF THE PAPER INDUSTRVFORAIRANDSTREAU IMPROMUENT. INC..26OMADISONAVENUE. NEWV0RK.N.V. lW16 

A STUDY OF ORGANIC COMPOUND EMISSIONS 
FROM VENEER DRYERS AND MEANS FOR THEIR CONTROL 

NHNICAL BULLETIN NO, 405 

AUGUST 1983 



. I  

Y 

i I I '  I s " \ 

ll~NAL COUNCIL OF THE PAPER INDUSTRY FOR AIR AND STREAM IMPROVEMENT, INC. '' M ~ I S O N  AVE. NEW YORK, N.Y. 10016 (212) 532-9000 

I 
I 
i 

I 

I 

1 

i 

I 
I 

I 

I 
\ I  

- 
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(212) 532 9001 

August 2 4 ,  1983 

A STUDY OF ORGANIC COMPOUND EMISSIONS FROM 
VENEER DRYERS AND MEANS FOR THEIR CONTROL 

For the past three years the National Council's technical 
study program has been actively engaged in determining the level 
of volatile organic compound (VOC) emissions from sources in the 
forest products industry, and effectiveness of in-place control 
technology. Technical bulletins on V W  emissions from kraft 
recovery furnaces, Western wood-fired power boilers, lime kilns, 
heavy black liquor oxidation systems and the coating and print- 
ing of paper have already been issued. Currently, V W  emissions 
from TPM pulping, southern wood-fired power boilers, various 
unit processes in sulfite pulping and particle board manufacture 
are under study. Technical bulletins on the first two subjects 
under study are scheduled for distribution in late 1983. 

The attached technical bulletin deals with the control of 
volatile organic emissions from veneer drying and means for 
their control. The investigative work on the West Coast was 
directed by Victor J. Dallons, Research Engineer, assisted by 
MK. Dean R. Hoy and Ronald Messmer, all located at the West 
Coast Regional Center. In the South, the investigative work was 
directed by Mr. Charles G. Simon, Research Chemist, assisted by 
MK. Van H. Dozier and Mr. Michael D. Marks, all at the Southern 
Regional Center. MK. Dallons, assisted by MK. Simon, prepared 
the technical bulletin. 

The bulletin contents provide background material on the 
characteristics of veneer dryer emissions and the objectives of 
emission control technology currently applied at these sources. 
It goes into some depth in describing the principal source test 
methods used to characterize VOC emissions from these sources, 
as  well as the capabilities and limitations of each. 

During the course of this study emission factors for uncon- 
trolled veneer dryer emission sources were developed. A de- 
scription of several control technologies currently applied at 
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t h i s  sou rce  a r e  desc r ibed .  The in fo rma t ion  a v a i l a b l e ,  and t h a t  
gene ra t ed  d u r i n g  t h i s  s tudy  on t h e  e f f e c t i v e n e s s  o f  t h i s  tech-  
nology f o r  c o n t r o l  o f  t h e  v a r i o u s  emiss ion  f r a c t i o n s ,  is  then  
p resen ted .  

T o t a l  o r g a n i c  compound emiss ions  from u n c o n t r o l l e d  s team 
hea ted  veneer d r y e r s  were found t o  va ry  s u b s t a n t i a l l y ,  a s  were 
t h e  noncondensible and condens ib l e  f r a c t i o n s .  T h i s  v a r i a b i l i t y  
was found t o  be a f u n c t i o n  o f  t h e  wood species be ing  d r i e d ,  
d r y e r  tempera ture ,  and amount of a i r  passing through t h e  d r y e r .  
The  noncondensible f r a c t i o n  of o r g a n i c  compound emiss ions  from 
wood r e s i d u e  f i r e d  d i r e c t  h e a t  d r y e r s  was found t o  be g r e a t e r  
t h a n  those  from steam hea ted  d r y e r s .  

! 

Y O U K  comments and q u e s t i o n s  on t h i s  t e c h n i c a l  b u l l e t i n  a r e  
s o l i c i t e d ,  and should be d i r e c t e d  t o  m e ,  Mr. V i c t o r  J. Dal lons  
a t  t h e  NCASI  West Coas t  Regional  C e n t e r ,  P.O. Box 458, 
C o r v a l l i s ,  Oregon 97339 (503-754-2015) , o r  Mr. C h a r l e s  G.  Simon, 
NCASI Southern  Regional  Cen te r ,  P.O. Box 14483, G a i n e s v i l l e ,  
F l o r i d a  32604 (904-377-4708). 
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Yours very  t r u l y ,  -- R u s s e l l  0. B l O S S e r  

Techn ica l  Director 
R0B:gs 
A t t a c h .  
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A STUDY OF ORGANIC COMPOUND EMISSIONS 
FROM VENEER DRYERS AND MEANS FOR THEIR CONTROL 

I INTRODUCTION 

The highly visible nature of veneer dryer plumes earlier 
triggered the interest of state regulatory agencies and led the 
forest products industry to study control options, particularly in 
the Northwest Region of the United States. Emission controls 
installed to meet the resulting state regulatory requirements were 
designed primarily to reduce plume opacity. Methods for measuring 
veneer dryer emission composition were designed to quantify those 
constituents responsible for the plume opacity. These constitu- 
ents were solid particulates and aerosols formed by condensation 
of gaseous organic compounds as the emissions cooled after leaving 
the stack. The advent of air quality management programs in the 
f o p  of regulations governing ambient air quality limited areas 
and‘point source permitting requirements to deal with the preven- 
tion of significant deterioration (PSD) regulations in areas of 
satisfactory air quality, expanded interest in veneer dryer emis- 
sions. EPA has developed background information for the develop- 
ment of a new source performance standard (NSPS) for plywood 
manufacturing. As the result of an array of emerging regulatory 
programs the forest products industry identified a need for emis- 
sion factors for particulate and condensible organic compounds, 
and f o r  gaseous organic compounds from veneer drying. Conse- 
quently, the NCASI study program was designed to include a task 
which embodied (a) a review and analysis of previous studies and 
measurement procedures used for characterizing veneer dryer emis- 
sions, (b) evaluation and adoption of procedures suitable for the 
measurement of particulate and condensed aerosols, if necessary, 
and volatile organic compounds (VOC), (c) establishment of a range 
of emissions possible from veneer dryers representative of current 
operation, and (d) organization of existing and generation of new 
information on existing veneer dryer emission control systems. 

charge or  soon thereafter and nonorganic particulate are respons- 
ible for the opacity associated with veneer dryer emissions. 
These materials are believed to impact particulate concentrations 
in adjoining airsheds. The national rimary ambient air quality 
standards for particulate are 7 5  ug/m5 annual average and 260 
u g h 3  24-hour duration not to be exceeded more than once per 
Year (1). Gaseous nonmethane organic compounds in the emissions 
may lead to the formation of ozone in the atmosphere. Nonmethane 
organics were once designated as criteria pollutants by EPA. The 
Agency issued primary and secondary ambient air quality standards 
fo r  nonmethane organics which were 0 . 2 4  ppm 3-hour average between 
6 and 9 a.m. not to be exceeded more than twice per year (1) for 
use as a guide to achieve the ozone ambient air quality standard. 
These regulations were later revoked, and the ozone ambient air 
standards remain in effect ( 2 ) .  

Organic materials which have condensed at the point of dis- 
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Since veneer dryer emissions are known to consist of varyina 
amounts of normally solid particulate, organic compounds that 
condense at ambient temperature to form aeroso~s, and Organic 
compounds that do not condense at ambient temperatures, appropri- 
ate sampling procedures need to be identified for use in develop- 
ing emission factors. EPA reference methods for particulate mat- 
ter (EPA Method 5 )  or VOC (EPA Method 25) do not distinguish 
between solid particulate, condensible organics, and noncondens. 
ible organics present in veneer dryer emissions. The Oregon 
Department of Environmental Quality (ODEQ) Method 7 ,  a modifica- 
tion of EPA Method 5 ,  was examined for measurement Of particulate 
and organic material that condense at ambient temperatures. 
fications of EPA Method 25 to exclude particulate and Organic 
material that condense at ambient temperature were examined for 
capability to quantify noncondensible Organic emissions from veri. 
eer dryers. The sampling procedures used to gather emission data 
reported in this bulletin yielded emission factors for (a) vola- 
tile organic compounds (VOC) or total gaseous nonmethane Organics 
(TGNMO) emissions, (b) noncondensible organic emissions, and (c) 
particulate and condensible organic emissions. 
terms voc and TGNMO may be used interchangeably in this bulletin. 
Both represent the same fraction when measured using EPA Method 25 
with the former now being the preferred expression. 

Modi- 

Note that the 

Due to a wide variability in veneer dryer emission levels 
resulting from differences in dryer design, wood species dried, 
dryer operating parameters, and the variety of emission control 
devices available, determining emission factors for controlled 
emissions was not accomplished in this study. Emission factors 
were developed for uncontrolled emissions taking process variabil- 
ity into account. Emission control practices studied included wet 
scrubbers and incineration in power boilers. They were examined. 
for their removal efficiencies and limitations in application. 

This technical bulletin should be considered as a progress 
report in the total assembly of pertinent information on charac- 
teristics of plywood veneer drying emissions, their form in the 
ambient air, and the expectations of various Control technology 
applications. The previously unreported data in this bulletin 
came from a number of sources. NCASI generated all EPA Method 25 
data. Data from ODEQ Method 7 o r  modifications of EPA Method 5 
were (a) generated by NCASI, (b) provided by member companies, (c) 
obtained from ODEQ files, or (d) generated as part of an EPA 
contract. 

I1 VENEER DRYER PROCESS DESCRIPTIONS 

A. Theory and Practice of Veneer Dryin 

Veneer used for the manufacture of plywood is dried to permit 
the glue to adhere to the wood surface and result in a pre-dried 
dimensionally stable product. Glues used for manufacturing ply- 
wood are usually phenol formaldehyde resins requiring heat to set. 
The glues are spread on the veneer, the veneer laid up to produce 
a plywood sheet of desired thickness and then pressed at 115 to 
148OC (240 to 300°F) and pressures up to 1030 KPa (150 psi) for 

I 
L- 
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2 t o  7 m i n u t e s  t o  se t  t h e  g lue .  
rill  form steam under these high p r e s s u r e  and tempera ture  condi-  
tions. When t h e  p r e s s e s  open, any s team formed i n s i d e  t h e  plywood 
will s e p a r a t e  t h e  l a y e r s  of veneer ,  c a u s i n g  what is r e f e r r e d  t o  i n  
the  i n d u s t r y  a s  "blows". 

Res idua l  mo i s tu re  i n  t h e  wood 

TO p r e v e n t  blows, promote optimum g l u i n g  c h a r a c t e r i s t i c s  of 
t h e  veneer s u r f a c e ,  and t o  manufacture d imens iona l ly  s t a b l e  p ly -  
wood shee ts ,  veneer is t y p i c a l l y  d r i e d  t o  3 t o  5 p e r c e n t  mois ture  
con ten t .  Overdrying sco rches  t h e  wood and product  s u r f a c e ,  and 
adve r se ly  a f f e c t s  t h e  s t r e n g t h  of  t h e  bond between wood s u r f a c e s .  
Veneer t h a t  i s  t o o  w e t  can be r e d r i e d ,  b u t  veneer t h a t  is scorched 
cannot be used f o r  making plywood. Scorching i s  prevented by 
ope ra t ing  t h e  d r y e r  t o  r e j e c t  1 0  t o  1 5  p e r c e n t  of t h e  veneer due 
t o  high moi s tu re  c o n t e n t .  Conduc t iv i ty  d e t e c t o r s  a t  t h e  d r y e r  
e x i t  a r e  used t o  i d e n t i f y  and mark i n s u f f i c i e n t l y  d r i e d  veneer .  
Veneer r e j e c t e d  f o r  high mois ture  c o n t e n t  i s  r e d r i e d .  

(I) Dryer Types and Operat ion - Veneer d r y e r s  a r e  1 o n g . r e c t a n g u l a r  
heated chambers. Veneer  is  c o n t i n u o u s l y  f ed  t o  t h e  d r y e r  i n  4 t o  
1 l a y e r s  known a s  decks ,  and moved through t h e  d r y e r  on r o l l e r s .  
T h e  s i d e s  of  t h e  d r y e r s  a r e  a s e r i e s  of  6 f t  wide doors t h a t  a l low 
access  t o  a l l  a r e a s  t o  e a s i l y  c l e a r  veneer  jams. TO p r e v e n t  f u g i -  
t i v e  emis s ions  and/or a i r  l eakage ,  t h e  d o o r s  m u s t  be w e l l  s e a l e d .  
Each door r e p r e s e n t s  a s e c t i o n .  A t  t h e  d i s c h a r g e  end of  t h e  d r y e r  
a coo l ing  s e c t i o n  c i r c u l a t e s  ambient a i r  around t h e  veneer t o  
allow hand s o r t i n g  of t h e  d r i e d  veneer .  Some d r y e r s  have a s e a l -  
i n g  s e c t i o n  a t  t h e  feed  end t o  reduce  f u g i t i v e  emiss ions  from 
e n t e r i n g  t h e  workspace. Prevent ion  of  f u g i t i v e  emiss ions  from t h e  
d rye r  feed can a l s o  be accomplished by a d j u s t i n g  t h e  d r y e r  f a n s  
and dampers t o  c r e a t e  a s l i g h t  vacuum a t  t h e  feed  s e c t i o n .  

Dryers  a r e  o f t e n  sepa ra t ed  i n t o  1 t o  3 d r y i n g  zones. A i r  
t empera tu re  and humidi ty  i n  each zone i s  c o n t r o l l e d  t o  o b t a i n .  
optimum d r y i n g  c o n d i t i o n s .  Higher t empera tu res  a l low f a s t e r  
d r y i n g  b u t  can  r e s u l t  i n  scorching .  Usual ly ,  more h e a t  i s  
d e l i v e r e d  t o  t h e  f irst  zone where t h e  wood i s  wettest. L e s s  h e a t  
i s  d e l i v e r e d  t o  t h e  l a t te r  zones where f i n a l  d r y i n g  occurs .  

A i r  f low through veneer  d r y e r s  is e i t h e r  l o n g i t u d i n a l  or 
cross-f low.  Long i tud ina l  d r y e r s  have f a n s  t h a t  c i rcu la te  a i r  
e i t h e r  c o n c u r r e n t  or coun te r - cu r ren t  t o  t h e  d i r e c t i o n  t h e  veneer 
t rave ls .  Heat i s  added t o  t h e  a i r  i n  t h e  plenum above t h e  veneer  
e i t h e r  i n d i r e c t l y  by steam h e a t i n g , c o i l s ,  or d i r e c t l y  by mixing 
combustion g a s e s  from wood-residue or gas f i r i n g  wi th  r e c i r c u -  
l a t e d  d r y e r  a i r .  I n  cross-f low d r y e r s ,  f a n s  blow a i r  perpen- 
d i c u l a r  t o  t h e  d i r e c t i o n  of veneer  movement. In  both  des igns ,  
a i r  c i r c u l a t e s  between t h e  veneer l a y e r s  which are suppor ted  on 
rollers. F i g u r e  1 shows t y p i c a l  d r y e r  l a y o u t s .  

I n  j e t  d r y e r s  hea ted  a i r  i s  impinged on t h e  veneer  from 
t u b e s  wi th  d r i l l e d  h o l e s  t h a t  ex tend  between t h e  decks as i l l u s -  
t r a t e d  i n  F i g u r e  2.  T h i s  method of a i r  c o n t a c t  h a s  been r e p o r t e d  
t o  improve h e a t  t r a n s f e r .  

! 
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F I G U R E  1 

TWO ZONE LONGITUDINAL FLOW VENEER DRYER WITH COOLING SECTION 

n MOTOR 
STEAM COILS 

- 

.JET 
TUBES 

I I 

F I G U R E  2 

CROSS SECTIONAL VIEW OF A STEAM HEATED CROSS FLOW J E T  DRYER 
b i 
i 
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( 2 )  Veneer Dryer Energy - The  moi s tu re  c o n t e n t  of  veneer  be ing  f e d  
a d r y e r  is t h e  dominant f a c t o r  i n  de t e rmin ing  t h e  amount of  

heat r e q u i r e d .  Other f a c t o r s  a r e  t h e  d r y e r  tempera ture  and a i r  
r a t e s .  Mois ture  c o n t e n t  of  wet veneer  v a r i e s  w i th  spe-  

c i e s ,  sapwood o r  heartwood, s eason ,  t ype  o f  l og  c o n d i t i o n i n g  f o r  
pee l ing ,  s t o r a g e  time of undr ied  venee r ,  and p r e v i o u s  d r y i n g  of  
the veneer .  T y p i c a l  mo i s tu re  c o n t e n t s  of  g reen  veneer  v a r i e s  
vI idely and a r e  l i s t e d  i n  Table  1 f o r  s e v e r a l  s p e c i e s .  

I 

TABLE 1 

Species 

Douglas F i r ,  Sapwood 
Douglas F i r ,  Heartwood 
southern  P i n e  
White F i r  
ponderosa P i n e  

P e r c e n t  Mois ture ,  Dry Basis 
Average Range 

70 
37 
97 
89 

151 

45 - 95 
32 - 58 
82 -.121 

132 - 171 
-- 

H e a t  is d e l i v e r e d  t o  a d r y e r  a t  a c o n s t a n t  rate,  l i m i t e d  by 
t h e  c a p a c i t y  of t h e  d e l i v e r y  system. The p rope r  a p p l i c a t i o n  of  
hea t  t o  d r y  t h e  veneer  i s  c o n t r o l l e d  by t h e  rate t h e  veneer  
passes  through t h e  d r y e r .  Feed rates f o r  h igh  m o i s t u r e  c o n t e n t  
veneer are slower t h a n  t h o s e  f o r  l o w  m o i s t u r e  veneer .  To p r e d i c t  
d rye r  o p e r a t i o n  and set proper d r y e r  speeds ,  w e t  veneer  is  s o r t e d  
accord ing  t o  moi s tu re  c o n t e n t  and o f t e n  by wood s p e c i e s  b e f o r e  
drying.  An e f f o r t  is made t o  a d j u s t  d r y e r  speed t o  reject  1 0  t o  
15  p e r c e n t  of t h e  p r o d u c t  for  excessive moi s tu re .  

Veneer d r y e r s  are seldom comple te ly  s e a l e d  and are normally 
opera ted  Wi th  a small i n t e r n a l  vacuum t o  reduce emis s ions  e n t e r -  
i n g  the workspace. This resul ts  i n  ambient  a i r  be ing  drawn i n t o  
t h e  d r y e r .  The a i r  drawn through t h e  d r y e r  carries moi s tu re  and 
o t h e r  v o l a t i l e s  e m i t t e d  from the  veneer .  Dryers  have areas of  
p o s i t i v e  and n e g a t i v e  p r e s s u r e .  Compared t o  ambient c o n d i t i o n s ,  
p r e s s u r e  a t  t h e  c i r c u l a t i o n  a i r  f a n  i n l e t  i s  n e g a t i v e ,  whereas 
p r e s s u r e  a t  t h e  f a n  e x i t  is p o s i t i v e .  P r e s s u r e s  i n  l o n g i t u d i n a l  
d r y e r s  can be ba lanced  so t h a t  a s l i g h t  vacuum e x i s t s  a t  t h e  
d r y e r  feed  s e c t i o n  t o  p r e v e n t  f u g i t i v e  emis s ions .  

veneer  moi s tu re  c o n t e n t ,  t h e  flow and t empera tu re  of t h e  gases 
l e a v i n g  t h e  d r y e r ,  and r a d i a n t  h e a t  l o s s e s .  R e s u l t s  of  such 
c a l c u l a t i o n s  are p r e s e n t e d  i n  F i g u r e  3. T h e s e s c a l c u l a t i o n s  show 
approximate h e a t  r equ i r emen t s  between 0.6 x 1 0  Btu/MSF on a 
3/8 i n  basis  for  Douglas f ir  heagtwood venee r  a t  low a i r  exhaus t  
r a t e s  from t h e  d r y e r  t o  1.7 x 1 0  Btu/MSF for hemlock and w h i t e  
f i r  a t  h igh  a i r  exhaus t  rates. Veneer d r y e r s  t y p i c a l l y  o p e r a t e  
a t  a i r  exhaus t  rates between 15,000 t o  75,000 DSCF/MSF. 

The major energy  requi rement  i n  a venee r  d r y e r  is for 
evapora t ion  of  water i n  t h e  veneer .  The second most s i g n i f i c a n t  
energy requi rement  is t o  heat t h e  ambient  a i r  s u p p l i e d  to  t h e  

The t o t a l  heat i n p u t  t o  a d r y e r  can be c a l c u l a t e d  from the 
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dryer. 
0 . 3  l o g  BtufMSF depending on production rates and dryer 
temperature. approximate because of the high variability in wood moisture, are 
addition to the energy requirements for drying veneer, energy is In 
required to operate the plywood lay up presses and log condi, 
tioning operations. 

adiant losses from uninsulated dryers are from o S l t o  
The dryer energy requirements shown in Fi ure 

VENEER DRYER EXHAUST FLOW, lo3 DSCFIMSF 

FIGURE 3 

APPROXIMATE ENERGY REQUIRED TO DRY VENEER 
AS A FUNCTICN OF AIR FLOW THROUGH A @RYER 

AFTD MOOD SPECIES AT A DRYER TEMPERATURE OF 325'F 

i 

I 

i 
I 
I 

( 3 )  
either indirectly by steam or directly by gas or wood-residue 
fired heat cells. 

Direct and Indirect Heated Dryers - Dryers are heated 
For indirect heated veneer dryers, a steady _ .  

supply of heat is delivered to the dryer by steam coils placed In 
the internal air flow ducts in the dryer. 
heated by steam coils and is blown around the veneer. 

Recirculating air is 



In gas-fired direct heated dryers, heat is delivered dir- 
ectly to the circulating air by combustion in the air. 
burners are placed inside the dryer air circulating ducts. 
Combustion products from burning gas are mixed with the circu- 
lating air to control the dryer operating temperature. For 
direct heated wood-residue fired dryers, fuel is burned using 
fresh combustion air in a variety of burner types. 
are then blended with recirculated air from the dryer to reduce 
the combustion gas temperature to between 4 0 0  and 65OOC ( 7 5 0  to 
1200°F). These gases are delivered to the dryer and are cooled 
further in the dryer plenum. 

Heat delivery to the dryer can be controlled within narrow 

Gas 

The hot gases 

limits, but is normally at a constant level. The air exhaust 
rate from a direct fired dryer is controlled by the amount of air 
required for combustion. Although optimum combustion for heat 
recovery in a conventional boiler produces an emission with 14 
percent CO , direct heated veneer dryer burners are operated with 
much highe?' excess air. High excess air is required to cool the 
flame temperature to prevent melt down of the combustion equip- 
ment. Normal air required for wood-gesidue firing in fuel cell 
type burners is about 37,000 DSCF/10 Btu to give CO concentra- 
tion in the dryer of 5 percent. Many systems operat6 with lower 
CO concentrations due to additional air drawn in at the dryers. 2 

I11 LITERATURE REVIEW 

The choice of proper sampling procedures for a source 
requires knowledge o f  the stack gas constituents likely to be 
encountered and their influence on the results. It is of utmost 
importance that the sampling results reflect the objectives of 
the study. The constituents of interest in veneer dryer emis- 
sions are those responsible for a contribution to the ambient 
particulate load and those responsible for the formation of ozone 
through photo-chemical reactions. This section reviews: (a) the 
chemical and physical nature of veneer dryer emissions, (b) their 
potential to form particulate matter and ozone in the atmosphere, 
(c) current sampling procedures used to measure particulate 
matter and ozone precursors, (d) further development of sampling 
procedures to make them applicable to veneer dryer emissions, and 
(e) the precision and accuracy of the sampling procedures. 

A. Background and Information on Veneer Dryer Emission Charac- 
teristics 

(1) Chemical Composition of Veneer Dryer Emissions - Emissions 
from steam heated veneer drvers are comDosed of orsanic compounds 
vaporized from veneer during the drying- process an2 wood dust. 
Most of these compounds originate from the extractable portion of 
the wood. Emissions from direct fired dryers will also contain 
products of combustion and wood ash. Wood extractives are 
classified into three major categories: (a) neutrals, comprising 
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saponified fatty acids and di- and tri-terpenes, (b) 
i comprising fatty and resin acids, and (c) volatiles, 

terpene-like materials. The amount of material in each 
fication group differs among wood species. 

Information on the nonvolatile constituents of wood extcac_ 
tives in a number of North American species of wood can be found 
in work by Rogers et al. (3), Zinkel and Foster ( 4 1 ,  Zinkel 
and Foster et al. (6). These works indicate that between 50 tQ1 

80 percent of the nonvolatile extractives in West Coast tree 
species consist of oleic and linoleic acids. The balance con- 
sisted of resin and other fatty acids. Fatty acids contained in 
southern species were found to consist primarily of oleic and 
linoleic acids. The resin acids were principally levopimaratic, 
palustractic, and abietic acids. 

Organic compouds in veneer dryer emissions have been found 

free acids 

classi- r 

to be comprised of terpenes, and resin and fatty acids similar to 
those found in wood. Monroe et al. (7) and Cronn et al. ( 8 )  
studied the noncondensible fraction of veneer dryer emissions 
from West Coast and Southern veneer dryers. 
Western specjes of wood emitted primarilya and 6-pinene and minor 
amounts of A -Carene, 6-phellandrene and d-lemonene. Dryers 
operating on southern wood species emitted primarilya and 6- 
pinene and minor amounts of d-limonene, myrene, 6-phellandrene 
and camphene. The terpenes comprise between 30 to 90 percent of 
the total organic emissions from uncontrolled dryers depending 
upon the species of wood and the amount of air passing through 
the dryer ( 8 ) .  

Analysis of the condensible fractions of veneer dryer 
emissions have been conducted by Cronn et al. ( 8 )  and Fraser and 
Swan (9). The same fatty and resin acids found in wood extrac- 
tives were found in the veneer dryer emissions as well as some 
sesquiterpenoids. The amount of each chemical species varied 
greatly depending upon the wood species dried and the point at 
which the dryer was sampled. Slightly more resin acids than 
fatty acids were found in most of the samples. 

emissions have boiling points greater than the normal operating 
temperature of dryers. 
between 180° to 200°C (256-392OF). Terpenes have boiling points 
greater than 155OC (311OF). Fatty acids have boiling points 
between 32OOC to 37OoC (608-698OF). Resin acid boiling points 
are higher yet. However, these materials have significant vapor 
pressures at veneer dryer temperatures, leading to their vapori- 
zation. Figure 4 shows vapor pressure data for some terpenes, 
fatty acids, and resin acids for temperatures between atmospheric 
and veneer dryer operational temperature. Since testing pro- 
cedure results for total organic compound emissions developed by 
EPA Method 2 5  are expressed as ppm methane equivalent, it is 
useful to show the vapor pressure of these materials in terms of 
ppm equivalent methane as shown in Figure 5 .  Based on the vapor 

Dryers operating on 

Most of the non-terpene compounds identified in veneer dryer 

Veneer dryers operate at temperatures 
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!! p r e s s u r e s  of t h e  o r g a n i c s  found i n  veneer  d r y e r  emissions 3t 
t y p i c a l  d r y e r  o p e r a t i n g  t empera tu res .  The p resence  i n  d 

i n  d r y e r  s t a c k .  
f o r  by t h e  a f f i n i t y  of t h e s e  compounds for  wood. 

gases n i g h t  be expected t o  be h i g h e r  t h a n  what h a s  been ryer measured vent 
The lower c o n c e n t r a t i o n s  found may be accounted 

Nearly a l l  t h e  t u r p e n t i n e  m a t e r i a l  con ta ined  i n  the  green 
Wines Turpen t ines  have been shown 

veneer  should  be removed d u r i n g  d r y i n g  s i n c e  t h e i r  bo i l i ng  
are below t h e  d r y e r  a i r  t empera ture .  
t o  be a major component of  t h e  o r g a n i c  emis s ions  from veneer 
d r y e r s  ( 8 ) .  
United S t a t e s  and Canadian wood s p e c i e s  both i n  terms of gallons 
of t u r p e n t i n e  per t o n  d r y  wood and i n  pounds CH4 p e r  thousand 
s q u a r e  f ee t  of  g reen  veneer  on a 3 1 8  i n .  b a s i s .  
i n  t h e  wood ranged from n o n d e t e c t a b l e  l e v e l s  i n  hemlock, Cedar, 
and whi te  f i r  t o  ove r  2 0  lb/MSF f o r  some sou the rn  p ine  species. 

Table  2 l i s t s  t h e  t u r p e n t i n e  Content  from numerous 

I 
i 

Turpentine found 

TABLE 2 TURPENTINE CONTENT OF WOOD SPECIES (.9) 

Species 

Bahama P ine  
B a l s a m  F i r  
B l a c k  sp ruce  
Douglas f i r  (Washington) 
Douglas f i r  (Canada) 
E a s t e r n  wh i t e  p i n e  
Engelman s p r u c e  
Grand f i r  
Jack  Pine  
Hemlock, E a s t e r n  
Hemlock, Mountain 
Hemlock, Western 
L o b l o l l y  p i n e  
Lodgepole p i n e  
Long l e a f  p i n e  
P a c i f i c  s i l v e r  f i r  
Noble f i r  
P i t c h  p i n e  (ye l low o r  Southern  
Pond p i n e  
Ponderosa p i n e  
Red p i n e  
Sand p i n e  
S h o r t  l e a f  p i n e  
S i t k a  s p r u c e  
S l a s h  p i n e  
Spruce p i n e  
Suba lp ine  f i r  
Sugar  p i n e  
Tamarack 
V i r g i n i a  p i n e  ( s c r u b  p i n e )  

Turpen t ine  
g a l / t o n  d r y  wood 

1 . 0 9  
0 . 9 3  
0.08 
1 . 0 5  
0 . 1 9  
1 . 0 5  
0.18 

ND 
0.81 

ND 
ND 
ND 

0 . 9 7  
0 . 5 4  
4 . 0 6  

ND 
ND 

p i n e )  1 . 1 2  
0 . 9 2  
0 . 9 8  
0 . 9 9  
0 . 4 8  
0 . 8 9  
0 . 1 2  
1 . 4 0  
1 . 1 7  
0 .15  
0 . 6 6  
0 . 1 2  
5 . 8 6  

Turpentine 
as CH,  lb/MSF 

4.6 
3 . 1  
0.3 
4.5 
0 .8  
4.5 
0.7 
ND 
4.3 
ND 
ND 
ND 
5 . 1  
2.3 

21.5 
ND 
ND 
5.9 
3.9 
4 .2  
4 .2  
2.0 
4.7 
0.4 
7 . 4 .  
5 .0 
0 .5  
2.8 
0.5 

3 1 . 0  
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TABLE 2 ( C o n ' t . )  - 
Turpen t ine  Turpen t ine  

S p e c i e s  g a l / t o n  d r y  wood a s  CH4 lb/MSF 

~ 

T 3 
3 1 J I 

White f i r  
wes tern  l a r c h  
Western r ed  c e d a r  
wes tern  wh i t e  p i n e  
white  sp ruce  

ND 
0 .66  

ND 
0.24 
0.16 

ND 
2.. 8 
ND 
0.9 
0.6 

ND Q u a n t i t i e s  found were below t h e  d e t e c t i o n  l e v e l  of  t h e  
procedure .  

Measurement of venee r  d r y e r  v o l a t i l e  hydrocarbon emissions 
by a gas chromatograph procedure  gave t h e  v a l u e s  l i s t e d  i n  
Table  3 (7). These v o l a t i l e  o r g a n i c s  were determined t o  be 
mostly t u r p e n t i n e s .  The v a l u e s  r e p o r t e d  i n  Table  3 have been 
c o r r e c t e d  f o r  c a l c u l a t i o n  e r r o r s  i n  t h e  r e f e r e n c e d  d a t a  and 
conver ted  t o  methane e q u i v a l e n t .  The v a l u e s  r e p o r t e d  are some- 
what lower t h a n  t h e  q u a n t i t y  of t u r p e n t i n e  found i n  chipped wood. 
These lower emiss ion  v a l u e s  may be due t o  l o s s  of  t u r p e n t i n e  
d u r i n g  storage of  p e e l e d  veneer .  A 50 p e r c e n t  l o s s  i n  t u r p e n t i n e  
y i e l d  i n  1 week was r e p o r t e d  d u r i n g  s t o r a g e  of  c h i p s  i n  a n  open 
p i l e  (10). 

TABLE 3 VOLATILE HYDROCARBON EMISSIONS 
FROM VENEER DRYERS (7) 

Wood Species 

Douglas f i r ,  heartwood 
Douglas f i r ,  sapwood 
Southern  p i n e s  
Larch 

:Hemlock 
Ponderosa p i n e  
White p ine  

Turpen t ine  Emissions 
l b  as  MethHneiMSF, 318 i n  b a s i s  
Average Range 

0.83 0.21 - 2.50 
0.40 0.23 - 0.59 
2.35 1.28 - 3.86 
0.19 0.09 - 0.27 
0.31 
2.36 
0.87 

B. Aerosol Formation i n  Veneer Dryer  Plumes 

A Dor t ion  of  t h e  oraanic material i n  veneer  m i s  ion a - 
form aekoso l s  upon c o o l i n g .  Aerosol p a r t i c l e  s i z e s  measured a 
few feet  above u n c o n t r o l l e d  veneer  d r y e r  stacks were between 0 . 1  
and 0.3 um (8,ll). L i t t l e  or no a e r o s o l  has  been found i n s i d e  
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u n c o n t r o l l e d  venee r  d r y e r  s t a c k s .  
condensa t ion  n u c l e i  and grow r a p i d l y  as t h e  gases are 
mixing wi th  ambient  a i r .  

These p a r t i c l e s  o r i g i n a t  

I 
S given The s i z e  of  t h e  smallest areOS01 par t ic le  p o s s i b l e  i 

by t h e  equa t ion  (12): - 
d = 4  a v  

P RT I n  s 

I where: 

d = smallest s t a b l e  a e r o s o l  p a r t i c l e  s i z e  
P 
a = s u r f a c e  t e n s i o n  of compound - 

v = molar volume of compound 
R = g a s  law c o n s t a n t  
T = a b s o l u t e  t empera tu re  
S = d e g r e e  of s u p e r s a t u r a t i o n .  T h i s  can be t a k e n  as the 

i a c t u a l  vapor  p r e s s u r e  of t h e  m a t e r i a l  i n  t h e  gas  d iv ided  
by t h e  vapor  pressure of t h e  m a t e r i a l  o v e r  a f l a t  
s u r f  ace. 

P a r t i c l e s  s m a l l e r  t h a n  d w i l l  t e n d  t o  e v a p o r a t e  w h i l e  p a r t i c l e s  
l a r g e r  t han  d w i l l  t e n d P t o  grow i n  a s u p e r s a t u r a t e d  g a s  stream. 
F igu re  6 showg t h e  t h e o r e t i c a l  minimum p a r t i c l e  s i z e  produced a t  
d i f f e r e n t  d e g r e e s  of s u p e r s a t u r a t i o n  for ole ic  a c i d .  Rapid 
c o o l i n g  of veneer  d r y e r  emis s ions  e i the r  by mixing w i t h  ambient 
a i s  o r  by c o o l i n g  w i t h  water  s p r a y s  should  produce  h igh  super- 
s a t u r a t i o n s  and t h e r e b y  produce p a r t i c l e s  i n  t h e  r ange  of 0.005 
t o  0 .04  um. Cronn e t  a l .  ( 8 )  showed t h e  l a r g e s t  number of pa r t i -  
cles i n  u n t r e a t e d  venee r  d r y e r  emis s ions  a t  a d i s t a n c e  5 f t  above 
t h e  exhaus t  s t a c k  t o  be about  C.005 um i n  d i ame te r .  

Once  t h e  venee r  d r y e r  emiss ions  have been coo led  and con- 
d e n s a t i o n  has  t a k e n  p l a c e ,  t h e  S u p e r s a t u r a t i o n  of  t h e  o rgan ic s  
w i l l  be reduced because  of t r a n s f e r  of m a t e r i a l  from t h e  gas  
phase t o  t h e  s o l i d  phase.  Small p a r t i c l e s  formed under  high 
s u p e r s a t u r a t i o n  a r e  no longe r  s t a b l e .  They w i l l  r e v a p o r i z e  and 
t h e  o r g a n i c s  evapora t ed  w i l l  t end  t o  recondense on  l a r g e r  p a r t i -  
c l e s  (12). 

The vapor  p r e s s u r e  of  a ma te r i a ,  i n  a v e r y  small d iameter  I 
p a r t i c u l a t e  i s  much h i g h e r  t han  t h e  vapor  p r e s s u r e  o f  t h a t  same 
m a t e r i a l  over  a f l a t  s u r f a c e .  T h i s  is known as  t h e  Ke lv in  
e f f e c t .  A r e l a t i o n s h i p  between vapor  p r e s s u r e  of  a s m a l l  p a r t i -  
c le  t o  t h e  vapor  pressure over  a f l a k  s u r f a c e  is g iven  by (12): 

'd - 4 ;  a 

pS P d RT In  - - 

where p and p a r e  t h e  vapor  p r e s s u r e s  of t h e  m a t e r i a l  of  t h e  
p a r t i c l g  and o8er a f l a t  s u r f a c e ,  r e s p e c t i v e l y .  
t h e  Kelvin e f f e c t  f o r  v a r i o u s  p a r t i c l e  s i z e s  and t e m p e r a t u r e s  f o r  
o l e i c  a c i d .  Reference  t o  F igu re  6 w i l l  show t h a t  it i s  u n l i k e l y  
t h a t  any p a r t i c l e s  less t h a n  0 . 0 0 3  UP w i l l  form. 

F i g u r e  7 shows 

1- 
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.The behavior of small aerosols as they enter the atmosphere 

is important. 
due to their siqnificantlv hisher vapor pressures. Laraer 

Extremely small aerosols are likely to revapori, 
e !  

Ods 
aerosols would 6e expected to-exist for much longer time-&i 
allowing for coagulation, agglomeration, and surface chemcial 
oxidation effects to take place. 
to determine the fate of these aerosols in the atmosphere. M~~~ 
information is needed on veneer dryer emission particle size 
distributions from controlled sources, to comment on the pass- 
iblity of revaporization of small aerosols. Aerosol behavior in 
the stack bears no relationship to what might be expected to 
occur in the atmosphere. 

NO studies have been undertaken 

C. Reactions of Veneer Dryer Emissions in the Atmosphere 

(1) Photochemical Reactions of Terpenes - Terpenes have been 
shown to react rapidly in the presence of NOx and ultraviolet 
light to form ozoke (i3,14). ?hey are among the most photochemi- 
cally reactive compounds. However, they are inefficent ozone 
producers. Secondary reactions with ozone result in oxidation of 
terpenes and consequent aerosol formation (13,151, thus blocking 
further photochemical reactions. 

as 7.8 x 10 4L/mole sec5for the reference compound, propylcpe, 
and 8.5 x 10 
for 6-pinene, and 3.9 x 19 L/mole sec for limonene (13). R a p  
constants for most anthropogenic olefins are between 10 to 10 
L/mole sec and are nearly zero for paraffins and aromatics (14). 
Although the reaction rates for terpenes are high, the ozone 
yield per carbon molecule is l o w .  Ozone yields for terpenes were 
about half those of propylene (13), but similiar to other anthro- 
pogenic organics (14). Maximum ozone yields from a-pinene were 
found to be 0.1 mole ozone/mole carbon at levels of 190 ppb C and 
a 16:l carbon/NOx ratio (13). Once ozone had formed it was shown 
to react with the remaining terpenes to form non-photochemically 
reactive aerosols. 

Rate c nstants for the formation of ozone have been reported 9 
to 2 x 10 L/5ole sec for a-pinene, 2 . 2  x 10 

Shulte (13) indicated that 50 percent of the terpenes in a 
smog chamber were consumed by aerosol formation. Aerosols formed 
from the reaction of terpenes with ozone were a result of the 
higher vapor pressure of the reaction products. Reactions of 
ozone with terpenes result in ring opening and formation of 
difunctional end groups of aldehydes, ketones, alcohols, or acids 
(15). A lower threshold concentration at which aerosol formation 
begins to occur has not been established for these materials. 
Aerosols were formed from the photochemical reaction of 1,6- 
heptadiene at concentrations of 50 ppb, the lowest concentration 
tried, or greater (16). 

NO studies have been conducted on the photo-reactivity Of 
the resin and fatty acids. 
in aerosol form in the atmosphere due to their extremely low 
vapor pressure and not be available for photochemical reactions. 

These compounds would likely remain 
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Resin a c i d s  are known t o  o x i d i z e  and polymer ize  e a s i l y ,  r e s u l t i n g  
i n  even lower vapor  pressure compounds. More in fo rma t ion  is 
needed on  t h e  behav io r  of  t h e s e  compounds i n  t h e  atmosphere.  

D .  H i s t o r i c  Sampling Procedures  

(1) ODEQ-7 - Veneer d r y e r  emissions have been sampled by a 
number of  procedures .  The e a r l i e s t  a p p l i e d  test  was v i s u a l  
o p a c i t y .  
o p a c i t y  i n  venee r  d r y e r  emiss ions  t h e  Oregon Department of 
Environmental Q u a l i t y  adopted a p rocedure  known as ODEQ-7. Th i s  
procedure  i s  t h e  EPA Method 5 p a r t i c u l a t e  sampling t r a i n  modified 
t o  i n c l u d e  a f i l t e r  maintained a t  ambient  temperature between t h e  
t h i r d  and f o u r t h  impingers .  O r g a n i c  materials caught  i n  t h e  
impingers  and impinger  water a r e  e x t r a c t e d ,  d r i e d  and weighed, 
and t h e  we igh t s  added t o  t h e  probe wash, f r o n t  f i l t e r ,  and back 
f i l t e r  weights .  The complete procedure  i s  p r e s e n t e d  i n  Appen- 
d i x  A. The i n t e n t  of  t h i s  procedure  i s  t o  measure t h o s e  con- 
s t i t u e n t s  i n  t h e  emis s ions  r e s p o n s i b l e  for t h e  fo rma t ion  of 
p a r t i c u l a t e  matter once t h e  emiss ions  have cooled t o  ambient  
tempera ture .  

( 2 )  WSU Procedure - Washington S t a t e  U n i v e r s i t y  undertook a 
s tudy  sponsored by t h e  American Plywood A s s o c i a t i o n  and t h e  U . S .  
Environmental Pro tec t ion  Agency t o  de te rmine  t h e  p h y s i c a l  and 
chemical n a t u r e  of  emis s ions  from veneer  d r y e r s  d u r i n g  t h e  
d r y i n g  of  v a r i o u s  wood s p e c i e s  under normal veneer  d r y e r  opera- 
t i n g  c o n d i t i o n s .  Determina t ions  were made of v o l a t i l e  and con- 
d e n s i b l e  hydrocarbon emiss ions .  

Condensible  hydrocarbons were sampled by drawing veneer  
d r y e r  s t a c k  gases through a n  in - s t ack  f r i t t e d  glass f i l t e r  fol-  
lowed by an ice cooled  glass  condenser  w i t h  a vacuum pump. A 
r o t a m e t e r  between t h e  condenser  and vacuum pump measured gas 
flow. The samples  c o l l e c t e d  were d r i e d  i n  a r o t a r y  e v a p o r a t o r  a t  
4OoC under  2 7  i n  Hg. These d r i e d  samples were weighed and pre-  
pa red  for f u r t h e r  a n a l y s i s  by g a s  chromatography and t h i n  l a y e r  
l i q u i d  chromatography ( 7 ) .  

I n  a later s t u d y  by t h e  same i n v e s t i g a t o r s  ( 1 7 ) ,  t h i s  
a p p a r a t u s  was shown t o  g i v e  a r e s u l t  t h a t  w a s  5 4  percent of t h e  
r e s u l t  from a s imul t aneous ly  drawn ODEQ-7 sample. An i n v e s t i -  
ga t ion  of  t h e  WSU procedure  showed sample losses r e s u l t e d  from: 
( a )  a e r o s o l  e s c a p i n g  t h e  c o l d  t r a p ,  and ( b )  losses d u r i n g  evapor- 
a t i o n  o f  t h e  water and s o l v e n t s  d u r i n g  a n a l y s i s  ( 1 7 ) .  

I n  o r d e r  t o  q u a n t i f y  t h e  materials r e s p o n s i b l e  f o r  

Volat i le  o r g a n i c  emiss ions  i n  veneer  d r y e r  emis s ions  were 
measured by a flame i o n i z a t i o n  d e t e c t o r  ( F I D )  p l a c e d  i n  t h e  
sampling system f o l l o w i n g  t h e  ice water  condenser .  The F I D  was 
c a l i b r a t e d  wi th  hexane. I n  a d d i t i o n ,  samples were t a k e n  for  gas 
chromatograph a n a l y s i s .  

I 
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organic losses would be expected to be similar to those experi- 
enced in the atmosphere. The ODEQ-7 procedure should give a 
measure of those organic materials that are ,likely to remain 
condensed in the atmosphere. 

The WSU procedure for determining volatile organic compounds 
may also be inadequate on two counts: (a) the response of an FID 
detector to all compounds is not the same, and (b) some of the 
volatile organic compounds condense in the cold trap and do not 
reach the FID. The response factor of terpenes and other possi- 
ble organic constituents of veneer dryer emissions should be 
assessed before this approach is used. Compounds that condense 
during sampling but evaporate during the solvent evaporation step 
in the laboratory procedure are likely to be volatile in the 
atmosphere and should be measured as gaseous organic compounds. 

so that all carbon atoms are counted equally. The method appears 
to be a suitable choice on which to base measurement of the 
organic materials in veneer dryer emissions. However, in order 
to meet the objective of differentiating between organic emis- 
sions that may condense to form aerosols or remain in a gaseous 
state in the atmosphere, modifications to the sampling procedure 
to exclude particulate and condensible organics will be required. 

EPA Method 25 will convert all organics captured to methane 

A. Organic Losses in ODEQ Method 7 

A material balance was performed around the ODEQ-7 sampling 
train using EPA Method 25 sampling trains as references to 
determine possible sample losses due to evaporation during the 
ODEQ Method 7 laboratory analysis. Conversely, the ODEQ-7 train 
was also used to evaluate EPA Method 25 with the option of being 
preceded with a filter held at 12OOC (250OF) and 21OC (7O0F) and 
with the sample drawn under isokinetic conditions. Both uncon- 
trolled and sand filter controlled veneer dryer emissions from a 
steam heated dryer were sampled. 

connected to an OOEQ-7 traimin two places: (a) following the 
12OOC (25OOF) filter in the oven, and (b) following the backup 
filter between the third and fourth impingers. This sampling 
train was modified to measure filter temperature rather than oven 
temperature. The first filter was held at 12OOC (25OOF). Two 
additional EPA-25 trains operated simultaneously measured emis- 
sions directly from the stack. Both of the latter EPA-25 trains 
were fitted with in-stack filters made of quartz wool stuffed in 
a in. stainless steel fitting to prevent particulate material 
from entering the EPA-25 sample train. These were built to be 
heated to 6OOOC (111OOF) to recover and measure the organics 
caught on the filters to provide an estimate of the amount of 
particulate organic material in the emissions at stack condi- 
tions. To balance the effects of nonisokinetic EPA Method 25 
sampling, one filter was directed into the flow and the other 
directed perpendicular to the flow at both sample locations. All 
samples were taken simultaneously. 

To conduct the material balance, EPA-25 sampling trains were 
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is to measure ( 3 )  EPA Method 25 - The objective of EPA Method 25 
those organic compounds emitted to the atmosphere that may be i n -  
volved in photochemical reactions that lead to the formatio 
ozone. The method is designed to exclude organic Compounds Which 
do not react to form ozone, methane being the only one o f  conse- 
quence in veneer dryer emissions. 

Total gaseous nonmethdne organics (TGNMO) emissions from 
sources other than veneer dryers have been measured using E P ~  
Reference Method 25. The principle of the procedure is to 
separate the compounds at the time of COlleCtiOn into a high and 
low molecular weight fraction using a cold trap (-78'C). 
molecular weight components are captured in an evacuated tank. 
The trap containing condensed organics is burned to convert 
organics to CO for analysis in the laboratory. The light and 
unreactive orgznics captured in the evacuated tank are separated 
on a chromatographic column yielding concentrations for CO, C H ~ ,  

All other organics are eluted in one peak. 
Et&aE$tfi ~4dt~aH&ap and tank nonnethane organic results gives 
TGNMO stack concentrations. All results are reported as methane, 

The National Council has modified the procedure as published 
in the Federal Register (18) to include a filter to remove parti- 
culate material that may interfere with the test. Appropriate 
temperatures at which the filter should be maintained during 
sampling is discussed in a later section. Corrections for a 
carbon dioxide interference to the analytical procedure when 
sampling combustion sources can be made according to work pub- 
lished in Atmospheric Quality Improvement Technical Bulletin NO. 
109 (19). Procedures €or sampling and analysis by EPA Method 25 
as conducted by the NCASI are given in Appendix B. 

n Of 

The low 

IV SAMPLING PROCEDURE EVALUATION 

Procedures for sampling veneer dryer emissions were compared 
to assess their capability to achieve two objectives: (a) deter- 
mine emissions of particulate and organic materials that would 
condense to form particulate in the atmosphere, and (b) determine 
emissions that would be expected to remain in gaseous form in the 
atmosphere. The ODEQ-7 procedure was designed to specifically 
measure the first objective and appears in principal to satisfy 
that objective. The WSU procedure falls short of measuring 
condensible organics because of losses due to aerosols escaping 
the trap during sample collection and losses during sample 
evaporation in the laboratory. Although a filter to catch 
aerosols can be inserted into the WSU sampling train and the 
condensates handled according to the ODEQ-7 analysis procedure to 
reduce sample loss through evaporation, the method is incapable 
Of isokinetic sampling. Isokinetic sampling may be required fol- 
lowing a wet scrubber control device where condensible organics 
are in particulate form. The losses experienced during the wsu 
analysis indicate evaporative sample loss may also occur during 
the ODEQ-7 sample analysis. 
analysis take place at ambient temperature, the evaporative ' 

Since the ODEQ-7 drying steps in the 

(1 
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(1) U n i t s  Conversion Between Sampling Method R e s u l t s  - 
t i v e  sampling wi th  ODEQ Method 7 and EPA Nethod 2 5  requi:z:Par*- 
conve r s ion  of sampling r e s u l t s  from each sampling method to a 
common set of  u n i t s .  The ODEQ-7 method r e p o r t s  r e s u l t s  
p e r  volume of sampled gas .  
a l l y .  
l e n t .  
f a c t o r  from gr/f)CSF t o  ppm methane e q u i v a l e n t  o r  visa-versa 
needed. 

as Weight The weight  is determined gravimetric- 
The EPA-25 method reports r e s u l t s  a s  ppm methane quiva, 
TO compare r e s u l t s  of  one method t o  t h e  o t h e r  a conversion 

is 

The ODEQ-7 t r a i n  weight  r e s u l t s  a r e  a composite of 6 weigh, 
i n g s :  
g e r  water e x t r a c t i o n ,  ( d )  i n p i n g e r  water s o l i d s ,  ( e )  impinger 
wash, and ( f )  back-half  f i l t e r  c a t c h .  The convers ion  factor  for 
t h e  o r g a n i c s  cap tu red  i n  each  s e c t i o n  of t h e  ODEQ-7 t r a i n  may be 
d i f f e r e n t .  Organic  c a t c h e s  from d i f f e r e n t  sections of the  
Method 7 t r a i n  were weighed, burned t o  CO , reduced t o  methane 
and measured t o  produce conve r s ion  f a c t o r s  from g r / D S C F  t o  ppm 
methane. The probe washings were assumed t o  be i d e n t i c a l  i n  
composi t ion  t o  t h e  f r o n t  f i l t e r  ca t ch .  I n s u f f i c i e n t  sample 
material on t h e  back f i l t e r  p reven ted  t h e  g e n e r a t i o n  of a factor 
for  t h a t  p o r t i o n  of  t h e  ODEQ-7 t r a i n  ca t ch .  

( a )  t h e  f r o n t  f i l t e r  c a t c h ,  ( b )  probe washings, ( c )  impin, 

The conve r s ion  factors from gr /DSCF t o  ppm methane equiva- 
l e n t  were d i f f e r e n t  f o r  each s e c t i o n  of t h e  ODEQ-7 ana lys i s .  The 
ave rage  convers ion  f a c t o r s  for  uncon t ro l l ed  veneer  d r y e r s  were: 
( a )  3100 ppm/gr/DSCF f o r  t h e  f r o n t  f i l t e r  c a t c h  and probe rinse,  
( b )  2550 ppm/gr/DSCF for t h e  impinger  r i n s e ,  ( c )  2010 ppm/gr/DSCp 
for  t h e  impinger water extract ,  and ( d )  400  ppm/qr/DSCF f o r  the 
d r i e d  impinger water .  Average convers ion  f a c t o r s  f o r  t h e  sand 
f i l t e r  c o n t r o l l e d  veneer  d r y e r  e m i s s i o n s  were: ( a )  2020 ppm/gr/ 
DSCF f o r  t h e  f r o n t  f i l t e r  c a t c h  and probe r i n s e ,  ( b )  2950 ppmlgrl 
DSCF for  t h e  impinger  r i n s e ,  and ( c )  3440 ppm/gr/DSCF f o r  the 
impinger  e x t r a c t .  The conve r s ion  f a c t o r  o b t a i n e d  from t h e  impin- 
g e r  water d r i e d  s o l i d s  w a s  l o w  and e r r a c t i c .  T h i s  w a s  judged t o  
b e  caused by water bound w i t h  t h e  s o l i d s .  The d r y  s o l i d s  from 
t h e  impinger water ( t h o s e  l e f t  behind a f t e r  d i s s o l v i n g  i n  e ther )  
were n o t  s o l u b l e  i n  acetone, and were t h e r e f o r e  r e d i s s o l v e d  w i t h  
water f o r  l oad ing  i n t o  t h e  c a r t r i d g e s  f o r  subsequent  ana lys i s .  

The conve r s ion  f a c t o r s  are s u b s t a n t i a l l y  lower than  t h e  
t h e o r e t i c a l  conve r s ion  f a c t o r  of  3374 ppm/gr/DSCF based on the 
assumption t h a t  t h e  o r g a n i c s  caught  were mainly a b i e t i c  ac id .  It 
i s  p o s s i b l e  t h a t  a p o r t i o n  of t h e  w e i g h t  measured by t h e  ODEQ-7 
p rocedure  c o n s i s t e d  of  water  a s s o c i a t e d  wi th  t h e  o rgan ic s .  T h i s  
water i s  more t i g h t l y  h e l d  by t h e  o r g a n i c s  t h a n  by t h e  desiccants 
i n  t h e  d e s i c c a t o r s .  Th i s  work i n d i c a t e d  t h a t  t h e  convers ion  
f a c t o r s  can change s u b s t a n t i a l l y  from sample t o  sample, c a s t i n g  
doubt  on t h e  a b i l i t y  t o  compare ODEQ-7 and EPA-25 r e s u l t s .  
Nonethe less ,  ODEQ-7 d a t a  r e p o r t e d  on i n  t h i s  work was converted 
t o  ppm as CH w i t h  t h e s e  conve r s ion  factors t o  a l low m a t e r i a l  
b a l a n c e  c a l c d l a t i o n s  t o  be made i n  c o n s i s t e n t  u n i t s .  
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(2) Sampling Results at a Veneer Dryer with Uncontrolled Emis- 
sions - Results from sampling with different ODEQ-7 and EPA-25 
rnnfiaurations at a veneer drver with uncontrolled emissions are. " - - - ~  ~~ 

presented in Table 4. The entries in this table are arranged in 
three sections to show material balances over: (a) the front- 
half, (b) the back-half, and (c) total ODEQ-7 train using EPA-25 
as a reference. 

TABLE 4 ODEQ-7 AND EPA-25 COMPARISONS FROM A VENEER DRYER 
WITH UNCONTROLLED EMISSIONS 

Run Number 

EPA-25 from Stack 

EPA-25 after 
250°F Filter 

Organics Removed by 
250°F Filter ( 1 ) - ( 2 )  

ODEQ-7 Front-Half 

Organics Unaccounted for 

EPA-25 After 
Ambient Filter 

Organics Removed in Back- 
Half of ODEQ-7 (2)-(6) 

ODEQ-7 Back-Half 

Organics Unaccounted For 
(apparent loss due to 
evaporation) 

Organics Captured by 

ODEQ-7 Total (4)+(8). 

Organics Unaccounted For 
(10)-(11) 

ODEQ-7 ( 1 ) - ( 6 )  

Results in ppm TGNMO as Methane 
1118-1 118-2 1216-1 1216-2 

760 

506 

254 

249 

5 

206 

300 

156 

144 

554 

405 

149 

705 

442 

263 

217 

46 

367* 

75 

156 

-81 

338 

373 

-35 

534 475 

495 424 

39 51 

113 86 

-7 4 -35 

119 80 

376 344 

124 148 

252 196 

415 395 

237 234 

178 1 6 1  

This value appears to be an outlier. Use of this number 
appears to effect the subsequent results from sample 1118-2. 
Data from 1118-2 was not used in computing average losses of 
organics. 
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Organic material c a u g h t  i n  t h e  probe and f i l t e r  of t h e  

ODEQ-7 t r a i n  was measured by: 
material caught  i n  t h a t  p o r t i o n  of  t h e  t r a i n ,  and ( b )  t h e  d i f f e r -  
ence  between t h e  EPA-25 r e su l t s  from samples taken  d i r e c t 1  
t h e  stack and immediately f o l l o w i n g  t h e  hea ted  ODEQ-7 t ra in  
f i l t e r .  In-s tack  f i l t e r s  were used on t h e  EPA-25 t r a i n  drawing a 
sample from t h e  stack. 
f r o n t - h a l f  of t h e  QDEQ-7 t r a i n  as measured by t h e  ODEQ-7 pro- 

@ O E  
cedure  averaged 15 ppm less t h a n  t h e  measurement by different 
EPA-25 samples ,  and ranged between a l o s s  Of 74 PPm t o  a gain of 
4 6  ppm. The values r e p o r t e d  by t h e  two procedures  were con- 
s i d e r e d  e q u i v a l e n t  because of t h e  large v a r i a n c e  i n  ana ly t i ca l  
r e s u l t s .  EPA-25 r e s u l t s  have a p r e c i s i o n  Of roughly f15 percent 
e s t i m a t e d  from e x p e r i e n c e  w i t h  d u p l i c a t e  samples taken on other 
sou rces .  The i n d i v i d u a l  EPA-25 r e s u l t s  f o r  i n - s t a c k  and a f t e r  
t h e  120°C (250OF)  f i l t e r  may be i n  e r r o r  by * E O  ppm, thus the 
v a l u e  r e f l e c t e d  i n  t h e  r e s u l t s  ob ta ined  by t a k i n g  t h e  difference 
between t h e  two EPA r e s u l t s  may a lso produce an e r r o r  of f81J PPm. 

( a )  weight  of ace tone  soluable 

i 
Y from 

1 
I 

The q u a n t i t y  Of Organics  caught i n  the  

Organic  m a t e r i a l  caught  i n  t h e  impingers  and back f i l t e r  of 
t h e  ODEQ-7 t r a i n  were measured b y :  ( a )  weight  of t h e  material  
c a p t u r e d  i n  t h a t  p o r t i o n  of t h e  t r a i n ,  and ( b )  t h e  d i f f e r e n c e  
between EPA-25 r e s u l t s  from samples taken  immediately following 
t h e  h e a t e d  f i l t e r  and immediately fo l lowing  t h e  f i l t e r  between 
t h e  t h i r d  and f o u r t h  impingers. T h i s  mass ba lance  on t h e  back- 
h a l f  o f  ODEQ-7 showed a n  ave rage  loss of 150  ppm ( c a l c u l a t e d  
u s i n g  3 d a t a  p o i n t s ) ,  a v a l u e  t h a t  i s  h i g h e r  t han  t h e  v a r i a b i l i t y  
of EPA-25. The l o s s e s  a c r o s s  t h e  ODEQ-7 t r a i n  r e p r e s e n t s  a loss 
o f  between 25 t o  4 5  p e r c e n t  of t h e  organic material captured by 
t h e  ODEQ-7 t r a i n .  

terpenes or s l i g h t l y  v o l a t i l e  compounds d u r i n g  t h e  d r y i n g  of the 
ODEQ-7 samples.  Some t e r p e n e s  may be d i s s o l v e d  w i t h  t h e  less 
v o l a t i l e  organics caught  i n  t h e  impingers. 

T h i s  l o s s  was judged t o  r e s u l t  from t h e  v a p o r i z a t i o n  of 

( 3 )  Sampling R e s u l t s  from a Veneer Dryer wi th  Emissions Con- 
t r o l l e d  by a Sand F i l t e r  - R e s u l t s  from sampling wi th  d i f f e r e n t  
ODEO-7 and EPA-25 c o n f i a u r a t i o n s  a t  a veneer  d r v e r  wi th  emissions 
c o n t r o l l e d  by a sand f i i t e r  are p r e s e n t e d  i n  T a h e  5. The f i rs t  
s e t  of e n t r i e s  show: ( a )  r e s u l t s  of EPA-25 a n i s o k i n e t i c a l l y  
drawn in - s t ack  f i l t e r  c a t c h ,  ( b )  t h e  EPA-25 t r a p  and tank  catch,  
and ( c )  t h e  t o t a l  o r g a n i c s  by sum of ( a )  and ( b )  . The remainder 
of t h e  t a b l e  is a r ranged  t o  show material balapces ove r  t h e  ( a )  
f r o n t - h a l f ,  ( b )  t h e  back-ha l f ,  and ( c )  t h e  t o t a l  ODEQ-7 t r a i n  
u s i n g  EPA-25 as  a r e f e r e n c e .  

t h e  s t a c k  g a s  flow and f o r  probes d i r e c t e d  p e r p e n d i c u l a r  t o  t h e  
s t a c k  g a s  f lows  can  be a t t r i b u t e d  t o  n o n i s o k i n e t i c  c o l l e c t i o n  of 
p a r t i c u l a t e  organics. The g l a s s  wool f i l t e r s  used were intended 
t o  remove wood f i b e r  from t h e  samples and were n o t  e f f i c i e n t  a t  
removal of submicron s i z e d  p a r t i c u l a t e .  These r e s u l t s  i n d i c a t e d  
t h e  n e c e s s i t y  of  i s o k i n e t i c  sampling when a e r o s o l s  a r e  present,  
such as fo l lowing  w e t  s c rubb ing  dev ices .  

D i f f e r e n c e s  i n  t h e  r e s u l t s  f o r  probes  d i r e c t e d  p a r a l l e l  i n t o  
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TABLE 5 ODEQ-7 AND EPA-25  COMPARISONS FOLLOWING 
A SAND F I L T E R  

Sample Number 

EPA-25 

l a )  F i l t e r  c a t c h  
f i l t e r  paral le l  to  f low 

F i l t e r  p e r p e n d i c u l a r  t o  f low 

Average 

( b l  T r a p  and tank  c a t c h  
f i l t e r  parallel  t o  f low 

F i l t e r  p e r p e n d i c u l a r  t o  flow 

Average 

( c )  Tota l  p a r a l l e l  t o  f low 

Total p e r p e n d i c u l a r  t o  f low 

EPA-25 Total  Average 

onECI-7 

(1) EPA-25 a f t e r  250'F f i l t e r  

( 2 )  O r g a n i c s  removed by  25OoF 
f i l t e r  ( c  ) - (  1) 

1 3 )  ODEQ-7 f r o n t - h a l f  

D i f f e r e n c e  

( 4 )  EPA-25 a f t e r  second f i ler  

( 5 )  O r g a n i c s  removal hy back- 

( 6 )  OOEQ-7 back-ha l f  

h a l f  Of ODEO-7 1 1 ) - ( 4 )  

D i f f e r e n c e  

( 7 )  ODE0 Total 

( 8 )  ODE0 Tota l  + EPA-25 back-ha l f  

19) O r g a n i c s  Unaccounted for 

R e s u l t s  i n  ppm TCNMO a s  Methane 
01278 - 127A - 0013 O l 2 O A  01208 - 

119 

204 

162 

94 

108 

101  

213 

312 

263 

274 

+11 

40 

g a i n  5 1  

1 3 1  

' 1 4 3  

42 

1 0 1  

71  

202 

6 1  

130  

1 3 1  

130 

609 

314 

462 

730 

445 

592 

785 

t 1 9 3  

60  

u a i n  253  

309 

476 

1 0 5  

371  

1 6 6  

415 

117  

77 

249 

163  

164 

306 

235 

2 4 1  

555 

398 

288 

-110 

4 3  

loss 67 

340. 

-52 

70 

- 
113 

453 

- 

148 

132 

140 

488 

264 

376 

636 

396 

516 

364 

-152 

37 

loss 115 

591' 

- 
82  

- 
119 

710 

- 

8 7  

149 

1 1 8  

499 

470 

485 

586 

619 

603 

595 

-8 

49 

loss 4 1  

1135. 

- 
174 

- 
224 

1359 

- 

' These r e s u l t s  are u n r e a s o n a b l l y  h igh .  T h e i r  h i g h  v a l u e s  are p o s s i b l y  due  t o  
r e s i d u a l  a c t o n e  i n  ODEQ-7 t r a i n  from p r e v i o u s  c l e a n u p  or vacuum g r e a s e  on t h e  
back-ha l f  used on t h e s e  t h r e e  samples o n l y .  P r e c a u t i o n s  were t aken  t o  a v o i d  
acetone r e s i d u e s  i n  t h e  ODE@-7 t r a i n  p r i o r  t o  sampl ing .  
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i n g  r e v a p o r i z a t i o n  of  o r g a n i c  a e r o s o l  on t h e  1 2 O O C  ( 2 5 0 O ~ )  fil- 
ter.  Revapor i za t ion  of p a r t i c u l a t e s  from t h e  120 'C  ( 2 5 0 0 ~ )  
f i l t e r  r e s u l t e d  i n  an i n c r e a s e  i n  t h e  r e s u l t  from EPA-25 t r a i n  
fo l lowing  t h e  h o t  f i l t e r  of 11 t o  1 2 0  p e r c e n t .  The revaporiza, 

m a t e r i a l  ba l ances  o b t a i n e d  a c r o s s  t h e  l 2 O o C  (250OF) f i l t e r  
underscore  t h e  need f o r  i s o k i n e t i c  sampling when o rgan ic  pa r t i -  
c u l a t e s  a r e  p r e s e n t .  

Poor m a t e r i a l  b a l a n c e s  were a l s o  observed across t h e  back- 
h a l f  of ODEQ-7 t r a i n .  Three of  t h e  EPA-25 samples taken  a f t e r  
t h e  second f i l t e r  showed h i g h e r  r e s u l t s  t han  t h e  EPA-25 r e s u l t s  
t aken  a f te r  t h e  12OoC (250OF) f i l t e r .  T h i s  could  o n l y  r e s u l t  
from o r g a n i c  con tamina t ion  o f  t h e  sampling t r a i n .  One possible  
sou rce  of o r g a n i c  contaminat ion  w a s  t h e  a c e t o n e  wash used t o  
c l e a n  t h e  sampling t r a i n  a f t e r  each  use.  The sampling t r a i n s  

t i o n  of p a r t i c u l a t e s  on t h e  1 2 0 ° C  (250OF) f i l t e r  and t h e  mor  I 

It w a s  a l so  shown t h a t  ODEQ-7 procedure  y i e l d s  r e s u l t s  t h a t  
a r e  less t h a n  EPA-25 r e s u l t s .  The d i f f e r e n c e  i n  resu l t s  between 
t h e  two procedures  was g r e a t e r  when sampling a s c r u b b e r  o u t l e t  
t h a n  when sampling u n c o n t r o l l e d  emiss ions .  The lower values 
measured r e s u l t e d  from escape  of t h e  more v o l a t i l e  m a t e r i a l s  which 
were cap tu red  by EPA C4ethod 25. The  removal of  p a r t i c u l a t e  and 
o r g a n i c  a e r o s o l  by t h e  sc rubbe r  i n c r e a s e s  t h e  r a t io  of v o l a t i l e  
t o  condens ib l e  o r g a n i c s  i n  t h e  emiss ions .  T h i s  r a t i o  would a l s o  
be expected t o  be i n f l u e n c e d  by t h e  t u r p e n t i n e  con ten t  of t h e  
wood. 

8 .  Formulat ion of a Sampling Procedure  

Sampling procedures  were needed t o  measure t h r e e  parameters  
i n  veneer  d r y e r  emiss ions :  ( a )  p a r t i c u l a t e  and o r g a n i c  material 
t h a t  would condense t o  form aerosols i n  t h e  environment,  ( b )  t o t a l  
o r g a n i c  compounds, and ( c )  gaseous o r g a n i c  compounds t h a t  would 
be expected t o  remain i n  a gaseous s ta te  i n  t h e  atmosphere.  
These sampling p rocedures  should  be capab le  of g i v i n g  comparable 
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results for each parameter for different dryer types and for 
controlled and uncontrolled emissions. Emission components that 
change form, i.e. gaseous to aerosols, as they pass through 
control devices should be measured on a consistent basis. These' 
sampling procedures should be capable of consistent performance 
at stack moisture contents of up to 60 percent and in the presence 
of entrained water. The sampling procedures should be based 
on existing or modifications of EPA reference methods. 

(1) Particulate and Condensible Organic Compounds - The ODEQ-7 
test was designed to measure particulate and organic compounds 
that are likely to condense in the atmosphere to form aerosols 
that are largely responsible for the blue haze associated with 
veneer dryers. The work described above showed a loss of organic 
material upon drying ODEQ-7 back-half samples. ODE@-7 samples are 
dried at room temperature, except for the extracted impinger 
water which is dried at 105OC (220OF). The quantity of organics 
left in the impinger water is small compared to what has been 
extracted; little loss would be expected to occur from. drying 
the impinger material after ether extraction. Organics evapo- 
rated upon drying of ODEQ-7 samples would be expected to evapo- 
rate from condensed organics emitted to the atmosphere. The - losses of organic material from the sample during analysis are 
not a constituent of the parameter being measured, therefore, the 
ODEQ-7 procedure cannot be questioned on this account. It was 
judged to produce data that were an accurate measurement of 
particulate matter and organics that condense in the atmosphere 
when applied to veneer dryer emissions. 

(2) Total Nonmethane Gaseous Organic Compounds - EPA Method 25 
has been designed to measure total nonmethane gaseous organic 
compounds. The method does not have provisions for a filter to 
remove particulate material from the sample. Since particulate 
material in veneer dryer emissions may interfere with the measure- 
ment, use of a filter is recommended. However, some of the 
organic material in veneer dryer emissions condense into aerosols 
when cooled by wet collection devices intended for their removal 
and escape the collection device. A filter held at stack tempera- 
ture following a scrubber will exclude these condensed organics 
from the sample. If a true evaluation of a scrubber device to 
remove total organics is desired, the organic compounds should be 
compared on the basis of the organic materials being in a gaseous 
state. The organic material condensed while passing through the 
scrubber and not captured should be reevaporated by the sampling 
train so that only nonvolatile particulate are removed from the 
sample by filtration. Isokinetic sampling will be required to 
prevent a disproportionate collection of aerosols. The filter 
removing particulate from the sample stream should be maintained 
at a temperature equivalent to the uncontrolled emissions. A 
filter temperature of l S 0 T  (300OF) is recommended for this 
purpose. 

( 3 )  Noncondensible Organic Compounds - Noncondensible organic 
compounds are those oraanic constituents in the emissions that 
are-unlikely to condense in the atmosphere to form aerosols. The 
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EPA Method 25 procedure can give a carbon equivalent measure 
the noncondensible organic compounds after conditioning the 
sample to remove the organics that may condense in the atnos- 
phere. 
cedures for this purpose that provide consistent results while 
sampling emission sources under a variety of conditions. 

O f  
1 
I .  
I ,I 

i 
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Many factors must be considered in choosing sampling pro- 

A separation between those organic materials which may con- 
dense in the atmosphere and those which may not can be achieved 
by placing a filter in the sample line that is held at a speci- 
fied temperature. The filter temperature is chosen so that 
organic material that may condense in the atmosphere will be 
retained by the filter. The sampled gas should be brought to the 
filter temperature prior to filtering to allow the condensible 
organics to condense if the sampled gas is hotter than the.filter 
or evaporate if the sampled gas is cooler than the filter temp- 
erature. Factors that affect the choice of the filter tempera- 
ture are discussed. 

A potential choice for the filter temperature would be at 
the standard ambient temperature of 20°C (70°F). Experience with 
losses of organic material during laboratory'analysis of ODEQ-7 
samples indicated that a portion of the organic material removed 
by a filter maintained at ambient temperature would likely be 
gaseous in the atmosphere. Choice of a higher filter temperature 
is indicated. This presents potential difficulties with con- 
densing moisture. Veneer dryer emissions have high moisture 
contents, on occasion as high as 60 percent. Moisture condensing 
in the sample train and on the filter could plug the filter and 
hinder sampling. This requires that the filter and gas condi- 
tioning system be maintained at a temperature above the dew point 
of the highest humidity emissions likely to be encountered. The 
dew point of 60 percent moisture air is 86°C (187°F). A filter 
maintained at.this temperature will likely pass organic material 
that will condense in the atmosphere. As the filter temperature 
is increased over the dew point, greater quantities of the 
condensible organics will pass the filter. A filter temperature 
that is 2°C (3OF) above the highest dew point likely to be 
encountered is recommended, that is 88°C (190°F). 

Some organic material that may condense at atmospheric 
conditions nay pass through a filter maintained at 88°C (190°F) 
as a result of the significantly higher vapor pressure of the 
organic material at this temperture as compared to atmospheric 
conditions. See Figure 5 .  Some condensible organics may pass 
the filter because of inefficient filtration of aerosols in the 
0.1 to 0.5 range. The condensible organics passing the filter 
will bias the noncondensible organic measurements to the high 
side. 

(4) Study on Over Estimation of Noncondensible Orqanics - The 
amount of organics found in the back-half of the ODEQ-7 train 
should give a good estimate of condensible organics measured by 
an EPA-25 train preceded by a 88°C (190°F) filter. Several 
samples were taken with the ODEQ-7 train with an EPA-25 train 



attached following the front filter held at 88°C (190°F). The 
methane equivalent of the ODEQ-7 back-half catch as well as the 
EPA-25 train are presented in Table 6 .  These results indicated 
that an EPA-25 sampling train preceded by a filter held at 88°C 
(190°F) will over estimate the noncondensible organtc emissions 
from veneer dryers by 10 to 30 percent. 

TABLE 6 ODEQ-7 BACK-HALF AND EPA-25 FOLLOWING 
190'F FILTER RESULTS 

Source 

Uncontrolled 
Emissions from 
Douglas fir 

Uncontrolled 
Emissions from 
Hemlock and White 
Fir, Direct Fired 
Dryer 

Uncontrolled 
Emissions from 
Lodgepole Pine 

Wet Scrubber 
Control led 
Emissions from 
Douglas Fir 

Uncontrolled 
Southern Pine 

Percent 
ODEQ-7 EPA-25 Condensible 

Back-Half After 190°F Organics in 
ppm Filter, pp m EPA-25 Sample 

70 311 23 

41 

125 

156 

1153 

30 

11 

94 

259 

475 

2460 

23 

11 

(5) Evaporation of Condensed Organics - To determine the vola- 
tility of organics cauaht on a filter held at 88°C (190°F) when 
sampling veneer dryer emissions, two such filters were placed in 
filter holders while 250 cc/rnin clean air was passed through them 
for a period of 15 days. A loss of 4.8 percent was measured. 
The filters were then placed in direct sunlight with the same air 
flow through them for 16 days. A loss of 1 percent was measured. 
From the results of this study it was concluded that organic 
material caught on a 88°C (190°F) filter preceding an EPA-25 
sampling train are not volatile at ambient conditions. 

i 
I 
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;i C. Precision (1 1: 
The precision of the EPA Method 25 tests for sampling veri 

dryer emissions was determined by analysis of a series of simul,. 
taneously drawn samples by three laboratories. Three sets of six 
samples drawn from veneer dryer emissions before and after a wet 
scrubber were analyzed in pairs by three laboratories. ~ 1 1  of 
the samples were drawn from behind a filter maintained at 3500~ 
in an EPA Method 5 particulate sampling train oven. The samples 
were drawn isokinetically by the EPA-5 train. Individual sample 
results are shown in Table 7. 

, 

I 
I 

TABLE 7 RESULTS OF EPA-25 ANALYSIS IN ppm C 

Test Day 
3 -. 2 - 1 Source Laboratory - 

A 1292 1594 1304 
1128 995 1365 

Inlet B 803 1324 1206 
906 1460 996 

Outlet 

C 1186 1452 2116 
1246 1309 2159 

A 1292 1294 1018 
1321 1148 829 

B 1909 1033 712 
1168 851 1094 

C 1664 1484 686 
1886 1887 1028 

i 
(1) 
of the EPA-25 test method for each of the laboratories can be 
obtained from a 2 x 6 AnalySis of Variance (ANOVA) on the paired 
samples. 
residual. The standard deviations calculated in this manner were 
188, 258, and 172 ppm, resulting in relative standard deviations 
of 0.156, 0.221, and 0.114 for laboratories A, B, and C ,  respec- 
tively. 

Precision of Each Laboratory - An estimate of the variance 

The estimate of s is given by the mean square of the 

The NCASI West Coast Regional Center is laboratory A.  

(2) 
paring the total average of each laboratory's results can be used 
to determine if the laboratories are reporting the same statisti- 
cal values. 

Comparison of Laboratory Pairs - A students "t" test com- 

t2 is calculated by: 



- x - y  
t2 - 

/(n --x- -1)sXz + (n v-v- -1)s  2 /+1 
n J "x Y - J "x Y + n  - i  

The comparisons are listed in Table 8. Since t is greater - 
than t for the laboratory comparisons B-C, labsratory CIS 
result9'6&% significantly different than laboratory B's at the 
90 percent confidence level. 

TABLE 8 INTERLABORATORY COMPARISONS OF AVERAGE RESULTS 

Laboratory 
Comparisons ; - c  t2 05: 5 

A - B  147 1.. 42 2.0 

A - C  169 1.54 2.0 

B - C  316 2.42 2.0 

( 3 )  Summary - These analyses show that: (a) Results from 
laboratory A and B were not statistically different from each 
other, and results from laboratory C was statistically different 
from laboratory B. (b) Laboratory C produced the highest results 
and laboratory B produced the lowest. (c) Laboratory C had the 
best precision and laboratory B had the poorest precision. Other 
researchers may use other statistical methods to analyze the data 
from these tests and thereby arrive at somewhat different conclu- 
sions. 

From these comparisons of EPA-25 results from different 
laboratories it appears that the method is prone to poor accur- 
acy. Although each laboratory adheres to strict quality control 
procedures, results from one laboratory may be as much as twice 
those from another. This difference suggests that additional 
quality control procedures are necessary. 
sample of an audit gas should be incorporated into the quality 
control procedures. 

D. Summary and Conclusions 

(1) These studies showed that isokinetic sampling of veneer 
dryer source emissions containing organics in particulate form is 
necessary when measuring gaseous organic emissions. Particu- 
late organics are likely to occur in the gas stream following 
control devices that cool the gas stream. Possible enrichment of 
the particulate catch by nonisokinetic sampling conditions could 

Poss-ibly a field 
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1 result in a high analytical result for gaseous organics. If 
there are no particulates in the emissions sampled, isokinetic 
sampling is not necessary for gaseous organics emission measure_ 
ment. 

! 

- ( 2 )  
half analysis of the ODEQ-7 procedure. These losses may result 
from evaporation of volatile constituents in the impinger and 
second filter catch during drying of these materials for weigh- 
ing. This loss amounted to between 20 to 4 6  percent of the 
organic material captured by the ODEQ-7 train. 

( 3 )  Three sampling procedures were outlined that would allow 
full characterization of veneer dryer emission constituents. 
These procedures would give values for: (a) total particulate 
and condensible organic compounds, (b) total nonmethane organic 
compounds, and (c) noncondensible nonmethane organic compounds, 
Condensible organic compounds refer to those organic compounds in 
the emissions that would likely condense and remain condensed at 
ambient conditions. The ODEQ-7 procedure was found to give 
results acceptable to be used for particulate and condensible 
organic compounds. EPA Method 25 with a pre-filter held at 1 5 0 0 ~  
(300°F) was selected to provide results for total nonmethane 
organics. EPA Method 25 with a pre-filter held at 88OC (190OF) 
was selected to provide results for noncondensible organic com- 
pounds. Results from this latter method were found to give a 
result for noncondensible organic compounds that was 10 to 30 
percent high. This overestimation of noncondensible organic 
material results from condensible organics passing the pre-filter 
held at a temperature higher than necessary to separate conden- 
sible and noncondensible organics, but at a temperature high 
enough to avoid sampling problems resulting from the condensation 
of moisture. 

( 4 )  Condensed organic material from a veneer dryer emissions 
caught on a filter held at 88OC (180OF) preceding an EPA-25 
sampling train are not volatile at ambient conditions. 

There are potential losses of volatile organics in the back 

V VENEER DRYER EMISSION FACTORS 

Hourly average emission factors for uncontrolled veneer 
dryers emissions were developed from results of studies conducted 
during this project and from historical data. These emission 
factors are representative of the process when operating at full 
capacity. Emission factor data for total organic emissions and 
noncondensible organic emissions were derived from NCASI con- 
ducted studies using variations of EPA Reference Method 25 
described in the previous section. Emission factors for parti- 
culate and condensible organic materials were derived from NCASI 
conducted studies and historical data produced from measurements 
with ODEQ-7. The NCASI test results along with descriptions of 
the dryers and test procedures are contained in Appendix C as 
individual mill test reports. 
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For the purpose of this section: (a) total organic com- 
ounds are defined as results of EPA Method 25 preceded by 150OC P (30O0F) filter or an in-stack filter when the stack temperature. 
was greater than 150°C, (300OF) and are reported as methane; 
(b) noncondensible organic compounds are defined as the results 
of EPA Method 25 preceded by a filter maintained at 88OC (190OF) 
and are reported as methane; (c) particulate and condensible 
organics are defined as the results of the ODEQ-7 front- and 
back-half catch, regardless of the front filter temperature; 
(a) the emission factors reported are based on maximum dryer 
production and have not been adjusted for re-dry; and (e) the 
emission factors have been adjusted for trim losses, and are 
reported as thousand square feet (MSF) on a 3/8-in thick plywood 
fTimmed to 4 by 8 feet. 

A. Total Organic Compounds in Uncontrolled Emissions 

from individual tests on uncontrolled emissions are listed i4 
Table 9 by wood species and dryer type. Total organic emissions 
from drying Douglas fir ranged between 1.0 and 2.1 lb/MSF and 
averaged 1.3 lb/MSF. An emission of 0.03 lbs/MSF was measured 
for processing of Douglas fir re-dry. Loblolly and shortleaf 
pine emissions averaged 3 . 2 5  lb/MSF, whereas lodgepole pine 
produced 2.0 lb/MSF of total organic compounds. 

Direct wood-residue fired dryers produced an average of 3.1 
lb/MSF total organic emissions when drying Douglas fir. Drying 
of hemlock in a similar dryer produced emissions between 0 . 4  and 
1.1 lb/MSF and averaged 0 . 8  lb/MSF total organic compounds. This 
wide range for the hemlock results may be due to the drying of 
other white wood species with hemlock. 

and indirect heated dryers is limited. Comparison of the 
emissions from drying for Douglas fir indicated a potential for 
higher emission rates of total organic compounds from wood- 
residue direct heated than from steam heated (indirect) veneer 
dryers. 

Emission.of total organic emissions presented as .lbs CH /MSF 

The data base for the comparison of emissions from direct 

B. Noncondensible Organic Compound in Uncontrolled Emissions 

Emissions of noncondensible organic compounds from veneer 
dryers nat equipped with emission control devices are listed in 
Table 10 according to wood species and dryer type. The data is 
presented as lbs CH /MSF as measured by EPA Reference Method 25 
preceded with a filter maintained at 88OC (908OF). The average 
noncondensible organic emission from drying Douglas fir in a 
steam heated dryer was 0.75 lb/MSF. This value is similar to the 
quantity of terpenes in Canadian or Coastal Douglas fir (10) as 
shown in Table 2 and found by WSU ( 6 )  as shown in Table 3. 
Noncondensible organic emissions for processing h e m n  a 
steam heated dryer averaged 0.69 lb/MSF. Drew (lo) found no 
terpenes in hemlock woods whereas the WSU report ( 7 )  showed 0.31 
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( ~ l l  data were r e s u l t s  from-EPA-Method 25) 

L2.1 

L1.1 
h . 2  

S p e c i e s  Type 

Steam 

Douglas F i r  S a p  

Douglas F i r  Heart 

Douglas F i r  Mixed 

E x h a u s t  
Temperature 

M i l l  OF - 

* A  360 

A 350 
E 310 
E 310 

D 303 
D 314 

Douglas F i r  & 
Hemlock E 

,Lodgepo le  P i n e  A 

Loblolly,  & 
S h o r t l e a f  P i n e  G 

Douglas F i r  Re-dry A 

wood-Residue 
D i r e c t - F i r e d  

Douglas F i r  S a p  

Douglas F i r  Heart 

Douglas ti Whi te  F i r  L 

315 

352 

325 
326 
317 
319 

342 

325 

325 

305 

314 
314 
314 
314 

Exhaus t  
Rate 

DSCF/MSF 

b 
71,\500 

I 
36,‘aOO 
55,500 
57,200 

24,200 
25,100 
25,700 
45,200 
53,500 
57,500 

48,200 

55,000 

55,400 
53,800 
12,200 
15,600 

31,800 

139,000 

83,000 

68,400 

103,000 
103,000 
103,000 

89,500 

> L l . 0  > 
11.2 j 
b1.2 , 

L l . 0  
‘-1.6 c- 
L1.7 

L 0.9 

L 2 . 0  1 
L3.4 - 
k3.j-3 - R u b .  

L 2 . 7  
L 3 . 1  

L 0 . 0 3  

3.9 

’~2.4 

0.9 

o x -  

:::; J 
L1.1 

I 
J z -  

b 
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1bfMSF noncondensible organics. Drying of lodgepole pine in a 
steam heated unit resulted in 2.14 1bfMSF noncondensible organic 
emissions. Drew (10) found 2 . 3  lb/MSF turpentine in lodgepole - 
pine and MSU found 2 . 3 6  IbfMSF noncondensible emissions from 
drying lodgepole pine ( 7 ) .  Overall, the noncondensible organic 
emissions found agrees with other data on turpentine content of 
the wood species being dried and other noncondensible organic 
measurements reported in the literature. 

- TABLE 10 NONCOVE+S-I8_LE ORGANIC COMPOUND IN 
( UNCONTROLLED EMISSIONS 
u 

2 5  preceded by an 88OC filter) 
(All data were results from EPA Method 

Emission 
Dryer Type Veneer Species Mill Factor lb/MSF 

Steam 

- 

Douglas Fir D 
D 
D 

Hemlock D 
D 

Lodgepole Pine G 
G 

Wood-Residue 
Direct-Fired 

Douglas Fir 

Douglas & 
White Fir 

Hemlock 

Hemlock & 
' White Fir 

L 2 . 1  
1.7 
3.0 

' 0 . 7  
1 . 2  

0.9 

0 . 5  
L 0 . 4  
\ 0.6  

i 
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These data indicated that the noncondensible organic 
materials in emissions from steam heated veneer dryers resulted 

,” larqely from evaporation of turpentines from the wood. NeaFi . .  - -  ---* 
I 1’ 

i :  

all the turpentines in the wood-were removed during the dry& 
process. The noncondensible organic emissions are therefore . 
likely to be a function of the wood species and not be related eo 
dryer operating parameters such as production rate, dryer temper, 
ature, and exhaust flow rate. 

Noncondensible organic emissions from wood-residue fired 
direct heated veneer dryers for Douglas fir and hemlock averaged 
2.3 and 0.9 lb/MSF, respectively. The noncondensible organic 
emissions from wood-residue direct fired dryers were greater than 
emissions found for the same wood species processed in steam 
heated dryers. A study conducted at dryer K (Appendix C) Showed 
passage of veneer dryer emissions through the blend box resulted 
in partial conversion of condensible organics to noncondensible 
organics. A small contribution of noncondensible organics, 
approximately 0.2 lb/MSF, would be expected to result from the 
combustion of the wood-residue used for fuel. While the above 
findings should be verified by a similar study at a second site, 
they do offer a logical explanation for the greater quantity of 
total organic compounds emissions from wood-residue fired direct 
heated veneer dryer as compared to steam heated dryers. 

C. Particulate and Condensible Organic in Uncontrolled Emis- 
sions 

particulate and condensible organic compounds in uncon- 
trolled veneer dryer emissions are listed in Table 11 by wood 
species and dryer type. This data was collected from historical 
ODEQ-7 measurements as well as measurements using this method 
during this study. Particulate and condensible organic emissions 
from steam heated dryers ranged between 0.26 and 2.84 lb/MSF for 
Douglas fir, and between 0.07 and 0.23 for white fir. Emissions 
for gas fired direct heated dryers ranged between 0.33 and 4.3 
for Douglas fir, 0.52 and 0.86 for white fir, and 1.6 and 4.2 for 
western pine species. Particulate and condensible organic 
emissions from wood-residue fired direct heated veneer dryers 
ranged between 0.46 and 1.5 lb/MSF for Douglas fir, and 0.9 and 
1.6 for white fir. The particulate and condensible organic 
emissions from wood-residue fired direct heated veneer dryers 
contain ash particulate from wood combustion. 

(1) Concentration Relationship to Emission Temperature - Concen- 
trations of particulate and condensible organic emissions for 
steam and gas-fired direct heated dryers processing Douglas fir 
were plotted as a function of the stack temperature in Figure 8 .  
When the three data points exhibiting low concentrations at high 
temperature were eliminated, the resulting data correlated with 
an r of 0.78. Higher stack temperatures correlated with higher 
concentrations in the emissions. Stack temperatures are indica- 
tive of the operating temperature in the dryer. observed concen- 
trations in proportion to dryer operating temperatures were 
judged to be associated with the increased volatilization of 
resin and fatty acids at the higher dryer operating temperatures. 
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TABLE 11 P A R T I C U L A T E  AND C O N D E N S I B L E  ORGANIC I N  
UNCONTROLLED E M I S S I O N S  

( A l l  da ta  are r e s u l t s  from ODEQ Method 7 

A i r  
D i s c h a r g e  

lo’ 
V e n e e r  Species DSCF/MSF 

D o u g l a s  F i r  Sapwood 124 
33 
157 
486 

D o u g l a s  F i r  H e a r t w o o d  29 

D o u g l a s  F i r  Mixed 19 0 
81 
40 
50 
37 
21 
21 
22 
45 
54 
58 
35 
30 

White F i r  214 
105 
56 
26 
43 
42 
26 

Lodgepole P i n e  53 

D o u g l a s  F i r  Mixed & 48 
Small A m o u n t  of P i n e  58 

R e d r y  52 

D o u g l a s  F i r  Mixed 111 

Temp. 
O F  

202 
300 
360 
375 

277 

300 
350 
336 
336 
336 
303 
314 
309 
315 
320 
322 -- -- 
285 
294 
300 
311 
325 
332 
328 

315 

338 
334 

330 

-- 
Data from BWR A s s o c i a t e s  (20). 
D a t a  from ODEQ f i l e s .  
D a t a  provided by m i l l s .  
D a t a  from E P A  Cont rac tor  T R C  (20,211. 
D a t a  from N C A S I  s t u d i e s  ( A p p e n d i x  C). 

E m i  s s i o n s  
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,. . *  
A i r  

Discharge 
Dryer  l o 3  
Type Veneer Spec ie s  DSCF/MSF 

Direct Heated 
Gas F i r ed  

Douglas F i r  Heartwood 46 
318 
1 4 5  

Douglas F i r  Mixed 1 4 5  
1 6 7  

38  
90 

White F i r  

P ine  

140  
1 5 9  

3 7  
8 8  

7 1  
1 6 6  
1 7 1  

Temp. 
OF 

355 -- -- 
320 
305 
362 
350 

317 
320 
385 
360 

325 
317 
374 

Douglas F i r  Sapwood 57 

Douglas F i r  Heartwood 5 2  

Douglas F i r  Mixed 1 0 7  
135 

7 7  

White F i r  

P i n e  
Spruce 

63  
6 3  
53 
79 
90 

1 8 6  
208 

( a )  Data from BWR A s s o c i a t e s  ( 2 0 ) .  
( b )  Data from ODEQ f i l e s .  
( c )  Data provided  by m i l l s .  
( d )  Data from EPA Contractor  TRC ( 2 0 , 2 1 ) .  
( e )  Data from N C A S I  s t u d i e s  (Appendix C ) .  

760 

325 

265 
250 
310 

-- -- -- 
327 
327 

420 
420 

E m i s s i o n s  
lb/MSF 

\0 .3  
L4.3 
L 2 . 3  

h 2 . 1  
1.6 

L O .  9 
Ll.5 

'0.5 
'0.7 
\ O S  
L o . 9  

L1.6 
4 . 1  

'4.2 

L 

k1.5 

1.2 

'0.5 

\ 

L 1 . 1  

b . 2  

kO.9 
\ 1 . 4  
L1.2 
'1.5 
1 1 . 6  

k1.3 
1.3 

Data 

a 
b 
b 

a 
a 
a 
a 

a 
a 

a 

a 
a 

a 

a 

a 

a 

a 
a 
a 

a 
b 
b 
e 
e 

a 
a 
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8000 0 0 

0 
0 0 

0 

0 0  0 

0 
0 0  

0 0 
0 
0 

1 240 280 320 360 400 

DRYER STACK TEMPERATURE O F  

F I G U R E  8 

EFFECT OF DRYER TEMPERATURE 
(AS I N D I C A T E D  BY DRYER STACK TEMPERATURE) 

OM PARTICULATE AND COMPENSIBLF ORCAMIC EMISSION CONCENTRATION 

(2) Emission Factors a s  a Funct ion of  Dryer  Exhaust  Rate - Most 
d r y e r s  are o p e r a t e d  w i t h i n  a tempera ture  r ange  of  150°C r300°F) 
and 177OC (350°F) ,  r e s u l t i n g  i n  s i m i l a r  par t icu la te  and conden- 
s ib le  organic c o n c e n t r a t i o n s .  Emissions expres sed  as lbs/MSF, 
c a l c u l a t e d  by m u l t i p l i c a t i o n  of  t h e  c o n c e n t r a t i o n  and gas flow 
rate  expres sed  as DSCFIMSF, should  be a l i n e a r  f u n c t i o n  of  emis- 
s i o n  rate. F i g u r e  9 shows t h i s  r e l a t i o n s h i p  f o r  Douglas f i r  
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particulate and condensible organic emissions. 
a linear relationship at emission rate2 less than 80 x 10 
DSCF/MSF. 
particulate and condensible organics is less than at the lower 
flow rates, and the data is more scattered. Fi ures 10 and 11 
show similar plots for white fir and western b e  pines. simEa, 
slopes in Fiqure 9 and 11 indicate that particulate and conden- 
sible emissions from stzm heated drying of Douglas fir and Lodge 
pole pine should be similar for like .dryer operating conditions. 

This f iguse shows 

DSCF/MSF, the emission qf At flow rates above 8 0  x 10 

DRYER EXHAUST RATE lo3 DSCFIMSF 

FIGURE 9 

MASS EMISSION RATE OF PARTICULATE AND 
CONDENSIBLE ORGANIC EMISSIONS AS A FUNCTION OF 

DRYER EXHAUST RATE WHEN DOUGLAS FIR IS BEING DRIED 

These data indicated an equilibrium is reached between the 
condensible materials measured by this test, probably resin and 
fatty acids in the wood, and the veneer dryer gases. This 
equilibrium can limit the vaporization of condensible organics 
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I -  

0 

i 

r( 
when t h e  g a s  rep lacement  ra te  on a p r o d u c t i o n  b a s i s  i s  small. 
Although t h e  wood may c o n t a i n  more r e s i n  and f a t t y  a c i d s ,  t h e y  
are n o t  removed presumably because of  a l a c k  of  d r i v i n g  f o r c e  t o  
t h e  g a s  phase.  The e q u i l i b r i u m  c o n c e n t r a t i o n  i n  t h e  a i r  i s  a 
f u n c t i o n  of t h e  t empera tu re  and of l e v e l s  of t h e  r e s i n  a c i d  i n  
t h e  wood. Wood s p e c i e s  w i t h  h i g h e r  r e s i n  and f a t t y  a c i d  c o n t e n t s  
such a s  p i n e  may have h i g h e r  r e s in  and f a t t y  a c i d  vapor  pres -  
s u r e s .  The vapor  p r e s s u r e  of a material i n  a mixture  i s  o f t e n  
p r o p o r t i o n a l  t o  i t s  c o n c e n t r a t i o n  i n  t h e  m i x t u r e .  White f i r ,  
be ing  e s s e n t i a l l y  devoid of p i t c h  and r o s i n ,  produces l i t t l e  
condens ib l e  o r g a n i c  m a t e r i a l .  A t  h i g h e r  gas emiss ion  rates t h e  
a i r  i n s i d e  t h e  d r y e r  i s  r e p l a c e d  more r a p i d l y ,  caus ing  c o l d  
s p o t s .  Condensat ion of t h e s e  o r g a n i c s  l e a d s  t o  t h e  format ion  of  
p i t c h  i n s i d e  t h e  d r y e r  which r e q u i r e s  p e r i o d i c  c l e a n i n g .  E q u i l i -  
brium c o n c e n t r a t i o n s  of o r g a n i c s  i n  t h e  f r e s h  a i r  e n t e r i n g  t h e  
d r y e r  is n o t  achieved  q u i c k l y ,  e x p l a i n i n g  t h e  n o n - l i n e a r i t y  of 
t h e  d a t a  i n  F igu re  9 f o r  t h e  high d r y e r  exhaus t  rates. 

I I I I I I I I I I - OSTEAM HEATED - 
- OGAS FIRED DIRECT HEATED 

A 

- 
- 

- 0 - 
- 0 - 

- 0 

0 0 - - 
I 8 p O1 I I O  I I I I I 

i W" 

5 a 
z 
0 

5 
W 

DRYER EXHAUST RATE io3 DSCFIMSF 

FIGURE 1 0  

MASS EMISSION RATE OF PARTICULATE AND 
CONDENSIBLE ORGANIC EMISSIONS A S  A FUNCTION OF 

DRYER EXHAUST RATE WHEN WHITE FIR I S  BEING D R I E D  I 

Another factor t h a t  could  l ead  t o  h i g h e r  emiss ion  rates is 
o p e r a t i o n  of  t h e  d r y e r  a t  t o o  low a r e d r y  r a t e  ( 2 3 ) .  
redry  rates wood s t a y s  i n  t h e  d r y e r  t o o  long which r e s u l t s  i n  
scorching  and e v o l u t i o n  of smoke. N o r m a l  r e d r y  rates are between 
10 t o  1 5  p e r c e n t  of t h e  veneer  f e d  t o  t h e  d r y e r .  

A t  low 

I 
I 

I 
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I I I I I I I I I I 

0 STEAM HEATED 0. 

O G A S  FIRED DIRECT HEATED 

0 

I I I I I I I I I I 

20 40 60 80 100 120 140 160 180 200 

DRYER EXHAUST RATE lo3 DSCFIMSF 

FIGURE 11 

E!ASS EMISSICN RATE OF PARTICULATE AFD CONDENSIBLE 
ORGANIC EMISSIONS AS A FUNCTION OF DRYER 

EXHAUST RATE WHEN WESTERN PINE SPECIES ARE BEING DRIED 

Energy conservation and environmental regulation requiring 
emission control has resulted in a decrease in air discharge per 
unit of production in recent years. 
steam heated dryefjs can be expected to operate at exhaust rates 
less than 60 x 10 DSCF/MSF. Based on the data from this study 
the lower air exhaust rates, a range of particulate and conden- 
sible organic emission factors for new veneer dryers of from 0.33 
to 2.0 lb/MSF for Douglas fir, 0.07 to 0.35 for white fir and 0.7  
to 1.7 for western pine species would be projected. 
data available for southern pine species. 

Based on this study, most 

There is no 
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D. Particulate and Condensible Emissions from Wood-Residue 
Fired Direct Heated Dryers 

Particulate and condensible emissions from wood-residue 
fired direct heated dryers ranged from 0 . 4 6  and 1.5 lbs/MSF for 
Douglas fir and between 0.9 and 1.6 lbs/MSF for white fir. In 
several studies organic and non-organic particulate in the front- 
half catch of the ODEQ-7 procedure was differentiated by extrac- 
tion with acetone. The extracted acetone portion was dried and 
weighed and its weight added to the ODEQ-7 back-half catch. In 
one study, Mill J, Appendix C, where a mixture of Douglas and 
white fir was being dried, an average of 15 percent of the total 
particulate was found to be organic material. In Study I, 
Appendix C, the organic content of the ash was found to be 2 7  
percent when a combination of hemlock and white fir were dried. 
This is in contrast to the percent organic compounds found in the 
particulate and condensible organic emissions from steam heated 
dryers where emission rates of between 0 . 4  and 1.4 lb/MSF were 
better than 95 percent organic material (21 ,22 ) .  Results from 
study K, Appendix C ,  indicated that condensible organics were 
broken down into lower molecular weight compounds when dryer 
emission were recycled through the blend box to cool the tempera- 
ture from the combustion process prior to the dryer. 

E. Discussion 

Uncontrolled veneer dryer emissions at stack gas tempera- 
tures above 300°F contain particulates and gaseous organics. The 
particulates material can be either wood fibers or ash in emis- 
sions from wood-residue fired direct heated dryers. 

A portion of the gaseous organic compounds present in 
veneer dryer emissions condense to form aerosols upon entering 
the atmosphere, producing the characteristic blue haze. The con- 
densible organics consist mostly of fatty and resin acids. Con- 
centrations of these condensible organic compounds in the stack 
gas are related to the dryer temperature, with higher dryer 
operating temperatures resulting in higher concentrations in the 
emissions. Emission rates of condensible organics are related to 
production rates, wood species, dryer temperature, and dryer 
exhaust rate. 

Noncondensible organic emissions from steam heated dryers 
are related only to compounds with low boiling points, principal- 
ly the turpentine content of the green veneer and thus are 
directly related to the production and wood species being pro- 
cessed. Total organic compound emissions are the sum of the 
condensible and noncondensible organic emissions. Total organic 
emission rates from steam heated units will be a function of the 
wood species, dryer temperature, emission volume, and production 
rates. 

Total organic emission rates from wood-residue fired direct 
heated dryers will be higher.than emissions from steam heated 
dryers due to: (a) a small contribution of organic compounds 
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from the combustion in the fuel cell and (b) condensible Organics 
passing through the blend box may be partially degraded to lower 
molecular weight noncondensible organic compounds. This reduces 
the vapor pressure of condensible organics in the dryer, unbal- 
ances the equilibrium, and allows further evaporation of con- 
densible material. Total organic emissions and particulate and 
condensible organic emissions when expressed as lb/MSF should 
also be higher for gas-fired direct heated veneer dryers than for 
steam heated dryers. Gas-fired direct heated dryers require 
higher exhaust rates to maintain a sufficient oxygen level in the 
dryers to support combustion. 

Particulate and condensible organic emissions, and hence 
total organic emissions, when expressed as lb/MSF hourly aver- 
ages, are strongly affected by the green veneer moisture content. 
When relatively wet wood is being dried the dryer production rate 
is reduced by the limited capacity of the heat delivery system. 
Normally dampers that control air exhaust rates from the dryer 
are not re-adjusted when woods of different moisture contents are 
dried. The adjustment of these dampers is to minimize fugitive 
emissions. The reduced production rate when relatively wet 
veneer is dried, a constant exhaust rate, and a constant parti- 
culate and condensible organic emission grain loading leads to an 
increase in emissions expressed as lb/MSF, although the emissions 
expressed as lb/hr may remain constant for a particular wood 
species. 

Emission factors reported in this bulletin are one-hour 
average values when the dryer was operating at full capacity on 
the species specified and are not adjusted for the percent redry. 
Normally about 10 to 15 percent of the veneer must be redried. 
Emission factors for redry are very low in comparison to green 
veneer. Daily average emission factors should be adjusted to 
compensate for the amount of redry, or be calculated using daily 
net production. 

VI VENEER DRYER EMISSION CONTROL EQUIPMENT 

Veneer dryer emissions have been controlled using two types 
of technologies, wet collection devices and incineration. These 
technologies were installed primarily to control blue haze 
resulting from the condensation of organics when the emissions 
were released to the atmosphere. Wet collectors are also used to 
control nonorganic emissions from wood-residue fired direct 
heated veneer dryers. No emission control devices have been 
designed or installed to specifically control total organic 
compound or noncondensible organic compound emissions. Effec- 
tiveness of these technologies for the capture of total organic 
compounds, particulate condensible organics, and noncondensible 
organics is discussed in the following sections. 
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A.  Description of Wet Collectors Used for Control of Veneer 
Dryer Emissions 

(1) Operation principles of Wet Collectors - Scrubbers remove 
particulate material from gas streams by impingement. Organic 
material contained in hot veneer dryer emissions are in a gaseous 
form as they leave the dryer. The emissions are cooled either by 
the scrubbing solution or by water sprays provided specifically 
to cool the emissions and form aerosols which are to be removed 
by the scrubber. 

governed by the degree of condensation achieved and the ability 
of the scrubber to remove the condensed organics. Condensation 
kinetics in the scrubber effect its performance. Fast quenching 
of veneer dryer emissions produce a high supersaturation of 
condensible organics and the formation of aerosols with expected 
particle diameters of less that 0.005 microns. These aerosols 
must grow to a sufficient size to be removed by the scrubber. 
Particle growth is initially fast under high supersaturated 
conditions; but slows once a saturation condition is established. 
Uncontrolled veneer dryer emissions vented to the atmosphere grow 
to a mass average diameter of 0.10 microns within 3 ft of the 
stack but do not grow further. Particle sizes 5 ft from the 
stack ranged between 0.02 and 0.6 microns diameter (8). Removal 
of particles in this size range from a gas stream does not occur 
by impaction, but by turbulent diffusion to the scrubbing fluid. 
In most scrubbers the main capture mechanism of particles with 
diameters less than 0.3 microns is diffusional collection. 

The organic compound removal efficiency of a scrubber is 

The degree of condensation achieved depends on the organic 
composition, temperature to which the gas stream can be cooled, 
and the particle size distribution formed. The scrubbing solu- 
tion is generally recycled and comes to an equilibrium tempera- 
ture balanced by the heat input from the hot gases and the heat 
loss due to water evaporation. This temperature is close to the 
uncontrolled emission wet bulb temperature and is in the general 
range of 63 to 77OC (145 to 170OF). Oleic acid has a vapor 
pressure corresponding to 0.0006 gr/DSCF ( 2  ppm as CH4) at these 
temperatures and should be in aerosol form. However, the vapor 
pressure of extremely small aerosols is higher than that for the 
same compound on a flat surface as shown in Figure 7 in Section 
I11 B. Sesquiterpenes have a vapor pressure corresponding to 
about 18 gr/DSCF at this temperature, a concentration that is 
greater than the amount of sesquiterpenes present. 
pene and terpenes would be expected to pass through scrubber on a 
veneer dryer in an uncondensed form. 

Sesquiter- 

( 2 )  
devices were studied for effectiveness in controllina veneer 

Wet Collector Scrubber Descriptions - Four wet collection 
dryer emissions. These were: (a) Georgia-Pacific scrubber, 
(b) Rader Sandair filter (c) Ceilcote ionizing wet filter, and 
(d) the Burley scrubber. The NCASI sampled emissions from these 
control devices for total organic compounds and noncondensible 



organic emissions during these studies. Particulate and 

Associates (b) TRW under contract to the EPA, and (c) NCASI 
staff. 

i condensible organic emission data were generated by: (a) BWR 
,! 

' il 
t i  

Veneer dryer emissions enter the sand filter by flowing 
downward through a series of water sprays and under a baffle 
plate. Organic aerosols are formed by cooling the gases with 
the water spray. Some of the aerosols are removed by the baffle 
plate scrubber. Scrubber water is recirculated after the 
organics and wood particles have been partially removed by a 
decanter. The gases then flow to a series of filter cells con- 
taining a 1 to 3 foot depth of sand supported by a stainless 
steel mesh screen. Water is sprayed onto the sand and flows down 
through the sand with air. The small spaces between the sand 
particles provide maximum contact for particle agglomeration and 
collection. Gas is separated from the liquid beneath the cells 
and the gas flows to an entrainment separator before discharge. 

organic compounds by cooling the emissions with water sprayed 
into the duct prior to the scrubber. A set of cyclones separate 
the spray water from the emissions. The gases are then drawn 
through an induced draft fan and passed to a packed bed for 
collection of organic aerosols and entrained moisture. On some 
units a demister is located above the packed beds in the stack. 
Condensed organics are removed from the scrubbing solution by a 
decanter and the water is recycled to the scrubber. 

The Georgia-Pacific scrubber is designed to precondense 

The Ceilcote ionizing wet scrubber consists of a quench 
spray located in the duct work leading to the scrubber, a water 
spray prescrubber to remove large wood particulates, a high 
voltage ionizing section, and a cross-flow irrigated packed bed 
scubber. A second ionizing and scrubber section is sometimes 
added for additional efficiency. A corona discharge in the 
ionizing section produces gaseous ions to charge particulate in 
the gas stream to increase interception by the scrubbing solution 
or packed tower. The scrubber is packed with 2 in. Tellerette 
packing. A section of unirrigated packed bed serves as a mist 
eliminator. The scrubber solution is recirculated through the 
packing after being skimmed to remove condensed organics and wood 
particulates. 

The Burley scrubber consists of 3 to 5 spray chambers in 
series. The five chamber model is equipped with a high speed 
centrifugal fan on the outlet to remove water droplets. Con- 
densed organics are removed from the recirculated solution by 
decanters. Burley scrubber are normally located on top of the 
dryer. 

B. Keasured Emission Rates from Wet Collectors 

Inlet and outlet concentrations as well as percent removal 
of total organic compounds, noncondensible organics, and parti- 
culate condensible organics for three of the wet collectors 



studied are listed in Table 12. Total organic compound removals 
ranged between 20 and 64 percent for the Sandair filter. 
condensible organic compounds ranged between a 40 percent removal 
to a 9 percent increase for the Georgia-Pacific and Ceilcote 
ionizing wet scrubber. Particulate and condensible organic 
removals ranged from 11 to 85 percent for all three devices. 
condensible and particulate removals accounted for much of the 
total organic compound removal. For instance, the average total 
organic compounds removed by the Sandair filter was 306 ppm, 
whereas the average of particulate and condensible organics was 
0.123 gr/DSCF, which corresponds to 250 ppm when a conversion 
factor of 2050 ppm CH4/gr/DSCF is used. 

Data collected during a study of the Burley scrubber at mill 
A illustrated the difficulty in establishing removal efficiency 
of wet collectors controlling veneer dryer emissions. The inlet 
and outlet of the Burley scrubber were sampled with EPA method 25 
preceded by an in-stack filter at stack temperature while redry 
was being processed. The total organic compound emission in the 
scrubber inlet was 25 ppm whereas the noncondensible organic 
emission in the scrubber oulet was 150 ppm, an increase of 
greater than 125 ppm noncondensible organics across the scrubber. 
These data suggested that noncondensible organic compounds, such 
as terpenes, were being stripped from the scrubber solution. 
Terpenes are soluble in the condensible organics collected by the 
scrubber and reach an equilibrium in the scrubbing solution. 
This, along with the noncondensible removal data attained at 
other scrubbers, would indicate that some removal of noncondens- 
ible organic material by a scrubber occurs. 

Non- 

An ODEQ-7 sample of the Burley scrubber exit gas taken at 
the same time as the EPA-25 sample showed particulate and con- 
densible emissions of 0.072 gr/DSCF, 76 percent of which were 
captured in the front-half of ODEQ-7 train. This data indicated 
entrainment of scrubber solution or revolatilization of organics. 
Because the scrubber can contribute to as well as collect organic 
compounds from the emissions, individual tests cannot be used to 
evaluate overall scrubber efficiencies. A detailed knowledge of 
immediate past operations with regard to materials being dried 
and the average of a large number of tests should be used to 
determine scrubber capabilities. 

condensible organic removals, the plume had a high opacity. The 
opacity was believed to be associated with sodium chloride aero- 
sol from the burning of hogged ply trim containing high salt 
content glues in the direct fired burner. Most of the particu- 
late removed from the emissions by the Ceilcote scrubber was ash 
from the fuel cell. 

Although the Ceilcote scrubber showed good particulate and 

i 
C. Discussion of Observed Wet Collector Performance 

The generally low particulate and condensible organic emis- 
sion removal efficiencies by these scrubbers can be partially 
explained. Some wet collectors in use were designed to function 

b -- - 
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TABLE 12 WET COLLECTOR E F F I C I E N C I E S  I N  REDUCING 
VENEER DRYER E M I S S I O N S  

m i s s i o n  C o n c e n t r a t i o n s  
I n l e t  o u t l e t  p e r c e n t  

Scrubber Emiss ion  Pa rame te r  ppm 
s a n d  T o t a l  Organ ic  
F i l t e r  Compounds (1) 680 256 

525 270 
648 521  
480  243 
830 448 
646 231  

grlDSCP 9r/DSCP 
P a r t i c u l a t e  and 
Condene ib le  ( 2 )  0.17 0.03 

0.18 0.03 
O r g a n i c s  0.17 0.05 

0.16 0.03 
0.17 0.03 
0.09 0 .03  

Georgia-  Total O r g a n i c  
F a c i f i c  Compcunds 1210 1306") 

1290 1 2 2 1 O )  
1331  92 3 

Monconden. ib le  
o r g a n i c  Compounds 694 495 

1020 643 
746 786 

9rlOSCP a r l D S C I  

P a r t i c u l a t e  and 
C o n d e n s i b l s  (1) 0.198 0.115 
o r g a n i c  Compounds ( 4 1  0.169 0.107 

( 4 )  0.124 0.086 
( 5 )  0 . 1 1 1  0.018 
( 5 )  0.089 0.046 

cei1cote Noncondens ib l s  
Organ ic  Compounds 226 297 

561 508 

grlDSCP ' 4r/DSCP 

P a r t i c u l a t e  and  
Condena ib le  O r g a n i c  
Conpounds 16)  0.164 0.035 

0.154 0.033 
0.146 0.044 
0.128 0.056 

grlDCSI 

Condens ib l a  O r g a n i c .  
Compound. ( 7 )  0.021 0.0063 

0.016 0.0053 
0 .02s  0.022 

0.028 0.0056 

62 
49 
20 
49 
46 
64 

79 
72 
83  
78 
85  
66 . 

-8 
5 

31  

28 
40 

5 

42 
37 
45 
59 
1 8  

31 
-9 

79 
79 
70 
5 6  

71  
79 
66  
11 

(11 Outlet samples  -re sampled m i s o k i n e t i c a l l y .  The o u t l e t  
Em0 c o n c e n t r a t i o n s  are a sum of o r g a n i c s  c a u g h t  on  f i l ter  
and in t r a p .  

( 2 )  T h i s  d a t a  wan a u p p l i e d  from m i l l  tests. 
0) sample results are believed to be h i g h  d u e  to c o n t a m i n a t i o n  

by a c e t o n e  d u r i n g  s m p l i n g .  
( 4 )  P a r t i c u l a t e  and  c o n d e n s i b l e  d a t a  ware c o l l e c t e d  by TRC 

d u r i n g  a n  EPI s p n s o r s d  s t u d y .  
( 5 )  ooep-7 d a t a  f r a  m i l l  r e c o r d a .  
( 6 1  P a r t i c u l a t e  and  C o n d e n s i b l e  d a t a  collected by BUR. 
( 7 )  C o n d e n s i b l e  o r g a n i c s  wre d e t e r m i n e d  by a c e t o n e  e x t r a c t i o n  

of p a r t i c u l a t e  and  c o n d e n s i b l a  o r g a n i c  -pound aamples.  
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as particulate collection devices. 
control devices generally operate best on particles with dia- 
meters greater than 0.5 micron. Aerosols formed by rapid conden- 
sation of organics in veneer dryer emissions are generally less 
than 0.1 micron in diameter. Removal of aerosols of less than 
0 . 3  micron diameter in wet scrubbers occurs by diffusional 
mechanisms, similar to gas absorption. Two of the scrubbers 
studied utilized packed bed sections. 
ed as effective gas absorbers. 
may be expected to behave similarly to a packed bed. 
packed bed sections probably accounted for a major portion of the 
condensible organic compound removals observed at these locations. 

of condensible organic material is the residual vapor pressure of 
the organic aerosol, especially at higher scrubber solution 
temperatures. Extemely small aerosols exert a vapor pressure 
greater than the same compound contained in larger particles or 
on a flat surface. Aerosol size distributions 5 ft above an 
uncontrolled veneer dryer stack showed that most of the particles 
had diameters less than 0.01 um ( E ) .  Particles of this size 
would also likely be formed in the condensation section preceding 
the scrubbers. 

Wet scrubbers as particulate 

packed beds can be design- 
The third used a sand bed, which 

These 

Another reason for low wet collector efficiency for removal 

Fi ure 12 shows the vapor pressure of small aerosols 
expresse % as gr/DSCF. Also plotted in Figure 12 is QDEQ-7 total 
particulate and organic compound concentrations at several scrub- 
ber outlets. The outlet concentrations fall above the vapor 
pressure curves, indicating passage of noncondensed organic 
material as well as organic aerosols through the scrubbers. The 
data used in Figure 12 came from references 21, 22, and 24. 

The vapor pressure lines represent the maximum condensible 
particulate removal performance that may be expected by the 
scrubber. Scrubbers with higher water temperatures would be 
expected to operate at limited condensible organic material 
removals. Scrubber water temperatures adjust themselves to 
approach the dryer uncontrolled emission wet bulb temperature. 
Dryers operating with minimum air flows will have high moisture 
contents in their exhaust, and therefore will have high exhaust 
gas wet bulb temperatures and high scrubber water temperature. A 
scrubber operating on a dryer emission with a wet bulb tempera- 
ture of 82OC (lEO°F) may expect a maximum efficieny of 50 percent 
on condensible organic compounds. 
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SIZE DIAMETERS AS A FUNCTION OF THE SCRUBBER SOLUTION TEMPERATURE 

D. Experience and E f f i c i e n c y  of  Power  Boi ler  I n c i n e r a t i o n  of 
Veneer Dryer Emissions 

A number of m i l l s  i n  t h e  P a c i f i c  Northwest have chosen t o  
cont ro l  veneer d r y e r  emission by i n c i n e r a t i o n  i n  e x i s t i n g  wood- 
r e s i d u e  f i r e d  power boilers. 
c o l l e c t e d ,  duc ted  t o  t h e  b o i l e r ,  and admi t ted  t o  t h e  boiler as 
overf i re  and u n d e r f i r e  a i r .  
emissions w a s  f i r e d  on n a t u r a l  gas .  

E m i s s i o n s  from t h e  d r y e r  were 

One h o i l e r  i n c i n e r a t i n g  veneer dryer 

(1) 
to t a l  o r g a n i c  compounds i n  veneer d r y e r  exhaus t  be ing  used a s  
combustion a i r  and i n  t h e  f l u e  gas from two wood-residue f i r e d  
Dutch oven boilers were made t o  de termine  e f f e c t i v e n e s s  of  the  
boiler i n  d e s t r o y i n g  these  compounds. Total  organic and con- 
d e n s i b l e  o r g a n i c  compound emissions were measured a t  one of the 
b o i l e r s  when no  veneer d r y e r  emiss ions  were being f i r e d .  Des- 
c r i p t i o n s  of t h e  b o i l e r s  and t es t s  performed are con ta ined  i n  
m i l l  reports D and E i n  Appendix C. 

Veneer Dryer  Emiss ion  I n c i n e r a t i o n  S t u d i e s  - Measurement of 
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At mill D, veneer dryer exhaust was used as combustion air 
in a Dutch oven boiler. 
with EPA-25 preceded with an in stack filter. This test was to 
determine if a reduction in organic material across the boiler 
could be detected. No boiler measurements without veneer dryer 
emissions in the incoming air could be taken. DEtch oven boilers 
have had emissions measured as high as 0.5 lb/10 Btu heat input. 
Results of the tests are shown in Table 13. Total organic com- 
pounds in the exhaust fed to the boiler ranged between 12.8 and 
16.4 lbs per hour. Organic emissions from the bohler ranged 
between 11.2 and 17.1 lb/hr or 0.13 to 0.32 lb/10 Btu. In light 
of the variable organic emission rates found and the unknown 
organic emission rates resulting from wood-residue combustion in 
this unit, these tests were inconclusive in determining the 
effectiveness of this wood-residue boiler in the control of 
veneer dryer emissions. Further testing of this boiler while no 
veneer dryer emissions being incinerated will he required to 
determine the effectiveness of this boiler in the destruction of 
organics in veneer dryer emission. 

The boiler inlet and outlet were sampled 

TABLE 13 TOTAL ORGANIC EMISSIONS TO AND FROM BOILER AT MILL E 

Total Organic Emissions Percent Change in 
To Boiler From Boiler Orsanic Emission 

Run No. lb/hr lb/hr Through Boiler 

1 12.8 17.1 
2 16.4 6.9 
3 13.6 11.2 

+34 
-58 
-18 

Results from the studies at mill E are summarized in Table - 14. The total organic compounds in the veneer dryer emission at 
mill E used for combustion air ranged 16 to 23 lb/hr as CH 
whereas the total organic emissions from the boiler ranged bet- 
ween 1.7 to 18.1 lb/hr, and averaged 9.5 lb/hr as CH when veneer 
dryer emissions were being incinerated. 
emissions were being incinerated the boilers total organic emis- 
sions averaged 12 lb/hr. Likewise, condensible organic compounds 
in the veneer dryer emissions averaged 15.5 lb/hr to each boiler 
whereas the condensible organics emissions from boiler NO. 2 
averaged 3.4 lb/hr while incinerating veneer dryer emissions. 
When no veneer dryer emissions were being incinerated the boilers 
condensible organic emissions averaged 4 . 5  lb/hr. 

Although there is insufficient data to statistically compare 
the boiler emissions when fired with and without veneer dryer 
emissions in the combustion air, the data indicated complete 
destruction of the organics in the veneer dryer emissions. Both 
the average total organic emissions and the condensible organic 

- 
4 

When no venaer dryer 
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emission from the boiler were lower when veneer dryer emissions 
were being incinerated. Organic material removal efficiencies 
presented in Table 14 were calculated using boiler data corrected 
for the boiler background organic emissions as determined by runs 
3 and 4 .  

The Dutch oven boiler fuel conditions ranged from poor (wet 
and dirty) to good. Fuel conditions were good during test runs 1 
through 5 and 8, and poor during tests 6 and 7.  Boiler steam 
loads ranged between 40 ,000  and 70,OOg lb/hr. Total organic 
compound emissions expressed as lb/10 Btu fired followed no 
trends related to boiler operating condition%. 
calculated using a factor of 1840 SCF C02/10 
of hogged fuel (25). 

veneer dryer emissions were incinerated. They were poorest when 
veneer dryer emissions were being incinerated and wet fuel was 
being fired. Incineration of veneer dryer emissions resulted in 
an appropriate 10 percent increase in fuel usage at this boiler 
despite the efficiency benefit associated with a warmer combus- 
tion air. 

Heat inputs were 
Btu that is typical 

Boiler steam production efficiencies were reduced when 

The wood-residue fired boiler investigated in this study was 
capable of complete destruction of organic compounds in veneer 
dryer emission when introduced to the unit with unheated com- 
bustion air. Boiler total organic compound emission were gener- 
ally lower when incinerating veneer dryer emissions in the com- 
bustion air. Both total organic compounds and condensible 
organic compounds were destroyed. Destruction of organic emis- 
sions was variable, ranging between 6 9  to 160 percent. The Dutch 
oven fuel quality or boiler load appeared to have no effect on 
the boiler organic destruction efficiency. Organic compound 
destruction efficiencies found at this boiler cannot be extra- 
polated to other boilers because of possible organic destruction 
in the boiler in the secondary combustion chamber where sander 
dust is suspension fired with additional fresh combustion air. 

E. Design Considerations and Costs Associated with Incineration 
of Veneer Dryer Emissions in Wood-Residue Fired Boilers 

Existing boilers that have been retrofit to accept veneer 
dryer emissions for incineration have generally been oversized, 
inefficiently operated boilers. Generally, these boilers do not 
have oxygen meters or other means for optimizing firing rates or 
combustion air usage and therefore tend to be operated with high 
excess air usage. New boilers being installed at existing or new 
mills will likely be instrumented for operation at optimum condi- 
tions. Incineration of veneer dryer emissions in new fully 
instrumented boilers will likely affect efficiency of the unit 
and intial size. Appendix D shows calculations for optimum 
boiler sizing for a unit dedicated to the production of steam for 
mills with dryers processing Douglas fir and southern pine 
d@rived veneer. 
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When veneer  d r y e r  e m i s s i o n s  are used as combustion a i r  in 
d e d i c a t e d  boiler t h e  e f f e c t s  of t h e  moi s tu re  i n  t h e  Combustion a 
a i r  on b o i l e r  o p e r a t i o n  should  be  e v a l u a t e d .  
f a c t o r s  of  combustion, t i m e ,  t empera tu re ,  and turbulence ,  must 
cons ide red .  For t h e  r e s i d e n c e  t i m e  i n  t h e  b o i l e r  t o  remain 
s i m i l a r  t o  t h a t  when no d r y e r  e x h a u s t  gases  a r e  be ing  inciner- 
a t e d ,  and t h e  b o i l e r  t u b e s  t o  be capab le  Of e x t r a c t i n g  t h e  energy 
from t h e  f l u e  gases ,  t h e  combustion box and h e a t  exchange sect ion 
s i z e s  must be inc reased  t o  accommodate t h e  volume Of moisture 
in t roduced .  
mo i s tu re  c o n t e n t  of t h e  veneer  d r y e r  exhaus t  gases and an in-  
crease i n  excess a i r  t o  compensate f o r  reduced oxygen l e v e l s  in 
t h e  combustion chamber from d i l u t i o n  w i t h  t h e  extra  moisture. 
g r e a t e r  volume of  combustion a i r  and moi s tu re  m u s t  be heated, 
t h u s  r e s u l t i n g  i n  a r e d u c t i o n  i n  flame tempera ture  and grea te r  
h e a t  l o s s e s  a t  t h e  s t a c k .  An a n a l y s i s  of t h e  factors a f f e c t h a  

fl 
The t h r e e  basic 

i‘ 
be 

Much of t h i s  a d d i t i o n a l  g a s  volume r e s u l t s  from the  

combustion, a s  shown i n  Appendix D, i n d i c a t e d  t h a t  a d i b a t i c  flame 
tempera ture  is  t h e  l i m i t i n g  f a c t o r .  

The c a l c u l a t i o n s  i n  Appendix D i n d i c a t e d  t h a t  a m i l l  pro- 
c e s s i n g  Douglas f i r  d e r i v e d  veneer  and us ing  veneer  d r y e r  emis- 
s i o n s  as combustion a i r  would r e q u i r e  a new b o i l e r  about  4 0  
p e r c e n t  larger t h a n  one where veneer  deyer  emiss ions  were not 
i n c i n e r a t e d  i n  t h e  u n i t .  A m i l l  p r o c e s s i n g  sou the rn  p ine  derived 
veneer  and u s i n g  veneer  d r y e r  emis s ions  as combustion a i r  would 
be  r e q u i r e d  t o  b u i l d  a boiler about  4 5  p e r c e n t  larger than  i f  
veneer  d r y e r  emiss ions  were n o t  i n c i n e r a t e d .  T h e  larger boiler 
r e q u i r e d  f o r  s o u t h e r n  p i n e  i s  a r e s u l t  of t h e  h i g h e r  moisture  
c o n t e n t  of  t h e  veneer  d r i e d .  A small i n c r e a s e  i n  f u e l  usage 
would be r e q u i r e d  t o  compensate for h e a t  losses a s s o c i a t e d  w i t h  
t h e  l a r g e r  volume of  b o i l e r  f l u e  gas w i t h  an e l e v a t e d  moisture 
c o n t e n t .  The e f f i c i e n c i e s  ga ined  from recove r ing  h e a t  from the 
veneer  d r y e r  emis s ions  were found t o  be i n s u f f i c i e n t  t o  compen- 
s a t e  f o r  a d d i t i o n a l  s t a c k  h e a t  l o s s e s .  

I n c i n e r a t i o n  of veneer  d r y e r  emission i n  a wood-residue 
f i r e d  b o i l e r  places s e v e r e  l i m i t a t i o n s  on f l e x i b i l i t y  of 
o p e r a t i o n  of t h e  boiler. 
hea ted  reduces  flame t empera tu res  and may r e q u i r e  burn ing  aux- 
i l i a r y  f u e l .  
r e s i d u e  f i r e d  b o i l e r  r e q u i r e s  a minimum a d i b a t i c  flame tempera- 
t u r e  of 1700OF (25). For i n c e n e r a t i o n  of  veneer  d r y e r  emissions 
from d r y i n g  Douglas f i r  and s o u t h e r n  p i n e  i n  t h e  example i n  
Appendix D t h e  a d i b a t i c  f lame t empera tu re  h a s  been reduced t o  
1870OF and 1780OF r e s p e c t i v e l y ,  as compared t o  2570°F when veneer 
d r y e r  emiss ion  are n o t  be ing  i n c i n e r a t e d .  When wood-residue fue l  
mo i s tu re  exceeds SO p e r c e n t ,  supplemental  f u e l  f i r i n g  w i l l  be 
needed t o  ma in ta in  combustion. An example of supplemented f u e l  
f i r i n g  occurred  a t  m i l l  E when w e t  f u e l  w a s  used. 

The i n c r e a s e d  mass of  g a s e s  t o  be 

Continued combustion i n  a s p r e a d e r  s t o k e r  wood- 
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VI1 SUMMARY 

(1) Gaseous organic compounds in veneer dryer emissions can be 
categorized into two general classes of compounds, (a) terpenes 
and (b) resin and fatty acids. Terpenes are known to be photo- 
chemically reactive and lead to the formation of ozone in the 
atmosphere. Resin and fatty acids condense into aerosols in the 
atmosphere and are suspected to he non-photochemically reactive. 
The uncontrolled emission rates of these compounds from veneer 
dryers were quantitated using sampling techniques that attempted 
to separate the compounds into their general classes, as well as 
measure the total organic emissions. 

(2) Particulate and condensible organic compound emissions were 
measured with a modification of EPA Method 5 known as Oregon 
Department of Environmental Quality Method 7.  ODEQ-7 includes 
extraction and analysis of the impinger catch. 

(3) Total organic compounds were measured with EPA Method 25 
preceded by a filter maintained at a temperature greater than 
150°C (300OF). The filter removed nonorganic particulate from 
the sample that interfere with the test. When organics in 
particulate or aerosol form were present in the stack gases the 
samples were isokinetically drawn from the stack by attachment of 
EPA-25 to an EPA Method 5 train with the probe and filter main- 
tained at greater than 325OF. 

( 4 )  Noncondensible organic compound emissions were measured 
with an EPA Method 25 train preceded by a 86OC (190°F) filter. 
Samples were drawn isokinetically when organic aerosols were 
present by using an EPA-5 train drawning a sample immediately 
following the heated filter. 

( 5 )  Total organic compound in uncontrolled emissions from steam 
heated veneer dryers ranged between 0 . 9  and 3.9 lb as methane/MSF 
veneer dried on a 3/8 in finished product basis. Total organic 
compound emissions were less than the sum of condensible and 
noncondensible organics because of an overlap in the analytical 
procedures. 

(6) Emissions of noncondensible organic compounds can be related 
to the turpentine content of the veneer being dried and to the 
dryer type. Typical noncondensible organic emissions from steam 
heated dryers were 0 . 8  lb/MSF for Douglas fir, 0.7  lb/MSF for 
hemlock, and 2.2 lb/MSF for lodgepole pine. 

(7) Noncondensible organic compound emissions from wood-residue 
fired direct heated dryers were higher than found at steam heated 
dryers and ranged between 1.7 and 3.0 lb/MSF for Douglas fir. It 
was concluded that condensible organics were partially broken 
down into lower molecular weight noncondensible compounds when 
cycled through the blend box following the combustion chamber. 



(8) Particulate and condensible organic emissions from steam 
heated dryers were found to be a function of the veneer SPeci 

and direct gas fired dryers ranged between 0.26 and 4.3 lb/MSF 
for Douglas fir, 0.07 and 0.20 for white fir, and 0.79 and 4 . 2  
for  lodgepole pine. 

(9) Wood-residue fired direct heated dryers were found to have 
particulate and condensible organic emissions ranging between o S s  
and 1.6 lb/MSF. These emissions appeared to be independent of 
wood species due to the greater influence of ash in the exhaust 
gas from the combustion of wood. 

(lo) Veneer dryer emission control devices studied were of two 
general types, wet collectors and incineration of emissions by 
use as combustion air in a power boiler. Removal of particulate 
and condensible organic emissions by wet collectors ranged 
between 37 and 85 percent. Good condensible organic compound 
removal by wet collectors appeared to be a function of the 
ability of the wet collector to capture aerosols, good mist 
elimination, and scrubber water temperature. Wet collectors were 
poor at removing noncondensible compounds from exhaust gases, and 
ranged between a 9 percent increase and 40 percent removal. 

(11) Incineration of organic compounds by use of veneer dryer 
emissions as combustion air appeared to be effective. However, 
accommodation of the moisture in the dryer exhaust gases limits 
the boiler operation. Calculations show that a boiler supplying 
steam to a plywood mill would need to be increased in size by 45 
percent to handle the increased gas volume resulting from mis- 
ture in the dryer exhaust gases. The additional moisture in the 
combustion air limits the amount of moisture allowed in the fuel 
to less than 5 0  percent on a wet basis, if supplemental fuel use 
to maintain combustion is to be avoided. 

dryer temperature, and the amount of air passed through the ea, 
' f  
ti dryer. Particulate and condensible emissions from Steam heated 
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STATE OF OREGON 

DEPARTMENT OF ENVIFOONHENTAL QUALITY 

Source Sampling Method 7 

Sampling CondensiXe Emissions Prom Sta t ionary  Sources 

Pr inc ip le  and Applicabi l i ty  

1.1 Principle:  Par t icu la te  matter including condensible gases i s  
withdrawn i sok ine t i ca l ly  from a flowing gas stream. 
i cu la t e  matter i s  determined gravimetr ical ly  a f t e r  extraction 
w i t h  organic solvents  and evaporation. 

The part- 

1.2 Applicabi l i ty:  This method i s  appl icable  t o  s ta t ionary sourceq 
h o s e  primary emissions a r e  condensible gases. 
considered a modification of Source Sampling Method 5 and applied 
only when d i rec ted  t o  do so t y  the Department. 

It should be 

Sampling Apparatus (Figure 7-11 

2.1 The probe, sampling t r a i n ,  and meter ing system are  the same 
a s  out l ined  i n  3. Sampling Apparatus of Source Sampling Xethod 
5 with the following exceptions: 

2.1.1 The heated f i l t e r  and cyclone are opt ional ,  but should 
be used i f  s ign i f icant  quan t i t i e s  of so l id  par t icu la te  
are present.  

- 

2.1.2 An unheated g lass  f i b e r  f i l t e r  is placed between the 
t h i r d  and fourth impingers. 

Sample Recovery Apparatus 

3.1 The sample recovery apparatus i s  t h e  same a s  outlined i n  4- 
Sample Fecovery Apparatus of Source Sampling Method 5. 

Reagents 

4.1 The reagents a r e  the saIE-5 as outl ined i n  5. Reagents of 
source Samoling Method 5. 

Sampling T r a i n  Preparation 

5.1 The s a p l i n g  t r a i n  preparation is the same as outl ined i n  6- 
Sampling Train Preparation of Source Sanmlincr Method 5 with 
the following exception: 

5.1.1 Insert numbered and weighed filters i n t o  each of the  
f r o n t  ( i f  used) and rear  f i l t e r  holders. 
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6 .  

7. 

8.  

p r e t e s t  Preparations and Leak Check 

6 . 1  The p r e t e s t  preparat ions and leak check a r e  the same a s  out- 
l ined  i n  Sections 7 and 8 of source Samplinq Method 5. 

Condensible Pa r t i cu la t e  h a i n  Operations 

7 . 1  The t r a i n  operat ion is the same as out l ined i n  Section 9 of 
Source Sampling Method 5. It is important t o  note t h a t  the 
gas temperature leaving the l a s t  impinger m u s t  not exceed 7OoF 
as temperatures above t h i s  may cause loss of condensible material  
by r evo la t i l i za t ion .  

Condensible Pa r t i cu la t e  Train Cleanup 

8 . 1  

8 .2  

8.3 

Cleanup should be performed i n  an a rea  free of wind and a i r -  
borne dust  which may contaminate t h e  sample or cause sample 
loss. If possible. t h e  t r a i n  should be cleaned i n  a laboratory.  

After the  probe and nozzle have cooled, remove the end sea l s  
and brush while r in s ing  with acetone into a s u i t a b l e  marked 
container. 

Note: Exercise caution so t h a t  none of t h e  r in se  is lost 
and no extraneous mater ia l  en te rs  the r i n s e  (such 
as from the  p i t o t  tubes or condensed material  from 
t h e  outs ide of the  nozzle) .  

Should it be necessary t o  clean t h e  t r a i n  i n  the  f i e l d ,  use 
the fol loving procedure: 

8.3.1 Thoroughly r in se  a l l  sample e q o s e d  surfaces  p r i o r  t o  
t h e  f r o n t  f i l t e r  support, with acetone. Renuve any 
adhering p a r t i c l e s  w i t h  t h e  a i d  of a rubber policeman. 
Place the r insings i n  the  probe r i n s e  bo t t l e .  I f  the 
f r o n t  f i l t e r  is  not used, a l l  sample exposed surfaces  
p r i o r  to  the f i r s t  impinger should be included i n  t h i s  
r inse.  

8.3.2 R e m o v e  the  f ront  ( i f  used) and r ea r  f i l t e r s ,  place 
i n  a petri dish and sea l .  Since a heavy loading of 
condensible mater ia l  on the  r e a r - f i l t e r  may leave a 
residue i n  the f i l t e r  container  which would necess i ta te  
r e m v a l  w i t h  solvent ,  g lasa  p e t r i  dishes  a re  preferred.  

8.3.3 Measure And record the volume (or neight )  increase of 
the f irst  three impingers t o  the nearest  1 ml (or 1 g) 
and t r a n s f e r  t h e i r  contents  t o  a labeled container. 
Rinse the impingers and interconnects w i t h  d i s t i l l e d  
w a t e r  and add t o  t h e  container .  



8.3.4 

8.3.5 

8.3.6 

9. Analysis 

A - 3  '3 
Rinse a l l  sample exposed glassware between the front 
f i l t e r  (if used) or t h e  f i rs t  impinger (if the f ron t  
f i l t e r  is not used) and the four th  impinger (including 
g l a s s  f i l t e r  f r i t s )  with acetone and place in a suitable 
marked container.  I f  the moisture condensate i n  Section 
8.3.3 was determined by use of a graduated Container, it 
should a l s o  be r insed with acetone and the  r inse added to 
t h e  impinger r i n s e  container.  

Determine the weight gain of the silica ge l  i n  the fo- 
b i n g e t  and record. 
gel quantat ively t o  an a i r  t i g h t  container. tO be weighed 
i n  the  laboratory. 

Collected samples should be analyzed within one week of 
c o l l e d i o n  i n  order t o  prevent any p o s s i b i l i t y  of biological 
or chemical degradation. 

Alternately t r a n s f e r  the s i l i c a  

9.1 Desiccate the f i l ter(s)  a t  7 0 9  or less i n  the  f i e l d  container 
for 24 hours and weigh . 
Note: J.n some cases, desiccat ion may give rise to a slow 

vaporization cl t he  condensible m t e r i a l .  Therefore it 
is not  recanmended t h a t  an attempt to.weigh t o  constant 
weight be made. 

9.2 Transfer t h e  acetone r i n s e  (Section 8.3.1) i n t o  a tared beaker 
or evaporating dish. Rinse the container  with acetone (police 
to remove pa r t i cu la t e )  and add the r i n s e  to t h e  beaker. 
the  solvent  a t  7 0 3  or l e s s  and laboratory pressure,  desiccate  
24 hours and weigh . See note i n  Sec t ion  9.1. 

Evaporate 

9.3 Transfer the acetone r inse  frw the  impingers (Section 8.3.4)to 
a t a r ed  beaker or evaporating dish and t r e a t  as i n  Section 9.2. 

9.4 T r a n s f e r  the  water (Section 8.3.3) to a separatory funnel. Rinse 
the  container  with d i s t i l l e d  water and add t o  the separatory funnel. 
Add 25 ml of chloroform t o  the  s e p a r a t o q  funnel, stopper and 
vigorously shake 1 minute, l e t  separa te  and t r a n s f e r  t h e  chloro- 
form (lower layer )  i n t o  a ta red  beaker or evaporating a s h .  Ftepest 
twice -re. Repeat the  above ex t rac t ion  using th ree  25 ml portions 
of d ie thy l  e t h e r  in place of  the chlorofsrm. 
(upper layer )  t o  the same container  a s  used t o  contain the chlom- 
form. 

Note: 

Transfer t h e  e i t h e r  

It is necessary t o  r in se  the  f i e l d  container  f o r  w a t e r  (if 
used) with solvent. 
c t i n g  reagents i n  e i c h  casa it is added t o  the impinger 
e x t r a c t  container  or w i t h  azetone i n  which case it  is added 
to  the  container  i n  Section 9.3. 

%is rinse may be made using the extra- 
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9.5 

9.6 

9.7 

9.8 

Transfer the  remaining water from the separatory funnel to  a 
t a red  beaker o r  evaporating dish and evaporate a t  105012 . 
Desiccate f o r  24 hours and weight. 

Evaporate the  combined impinger water e x t r a c t s  from Section 9.4 
a t  70°F o r  less and laboratory pressure,  des icca te  f o r  24 hours 
and weigh . See note in  Section 9.1. 

Evaporate port ions of the solvents used i n  a manner s imi l a r  t o  
the sample evaporations t o  determine t h e  solvent  blanks. 

Record a l l  laboratory data i n  t h e  Laboratory Data Reporting 
Sheet, Figure 5-9, Source Sampling Method 5. 

10. ca lcu la t ions  ' 

10.1 The ca l cu la t ions  a r e  the s m  As out l ined  i n  14. Calculations 
of Source Sampling Method 5 .  

11. Minimum Acceptable Test  Requirements 

11.1 The minimum acceptable t e s t  requirements a r e  the  same as outl ined 
i n  15. Minimum Acceptable Test  Requirements of Source Sampling 
Method 5. 

12. Minimum Test  Report Information 

12.1 The test  report should contain s u f f i c i e n t  information about the 
source t o  accurately define i t s  operat ion during the t e s t .  Also 
s u f f i c i e n t  da t a  and calculat ions s h a l l  be included t o  document the 
source test results. 
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STATE OF OREWN 

DEPARTNENT OF ENVIRONWENTAL QUALITY 

Source Sampling Method 5 

Sampling Pa r t i cu la t e  Emissions From Stat ionary Sources 

Pr inciple  and Applicabi l i ty  

1.1 Principle.  Pa r t i cu la t e  matter including condensible gases a r e  
withdrawn i sok ine t i ca l ly  from a flowing gas stream. The p a r t i -  
culate matter is determined gravimetr ical ly  a f t e r  removal of 
combined water. 

1.2 Applicabi l i ty .  T h i s  method i s  applicable t o  the  determination of 
p a r t i c u l a t e  emissions from s t a t iona ry  sources except those sources 
for  which spec i f ied  sMIpling methods have been devised and a r e  on 
f i l e  with the  IRpartment. 

Acceptability. 

included or referenced i n  t h i s  procedure are s t r i c t l y  adhered t o  
and a report  containing at l e a s t  the  minimum amount of information 
regarding the  source is included as described i n  Sect ions 15 C 16. 
Deviations from the procedures described herein w i l l  be permitted 
only i f  permission from the Department is obtained i n  wr i t ing  i n  
advance of the  tests. 

Sampling Apparatus (Figure 5-1) 

Results of t h i s  method w i l l  be accepted as demons- 
t r a t i o n  of compliance (or non-compliance) provided t h a t  t h e  methods I 

, 

I 
t 

3.1 Probe - Pyrex@ g las s  l ined with heat ing system capable of 
maintaining sample gas temperature a t  2500 F a t  i t s  e x i t  end 
during sampling. Probes longer than s i x  ( 6 )  f e e t  which a r e  t o  
be used a t  temperatures of 6000 F or l e s s  may have l i n e r s  constm- 
cted of seamless 316 s t a i n l e s s  s t e e l  or Incoloqy 8251. Probes f o r  
temperatures i n  excess of 6000 F may be constructed of Borosi l icate  
g lass  ( l i m i t  900° F) or Quartz g l a s s  ( l i m i t  16500 F). Probes f o r  
temperatures i n  excess of 16500 F m u s t  be approved by the  Department 
before use. 

3.2 Probe Nozzle - Constructed of s t a i n l e s s  steel (316) with an external  
taper  300 o r  less to a sharp leading edge. The in s ide  diameter of 
t h e  rczzle s h a l l  be constant throuc,hout the length of the  nozzle. 
The w a l l  thickness of the nozzle s h a l l  be l e s s  than or equal t o  0.065 
i n .  and a s t r a i g h t  run of a t  l e a s t  two times the  in t e rna l  diameter 
shall be provided between the  leading edge and the  f i r s t  bend or point  
of disturbance. The nozzle s h a l l  be connected t o  the probe l i n e r  i n  
such a way a s  to  provide an a i r t i g h t  seal with no exposed threads or 
gaps t o  c o l l e c t  pa r t i cu la t e  matter. Cal ibrat ion of nozzle is covered 
i n  Section 13.4. 
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3.4 

3.5 

3.6 

3.7 

3.0 

3.9 

3.10 

P i t o t  tube - Type S or  equivalent attached t o  the  probe. 
nozzle and face openings of the p i t o t  tube s h a l l  be adjacent and 
p a r a l l e l  t o  each other (not necessar i ly  i n  the !idme plane) and the 
f ree  space between the nozzle and the p i t o t  tube s h a l l  be a t  l ea s t  
0.5 i n .  Calibration of the p i t o t  tube is covered i n  Section 13.1. 

Di f fe ren t ia l  pressure gauges - Inclined o r  v e r t i c a l  f l u i d  man0rnet.r 
capable of nmasuring the pressure d i f f e r e n t i a l  t o  within 10% of the 
m i n h u m  measured value. Below 0.1 in .  H 0 gauge, micromanometers 
w i t h  su f f i c i en t  s e n s i t i v i t i e s  s h a l l  be used. Other d i f f e r e n t i a l  
pressure measuring devices may be used provided they are  calibrated 
against  a f l u i d  manometer and a r e  adequately sens i t ive .  

Cyclone (optional)  - nFniature g l a s s  cyclone used when heavy concen- 
t r a t ions  of par t icu la te  a r e  expected. 
t i m e  a f i l t e r  can be used before plugging. 

@ 
F i l t e r  helder - Pyrex glass with a g la s s  fr i t  f i l t e r  Support and 
s i l i c o n e  rubber gasket. 
against  leakage from the outs ide or around the  f i l t e r .  

P i l t e r  heating system - Capable of maintaining a temperature of 2SOoF 
around the f i l t e r  holder. A temperature gauge s h a l l  be provided t o  
moni tor  t h i s  temperature. 

Impfngers - Creenburg-Sdth design. The f i r s t ,  t h i r d  EU.- iourth 
may be umdified by replacing the t i p  with a 1/2 inch I D  g lass  tube 
extending t o  within 1 /2  inch of the bottom of the f lask.  
impinger s h a l l  have the standard t i p  in s t a l l ed .  

The probe 

2 

The cyclone w i l l  extend the 

The holder s h a l l  provide a pos i t ive  sea l  

The second 

Note: A l l  cennections between the probe and las t  h p i n g e r  
s h a l l  be made u i t h  g l a s s  b a l l  j o i n t s .  

Metering sys tem - Vacuum gauge, leak-free pump, t h e m m e t e r s  capable 
of measuring tempra ture  t o  within SOP dry gas meter accurate t o  vlth- 
i n  + l a  and f low measuring device ( o r i f i c e  or rotameter) enabling 
i soz ine t i c  sampling to  be maintained. 

Barometer - Wercury, aneroid o r  o t h e r  type capable of measuring atmos- 
pheric  pressure to w i t h i n  0.1 in. Hg. 
be obtained from a nearby weather bureau s t a t i o n ,  the t r u e  s t a t i o n  
pressure (not corrected f o r  e levat ion)  must be' obtained and an adjust-  
ment fo r  elevations differences between the  s t a t i o n  and sampling s i t e  
must be applied. 

I f  the barometric pressure is t o  

3.11 Temperature and pressure Masurement equipment - As described i r r  
Source Sampling Method 2.  

3.12 Gas analyzer - As described i n  Source Sdmplinq Wethod 3. 

3.13 Nomograph 

3.14 Timer - Integrat ing type, a c a r a t e ,  readable t o  the  nearest  5 seconds 
per hour. 



f A - 8  

I 
1 

4. 

f 

t 

5. 

4.1 

4.2 

4.3 

4.4 

4.5 

4.6 

4.7 

4.8 

4.9 

Sample Pecovery Apparatus 

probe brush and nozzle brush - nylon b r i s t l e  or equivalent  a t  least  
long a s  the probe l i n e r  and the nozzle respect ively.  

Wash b o t t l e s  - i n e r t  t o  the solvent  used i n  them (usua l ly  acetone).  

Sample s torage  containers - glass  v i t h  g l a s s  or Teflon' l i ned  cap 
or other  mater ia l  which is leak t i g h t ,  r e s i s t a n t  to chemical a t tack  
from acetone and a l l o w s  complete recovery of particulate matter. 

P e t r i  d i shes  - for f i l t e r  samples, glass or p l a s t i c .  Alternately,  
individual  paper envlopes v i t h  waxed paper l i n e n  may be used, bu t  
tare and f i n a l  ve ights  should n o t  be included i n  t h e  weight of the  
envelop or l i n e r .  

Graduated cy l ine r  and/or balance - t o  neasure condensed moisture to 
within 1 m l  or 1 9. 
2 ml or less and balances s h a l l  be sens i t i ve  to 1 g. 

Plastic s torage  containers - a i r  t i g h t  containera to  store silica 
gel unless i t  is weighed a t  the sampling s i t e  or t ransported t o  the  
laboratory i n  the  impinger. 

Rubber policeman - t o  a id  i n  recovering sample from the  t r a i n  previous 
to  the f i l t e r .  

Dessicator - laboratory type using Drierite ', ind ica t ing  dess icant  
or equivalent. 

Analytical  balance - accurate and s e n s i t i v e  t o  2 0.1 mg. 

Graduate cyl inders  s h a l l  have subdivis ions of 

Reagents 

5.0 

5.1 

5.2 

5.3 

5.4 

5,. 5 

1 Separating funnel - 500-1000 m l  w i t h  Teflon 

Beakers - 250 c 400 Pyrex or equivalent. 

F i l t e r s  - g l a s s  f i b e r  f i l t e r s ,  without organic  binder,  o f  n e a r  neu t r a l  
pH, f r ee  of pinhole leaks, and exhib i t ing  a t  l e a s t  99.95% ef f ic iency  
on 0.3 micron m P  smoke pa r t i c l e s .  SA-1160BH or equivalent ,  indivi-  
dually numbered for i den t i f i ca t ion  and pre-ueighed as described i n  
Section 6.1. 

S i l i c a  g e l  - ind ica t ing  type 6-16 mesh, d r i e d  a t  175OC (350°F) f o r  
2 hours i f  previously used. 

Water - d i s t i l l e d , v i t h  a max imum t o t a l  res idue content  o f  0.001%. 
(0.01 mg/ml). 

Acetone - reagents grade v i t h  a maximum t o t a l  residue conten t  of 
0.001k. (0.01 mg/ml) 

stopcock and plug. 
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5.6  Crushed i ce  - any grade, crushed f i n e  enough to provide e f f i c i en t  
cooling for the impinqers. 

stjpcock grease - acetone r e s i s t a n t ,  hea t  s t a b l e ,  s i l i cone  grease. 

Diethyl e the r  - reagent grade with a maxiarm total residue content 
of 0.001%. (0.01 m g / d )  

Chloroform - reagent grade v i t h  a m a x i m u m  residue content of 0.001%. 
(0.01 mg/ml) 

6.  Sampling Train Preparation 

5.7 

5.8 

5.9 

6.1 

6.2 

6.3 

6.4 

6 - 5  

6.6 

6.7 

Weigh numbered g l a s s  f i b e r  f i l t e r  paper to the nearest  0.1 mg 
on an ana ly t i ca l  balance a f t e r  dess ica t ion  over Drierite for 
24 hours or wre. 

I n s e r t  the f i l t e r  i n t o  the f i l t e r  holder and assemble taking care  
n o t  to t ea r  orbend the f i l t e r .  
to prevent lea!cs. 

Add 100 - + 1 ml of d i s t i l l e d  w a t e r  t o  each of the  f i r s t  two impingers. 

Add approximately 200 g of accurately weighed si l ica ge l  (+l g) 
t o  the fourth impinqer. 

Alternately after charging each of the impingers with the appropriate 
material, weigh the impinger and contents on balance to the nearest  

Tighten the  f i l t e r  holder Sufficiently 

19. 

Assemble the t r a i n  a s  shom i n  Figure 1 and check f o r  leaks a s  i n  
Section 8.  

S e a l  the  t r a i n  w i t h  aluminum f o i l ,  a blanked connector or some O t h e r  
means t o  prevent contamination. 

7. Pre te s t  Preparations 

7.1 Select a sampling s i t e  and the minimum number of t raverse  points  as 
described i n  Source Sampling Method 1. 

Determine the approximate moisture content a s  described i n  Source 
Sampling Hethod 4. 

Hake a preliminary p i t o t  t raverse  to d e t e d n e  the  maximum, minimum. 
and average p i t o t  reading, duc t  temperature, and s t a t i c  pressure as 
described i n  Source Sampling Method 2. 

Choos,s a nozzle s i z e  based on the range of p i t o t  readings as described 
i n  Section 1 2  such t h a t  it is not necessary t o  change the nozzle s i z e  
i n  order  t o  maintain the i s o k i n e t i c  sampling r a t e s  f o r  a l l  t raverse  
points. 

1.2 

1 .3  

7.4 
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7.5 Clean the chosen nozzle and probe ( the  s h o r t e s t  ava i lab le  which w i l l  
reach a l l  the t r ave r se  p i n t s ) ,  assemble and s e a l  each end with alum- 
inum f o i l  t o  prevent contamination. 

7.6 Attach the probe t o  the sample case,  a t t a c h  the e l e c t r i c a l  and hose 
connections, and turn on the probe and f i l t e r  heating system. Adjust 
the heater  controls  t o  maintain the appropriate temperatures. 

8.  Lea); Check 

8.1 Plug the i n l e t  t o  the f i l ter .  

8.2 With the f ine  flow adjustment (bypass) completely open, open the 
coarse flow adjustment completely and ad jus t  t o  a vacuum of 15 in.  
Hg by closing the  f i n e  flow adjustment. 

8.3 After s u f f i c i e n t  t i m e  haa elapsed f o r  s t a b i l i z a t i o n ,  ueasure the 
A leakage r a t e  of  leakage r a t e  f o r  1 minute or m r e  and record. 

less than 0.02 c f m  a t  15 i n .  Hg is acceptable. Use acetone r e s i s t a n t  
stopcock grease on impingers and b a l l  j o i n t s  i f  necessary t o  s e a l  
aga ins t  leaks. 

8.4 Slowly r e m e  the plug from the  f i l t e r  i n l e t  and immediately c lose  the 
coarse flow adjustment. 

9. Par t icu la te  T r a i n  Operation 

9.1 Each point  should be sampled a minim*= of 2 minutes and a complete 
set  of da ta  readings should be taken a t  every point.  I f  each p o i n t  
is sampled more than 5 minutes, a complete set  of data  readings should 
be t aken  a t  equal i n t e r v a l s  during t h e  sampling of  every po in t  bu t  no t  
less frequent than every f ive  minutes. 

9.2 .Pack crushed ice around the  impingers, turn on the  probe hea te r  and 
ad jus t  so t h a t  the gases leaving t h e  probe are 250oF. Add ice occa- 
s iona l ly  during the t e s t  i n  order  to keep the temperature of t h e  gas 
leaving the t r a i n  a t  70°F or less. 

9.3 Posit ion the  probe nozzle a t  the f i r s t  t raverse  poin t  ( taking care  
not to allow the nozzle to  touch the stack w a l l s )  and block o f f  the 
openings around the probe. Record the  i n i t i a l  gas meter reading, 
temperatures, s ta t ic  pressure and p i t o t  reading on the P a r t i c u l a t e  
Field Data Sheet (Figure 5 - 5 ) .  

Note: The probe should never be l e f t  i n  the stack when 
not  sampling a s  p a r t i c u l a t e  w i l l  be co l lec ted  i n  
the  nozzle. 

- 

9.4 Calculate (as  described i n  Section 12) and record the  desired 
Orifice s e t t i n g ,  open the coarse flow adjustment and immediately 
s t a r t  the timer. 



I 

9.5 

9.6 

9.7 

9.8 

9.9 

A - 11 

As rapidly a~ possible, adjus t  t h e  o r i f i c e  reading using the coarse 
and f i n e  flow adjustnents  t o  +he desired reading. 

A t  the end o f  the f i r s t  sampling po in t  (or n o t  mre than 30 seconds 
before) repos i t ion  the probe nozzle a t  the  n e x t  sampling p i n t .  . 

Note the gas meter reading exac t ly  a t  the end of the  f irst  
time in t e rva l .  

After t h e  p i t o t  readings have s tab l ized ,  note the p i t o t  reading, 
ca lcu la te  t h e  desired o r i f i c e  s e t t i n g ,  and adjus t  w i t h  t h e  f i n e  
and coarse f l o w  adjustments t o  the new se t t ing .  This should be 
done as rapidly as possible  to avoid anisokinet ic  sampling. 

Continue the  above steps u n t i l  a l l  t raverse  po in t s  have been sampled 
i n  equal i n t e r v a l  of time (except adjusted t r ave r se  po in t s  as described 
i n  Source Sanplinq Hethod 1.) 

A t  the  conclusion of the run, close the coarse flow adjustment. note 
the f i n a l  gas meter reading and temperatures and withdraw the  probe 
completcly. 

9.10 Seal  the nozzle with aluminum f o i l  as soon a s  it cools s u f f i c i e n t l y  
to  do so, disconnect the probe from the sample case, seal all other  
openings and t ranspor t  t o  the cleanup (or s torage)  area. 

9.11 Throughout the  sample ~ n ,  collect an integrated gas  sample f o r  coup- 
osite analysis  as described i n  Source Sampling Method 3. 

9.12 Under no circrrmstances disconnect or loosen  any part  of the  a i r t i g h t  
t r a in  unt i l  the probe has been c o q l e t e l y  removed f r o m  the stack. 

10. Par t icu la te  Train Cleanup 

10.1 Cleanup should be performed i n  an area f r ee  of wind and airborne 
dus t  vhich may contaminate the sample or cause sample loss. 
the t r d n  should be cleaned i n  a labdratory.  

If possible,  

10.2 After  the probe and nozzle have cooled, remove t h e  end seals and brush 
w h i l e  r ins ing  with acetone i n t o  a su i t ab le  container  ( labe l led) .  

Note: - Exercise c a u t i o n  so t h a t  none of t h e  r i n s e  is 
los t  and no extraneous mater ia l  enters the r i n s e  
(such aa from the  p i t o t  tubes). 

10.3 Should i t  be necessary to clean the t r a i n  i n  the  field, use the 
following procedure: 

10.3.1 Rinse all sample e*posed surfaces  p r i o r  t o  the  f i l t e r  
( including the  f ron t  half  of the f i l t e r  holder) with 
acetone. Remove any adhering p a r t i c l e s  w i t h  the  a id  
of a rubber policemn.  
r in se  bo t t l e .  

Place the r in s ings  i n  tne probe 
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10.3.2 

10.3.3 

10.3.4 

10.3.5 

10.3.6 

11. Analysis 

xewve the f i l t e r  without e i s tu rb ing  the  par t icu la te  cake, 
place i n  a p e t r i  dish and s e a l .  

Measure and record the volume ( o r  weight) increase of the 
first three  inpingers and t r a n s f e r  their contents i n t o  a 
Labelled container .  Rinse t h e  impingers and innerconnects 
w i t h  d i s t i l l e d  water and add t o  the  container.  

Rinse a l l  sample exposed glassware between the f i l t e r  
(excluding the glass  f r i t  f i l t e r  support)  and the fourth 
impinger W i t h  acetone and s t o r e  i n  a su i t ab le  marked container 

Determine the weight gain of t h e  s i l i c a  g e l  i n  the fourth 
impinger and record. Alternately t r a n s f e r  the s i l i c a  ge l  
quant i ta t ive ly  t o  M a i r t i g h t  container  t o  be weighed i n  
the laboratory. 

Collected samples should be analyzed within one week of 
co l lec t ion  i n  order t o  prevent any p o s s i b i l i t y  of b io logica l  
or chemical degeneration. 

11.1 Dessicate the f i l t e r  ( i n  the f i e l d  container)  f o r  24 hours and weigh 
t o  a n s t a n t  weight. 

11.2 Transfer the acetone r i n s e  (Section 10.3.1) i n t o  a tared beaker o r  
evaporating dish. Be sure  a l l  p a r t i c u l a t e  is  removed from the cont- 
a i n e r .  Evaporate the solvent a t  laboratory temperature and pressure,  
dess ica te  for  24 hours and weigh t o  constant  weight. 

11.3 Transfer the acetone r i n s e  from the  back-half (Section 10.3.4) t o  a 
t a red  beaker o r  weighing dish. 
c o n s t a n t  weight. 

Evaporate a s  i n  11.2 and weigh t o  

1 

Rinse the container w i t h d i s t i l l e d  water and add to the 
11.4 Transfer the water i n  the  impingers t o  a separatory funnel (Teflon 

Gtoppered). 
separatory funnel. Stopper and vigorously shake the separatory funnel 
1 minute, l e t  separate  and t r ans fe r  the chloroform (lower layer )  i n t o  a 
ta red  beaker or evaporating dish.  Repeat tr ice nure. Repeat the above 
procedure using three  25 m l  p o r t i o n s  of d i e thy l  e the r  i n  place of t h e  
chloroform. 

11.5 Transfer the remaining water i n  the  separatory funnel t o  a ta red  beaker 
- m r  evaporating dish and evaporate a t  105OC. Dessicate f o r  24  hours 

and wcight t o  constant weight. 

11.6 Evaporate the combined impinger water extracts from Section 11.4 a t  
laboratory temperature and pressure,  dess ica te  f o r  24 hours and weigh 
to  c o n s t a n t  weight. 

11.7 Evapozate port ions of the solvents used i n  a manner similar t o  the 
sample evaporation t o  determine the so lven t  blanks. 

I 



11.8 Record a l l  laboratory da t a  on the Laboratory Data Reporting Sheet, 
Figure 5-9. 

12. Nomograph Operation 

12 .1  Correction f a c t o r  

12.1.1 Determine AH@ f o r  the o r i f i c e  as  described i n  the ca l ibra t ion  

12.1.2 E s t i m a t e  the  probable meter temperature, Tm, of t en  2OoF 
above ambient  temperature, H 0 i n  s t a c k  gas, and PaDm 
( r a t i o  of absolute stack pressure t o  absolute wter pressure) 
as described i n  Section 7 .  

2 

12.1.3 Determine t h e  correction f ac to r  "C" us ing  the  correct ion 
f ac to r  nomograph, Figure 5-2a, as described on t h e  nomagraph. 

12.2 Operating Nomograph 

12.2.1 Adjust the s l i d i n g  sca l e  on the  operat ing nomograph, Figure 
S-Zb, such t h a t  the  "C" fac tor  determined i n  Section 12.1.3 
is opposite Reference Point A. 

12.2.2 Using the  preliminary p i t o t  t raverse  data  and duct  temperature 
determined i n  Section 7 ,  draw a l i n e  from T t o  the  values of 
AP and s e l e c t  a su i tab le  D (nozzle diameter? from t h e  probe 
t i p  diameter sca le .  

Draw a l i n e  from T 
to  be used) and no%e where the l i n e  crosses  t h e  AP sca l e .  

Draw a l i n e  from the AP obtained i n  12.2.3 to  Reference Point 
B on t h e  bR scale .and note where the  l i n e  crosses  t h e  K factor 
scale. This point  should be marked fo r  fu ture  reference.  . 

During sampling, a l ign  t h e  p i t o t  reading, AP, w i t h  t h e  K factor 
s e t t i n g ,  Sect ion 12.2.4, t o  obtain t h e  desired AH. 

If Ts (absolute)  changes by mare than 5OoF the  K f ac to r  should 
be ' r eca l cu la t ed  s t a r t i n g  with 12.2.3. 

12.,2.3 through D (ac tua l  diameter of nozzle 

12.2.4 

12.2.5 

12.2.6 

13. Calibration 

13.1 Orifice and d r y  gas meter 

13.1.1 Connect the  components a s  shown i n  Figure 5-3. The v e t  test  
meter is a 1 of per revolution with 2 1\ accuracy and capable 
of operat ing a t  a r a t e  comparal$e t o  the expected sampling rate .  

Run the pump a b o u t  15 minutes a t  an o r i f i c e  reading of-*ut 
0.5 in. H 0 to  a l lov  the d q  gas meter and pump t o  warm up ' .  

and to  we$ a11 i n t e r i o r  surfaces of t h e  wet test meter. 

13.1.2 

1 
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13.1.3 Gather the  information as required i n  Figure 5-4. 

13.1.4 Calculate 7 and A%as described i n  Figure 5-4. If an.average 
y of 1.00 0.01 is not  obtained,  the dry gas meter must be 
adjusted.  I f  an average Amof 1.84 + 0 .25  is not obtained, 
the o r i f i c e  opening should be enlarged or replaced. 
t h e  Awshould not vary more than 0.15 over the range of oper- 
a t ion  of 0.5 t o  8 inches of H 0. 

2 
c a l i b r a t e  t h e  o r i f i c e  and dry gas meter ovary month or a f t e r  
every 5 teste whichever occura f i r s t .  

Additionally 

13.1.5 
I 

' I  13.2 Temperature gauges 

13.1.1 Check temperature gauges aga ins t  mercury-in g l a s s  thermometers 
of c e r t i f i e d  accuracy or aga ins t  su i t ab le  temperature a tmdards  
(boi l ing  or freezing points)  a t  l e a s t  yearly.  

13.3 Probe Nozzle 

13.3.1 Measure the inside nozzle diameter on a t  l e a s t  10 d i f f e r e n t  
diameters- to the nearest  0.001 inch using a micrometer or 
caliper. The nozzle diameter is the  average of these readings 
to  the  neares t  0.001 inches. 

The l a r g e s t  deviation f ron  the  average should n o t  exceed + l a  
of the average diameter. 

13.3.2 

13.3.3 Calibrate the  nozzle a t  least  a f t e r  every test. 

14. Calculations 

14.1 Gas veloc i ty  

14.1.1 Calculate  the  average gas ve loc i ty ,  Vs, from the  p i t o t  tube 
readings and gae temperatures udng equation 5-2 

Where the symhls and u n i t s  are the  same for equation 2-2 
in Source Sampling Wethod 2. 

14.2 G a s  volumetric flow rate 

14.2.1 Calculate the volumetric f l o w  rate of the gas from the duct 
area and the average gas veloci ty  using equation 5-3 

where the  symbals and u n i t s  the same as equation (2-3) 
i n  Source Samplinq Method 2. 

I 



14.3 ~ r y  gas volume 

14.3.1 Calculate the volume of gas sampled using equation 5-4 

- 17.650m (Po + 

.I. 

*d 
I 

I (5-4) 

* a 

where Qd - volume of gas samples, SDCF 

volume of gas  through meter (meter conditionslcp 

barometric pressure, absolute, in .  Hg. I Q m -  
9 

tin - average pressure drop across the o r i f i c e ,  in .  H 
0 

I average dry gas meter temperature. R Ta 

14.3.2 In  the e w n t  the  gas passing through the dry gas meter was 
n o t  dry,  the  above equation must be mult ipl ied by (1-B ) 

where B, is the  voluue f r a c t i o n  of water i n  the meter2 
gas (assume sa tura t ion  a t  the  temperature of the last impinged. 

i 14.4 moisture content of duct gae 

b 14.4.1 Calculate the  moisture content  of the duct 'gas from the t o t a l  
volume of  water vapor condensed using equations (5-5)t  (5-61, 
and (5-7). 

pV - 0.0474 Vv 1 (5-5) 

where Q"= volums occupied by water vapor, Sm - volume of water condensed i n  impingers and on 
s i l i c a  ge l ,  g or d. "0 

where mv = voluma percent  of moisture i n  the sampled gas. I 
m =  Qd - 1-mv 

100 d -  
'd+% 

I 

i 
(5-7) 

where md = volume f r ac t ion  of dry gas i n  the sampled gas i 
14.5 Calculate the molecular weight of the wet gas w i n g  the  volume f rac t ion  

of dry gas and the dry w l e c u l a r  weight using equation 5-8. 

I 
m M + 18 ns d d I (5-81 

where MS - molecular weight of the  wet s tack gas ,  lb / lb  mole 

Ild - molecular weight of the dry s tack gas as defined 
i n  Source Sampling Method 3 ,  equation (3-2) 

- *- 
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14.6 Calculate the t o t a l  pa r t i cu la t e  gra.!.n loading and cor rec t  t o  12% :arbon 
dioxide (when necessary) from the volume of gas  sampled, t h e  t o t a l  
weight of par t icubate  sample and the % CO us ing  equation 5-9, and 5-10. 

2 

C = 0.0154 W ( 5 - 9 )  

Qd 
9 

where C - t o t a l  pa r t i cu la t e  gra in  loading, gr, rcf - weight of par t i cu la t e  sample, mg 
9 

W 

where C' ).I total  par t icu la te  grain loading corrected to 
12* C02,gr/sdcf @ 12 t co2 (5-10) 

bC02 - percent by - lure  carbon dioxide a s  determined 
in Source Sampling Method 3. 

14.7 Calculate the  total  pa r t i cu la t e  emission r a t e  from Me t o t a l  p a r t i c u l a t e  
g ra in  loading and the volumetric f lov  r a t e  using equation 5-11 - 0.00857 C q 

g a  (5-11) 

vhere C = t o t a l  par t icu la te  emission r a t e ,  lbsht 

i n  Source Sampling Method 2. 

t - Volumetric flov r a t e  i n  duct ,  DSCFM as determined 

14.8 Calculate the  percent  of i sokine t ic  sampling rate from equation 5-12. 

I - 1039 T-Q, 

where I - Percent of i sokine t ic  sampling r a t e  

Tal Average stack temperature, OR 

P = Average stack ahsolute pressure ,  in. H g  

Dn' 
t - Tota l  sanpling time, udn. 

Qd- 
Vs- Average gas veloci ty ,  PPI( 

m -  V o l u m e  f ract ion of dry gas  

8 

Average nozzle ins ide  diameter,  in. 

Volrrme of gas sampled, SDCP 

d 
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15. Minimum Acceptable Tes t  Requirements 

15.1 I n  a r d e r  for a source test by t h i s  method to  be acceptable as 
s u f f i c i e n t l y  :accurats ,  the following. requirements mus t  be met miess 
othervise  ind ica ted  by the Department i n  wri t ing:  

15.1.1 

15.1.2 

15.1.3 

15.1.4 

15.1.5 

15.1.6 

15.1.7 

A d n h u r s  sample v d u m  of 60 SDCP of gas per run m u s t  be 
saapled. 

A d n i m u m  run ti= of 60 d n u t e s  on continuous operations or 
one complete cycle covering a t  l e a s t  60 minutes on cycl ic  oper- 
ations. A minimum of t w o  r m s  per t e s t  is required. 

The D e p a r k n t  is no t i f i ed  i n  advance of a l l  source t e s t s  so 
t h a t  it aay have M observer present  if desired.  

All equipment used i n  the t a s t  s h a l l  be a3 spec i f ied  i n  Section 
3.4, and 5. 

All equipment used i n  the tzst s h a l l  be cal ibrated a t  the speciflod 
i n t e rva l  or more of ten and t h e  ca l ib ra t ion  da ta  and r e su l t s  
included i n  the  test report .  

Accurate descr ipt ion of t h e  sampling site. 

Suff ic ien t  da ta  t o  confirm t h a t  t h e  sampling r a t e  was w i t h i n  
+ loa of isokinet ic .  - 

16. Minimum Test Report Information - the  following information concerning the 
source s h a l l  be included i n  the source tes t  report. 

16.1 Boilers 

16.1.1 Name of manufacturer, nameplate capaci ty ,  and in s t a l l a t ion  
da te  of boiler and associated cont ro l  equipment. 

16.1.2 Control equipment on bo i l e r  ( including cinder re in jec t ion  
equipment). 

Steam production r a t e ,  steam pressure and range of steam flow 
where possible .  Use of a steam f l o w  in tegra te r  i s  desirable .  

16.1.3 

16.1.4 Fuel composition (including estimated moisture content where 
appl icable) .  

Opacity readings during or immediately a f t e r  t e s t  by a c e r t i f i e d  
reader. 

16.2 Asphalt Plants  (See Note 1) 

16.1.5 

16.2.1 Type, locat ion and capacity of plant .  

16.2.2 Control Equipment present.  
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16.2.3 Pressure drop across cont ro l  equipment, water pressure on 
scrubber norzles when present.  

16.2.4 Production r a t e  and rype of mix during t e s t .  

16.2.5 Dryer fue l  and f i r i n g  rate. 

16.2.6 Mix temperature (on drum m i x  p lan ts )  

16.2.7 Fines content of t o t a l  aggregate feed. 

16.2.8 Opacity readings during o r  immediately a f t e r  t e s t  by a ce rc i -  
f i e d  observer. 

16.2.9 Photographs of p l an t  i n  operation includinq plume a f t e r  s t e m  
diss ipa t ion .  

16.2.10 Special t e s t i n g  o r  production problems encountered. 

The source test  requirements f o r  Zsphalt p l an t s  constructed o r  modified 
a f t e r  June 11, 1973 d i f f e r  from :hi: method i n  t h a t  only the pa r t i cu la t e  
co l lec ted  i n  t h e  f ron t  h a l f  of the t r a i n  (from the probe t o  the f i l t e r  
inclusive)  is used i n  the gra in  loading and emission r a t e  ca lcu la t ions .  
The impinge? sec t ion  may be replaced w i t h  a su i t ab le  condenser System. 

NOTE 1: 
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I EPA METHOD SAMPLING AND A N A L Y S I S  METHOD 

The procedure  used f o r  d a t a  c o l l e c t i o n  was s i m i l a r  EPA 
The pr inciple  of  t h e  procedure  is t o  Method 2 5  procedures .  

s e p a r a t e  o r g a n i c  compounds a t  t h e  time of COlleCtiOn i n t o  high 
and low molecular  weight  f r a c t i o n s  u s i n g  a c o l d  t r a p  (-78OC). 
The l i g h t  components are cap tu red  i n  an evacuated t a n k .  
c o n t a i n i n g  condensed o r g a n i c s  i s  burned t o  convert o rgan ic s  to 
co2 f o r  a n a l y s i s  i n  t h e  l a b o r a t o r y .  
i n  t h e  evacuated  tank  a r e  s e p a r a t e d  on a chromatographic column 
y i e l d i n g  c o n c e n t r a t i o n s  f o r  CO, CH , CO C H and C H . A l l  
o t h e r  o r g a n i c s  a r e  e l u t e d  i n  one p8ak. * 6 U m & e i O n  O f 2 &  t r a p  and 
t a n k  o r g a n i c  r e s u l t s  g i v e s  TGNMO s t a c k  c o n c e n t r a t i o n s .  A l l  
r e s u l t s  a r e  r e p o r t e d  as methane. Alterat ions t o  EPA Method 25 a s  
s t a t e d  i n  t h e  Fede ra l  Register i n c l u d e  t a k i n g  a f i l t e r e d  sample, 
d u p l i c a t e  a n a l y s i s ,  u s i n g  o v e r s i z e  traps and t a n k s ,  a modified 
burnout  system t h a t  p r e v e n t s  loss of sample from o r g a n i c  mater ia l  
condensa t ion  a f t e r  be ing  burned o u t  of  t h e  t r a p ,  and v a r i o u s  
o t h e r  minor changes t o  improve t h e  accuracy of  t h e  method. 

A. Samplin2 

A n i s o k i n e t i c  f i e l d  samples were t a k e n  s imul t aneous ly  I n  
d u p l i c a t e  through s e p a r a t e  114 i n .  s t a i n l e s s  steel p robes  when 
sampling s t a c k  gases t h a t  had t empera tu res  h i g h e r  t h a n  15OOC 
(300°F) and a total  gaseous  nonmethane o r g a n i c  a n a l y s i s  was 
d e s i r e d .  The s t a c k  end of t h e  probes  were f i l l e d  wi th  glass wool 
b e f o r e  each sample w a s  drawn t o  p r e v e n t  c o l l e c t i o n  of p a r t i c u -  
la tes  i n  t h e  t r a p s .  S i x  f e e t  of  1.8 i n .  s t a i n l e s s  steel tub ing  
r a n  from t h e  p robes  t o  t h e  t r a p s  which w e r e  submerged i n  g ranu la r  
d r y  ice. T h e  connec t ion  between t h e  probe and sampling l i n e  was 
k e p t  i n s i d e  t h e  s t a c k  d u r i n g  sampling. Schematics  of t h e  t r a p  
c o n s t r u c t i o n  and sampling assembly are p r e s e n t e d  i n  F i g u r e s  B-1 
and - B-2 r e s p e c t i v e l y .  
c a p t u r e d  i n  t h e  traps. From t h e  t r a p s  t h e  gas flowed through a 
ro tomete r ,  a flow c o n t r o l  v a l v e ,  and i n t o  a 1 7 - l i t e r  evacuated  
s t a in l e s s  steel tank.  

A l l  screw connec t ions  i n  t h e  sampling system were checked 

The  trap 

The l i g h t  o r g a n i c s  captured 

Condensible  o r g a n i c s  and water vapor  were 

f o r  leaks i n  t h e  f i e l d  b e f o r e  sampling by p r e s s u r i z i n g  w i t h  a i r  
a t  30 p s i  and soaking  t h e  j o i n t s  i n d i v i d u a l l y  wi th  soapy water. 
Leaks d e t e c t e d  were e l i m i n a t e d  p r i o r  t o  sampling. 

Sampling f low rates were set a t  abou t  230 ml/min so t h a t  
a b o u t  1 3  l i ters of sample were c o l l e c t e d  i n  t h e  one hour  sampling 
p e r i o d .  When a t r ap  froze due t o  condensa t ion  of s t a c k  mois ture ,  
t h e  t r a p  i n l e t  was hea ted  momentarily w i t h  a propane t o r c h  t o  
m e l t  t h e  ice. The sampling system w a s  watched c l o s e l y  t o  main- 
t a i n  t h e  p rope r  f low rate. After  sampling,  t h e  t r ap  and 6 - foo t  
s e c t i o n  of l i n e  t o  t h e  probe were capped and t r a n s p o r t e d  t o  t h e  
l a b o r a t o r y  packed i n  d r y  ice. Tank p r e s s u r e s  were measured 
b e f o r e  and a f t e r  sampling t o  de te rmine  sample s i z e .  O r s a t  
a n a l y s e s  were made f o r  CO and O2 d u r i n g  sampling. 2 
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When anisokinetic samples that had been preceded by a 880~ 
(190"~) filter were desired to give results for nOncondensible 

conditioning device shown in Figure B - 3 .  
into a 2-1/2 ft long, 3/8 in. diameter stainless steel insulated 
probe. 
temperature at 88°C (190°F) if needed. A 3/8 in Whatman 934 A-H 
glass filter supported by two stainless steel screens. 
temperature of the gas leaving the filter was monitored with a 
thermometer. A heated tee was provided for connection of two 
EPA-25 sampling trains. 

organic compounds. The samples were drawn through a sample 0 
The sample is drawn 

The probe is equipped with a heater to maintain the 

The 

I t F L U N b t A L S  

FILTER 7 I . -  

L 
. . .  ,' 

INSULATION 

EPA-25 CONNEC TlON . , 
 THERMOMETER^ 

FIGURE B-3 

SAMPLE CONDITIONING PROBE FOR 
88°C (190°F) FILTER FOR EPA METHOD 25 SAMPLES 

When filtered isokinetic samples were required, the EPA-25 
samples were taken as a slip stream from an EPA-25 particulate 
sampling train just following the hot filter. The temperature of 
the gas leaving the filter was measured, and the probe and filter 
oven temperature controls set to produce the desired filter 
temperature. 
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8. Sample Preparation 

and sample tank combination used in the field was connected to 
the trap burning system in the sequence of trap, oxidation tube 
furnace, U-tube water trap packed in dry ice, and IR analyzer and 
sampling vessel as shown in Figure B-4. 
ing in the trap were flushed into the tank with carbon compound 
free air (hereafter referred to as zero air) at a rate of 100 
cc/min. When all the C 0 2  was flushed and into the tank as indi- 
cated by the IR detector response, the tank was pressurized with 
zero air via a trap bypass. 

When the samples were returned to the laboratory, each trap 

The stack gases remain- 

ZERO AIR 

FLOW CONTROL VALVE 

SHUT OFF 
VALVE 

SHUT OFF 
VALVE 

WJTER 
T R 4 P  IN  
DRY I C E  

ERO AIR BYPASS 

FLOW METER 

NDlR CO1 
ANALYZER 

FLON COIITROL 
VALVE 

VbCUUI.4 
G I U G E  

FIGURE E-4 

TRAP BURNOUT SYSTEM, FLUSH MODE 

Following sampling tank pressurization, a 4-liter stainless 
steel vessel evacuated to a minimum of 2 8  in. Hg was then attach- 
ed in the tank's place. Zero air was passed through the sampling 
line and trap while they were heated to a dull red color with an 
acetylene torch. 
controlled the pressure in the trap to 1 5  to 2 5  in. Hg while flow 
was controlled by a valve on the evacuated vessel. Pressure in 
the trap can increase rapidly due to boiling of condensed water. 
The trap was monitored to avoid excess pressures that may result 
in leaks. 

A metering valve in the zero air supply line 
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Care was taken  t h a t  t h e  sampling l i n e ,  t r a p ,  and l i n e s  to 
t h e  o x i d i z e r  were hea ted  s e q u e n t i a l l y  so t h a t  incomple te ly  
ox id ized  o r g a n i c s  t h a t  might recondense  i n  t h e  system would be 
r e v o l a t i l i z e d .  2 g a s ,  a s  shown by t h e  I R  a n a l y z e r ,  had r e t u r n e d  t o  b a s e l i n e .  The 
v e s s e l  was then  p r e s s u r i z e d  t o  less t h a n  5 in .  H g .  
wa te r  i n  t h e  water t r a p  w a s  measured and recorded .  S tack  mois- 
t u r e  c o n t e n t  w a s  c a l c u l a t e d  from t h i s  data. 

Each t r a p  was burned u n t i l  t h e  CO i n  t h e  ca r r i e r  

The volume or 

Zero a i r  was prepared  by f u r t h e r  p u r i f y i n g  ze ro  grade  a i r  
from c y l i n d e r s .  
t i o n  c a t a l y s t  t o  o x i d i z e  Organics  t o  carbon d i o x i d e  removal. 
n i t r o g e n  carrier has  used f o r  t h e  chromatographic  column was 
c l eaned  by p a s s i n g  through a molecular  sieve and through a 
c a t a l y t i c  o x i d a t i o n  column. Trace quan t i t i e s  of carbon d ioxide  
i n  t h e  n i t r o g e n  carrier h a s  do n o t  i n t e r f e r e  wi th  t h e  a n a l y s i s .  

C. Sample Ana lys i s  

p o r t  w i th  an i n e r t  septum, a s i l i c o n  SF-96 on Chromosorb W/Pora- 
pak Q column o p e r a t e d  a t  -78OC, -3OoC, 2SoC, and 100°C w i t h  back 
f l u s h  c a p a b i l i t y ,  a MnO o x i d a t i o n  f u r n a c e  ope ra t ed  a t  60OOC f o r  
o x i d a t i o n  of t h e  CH , C 8 ,  and o r g a n i c s  t o  CO , and hydrogen 
a d d i t i o n  t o  t h e  n i t i o g e n  carrier a t  a r h o d i d  c a t a l y s t  methanator 
o p e r a t e d  a t  4OO0C t o  c o n v e r t  C 0 2  t o  CH4. The column was made of 
1 / 8  O.D. s t a i n l e s s  steel  t u b i n g  packed wi th  3 f t  of 1 0  p e r c e n t  
methyl s i l i c o n e  on Supe lcopor t  80/100 mesh fol lowed by 1.5 f t  
Porapak Q 6 0 / 8 0  mesh. The CH was ana lyzed  by a flame i o n i z a t i o n  
d e t e c t o r  (FID).  The F I D  o u t p d t  w a s  i n t e g r a t e d  wi th  an i n t e g r a t o r .  
A second i n e r t  i n j e c t i o n  p o r t  was placed j u s t  prior t o  t h e  
o x i d a t i o n  f u r n a c e  for  system checks.  A schemat ic  i n  shown i n  
F i g u r e  B-5. 

A i r  from t h e  c y l i n d e r  was passed over  a i r  Oxida- 
The 

The a n a l y s i s  system components c o n s i s t e d  of an i n j e c t i o n  

S t a r t i n g  wi th  t h e  column submerged i n  a d r y  ice- i sopropanol  
b a t h  a t  -78OC, a 5 mL sample w a s  drawn from t h e  p r e s s u r i z e d  
evacuated  sampling t ank  and i n j e c t e d  i n t o  t h e  carrier gas t o  t h e  
column. Carbon monoxide and methane were s e p a r a t e d .  The column 
was then  o p e r a t e d  a t  room tempera tu re  for carbon d i o x i d e  e l u t i o n .  
Af t e r  t h e  e l u t i o n ,  t h e  column was p l a c e d  i n  b o i l i n g  water b a t h  
and t h e  carrier g a s  flow through t h e  column reve r sed .  The 
v o l a t i l e  o r g a n i c s  were r e l e a s e d  from t h e  column. Each evacuated 
sampling t ank  was ana lyzed  i n  t r ipl icate .  On t h e  first i n j e c t i o n  
o f  each d u p l i c a t e  p a i r ,  t h e  column w a s  p laced  i n  a C a C 1 2  -ice 
b a t h  a t  -3OOC t o  separate e t h y l e n e ,  e t h a n e ,  and propane. I f  
t h e s e  compounds were n o t  d e t e c t e d  t h e  samples were ana lyzed  as  
above, b u t  if p r e s e n t ,  t h e  samples were ana lyzed  wi th  t h e  -3OOC 
column t empera tu re  s t e p .  

Ana lys i s  of  t h e  sampling t a n k  for  carbon d i o x i d e  r e q u i r e d  
separate i n j e c t i o n s  from t h a t  used f o r  t h e  o r g a n i c  ana lyses .  The 
amount of  carbon d i o x i d e  i n  a 5 mL i n j e c t i o n  was shown t o  over-  
load t h e  r e d u c t i o n  c a t a l y s t  c a u s i n g  a low carbon d i o x i d e  v a l u e  t o  
be  r e p o r t e d .  Carbon d i o x i d e  c o n c e n t r a t i o n s  i n  t h e  t a n k s  were 
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determined in triplicate using 1.2 mL injections directly to the 
oxidizer. Carbon monoxide and TGNMO concentrations were sub- 
tracted from the C02 value thus attained. 

TRAP ANALYSIS 

ZERO 
AIR 

HEATED 

OXIDIZER 

FREEZE OUT 
WATER TRAP 

N D l R  CO2 
DETECTOR 

TANK ANALYSIS 

Nz 
TANK CARRIER 

INJECTION 7 GAS 

SILICONE SF-96 
.PORAPAK Q 

COLUMN 
_---- a 

OXIDIZER r'; 
RHODIUM 

METHAN ATOR 
I 
I 
I 
I 

COLLECT ION 
VESSEL 

INTEGRATOR 

I 
I 
I 
I 
I 

FIGURE B-5 

TGNMO ANALYTICAL SCHEME 

D. Calculations 

Laboratory results were in terms of ppm TGNMO a methane as 
found in the sampling tank or vessel. These were corrected to 
standard conditions in the stack. To obtain results corrected to 
stack concentrations, the tank and vessel volumes corrected to 

! - 
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standard condition were divided by the sample colume Corrected to 
standard conditions and multiplied by the tank or vessel TGNMO 
concentrations respectively. Summation of tank and vessel con- 
centrations were presented as stack TGNMO concentration at 
standard conditions. 

The sample volume at standard conditions was calculated by: 
P, P. 

L I Sample Vol. = (9.124) (V,) (- - -) 
T2 T1 

= tank volume in liters vT where: 

= absolute pressure in the tank prior to sampling, 
p1 in. Hg 

TI = absolute temperature in the tank at time of 

p2 = absolute pressure in the tank after sampling, 

T2 

measurement of PI, O K  

in. Hg 

absolute temperature of the tank at time of P2 
measurement, O K  

= 

The volume of the tank or vessel at the time of analysis was 
calculated by: 

(Vc) (Pc) (9.124) 
Tc Pressurized Container Volume = 

where : Vc = container volume, liters 

Pc = pressure of container when filling is completed, 

Tc = absolute temperature of container at time of 

in. Hg 

measurement of Pc, OK. 

The TGNMO's in those containers were calculated by: 

Pressurized 

Vo 1 ume 
) . ( Container ) /  - Container - Container - Stack 

Concentration (Concentration Blank 1 Sample 
Vo 1 ume 

The container blanks are a column blank and the zero air total 
carbon concentration for the tank and vessel respectively. Both 
blanks were kept below 5 ppm. 

I1 QUALITY CONTROL 

The TGNMO analysis system was checked for proper operation 
at frequent intervals. Daily checks were made for FID sensitivity, 
zero air purity, column carrier gas purity and system leaks. 
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Weekly checks were made on all catalysts efficiencies. Bi-weekly 
checks were made for evacuated sampling tank leaks and tank 
contamination. 

A.  Catalyst Efficiency Checks 

A l l  catalyst efficiencies were checked at the beginning of 
each week. 

(1) Oxidation Catalyst Efficiency Check - To check the oxidation 
catalyst, the reduction catalyst was bypassed while operating the 
TGNMO analvzer in an otherwise normal fashion. Triulicate 
injections-of 5 nL each of standard methane gas were made. If 
the catalyst was operating properly, the only gas reaching the 
FID was carbon dioxide and no response was indicated. Any res- 
ponse was reported and the catalyst efficiency recorded. when 
the catalyst efficiency was found to be less than 95 percent, it 
was replaced. 

( 2 )  Reduction Catalyst Efficiency Check - With the TGNMO analy- 
sis svstem in its normal operatins mode triplicate iniections of 
a CO *standard were made directly-to the re2uction catalyst and 
the $ID response recorded. Triplicate injections of a standard 
methane gas were made directly to the reduction catalyst to 
calibrate the FID. The usual calibration curve could not be used 
because reduction catalyst inefficiencies were included in it. 
When the catalyst efficiency was less than 95 percent it was 
replaced. 

( 3 )  
Check - The cryogenic trap oxidation catalyst was checked by 

Cryogenic Freeze-out Trap Oxidation Catalyst Efficiency 

connecting the methane calibration has cyclinder to the trap- 
oxidation catalyst and venting to atmosphere a flow of 160 
mllmin. Triplicate samples of the flow taken from an injec- 
tionlwithdrawl port following the catalyst were injected into the 
TGNMO analysis system while the carrier gas bypassed both the 
oxidizer and the methanator. A response from the FID detector 
indicated a faulty oxidizer catalyst in the cryogenic trap burn- 
out system. At a catalyst efficiency of less than 95 percent it 
was replaced. 

B. Carrier Gas Contaminate Check 

The purity of the chromatographic column nitrogen carrier 
gas and the zero air used for cryogenic trap burning as well as 
for tank and vessel pressurization were checked daily. Impuri- 
ties in either gas results in a positive bias in the results. 

(1) Zero Air Check - Zero air was checked for its total carbon 
content by withdrawing a sample from a port in the zero air 
supply line when the trap burnout system was receiving a flow of 
160 mL/min, and injecting it into the TGNMO analysis system prior 
to the oxidizer. A zero air total carbon content greater than 
5 ppm indicated that replacement of the ascarite C02 filter 
molecular sieve, or zero air oxidation catalyst was required. 



( 2 )  Ni t rogen  Carr ier  Gas Contaminant Check - The n i t r o g e n  
c a r r i e r  g a s  was checked f o r  contaminants  d a i l y  a s  fo l lows .  The 
column was f l u s h e d  of  a l l  carbon by p l a c i n g  it i n  b o i l i n g  water 
wh i l e  i n  t h e  back f l u s h  mode. The column was then  passed throuoh 

1 .  t h e  t empera tu re  sequence as i f  a sample had been i n j e c t e d  start:. 
i n g  w i t h  t h e  d r y  ice- i soproponal  b a t h  i n  t h e  forward mode. 
t h e  o r g a n i c  peak c a l c u l a t e d  was more t h a n  5 ppm, t h e  carrier gas 
c l eanup  system was r egene ra t ed  w i t h  a new molecular s i e v e  and 
o x i d a t i o n  c a t a l y s t .  Organic peaks of less than  5 ppm were sub- 
tracted from t h a t  d a y ' s  tank  a n a l y s e s .  

If 

:I 

c. Leak Checks 

L e a k s  i n  t h e  TGNMO a n a l y s i s  and sampling system are no t  
r e a d i l y  a p p a r e n t  and t h e  system must be d i l i g e n t l y  checked t o  
a s s u r e  i n t e g r i t y  of  t h e  samples. Each s e c t i o n  of t h e  s a m p l i n g  
and a n a l y s i s  system was checked for l e a k s  d a i l y  p r i o r  to  use. 

(1) Tank L e a k s  - The evacuated  sampling t a n k s  were checked f o r  
l e a k s  once eve ry  t w o  weeks by e v a c u a t i n g  them t o  more than  25 i n .  
ng measuring t h e  vacuum wi th  a mercury manometer, and remeasuring 
t h e  vacuum 24 h o u r s  or more later.  I f  t h e  vacuum dec reased ,  t h e  
t a n k  w a s  assumed t o  have leaked.  The l e a k  w a s  l o c a t e d  by pres- 
s u r i z i n g  t h e  t ank  t o  30 i n .  H g  submerging it i n  water. Once t h e  
l e a k  w a s  l o c a t e d  and f i x e d ,  t h e  t a n k  w a s  r e t e s t e d  and r e tu rned  t o  
s e r v i c e .  

( 2 )  Sampling Assembly Leaks - The gauge assembly, connec t ions  
between t h e  gauge assembly, ro tome te r ,  t r a p s ,  and sampling l i n e s  
were checked d a i l y  a t  t h e  sampling s i t e  f o r  l eaks .  The sampling 
l i n e  w a s  capped and a t ank  p r e s s u r i z e d  t o  30 i n  H g  w a s  a t t a c h e d  
t o  t h e  gauge assembly. A l l  connec t ions  i n  t h e  system were 
s q u i r t e d  w i t h  soapy wa te r  and i n s p e c t e d  f o r  bubbles .  I f  a l eak  
was found it w a s  c o r r e c t e d  b e f o r e  sampling. 

( 3 )  Trap  Burnoff Assembly Leaks - T h i s  assembly was checked f o r  
l e a k s  d a i l y  by p lugging  t h e  t r ap  burnoff  system where t h e  t rap  _ _  _ _  - 
was connected and a vacuum of  20 i n .  Hg drawn on t h e  system. 
Both t h e  flow meter and t h e  I R  a n a l y z e r  were monitored. A f low 
through t h e  flow meter or  a CO r e sponse  on t h e  I R  a n a l y z e r  
i n d i c a t e d  a l eak  which was r e p a i r e d  prior t o  use  of t h e  system. 
The l e a k  l o c a t i o n  can  be found by t r a c i n g  t h e  system w i t h  d r y  ice 
wrapped i n  a towel .  When t h e  I R  a n a l y z e r  gives a response, t h e  
l e a k  h a s  been l o c a t e d .  A l l  t r ap  connec t ions  t o  t h e  burnout  
system were checked f o r  l e a k s  by s q u i r t i n g  t h e  j o i n t s  w i t h  soapy 
water wh i l e  t h e  system w a s  under pressure. 

D. Flame I o n i z a t i o n  D e t e c t o r  C a l i b r a t i o n  

~ 

Dai ly  c a l i b r a t i o n  checks of  t h e  flame i o n i z a t i o n  d e t e c t o r  
( F I D )  were r e q u i r e d  t o  d e t e c t  changes i n  gas f low and l e a k s  which 
can d e c r e a s e  s e n s i t i v i t y .  Two c a l i b r a t i o n s  are needed, one 
through t h e  d e c r e a s e  s e n s i t i v i t y .  Two c a l i b r a t i o n s  are needed, 
one through t h e  c a t a l y s t  and FID, and one through t h e  column, 
c a t a l y s t ,  and FID. 
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Several criteria had to be satisfied by the calibration 
check namely: (a) calibration curve linearity, and (b) calibra- 
tion curve drift from pre-set limits over the duration of the 
project. 

(1) Linearity - Linearity of the detector was checked at the 
beginning of the project by multiple injections of standard 
methane gas. Different size injections were used to simulate six 
different concentrations of metqane, between 20 ppm to 1035 ppm. 
A regression analysis yielded r values of 1.000 and 0.995 for 
injections directly to the oxidizer and injections through the 
column, respectively, indicating good linearity. 

centrations of methane were2injected both through the column and 
bypassing the column. An r was calculated to determine if 
linearity was maintained. 

(2) FID Sensitivity Check - The day-to-day calibration curve 
will exhibit random variations due to differences in gas flows 
and other detector operating conditions. It is also possible for 
the calibration line (FID sensitivity) to drift from its average 
position. Such a drift would indicate gradual changes in gas 
flows, leaks in the analysis system, or catalyst inactivation. 
Any calibration line drift was detected from the normal random 
variations found. 

Linearity was checked once a week. Three simulated con- 

Random variations at any point on the calibration line will 
give a normal distribution. The characteristics of that dis- 
tribution was quantified at the beginning of the study. Once 
those distributions were quantified, any daily average calibra- 
tion point falling outside 90 percent of the distribution indi- 
cated a possible problem with the system. When this occurred, 
septum conditions, connection leaks, and gas flow deviations were 
checked and the reason for the deviation identified and cor- 
rected. 

- 
x f K's, where K is a value found in a statistical table (26), 
and depends upon the number of samples taken, the confidence 
interval, and the percentage of the population to be included, 

pectively. For this work, 90 percent of the normal day-to-day 
variation will be accepted with 95 percent confidence. 

A fixed portion of a population distribution can be found by 

and s are the mean standard deviation of the population, res- 

(3) 
line was made usinu 4 iniections of 5 mL standard 1033 upm 

Calibration Accuracy - Establishment of a daily calibration 
methane gas in air: 
1033 ppm concentration and zero. Percent calibration accuracies 
at the 95 percent confidence level were calculated from the mean 
and standard deviation of the integrator counts by the equation: 

A calibration line was drawn between the 

x 100 s 
; tv/2:n-1 f % accuracy = 
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s better than f 3 percent, the calibration points 
were accepted, if not, the system was checked for problems and 
more calibration injections were made until the f 3 percent 
accuracy was achieved. 

E. Data Rejection 

Non-duplicated results from paired samples were an indica- 
tion of errors either during the sampling or sample preparation 
portions of the procedure. Data was rejected when the analytical 
results from the duplicate samples did not agree with each other. 
A paired result was accepted when the absolute difference between 
the pair was not greater than two times the standard deviation of 
all the test data taken from a source. 
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I MILL STUDY REPORTS 

A. Mill A: Comparison of ODEQ-7 and EPA-25 Results 

(1) 
particulate and condensible organic compounds and EPA Method 25 
to measure total gaseous nonmethane organic (TGNMO) compounds. 

- 

Objective - The ODEQ Method 7 was designed to measure total 
~~ ~~~~ ~ 

The intent-of~_t-his study was to compare the results of bDEQ-7 to 
-when sampling veneer d m i s s i o n s  controlled by a wet 
C c r u b b e n h e r  objectives were todetermine the total organic 
7GEi’ZiXns fxom a ~ v e n w e r  - both prior to and following a 
‘BiElTy scrubber ~ _ _  and to determine part-iElZtmdcondensible ---~ _-_.-_ 
organic emissions foil-owing. a-B-1.e~ ~~ __--. scruljber when a variety ~ ~ - of 
- -~.  veneer -. species - . -  ~ were-being-dr-, 

.-.~ ___ 
- 

.- - ___ -. - I .- 

_- 
-. - 

(2) 
Associates during a planned evaluation of a Burley scrubber on 
veneer dryer emissions. For additional information, all ODEQ 
Method 7 front filters were washed with acetone and reweighed 
following initial analysis, The purpose of the acetone wash was 
to estimate the front-half catch of organics condensed at 12OOC 
(250’F). 

Methods - ODEQ Method 7 -- sampling was performed by BWR 

EPA Method 25 sampling was performed by NCASI staff. An in- 
stack filter maintained at stack temperature was included in the 
sampling probe. 
ment limitations. Method EPA-25-data-wa-s taken before and after 
the scrubber to determine scrubber efficiency and emission 
-f=tors. In addition, EPA-25 samples were taken from the ODEQ-7 
sampling train following the second filter just prior to the 
silica gel impinger. This EPA-25 sample was used to determine 
the amount of organics passing through the ODEQ-7 sampling 
train. 

NJicate samples were not taken due to equip: 

Data from ODEQ Method 7 is normally presented in terms Of 
gr/DSCF whereas data from EPA Method 25 is presented in terms of 
ppm as methane. A factor to convert one set of units to the 
other (3374 ppm/gr/DSCF), was calculated assuming veneer dryer 
condensible organic emissions to be abietic acid. 

(3) Process Description - The source tested was a steam heated 4 
deck, 18 section, 2 zone Coe veneer dryer equipPCwith a Burley- 
5 section wet scrub’b&-rf-The __ dlscharge of the scrubber was modi- _- -_._--_ -- 

-fizd for testing by installation of a 34 in. diameter stack 8 
ft in height. 
base of the stack directly above the axial exhaust fan. 
veneer dried at this mill was peeled at other locations. 

(4) Results - Results from the comparative testing at the first 
sampling site are listed in Table C-1. The EPA-25 data shown is 
for samples drawn in parallel with ODEQ-7 and samples taken after 

A tibular flow straightener was installed in the 
All the 
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the back-half filter of ODEQ-7. The ODEQ-7 data shows: (a) the 
acetone soluble portion of the front filter, (b) the acetone 
insoluble portion, (c) the back-half catch, and (d) the total 
catch. The results showed that the EPA-25 samples taken at the 
scrubber outlet did not compare with the ODEQ-7 results. The 
post ODEQ-7 samples showed that a considerable amount of organics 
passed through the ODEQ-7 train. 

TABLE C-1 

Concurrent 
With 

ODEC7 
Veneer grinsm. 
Species ( P m )  

Douglas f i r  0 .030  
sapwood ( 1 0 0 )  

White f i r  0 .089  
Sapwood (3001 

Douglas f i r  0 .079  
Redry ( 2 6 8 )  

Hhite f i r  0 . 0 2 9  
Sapwood 197) 

Pine 0 . 2 2 2  
( 7 4 9 )  

RESULTS FROM COMPARATIVE SAMPLING 
WITH METHODS ODCQ-7 AND EPA-25 

Acetone Acetone 
Fo1 lowing Sol .  Portion Insol. Portion Back-Ralf 

o n ~ 0 - 7  of F i l t e r  of F i l t e r  Catch 
gr/DSCF* Catch gr/DSCP Catch 9rlDSCP grlDSCF 

(PPml IPpm) (PW) (PW)  

0 .023  
178) 

0 .086  
( 2 8 9 )  

0 .038  
( 1 2 8 )  

0 .007  
( 2 4 )  

0 .001  
13)  

0.003 
( 1 0 )  

0.025 
1 8 4 )  

0 .016  
( 5 4 )  

0 .066  0 .045  0 .012  0 .023  
( 223 I (1521 ( 4 0 )  ( 7 8 )  

0 .031  0 . 0 0 8  0 .012  0 .014  
( 1 0 5 )  (271  ( 7 )  ( 4 7 )  

0 .122  
( 4 1 2 )  

0 .049  
( 1 6 5 )  

0 .009  
(301  

0 .023  
( 7 8 )  

( ) ppm TGNMO a s  methane 
Converted from ppm methane to gr/DSCP assuming the catch was a b i e t i c  acid 

Total 
qr/PSCF I ( P P I  

0.064 
(216J  

0.026 
( 8 8 )  

0 .080  
( 2 7 0 )  

i' 0.024 
( 8 1 )  

0 .081  
( 2 7 3 )  

I 

A material balance using results of both sampling techniques 
was performed. Differences between the EPA-25 stack sample and 
the EPA-25 sample following the ODEQ-7 back-half filter did not 
compare with the ODEQ-7 results. The ODEQ-7 samples consistently 
showed more organic material collected than the difference of the 
EPA-25 samples taken with an in-stack filter and following the 
ODEQ-7 back-half filter. These results also indicate that more 
organics passed the ODEQ-7 front filter than the EPA-25 probe 
filter. This conclusion is reasonable when considering the 
ODEQ-7 front filter was maintained at 120°C (25OoF), whereas the 
stack temperature was 68°C (154°F). The higher ODEQ-7 filter and 
probe temperature apparently resulted in revaporization of 
condensed organics. Organic particulate present in the stack at 
68°C (154°F) was filtered and not included in the EPA-25 samples. 

Emission factors for total organic compounds prior to the 
scrubber are listed in Table C-2. Drying of green veneer pro- 
duced between 1.1 to 2.1 lb/MSF total organic compounds. 
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TABLE C-2 TOTAL ORGANIC COMPOUNDS FROM VENEER DRYER 

T V O C  

V e n e e r  
Species 

D o u g l a s  F i r  
Sapwood 

D o u g l a s  fir 
H e a r t w o o d  

R e d r y  

Lodgepole P ine  

TABLE C-3 

Product ion  A i r  Flow TGNMO TGNMO 
MSF/hr DS CF / MSF ppm lb/MSF 

12.02 31,800 25 

6.20 55,000 890 

V e n e e r  Product ion  A i r  Flow 
Species MSF/hr DSCF/MSF 

D o u g l a s  f i r  4.66 71,700 
Sapwood 4.49 75,500 

6.66 50,300 

D o u g l a s  f i r  10.16 35,100 
H e a r t w o o d .  

White f i r  

R e d r y  

L o d g e p o l e  
P i n e  

10.11 

5.22 
5.27 
4.85 

10.81 
12.02 

6.62 

4.52 
6.20 
4.61 

36,100 

67,300 
65,200 
73,700 

35,300 
31,800 
58,200 

75, 500 
62,300 
81,700 

105 
100  
-- 

-- 
352 

-- 
300 

97 

268 
151 
-- 

749 
-- 
-- 

0.31 
0.31 
-- 

-- 
0.52 

-- 
0.81 
0.30 

0.39 
0.20 
-- 

2.3 
-- 
-- 

0.062 
0.064 
0.065 

0.078 
0.071 

0.031 
0.026 
0.024 

0.08 
0.072 
0.051 

0.081 
0.067 
0.033 

Tt4 k cor> 
OYQ-7 R e s y l t  

gr D S C F  l b  MSF 4 0.64 
0.55 I 
0.46 

0.39 
0.36 

0.30 
0.25 
0.25 

0.40 1 
0.33 
0.42 

0.59 
0.38 k 
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Emission factors for particulate and condensible organic 
compounds measured by-ODEQ-7 and for EPA-25 samples with an in- 
stack filter taken at the scrubber outlet are shown in Table C-3.  
Non-organic compounds as determined by the acetone wash of the 
front filter, were less than 15 percent for all the samples. The 
EPA-25 results ranged between 0.20 and 2.3 lb/MSF as methane and 
the ODEQ-7 results ranged between 0.30 and 0.87 lb/MSF as dry 
weight. 

than the organic emissions entering the scrubber when redry was 
being processed. This indicated that some organics dissolved in 
the scrubber solution were stripped when the scrubber was lightly 
loaded. High grain loadings shown by the ODEQ-7 results when 
redry was being processed also indicated that condensed organics 
were being carried out of the scrubber. These condensed organics 
were likely contained in a mist. This smoothing effect from 
stripping organics from the scrubber solution made it difficult 
to measure scrubber efficiencies. Rough calculations showed that 
more than 4 hours of steady operation were required for the 
scrubber to reach equilibrium. 

(5) Conclusions - This study showed no comparison between ODEQ-7 
results and EPA-25 results. The results of the two sampling 
methods differed because of: (a) gaseous organic compounds 
passed through the ODEQ-7 tra'in and (b) because of the exclusion 
of condensed organics from the EPA-25 train by the in-stack fil- 
ter held at a temperature of 68OC (154OF). 

Emission factors for uncontrolled emissions from this 
veneer dryer were measured for several wood species. The effici- 
ency of the scrubber in removing organic compounds could not be 
established because of the slow response of organic compounds in 
the scrubber outlet following a process change. 

B. Mill B: Exploratory Studies With EPA Method 25 

(1) Purpose - This-study-w-a-s conducted to determine: (a) the 
need for isokinetic. samplinq and (b) the-ploportion of organic -- 
material caught on an__i;n-stack filter when sampling with - EPA 
Method 25. 

(2) Methods -Aneer-dxyer was sampled both before and after a 
Sampling was per- 

formed with probes designed to quantify material collected on 
them using the EPA-25 analysis system. The probe was made of a 
Swagelok 1/8 in. male connector to 1/4 in. female connector with 
the 114 in. end packed with quartz wool. The probe was tightly 
capped on both ends during transportation to and from the labora- 
tory. 
system and heated to 200OC (390OF) in an oven to vaporize con- 
densed organics. Wood particulates that may have collected on 
the filter were not burned. The vaporized organics passed 

The organic emissions following the scrubber were greater 

-. 
- - 
._ sand ---- filter.control-d%i_ce with EPA Method 25. 

The probes and filters were connected to the burnout 
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through the oxidation catalyst, the NDIR C02 monitor, and into an 
evacuated vessel for subsequent measurement by EPA-25 analysis 
procedure. 

1.1 

{ I  .iL after the sand filter. 
I into the gas flow and the other was held perpendicular to the gas 

, *i flow. Consistently different analytical results would indicate a 
. I  need for isokinetic sampling. 

Duplicate samples were collected SimUltaneOUSly before and 
One probe of the duplicate was directed 

( 2 )  Results - The results are presented in Table C-4. The Sam- 
ples drawn perpendicular to the stack gas flow after the sand 
filter contained significantly less TGNMO than those drawn 
parallel to the gas flow. Samples drawn before the sand filter 
showed no significant difference in analytical results between 
probe orientation in most cases. These results indicated that 

devices on veneer dryers. 
. t  isokinetic sampling may be required following wet collection 
'I I 
. %  

I /  i J 

Before After % TGNMO 

fv-& 
TABLE C-4 RESULT FROM SAMPLING FILTER CONFIGURATIONS 

D 

.E 

F 

, I  A perpendicular 

1 ,  -> parallel 

B perpendicular 

para1 le1 

C perpendicular 

parallel 

perpendicular 

parallel 

perpendicular 

parallel 

perpendicular 

parallel 

-ppm ~ ppm 

4 
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e) Particle size distributions for uncontrolled dryers indi- 
cated a predominance of particles in size range that behaves like 
a gas. The above results agree with particle size measurement 
previously determined. However, stack gases following wet 
control devices contained entrained water droplets of sufficient 
size to require isokinetic sampling to obtain a representative 
sample. These water droplets may contain condensed and dissolved 
volatile organics. 

prior to the Method 25 cryogenic trap was small compared to the 
total catch. The sample train filter catch for the control 
device inlet ranged between 0 and 4 percent of the total TGNMO. 
For samples taken after the control device the filter catch 
ranged between 1 and 13 percent of the total TGNMO. The parti- 
culates caught on the probe filter for the sample taken after the 
control device tended to be higher than for the sample taken at 
the inlet. The orientation of the filter to the gas flow did not 
affect the amount of particulate caught. 
particulate matter impinging on the probe at this sampling site 
bled through the filter. It was 'concluded that isokinetic sam- 
pling of veneer dryer emissions appears necessary when particulate 
matter is present. 

The amount of volatile organic matter caught on the filters 

This indicated that 

C.  Mill C: ,Control of Steam-Fired Veneer Dryer Emissions with 
A Georgia-Pacific Corp. Scrubber 

(1) Introduction - A wet scrubber designed for r.emo~v.al-of-c.oJx 
- densible - -- organic_emi~ssions_from a steam heated veneer dryer was 

sampled to determine removal efficiencies for: (a) t0ta-n- 
methane organics , ~ ( b ~ )  .particulat~e-grnd condens-ible organics, 2 n d  
- - ____ __ ~ 

-. ( C  --- ) noncondensi.bJe&o.*et&ane. pr,gan~ic_s. Sampling was conducted 
by NCASI and TRC,Environmental Consultants Inc., an EPA contrac- 
tor. 

( 2 )  Source Description - The __- plywood mill studied operated four 
steam - .-. ;~ea:@ .ven>~er clr~y~si~.~ Dryers 1, 2, and - 3, were--5-deZk72- 

exhausts were collected . by . ~ a common insulated manifold-and deliv- . -~ ~ 

ered to the- scrubber^. 

- zone , 
c~ tivi517; - 

g; ~d i n g  d r y e r s - w ~ t h ~ ~ ~ ~ ~ ~ - a " d - 1 8  -sect  lons-,-re spec- 
 dryer^ number' 4 was . a 22 section- jet_dryer. Drysr 

~~. .- ~ - -__  - _ _  
The scrubber consisted of two parts:-. . (a)~ a gas coqling 

section to encourage - 'conJggsation - - of .. organics, .. _._.. .- .~ - and.-( 4)- ~a .section- 
Gas cooling was accomplished by spraying higkpressure water 
through-ncii=z.l-e~s-intd-the-diiEt-lXdhg to the scrubber. Water 

'for removal of condensed org&c-s.,-partlculate and water droplets. 
-- F 

cyclones - 
---- 

( 3 )  Sampling Procedures - Sampling of the scrdber inlet and 
outlet was carried out on five different days. On the first three 
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sequential days TRC and NCASI participated in a cooperative sam- 
pling study. On the next two days the NCASI sampled the source 
alone. 

During the TRC and NCASI cooperative effort tJle scrubber 
_ -  inlet and outlet-were sampled with a combination of EPA Meth;jd 25, 
the reference method-for total gaseous nonmethane organics ( T G , ~ )  
and a modification of EPA MethTd-53he reference method for 
parEiZiil?a&e- matter. ThFEPA-25samples were drawn as a s r p  
stream from the EPA-5 train following the heated filter. The 
filter was maintained at 177OC (350OF) as monitored by a thermo- 
couple in the gas stream. A second filter was placed between the 
third and fourth impingers as in ODEQ method 7. This sampling 
procedure gave analyses for: (a) particulate matter that is non- 
volatile at 177OC (350°F), (b) organic compounds which are vola- 
tile at 177OC (350°F), and (c) organic compounds which are vola- 
tile at 177OC (350OF) but condense at 21OC (70OF). The results 
for these three analyses are expressed as: (a) gr/DSCF by weight 
measured, (b) ppm CH4, and (c) gr/DSCF by weight measured, respec- 
tively. 

common manifold at each location. Four of the trains were designed 
and operated by TRC and two were designed and operated by NCASI. 
The trains operated by TRC consisted of two cryogenic traps in a 
series, one in an ice bath to condense moisture and the other in 
dry ice to condense organics from the sampled gas. The NCASI 
train used one trap in dry ice. The TRC samples were drawn into 
4-liter stainless steel tanks whereas the NCASI samples were drawn 
into 17-liter tanks. 

I 

Six EPA-25 sample collection trains were connected to a 

Simultaneous samples were taken from the scrubber inlet and 
outlet on three successive days. Three laboratories analyzed a 
pair of samples from the inlet and outlet. The laboratories were 
NCASI, Pollution Control Science, and TRC Environmental Consultants. 

The tests by NCASI on the latter 2 days of sampling were con- 
ducted primarily to determine the quantities of noncondensible 
organics present in the inlet and outlet to the scrubber. An 
ODEQ-7 sampling train was used on the outlet side of the scrubber 
with the front filter maintained at 88OC (190OF). The probe was 
maintained at a temperature of 93-99OC (200-210°F). A pair of 
EPA-25 samples were taken from a point following the 88OC (190OF) 
filter. This sampling arrangement provided results for total 
condensible organic and particulate material, and noncondensible 
nonmethane organics. These results were expressed as gr/DSCF by 
weight measured and ppm as methane, respectively. 

ceded by a filter held at 80°C (190OF). A 3/8 in. diameter 
Whatman 934-AH glass filter was placed between two screens at the 
end of a 318 in. O.D., 3 ft long stainless steel probe. The 
temperature of the gas leaving the filter was monitored with a 

Scrubber inlet samples were taken with EPA-25 trains pre- 

i 
i 

4 1.9 

1 
I 
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thermometer. A tee was provided for connection of 2 EPA-25 
sampling trains. The two and one-half feet of probe, the filter 
holder, and splitting tee were heat traced, wrapped in insula- 
tion, and protected with a metal covering. Sampling was aniso- 
kinetic. Condensed organics were recovered from the probe filter 
by washing the assembly with acetone and filtering the acetone 
wash. The wash was dried at room temperature and weighed. 

(4) Analytical Results - EPA Method 25 analytical results from 
each of the three laboratories analyzing samples from the three 
days of cooperative sampling are shown in Table C-5. 
tories are: (a) NCASI, (b) Pollution Control Science, and 
(c) TRC. 

A three factor of analyses variance (ANOVA) was used to 
evaluate the data. Results of the ANOVA are shown in Table C-6. 
In the ANOVA, variations in results due to sampling location, 
sample date, and laboratory analyzing the samples are compared to 
the variation found in the paired samples. 

The labora- 

TABLE C-5 RESULTS OF EPA-25 ANALYSIS IN ppm C 

Test Day 
2 3 - - 1 Source Laboratory - 

A 1292 1594 1304 
1128 995 1365 

Inlet B 803 1324 1206 
906 1460 996 

c 
- 

A 

1186 1452 2116 
1246 1309 2159 

1292 1294 1018 
1321 1148 829 

. -  -. - 

Outlet B 1909 1033 712 
1168 851 1094 

C 1664 1484 686 
1886 1887 1028 

Sources of variation in the analytical results were inter- 
preted from the ANOVA results as follOWS: 

O Changes in emission levels from day to day as measured by 
all laboratories for both inlet and outlet were detected 
with only 66 percent confidence. 

\ 
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O A change in TGNMO emission concentration across the scrubber 
as measured by all laboratories for all three days was 
detected with 76 percent confidence. 

analytical group at better than 99 percent confidence. 
Results of laboratory B were the lowest and laboratory C 
the highest. 

O There was no day on which a change in TGNMO emissions across 
the scrubber was detected with better than 7 0  percent con- 
f idence. 

There was no laboratory that consistently found any signifi- 
cant changes from day to day in emission levels. This 
portion of the ANOVA lumps together the scrubber inlet and 
outlet analysis results thereby hiding changes that might 
have occurred in either. Laboratory C results showed daily 
trends in TGNMO emissions both on the scrubber inlet and 
outlet. These trends were in opposite directions, and thus 
cancelled each other out in the ANOVA. 

31 

O There were significant differences in results from each 

I 

O No laboratory found any consistent differences in either the 

O Individual laboratories found significant differences in 
either the scrubber inlet or outlet on different days. 
These findings were not shared by the other laboratories. 

scrubber inlet and outlet. 

Differences in the analytical results from each laboratory 
appear to be the main source of variation. Since this variation 
is much greater than the variation of the paired samples, the 
differences are likely due to the analytical procedures. Review 

results for the tank analysis, whereas the trap analysis were 
about the same. 

I of the data collected by TRC and PCS show large differences in 

Some of the variation in the data was not detected by the 
three factor ANOVA because of opposing trends in the inlet and 
outlet of the scrubber. Treatment of the inlet and outlet data 

I as isolated events by the ANOVA procedure summarized in Tables 
C-7 and - C-8. 
tion in both the scrubber inlet and outlet if the data is analy- 
zed on a day to day basis. Also, the difference in laboratory 
results was significant with less than 89 percent confidence on 
the scrubber outlet. 

These tables show that there was significant varia- - 

An estimate of the variance of the EPA-25 test method for 
1 

each of the laboratories can be obtained from a 2x6 ANOVA on the 
paired samples. The estimate of the square of the standard 
deviation is given by the mean square of the residual. The 
standard deviations calculated in this manner were 188, 258, and 
172 ppm, resulting in relative standard deviations o f  0.156, 
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0.221, and 0.114 foi laboratories A, B, and C, respectively. 
Confidence intervals about a data pair can be established by the 
student t test. The average of each laboratory's paired data is 
within ? ( S I  (h )/Kwhere v is 5 degrees of freedom, and n is 
2 for these sa@f&. At the 95 percent confidence level, the 
average of a data pair is within f342, 469 and 313 ppm of the 
true value for laboratories A, €3, and C, respectively. 

aw-7 
The particulate and condensible organic material samples/ 

collected by TRC with the modified EPA-5 particulate train I were 
analyzed by CH2M Hill in Corvallis, Oregon. The resul-tTare 
listed in Table C-9. The particulate matter was the material 
collected in the probe and on the heated filter while the conden- 
sible organics were the material collected in the glassware 
following the heated filter and up to and including the filter 
between the third and fourth impinger in the EPA-5 sampling 
train. 

%Q TABLE C-9 PARTICULATE AND CONDENSIBLE ORGANICS 

All values expressed as grains per dry standard cubic foot 

Condensible 
Sample Location Part icu 1 ate Organics Total 

1 inlet 0.025 0.173 0.194 
outlet 0.020 0.092 0.112 

2 inlet 0.016 0.152 0.163 
outlet 0.018 0.089 0.107 

3 inlet 0.007 0.116 0.124 
outlet 0.027 0.060 0.087 

Results from the NCASI collected samples for total, con- 
densible and noncondensible organics are shown in Table C-10. 
Condensible organics, listed in the column labeled "before 88OC 
(190°F) filter", are reported in terms of gr/DSCF and ppm as CH4. 
The samples on the inlet side were not drawn isokinetically and 
should not be considered equivalent to ODEQ-7 particulate results. 
The ppm as CH number for the inlet side was obtained from analy- 
sis of the drfed extract from the probe and filter in an EPA-25 
organic trap. The dried extract was desolved in ether, placed 
in an EPA-25 trap, purged with air to evaporate the ether, then 
burned out as per the normal EPA-25 procedure. 
values from the outlet before 88OC (19O0F) filter samples wer& 
derived from multiplication of the result expressed as gr/DSCF by 
factors derived during the sampling evaluation work reported in 
Section IV of this report. Listed in the "After 88OC, (190OF) 
Filter" column are the results from the duplicate EPA-25 filtered 

The ppm as CH 
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samples  and t h e i r  ave rage .  The t o t a l  organic column i s  t h e  sum 
of t h e  p r e v i o u s  two columns expressed  as  ppm CH . The p a r t i c u -  
la te  and condens ib l e  o r g a n i c  columns i n  t h e  tot11 ODEQ-7 r e s u l t s  
are  expres sed  as gr /DSCF.  Hemlock w a s  be ing  d r i e d  on one dryer  
when sample 6 was be ing  taken.  Douglas f i r  W a s  t h e  on ly  species 
be ing  d r i e d  d u r i n g  a l l  o t h e r  t ra i l s .  
t h i s  change i n  wood s p e c i e s  may have on t h e  r e s u l t s  from sample 
6, several samples were c o l l e c t e d  from a d r y e r  p rocess ing  hem- I 

To de termine  t h e  effect  

lock .  The r e s u l t s  are l i s t e d  i n  Table  C-11. i 

i 
i 

TABLE C-10 ANALYSIS RESULTS FROM N C A S I  COLLECTED SAMPLES 

lu\-7-4 7 P a r t i c u l a t e  I I 

Sample Loca t ion  

4 i n l e t  

oiitlet 

5 i n l e t  

o u t l e t  

6 i n l e t  

o u t l e t  

7 i n l e t  

o u t l e t  

8 

I and 
A f t e r  88'F To ta l  Condensible 

Before  88OC F i l t e r  Organic  Organics 
F i l t e r  ppm ppm gr/DSCF I 

0.17 grIDSCF 
496 ppm 

0.028- grIDSCF 

A V 9  

46 PPm 
Avg 

0.27 gr/DSCF 
849 ppm 

0.053 grIDSCF 
106 ppm 

0.25 grIDSCF 
497 ppm 

0.031 gr/DSCF 
' 91 ppm 

Avg 

Avg 

AVg 

0.13 grIDSCF 
444 ppm 

A V 9  

604 
783 
694 

539 
460 
495 541 0.053 

1189 ---- 

1065 
978 

1022 1871 ---- 
587 
699 
643 749 0.113 

59 9 
892 
746 1143 

795 
777 
786 877 0.067 

,733 

_--- 

---- 797 1242 

I No d a t a  due t o  equipment f a i l u r e  

i n l e t  0.12 qr/DSCF 484 ppm 
305 ppm 436 ppm 

Avg 460 ppm 
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I TABLE C-11 ANALYSIS RESULTS FROM DRYING HEMLOCK 

Before 88°C After 88OC 
Sample Location Filter Filter Total 

9 inlet 0.14 gr/DSCF 39;4 ppm 
267 ppm 500 ppm 

Avg 491 ppm 750 ppm 

Some comments concerning the validity of the data are in 
order. The EPA-25 samples from tests 1 and 2 may have been 
contaminated with acetone. The acetone used to wash the EPA-5 
samplings train was not completely dried before use. The sam- 
pling trains were allowed to dry overnight prior to sampling on 
the remaining tests taken by TRC. Vacuum grease was used on the 
177OC (350OF) front filter during runs 1 through 3 .  It was 
applied more liberally on the scrubber outlet sampling train. 

the scrubber inlet samples 4 through 9 were drawn anisokineti- 
cally. The weight reported represents only the condensible 
organic material in the emissions since the extracted samples 
were filtered prior to weighing. The values obtained for tests 5 
and 6 appear to be high. 

Total organic emissions from test 7 were obtained using an 
in-stack filter. Burning the extract from the 80OC (190OF) filter 
and probe in the EPA-25 analysis system yielded 340 ppm whereas 
the difference between the total organics and the organics pass-. 
ing the 88OC (190OF) filter measured 444 ppm. Considering the 
poor duplication (1426 ppm and 1060 ppm) of the total organic 
analysis by EPA-25 on this sample, the differences between the 
condensed organic material measurements by the two procedures 
appears reasonable. 

( 5 )  Engineering Results - Production data and emission gas flow 
measurements were collected by TRC, NCASI, and the mill. This 
data is listed in Table C-12. 

Both TRC and NCASI made flow measurements at the scrubber 

Particulate and condensible organic emission measurements on 

I 

outlet. The sampling ports at the scrubber outlet were within 1 
diameter of the stack outlet. With a 9 ft diameter stack and the 
low stack gas velocities, any wind movement across the top of the 
stack could have affected the readings. For this reason, only 
scrubber inlet flows were used for calculation purposes. I 
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TABLE C-12 PRODUCTION DATA AND A I R  FLOW 

b.! 

Product  i o n  
P r o d u c t i  MSF/hr. 

T e s t  lcF==3 Veneer S ecies 318 i n .  Bases 

35.7 
L 

1 Doug l F f i  r 

2 Douglas f i r  34.4 

I 

3 Douglas f i r  34.1 

4 Douglas f i r  27.5 

5 Douglas f i r  35.2 

6 Douglas  f i r /  
\ 

Hemlock 30.3 

7 Douglas f i r  32.2 

a Hemlock 7.1 

9 Hemlock 7.1 

s c r u b b e r  I n l e t  A i r  Flow 
DSCFM DSCF/SF - 
12,400 24.2 

12,100 25.1 

12,600 25.7 

12,600 27.5 

13,000 22.2 

14,400 28.4 

12,600 23.5 

4,403 37.0 

3,859 32.4 

The a n a l y t i c a l  r e s u l t s ,  p r o d u c t i o n  d a t a ,  and f l o w  measure- 
ments were used t o  calculate emission f a c t o r s  for t h e  scrubber  
i n l e t  and o u t l e t .  T a b l e s  C-13, C-14, and - C-15 present t h e  
c a l c u l a t e d  emission f a c t o r s  and s c r u b b e r  removal e f f i c i e n c i e s  
for  t o t a l  nonmethane o r g a n i c s ,  p a r t i c u l a t e  and condens ib l e  
m a t e r i a l ,  and noncondensible  nonmethane o r g a n i c s  r e s p e c t i v e l y .  
The va1ue.s r e p o r t e d  i n  Tables C-13 and C-15 are lb/MSF express-  
ed a s  methane whereas  t h e  v a l u e s  r e p o r t m n  Table  C-14 a r e  
lb/MSF expres sed  as t h e  weighed material. 

The p a r t i c u l a t e  organic u n c o n t r o l l e d  emis s ions  measured i n  
tests 1, 2, and 3 t a k e n  by TRC are cons ide red  t h e  o n l y  v a l i d  
measurements fo r  t h i s  parameter. The remainder  of t h e  i n l e t  
samples  were o b t a i n e d  by a non-standard method. However, a l l  
t h e  emission f a c t o r s  ob ta ined  by b o t h  methods were w i t h i n  t h e  
range of emiss ion  factors f o r  Douglas f i r  measured for  o t h e r  
d r y e r s .  The u n c o n t r o l l e d  emiss ions  for p a r t i c u l a t e  and con- 
d e n s i b l e  o r g a n i c s  measured i n  tests 1, 2, and 3 averaged  0.50 
lb/MSF. 

Each sampling team had d i f f e r e n t  r e s u l t s  for  sc rubbe r  
o u t l e t  par t iculate  and condens ib l e  o r g a n i c  emis s ion  f a c t o r s .  
TRC, i n  samples 1 through 3, showed ave rage  sc rubbe r  emissions 
of 0.32 lb/MSF. The NCASI, i n  samples 4 th rough 6, showed 
ave rage  sc rubbe r  emissions of 0.28 lb/MSF. Scrubber  effici-  
e n c i e s  i n d i c a t e d  for  removal of p a r t i c u l a t e  and condens ib l e  

I 

i 

I 
I 

a b 
I 

c 



TABLE C-13 e- TOTAL-NIC \-q6 EMISSIONS (lbs CH41 9. 
?3- ~ 

f 
Uncontrolled Controlled Scrubber 
Emissions Emissions Efficiency 

Test # lb/MSF lb/MSF Percent 

J 

1 h 1 . 0 0  '-1.13 -13 . - 
2 -1.16 @rPb' 1.10 
3 kl.23 q,( " 0 . 8 5  
4 Y.36 h0.63 

5 
31 
54 

TABLE C-14 PARTICULATE AND CONDENSIBLE 
ORGANIC EMISSIONS 

Uncontrolled Controlled Scrubber 
Emissions Emissions Efficiency 

Test # lb/MSF lb/MSF Percent 

1 
2 
3 
4 

-5 

k 0 . 5 8  ~0.34 
0.53 ~ 0 . 3 3  

? O .  21 
U0.40 >2Qu ' 0 .28  

42 
38 
30 
69 
59 
73 

(uc--ac_ 
TABLE C-15 NONCONDENSIBLE ORGANIC EMISSIONS (lbs CH41 

Uncontrolled Control led Scrubber 
Emissions Emissions Efficiency 

Test # lb/MSF lb/MSF Percent 

- bO.48 29 
37 
-6 
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organic emissions were 37 percent and 67 percent for TRC and 
NCASI respectively. 
due to a non-standard testing method used to obtain inlet 
samples. 

The results from sample 6 did not appear to be affected by 
the hemlock being dried in one dryer. Total organic emissions, 
Table C-13 f o r  hemlock (tests 8 and 9) were 20 percent lower 
than those for Douglas fir. Noncondensible organic emission 
from drying hemlock were no different from drying Douglas fir. 
Hemlock comprised 1 5  percent of the production during sample 6. 
The emission factor for Douglas fir would be depressed by a 
calculated 3 percent due to the hemlock dried during test 6 .  

The NCASI scrubber efficiency may be high 

Noncondensible organic emissions from the dryers as mea- 
sured by EPA-25 following a filter held at 88OC (190'F) in test 
runs 4 through 6 averaged 0.74 lb/MSF as CH . When hemlock was 

emission measured 0.68 lb/MSF as CH4. Noncondensible organic 
emissions following the scrubber in tests 4 through 6 showed 
an average decrease of 0.18 lb/MSF as CH4, which corresponded 
to a 20 percent removal. 

scrubber during tests 1 through 3 averaged 1.13 lb/MSF as CH4 
and for tests 4 through 7 averaged 1.4llb/MSF as CH . The 
TNMO emissions after the scrubber for tests 1 througA 3 aver- 
aged 1.03 lb/MSF as CH and from tests 4 through 6 averaged 
0.75 lb/MSF, to give ad overall average of 0.91 lb/MSF. 
scrubber removal efficiencies for TNMO were 9 percent for tests 
1 through 3 and 46 percent for tests 4 through 6. Possible 
contamination of the EPA-25 samples with vacuum grease o r  
acetone may have caused the low scrubber efficiency reported 
for tests 1 through 3. 

being dried during test runs 8 and 9 the no 4 condensible organic 

The total nonmethane organic (TNMO) emissions going to the 

Average 

(6) Summary - A wet scrubber designed by Georgia-Pacific 
Corporation operated on emissions from four steam heated veneer 
dryers drying Douglas fir was sampled at the inlet and outlet 
for total nonmethane organic (TNMO) emissions, and particulate 
and condensible organic emissions by TRC, an EPA contractor, 
and NCASI. NCASI also sampled for noncondensible nonmethane 
organic emissions. The sampling procedures used were: (a) ODEQ 
Method 7 with a 177OC (350OF) front filter to measure particu- 
late and condensible organics, (b) EPA Method 25 preceded by a 
177OC (350OF) filter to measure TNMO, and (c) EPA Method 25 
preceded by a 88OC (190OF) filter to measure noncondensible 
nonmethane organics. Analysis of EPA Method 2 5  samples col- 
lected to determine TNMO were performed by three independent 
laboratories. Analytical results from the laboratories did not 
show good agreement. Results from the sampling effort yielded 
emission factors for the uncontrolled emissions of: (a) 0 . 5 8  
lb/MSF as dried weight for particulate and condensible organics, 
(b) 1.36 lb/MSF as CH4 for total nonmethane organics, and 
(c) 0.74 lb/MSF as CH4 for noncondensible organics for the 



i 

d 

drying of Douglas fir. T W O  emissions were found to be 1.10 
lb/MSF as CH4 for hemlock. 
outlet were: (a) 0.32 lb/MSF as dried weight for particulate 
and condensible organics, (b) 0.60 lb/MSF as CH for noncon- 
densible nonmethane organics, and (c) 0.97 lb/M!F as CH4 for 
TNMO for Douglas fir. Scrubber efficiencies were found to be 
37 percent for particulate and condensible organics, 20 percent 
for noncondensible nonmethane organics, and 46 percent for 
TNMO. 

Emissions factors for the scrubber 

D. Mill D:, Study of Veneer Dryer Exhaust Gas Incineration In 
a Dutch Oven Boiler 

(1) Objective - Incineration of veneer dryer emissions in power 
boilers is practiced by several Northwest mills. This studv 
was-undertaken- to-inve~s.t.ig.a.te-the orqanic compound destruction 
efficiency of a wood-residue fired Dutch oven'boiler __ __ using 
v e n e ~ r y _ e _ r _ ~ ~ ~ s s i o n s  as combustlon air. 
for uncontrolled veh~eeir- _dryer emlssions was al-so--col lected. 

(2) Methods - The boiler combustion air (veneer dryer emis- - sions.)-and-boiler exit gas were sampled -__ with EPA Method 25 pre- 
ceded with- an in-Etack filter. Gas flow rates were determined 
with pitot tube traverses. No backgz-ound~ measu_rements-were 
taken _when. the-bo i 1 e r was-not _inc iEgzgt&EgLeneef dryer _emLs- 
-sions. 
-usi-rig-procedures outlined in NCASI Atmospheric Qudilty. Improve- 
minx Technical .. . ~. Bulletin ~ No. 109 .~ (18). 

.-- -. ~~ 

- .- ~ __.- 
Emission factor -~ data - - -._ - -_ _.__ 

- - 

The EPA-25 data was corrected for a CQ2-in.t.erf.e.reAce 

( 3 )  Dryer and Boiler Description - Emissions from two 4-deck, 
single zone dryers were ducted-to wood-residue firedDutch oven 

-b5LlersTbyused __ as com_buseoE 21. The dryer emissions were 
-introduced.to-two boilers under the crrate above the wood- ~ 

residue pile in the primary combustion chamber, and to the 
secondary combustion chamber. 
have nameplates. The boilers produced about 41,000 lb/hr 
steam. The steam flow gauges had not alibrated for a 

of the veneer mill. Both the boilers e x h e e d  to a singre- 
stack. 

(4) Results - Results of the tests are listed in Table C-16. 
Dutch oven boilers using ambient coRbustion air have had emis- 

rates measured at this site ranged between 0.13 to 0.32 lb/10 
Btu heat input. In light of the variable organic emission 
rates found and the unknown organic emission rates resulting 
solely from wood-residue combustion in this unit, these tests 
were inconclusive in determining the effectiveness of this 
wood-residue fired boiler in the control of veneer dryer 
emissions. Further testing of this boiler while no veneer 
dryer emissions are being incinerated will be required to 
determine its effectiveness in controlling veneer dryer emis- 
sions. 

The boilers were old and did not 

number of years. The sole use of t h i g m m p y a s  p""- for operation 
- 

sions measured as high as 0.5 lb/10 Btu heat input. Emissio 8 
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E. 66111 E: 

(1) Objectives - Several Northwest mills practice veneer dryer 
emission incineration in power boilers to control the opacity 
associated with veneer dryer emissions. Incineration of dryer 
emissions in existing wood-residue fired boilers resulted in 
the reduction of opacity. However, no data exists on the 
capability of those boilers to combust the organic compounds in 
veneer dryer emissions. -T_hjs study-was designed to determin-e. 

- destruction e.f f,iciency_. for-veneer-.dryer_~m~ssigns_by a retrait 

Study-of Incineration of Veneer Dryer Exhaust Gas 
In a Dutch Oven ,Wood-Residue Fired Boiler 

-b.o.il&. 

The U.S. EPA hired a contractor, TRC, to sarnpmr-ganic 
emissions from a Dutch oven wood-residue fired boiler. The 
NCASI was invited to samDle the emissions simultaneously with - -- _I 

the contractor. In addition, the NCASI also sampled the unit 
at a later date. 

(2) Methods - Total organic compounds in the veneer dryer 
emissions _and the boiler exhaust were determined with EPA 
Reference Method 25 wi’Th-filters h ~ T d a t i 7 i b ~ - ( ~ 3 ~ 5 ~ O ~ w h e n  TRC 
- -_ -- 

-..--- __.- -_  -- 
was sampling or at stack temperatures whTNCA’SI-wa-s-sampling 
individually. The veneer dryer emission temperature was 162OC 
(320°F) and the boiler outlet temperatures were 127OC (260OF) 
and 193OC (380OF) for boilers 1 and 2 respectively. gticu- 
late and condensible organic _____ compounds Kcr-e sampled with a 

Particulate matter is dGfizdTth3se compounds captGKd--in 
the heated probe or on a filter held at 177OC (350OF). Con- 
densible matter is defined as material that passes through the 
filter and is captured in the condenser section of EPA Method 
5 train and by the second filter, and retained through analy- 
sis. 

-_ modification -----_ to EPA Method 5 better known as ODEQ-Method-7. 

The tests were conducted in two series. During the first 
series the boiler was operated at full capacity with a high 
quality wood-residue fuel. During the second series the boiler 
was operated at reduced capacity and with poor to medium qual- 
ity wood-residue fuel. Fuel quality was judged on its moisture 
content and ability to burn in the boiler. 

organic compounds was carried out by TRC during the first 5 
runs. The NCASI took simultaneous EPA-25 samples for total 
organic compounds along with TRC. Later, this same boiler was 
sampled with EPA Method 25 for runs 6 through 8 when the boiler 
was fired on fuel of medium to poor quality. 

(3) Process Description - Yepeer-dgygr emissions from six 

and overfire air. The boilers 

Sampling for particulate, condensible organics, and total 

dryers were sp.lit -and introduce& __ - 
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for electricity production. In addition, the exhaust gas from 
boiler NO. 1 was passed through a heat exchanger to heat air used 
to dry fiber for the dry process hardboard mill. 
injected at a tertiary combustion chamber following the boiler 
tubes and ahead of the heat exchangers. 

6 Sawdust was 

The Dutch oven Combustion Engineering boilers were installed 
in the late 1940's. 
trim, veneer clippings, hardboard dry wastes, and sander dust as 
fuel. Hogged fuel was burned in piles in the Dutch oven boiler. 
Sander dust was injected into the boiler secondary combustion 
chamber and just prior to the air heat exchanger and contributed 
10 to 12 percent of the total Btu input at typical steam produc- 
tion. 

The boilers burned hogged wood, bark, dry 

Each boiler was capable of producing 77,000 lb/hr steam at 
200 psi, but normally produced 60,000 lb/hr. About 10 MW was 
produced by steam turbines. The total steam production during 
testing averaged 110,000 lb/hr, of which about 50,000 lb/hr was 
used for drying veneer. 

approximately 30 percent of the total combustion air. Veneer 
dryer emissions were split about 4 0  percent undergrate and 60 
percent overgrate in the Dutch ovens. Combustion air preheating 
was not practiced. Other combustion air entered the boiler 
through the fuel feed chutes, sander dust injection systems, and 
leaks. The boiler was operated with about 300 percent excess air 
as measured at the stack. 

Veneer dryer emissions at about 163OC (325OF) provided 

The exhaust from boiler No. 1 passed through multiple cy- 
clones before being ducted to the stack. The exhaust from boiler 
No. 2 passed through a wet induced draft fan before being ducted 
to the Stacks. 

 exhausts _fr.om. six- steam--heated.-dryers were ducted _to ~t_he 
boiler. Four of the drvers were 15 section. 5 deck. 3 zone ~~ ~ ~~ 

cross-flow dryers. One-dryer was a 1 6  section, 5 deck, 2 zone 
cross-f-low dryer a?~d-one- was~.a single zone, 6 deck long.i~t~d~~1- 
d rye&- - ? s  f ir)-green. .veneer was- ~dr ie~d ~ -during a1 1 test - -  8 .  

-- 
-\ __ -- 

-. - Y - 
(4) Results - The results, listed in Table C-17, were analyzed 
statistically for significance of variation due to different 
levels of organics contained in the source as opposed to varia- 
tion in the results due to lack of analytical precision. Results 
of an analysis of variance (ANOVA) showed the variation in the 
data to be primarily due to variations in organic content in the 
gases sampled except for the boiler inlet data taken by TRC. The 
NCASI boiler outlet data for run No. 1 was below the detection 
threshold of EPA Method 25. The NCASI data has also been cor- 
rected for a CO interference by procedures described in NCASI 
Atmospheric Qua3ity Improvement Technical Bulletin No. 109 (18). b 

B 
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-. . A considerable__di-sc .repancy_existed_Pe-twe.e~the~ler ____- o u t l e t -  
tgtal-organic-compound-emiss~o& rzu-l-ts _o_bt_ained _- by - NCASI and-TRC 
t h a t  canno6 be exp la ined .  
mXthane/lO Btu f i r e d  a r e  c o n s i s t e n t  w i th  measurements taken  a t  
o t h e r  Dutch oven b o i l e r s ,  whereas t h e  TRC v a l u e s  were much h ighe r .  
It may be t h a t  TRC was e x p e r i e n c i n g  s i g n i f i c a n t  C02 i n t e r f e r e n c e  
i n  t h e  a n a l y s i s  of  t h e  boiler o u t l e t  samples. 

The NCASI v a l u e s  expressed  as  Ib 

TABLE C-17 SAMPLE ANALYSIS AND ANOVA RESULTS An 
I \  

I n l e t  ppm ' O u t l e t  ppm %-. 3 
- B o i l e r  No. 2 3 Boiler No. 1 

\ '  TRC 

786 4J %z< t i 6 9  5 1 7 ' ,  587 6 695 

- TRC NCASI - Run 

1 L 
.At;) - 

rc 2567 12 
A 

-- -- 8 -- 30 
4 1  -- 

n=5 n= 3 n= 8 n-5 

F =4.9 Fr=O. 06 F =3.2 Fr=9. 1 r r 
= 4 . 1  F .1,4,5 =3.5 F . 1 , 1 , 2  4 9  F. 1, , 8=2. 8 F.1,4,5 

-- NO sample 

Total o r g a n i c  and condens ib l e  o r g a n i c  emissions from t h e  
veneer d r y e r s  and t h e  boiler for e i g h t  d i f f e r e n t  r u n s  are l i s t e d  
i n  Table  C-18. The to t a l  o r g a n i c  compounds i n  t h e  veneer  d r y e r  
emis s ions  used f o r  combustion a i r ,  d e r i v e d  by assuming t h a t  t h e  
veneer  d r y e r  emiss ions  were e q u a l l y  s p l i t  between t h e  boilers, 
ranged between 1 6  t o  23  l b / h r  a s  CH4. The total  o r g a n i c  emis ions  
i n  t h e  boiler o u t p u t  ranged between 1.7 and 18 .1  l b / h r ,  ave rag ing  
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9.5 lbfhr as CH4 when veneer dryer emissions were being inciner- 
ated. When no veneer dryer emissions were being incinerated, runs 
3 and 4 ,  the boilers total organic emissions averaged 12 lbfhr. 
Likewise, condensible organic compounds in the veneer dryer 
emissions averaged 15.5 lbfhr to each boiler, whereas the con- 
densible organic emissions from boiler No. 2 averaged 3.4 lbfhr 
while incinerating veneer dryer emissions. When no veneer dryer 
emissions were being incinerated the boilers condensible organic 
emissions averaged 4.5 lbfhr. 

the boiler emissions when fired with and without veneer dryer 
emissions in the combustion air, the data available indicated 
complete destruction of the organics in the veneer dryer emis- 
sions. Both the average total organic emissions and the conden- 
sible organic emissions from the boiler were lower when veneer 
dryer emissions were being incinerated. Organic material removal 
efficiencies presented in Table C-18 were calculated using boiler 
data corrected for the boiler background organic emissions as 
determined by runs 3 and 4. 

et 

Although there is insufficient data to statistically compare 

The range of boiler operating conditions during testing are 
' shown in Table C-19. The Dutch oven fuel conditions ranged from 

poor (wet and dirty) to good. Fuel conditions were good during 
test runs 1 through 5 and 8, and poor durJng tests 6 agd 7. 
Boiler steam loads ranged between 40 x 10 lbfhr. 
Total organic compound emissions expressed as l b f 1 0  Btu fired 
followed no trends related to the boiler operating conditionss 
Heat inputs were calculated using a factor of 1840 SCF C02/10 
Btu that is typical of hogged fuel (24). 

and 70 x610 

i 
TABLE C-19 BOILER OPERATING CONDITIONS 

Fuel 
Steam Fuel Heat Moisture 

Run Prqduction &n put 9 H O f g  
No. 10 lbfhr 10 Btufhr Wo8d - -- 1 56 97 
2 55 90 
3* 50 82 
4* 67 98 
5 52 93 
6 40 98 1.31 
7 40 86 0.76 

40 62 0.44 

-- 
-- 
-- 
-- j 

* Veneer dryer emission not incinerated 

Boiler 
Steam 

Production 
Efficiency 
Percent 
64 
67 
71 
80 
63 
45 
51 
70 

Total 
Organic . 
Compound 
Emissiogs 
lb/10 
Btu 
0.024 
0.155 
0.173 
0.097 
0.076 
0.105 
0.211 
0.076 
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Boiler steam production efficiencies were reduced when 
veneer dryer emissions were incinerated. They were poorest when 
veneer dryer emissions were being incinerated and wet fuel was 
being fired. Incineration of veneer dryer emissions resulted in 
about a 10 percent increase in fuel usage at this boiler despite 
the efficiency benefit associated with a warmer combustion air. 

Total organic compound emissions and particulate and Conden, 
sible organic compound emissions from the veneer dryer are listed 
in Table C-20 as a function of veneer produced for runs 1, 2 and 5 .  
During runs 6, 7, and 8, several veneer dryers were Venting emis- 
sions to the atmosphere making emission and production measure- 
ments useless. The average emission rate from the dryer was 1.6 
1b as CH /MSF total organic emissions (NCASI data) and 1.2 lb/MSF 
particultte and condensible organic emissions as measured by ODEQ 
Method 7. These two measurements cannot be compared since one is 
expressed as methane and the other as a dry weight of material. 

I 

. ,  

1 
.. , 
.i 

2 

5 

TABLE C-20 ORGANIC EMISSIONS FROM THE VENEER DRYER 

Condensible 

to Dryfr Emi ss ions Emissions 
Veneer a 

lb/MSF , 1000 ft /hr lb/hr lb/MSF lb/hr 
TRC NCASI - 

31.7 93.7 32.6 

28.8 47.1 46.7 

24.3 37.6 42.1 
I 

1.31 

31.1 1.28 1 
a Production is reported as raw veneer going to the dryers 

b Total organics are reported as methane. 

multiplied by a shrinkage and trim factor of 0.85,  expressed 
on a 3/8 in. basis. - 

( 5 )  Conclusions - The wood-residue fired boiler investigated in 
this study was capable of complete destruction of organic com- 
pounds in veneer dryer emissions when introduced to the unit with 
unheated combustion air. Total organic compound emissions from 
the boiler were generally lower when incinerating veneer dryer 
emissions in the combustion air. Both total organic compounds 
and condensible organic compounds were destroyed. 
organic emissions was variable, ranging between 69 to 160 per- 
cent. The Dutch oven fuel quality or boiler load appeared to 
have no effect on the boiler organic destruction efficiency. 
Organic compound destruction efficiencies found at this boiler 
cannot be extrapolated to other boilers because of possible 

Destruction of 
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organic destruction in this boiler by the secondary combustion 
chamber where sander dust is suspension fired with additional 
fresh combustion air. w 

Incineration of veneer dryer emissions in this boiler 
resulted in a decrease in steam production efficiency. Incin- 
eration of veneer dryer emissions required about a 10 percent 
increase in wood-residue fuel fired. 

Emissions of total organic carbon from the veneer dryers 
averaged 1.6 lb as CH /MSF 3/8 in. basis, and ODEQ-7 measured 
particulate averaged f .  2 lb/MSF. 
F.. Mill F,: A Study of Organic Emissions Resulting From Dry- 

(1) Objective - This study was undertaken to determine quanti: 
ties of particulate and conG3ensiiile organic compounds, and non- 
condensible __ organic _ -  compounds in uncontrolled v-eneer dryer ___ emi3- 
sLons when lodqepole pine was being dried. 

ing of Lodgepole Pine 

-- __ 
2_- 

(2) Methods - The dryer was tested at .each of two outlet stacks. 
An ODEQ-7 trainLmo<i:fEd ~ to operate with a 8 8 ° ~ ~ ( i 9 - O ~ ~ f r o n t  
f i 1 t er temper a ture wa s_us.e.d_fo_ga_ther -_information on _I Tart --- i3ul a te 
and condens.ibl.e-or.qanics. .The wet end stack was sampled first 

- I-~ ~ 

~ ---- 
and the dry end stack sampled an hour later. 
- condensible - .~~ organic concentrations, a pair of-EPA-25 trains were 
- connected to. the ODEQ-7- srai_n following ~ the 88OC (19O0F)-filtX~;- 

A  second pair of EPA-25 trains with-filters held-at -88OC (190'"F) -- _ _  
' were used to siinul-taneously, take samples~ a t  -tfie stack-not being 
sampled by 6bE.Q-7 train, 
not employ isokinetic sampling and were drawn from a single point 

(3) Dryer Description - The dryer sampled was a 2 zone, 6 deck, 
16 section,seam heated_.dry.e&r-One-eiqhth-.iEh thick veneer was 

The green end temperature was maintained 
at 174OC (345OF) and Ehe dry end temperature at 190°C (375OF). 

( 4 )  Results - Results of test are shown in Table C-21 and Table 
.__ C-22. The results indicated, for the dryer operating conditions 
during the test, that lodsepole pine has an emission factor of 
0.79 lb/MSF as dry weight for total particulate and condensible 
organics and 2.1 lb/MSF as CH4 for noncondensible organics. 

T.0. determine non: 

f 
.-- This second set of EFA-2-5.ifrains. dgd~ 

-in~-~h-e- st-ack;.~ -. . ~ . -  - ~ - ~ - -- 
- _ -  
I___.__- dried during - the tests. 

G .  Mill G: A Study of Measurement of Volatile Organic Compound 
Emissions from a Veneer Dryer Fed Loblolly and Shortleaf 
Pine \ - - - 

(1) 
a - total .- - nonmethane ____ -organic ~~~. compound em_i_sS.ion..~a.ct~or~-~s~g~_E_PA 

Objective - The primary -~ goal of this study-was to determine - 

-Method 2'5. In conjunctxon. with- this work,-particulate samples 
uging an ODEQ-7 train which allowed for the drawing of -- - .- . . 
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Method 25 samples a f t e r  t h e  f r o n t  f i l t e r  v i a  a slipstream. 
f r o n t  f i l t e r  t empera tu re  was . v a r i e d  _in.-order._to .d&ermine-the. 

.- e f f e c t  _ _  .. -~ t h i s  . parameter  had o n  t h e  amount -o.f.-_qrg.anics meaEg_edas.  
" p a r t i c u l a t e  m a t e r i a l "  ( f r o n t - h a l f  Method 5 c a t c h )  and c __.. t h e  - amount 
measured as v o l a t i l e  o r g a n i c  compounds. -I- - - _ -  . - .  . - 
( 2 )  D e s c r i p t i o n  of Sampling S i t e  - The f o r e s t  p r o d u c t s  f a c i l i t y  
r ep resen ted  a t y p i c a l  modern plvwood m i l l  i n  t h e  South. I t  

- con ta ined  a t o t a i  of t h r e e  4 i e c k ,  steam hea ted ,  Coe j e t - d r y e r s .  

3 zone unit;-and_No,.-3 w a s  a 12 s e c t i o n ,  2 zone u n i t .  Dryers  
No. 1 and 2 were approximate ly  3 y e a r s  o l d ,  and d r y e r  N o .  3 w a s  
about  15years  o ld .  
_(380°F) us ing  steam produced by wood-residue b o i l e r s  on-site.  

__ D r y e r  No. 1 was a 24 s e c t i o n ,  3 z o n e  u n i t ; A .  2 was a 2 0  s e c t i T n ,  - 
--- - 

3 1 1  d r y e r s  wer-e normally _ _  o p e r a t e d  a t  193OC 
-_ -- 

T h e  m i l l ' s  f e eds tock  came from l o b l o l l y  p i n e  ( P i n u s  t a e d a  
- L . )  and s h o r t l e a f  p i n e  - ( P i n u s  e c h i n a t e  Mill-.'-)-xgs t h a t  were h e l d  
i n  w e t  s t o r a q e  i n  a nearby woodvard. The loss were soaked i n  a 
c a u s t i c  bath-and then  pee ied  i n t o  s t r i p s ,  no;mally 1/6 i n .  t o  
1 /10  i n .  t h i c k .  The s t r i p s  were c u t  i n t o  s e c t i o n s  and s t acked .  
The stacks were t h e n  moved t o  t h e  d r y e r s  w i t h  f o r k l i f t s  and 
loaded a u t o m a t i c a l l y  i n t o  t h e  g reen  end. One o p e r a t o r  s tood  by 
a t  t h e  l o a d i n g  p o i n t  t o  remove r e j e c t s  and t o  a s s u r e  a s t e a d y  
flow of veneer  t o  t h e  d r y e r .  

The veneer  t r a v e l e d  through t h e  d r y e r  i n  abou t  8.9 minutes  
and was d r i e d  t o  about  7 p e r c e n t  mois ture .  A s e n s o r  a t  t h e  e x i t  
marked p i e c e s  t h a t  were 7 t o  1 0  p e r c e n t  moi s tu re  f o r  u s e  as ou te r  
p l i e s .  Pieces t h a t  con ta ined  greater than  1 0  p e r c e n t  moi s tu re  
were marked as r ed ry .  The average  r e d r y  r a t e  w a s  12 p e r c e n t .  

Dried veneer  was g l u e d ,  p r e s s e d ,  and trimmed i n t o  f i n i s h e d  
plywood. Redry was h e l d  u n t i l  enough was accumulated t o  run  
through a d r y e r  a second time a t  a f a s t e r  rate and /o r  lower 
tempera ture .  

Each d r y e r  had a s e p a r a t e  24 i n .  d iameter  s t a c k  for  <he 
areen end zone. Dampers on t h e s e  s t a c k s  were a d j u s t e d  t o  o b t a i n  _..- __.- optimum d r y i n g  c o n d i t i o n s .  
k e p t  about  7 0  p e r c e n t  open, and t h e  No. 2 and 3 dampers were k e p t  
about  30 p e r c e n t  open. The s tacks  rose approximate ly  18 f t  
above t h e  d r y e r  and dampers t o  t h e  r o o f ,  then a n o t h e r  8 f t  above 
t h e  roo f .  Each s t a c k  w a s  f i t t e d  w i t h  a r a i n  cap. 

A t  t h i s  m i l l ,  t h e  No;  1 damper was 

A t  t h e  d r y  end of each dr.ye.r-there were t h r e e  4 8  i n .  d i ame te r  
c o o l i n g  s t a c k s  t h a t  drew ambient a i r  from above t h e  r o o f ,  5 l z w  it 
a c r o s s  t h e  h o t  veneer ,  and exhaus ted  it through t h r e e  similar 
s t a c k s  on t h e  o p p o s i t e  s i d e  of t h e  d r y e r .  T h e s e  s t a c k s  rose t o  
t h e  same l e v e l  as  t h e  green  end s t a c k s  and were a l s o  f i t t e d  wi th  
r a i n  caps .  

- 

There were no emiss ion  c o n t r o l  d e v i c e s  on the-dryss . -  The= 
were-f.e.w-f.u,g,i.tive, . emiss ions  a t  t h i s  m i l l  ~. because o f  . t h e  i g t e g r i t y  ~. 

o f  t h e  . .. new .. d r y e r s .  . - . - ._ 

I 

! 
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During t h e  tes ts  t h e  average d r y e r  temperature was 1 9 3 0 ~  
( 3 8 0 0 ~ )  i n  a l l  g r e e n  end zones.  Veneer t h a t  had been c u t  and 
s tacked up t o  2 4  hour s  before d r y i n g  was r u n  d u r i n g  t h e  first 
t e s t  w i t h  a n  ave rage  d r y i n g  time of 8.9 minutes ,  and an  hourly 
ra te  of 867 pieces measuring 53.75 i n .  and 101.5 i n .  x 1/6 i n .  
t h i c k .  
peeler t o  t h e  d rye r .  The d r y i n g  t i m e  was f i x e d  a t  9.0 minutes  
and t h e , p r o d u c t i o n  ra te  was 880 p i e c e s / h r  a t  t h e  above dimensions. 

The NO. 1 s t a c k  was chosen for sampling wi th  t h e  ODEQ-7 
t r a i n  because approximately one-half  of the to t a l  dryer green end 
emiss ions  were exhaus ted  a t  t h i s  po in t .  The NO. 1 dryer had been 
down f o r  r o u t i n e  maintenance twelve days before t e s t i n g .  
one  door  showed a v i s i b l e  l e a k  around a seal and was termed 
i n s i g n i f i c a n t .  

( 3 )  
compo-F was found when lob lo l ly  pine\and shortleaf pine 
mixed s t o c k  were d r i e d  i n  a steam h e a t e d  dryer.  Ind iv idua l  test  
r e s u l t s  are shown i n  Table C-23. 

During t h e  second t e s t  veneer was t aken  d i r e c t l y  from the 

Only 

r r  

R e s u l t s  - An average emiss ion  rate of 3 . 7 i l b  to ta l  o rgan ic  

1 

TABLE C-23 VOC EMISSION FACTOR DAT (METHOD 25) ra / j  1 1  

I 

i voc Stack  P roduc t ion  Rate Emission 
1 

Concen t ra t ion  Flow Rate (MSF/hr. Rate lb/MSF 
Sample ppm dscfm 3/8 i n .  basis) as CHq, 

! Run-1 

1.78 S t a c k  #l 1990 5270 -- 
S t a c k  # 2  3400 2130 -- 1.23 

0.41 S t a c k  #3  1040 2300 -- 
S t a c k  15 -- 
Total 14,900 14.6 

Run-2 

S t a c k  #I 3360 4170 2.35 
S t a c k  I2 3130 2030 1.07 
S t a c k  R3 914 1830 0.28 
S t a c k  # 5  100 5070 0.08 

To ta l  13,600 14.8 

**uncorrec ted  for 1 2  percent r e d r y  
--. 

- A 
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A general trend of decreasing total nonmethane organic 
compound concentration from the feed to the discharge end of the 
dryer was evident. Results from the first run showed concentra- 
tions of 1120, 1670, and 500 ppm as CH for stacks No. 1, 2, and 
3 ,  respectively. Results from the sec8nd run showed concentra- 
tions of 1630, 1 5 3 0 ,  430, and 26 ppm as CH for stacks No. 1, 2, 
3, and 5 (cooling stack), respectively. Tie only difference in 
production parameters between the two tests was the use of veneer 
that had been peeled up to 24 hours before being dried for the 
first test, and the use of freshly peeled veneer for the second 
test. Total organic compound emission rates expressed as lbs/MSF 
were somewhat higher when freshly peeled veneer was being dried. 
The freshly peeled veneer was dried with less air flow through the 
dryer causing the higher organic concentrations in the stack. 

ture of 89OC (193OF), a sample volume of 25.6 DSCF, drawn over 60 O Q 9 ,  
minutes at an isokinetic sampling rate of 152 percent. The total 

The first ODEQ-7 test had an average front filter tempera- 

. 
s-z>)o 

front-half catch was 0.0179 gr/DCSF the total back-half catch was 
0.0275 grains/EF. The second ODEQ77 test had an average front 
filter temDerature of 12S0C 1257°FI. a samDle volume of 37.1 \d %P ~~~~ ~ ~ ~F~ ~ ~~~~~ .~ ~ . ~ 

DSCF, drawn over 60 minutes at-an isokinet'lc sampling rate Of 280 
percent. The total front-half catch was 0.00545 gp!!F and the - 1  r* 

4- 
4,. 

.... total back-halfcatch was 0.0439 qr/DSCF. 
' 

'0 

% 
The filter temperature difference had a significant effect 

on the portion of material caught on the front filter versus the 

catch with a 88OC (190°F) filter was 39.4 percent of the total, 
while the front-half catch at 121°C (250OF) was only 1 1 . 2  percent 
of the'total. 

portion caught in the back half of the train. The front-half ? 9 

There was no significant difference between EPA Method 25 
samples drawn from behind the ODEQ-7 front filters and those 
drawn simultaneously using in-stack filters. For the test with 
the 88OC (190°F) filter, 2460 ppm total organics was measured in 
the wet end stack as compared to 1990 ppm measured with an 
in-stack filter at 163OC (325OF). The test with the 121V (250OF) 
filter gave a result of 3250 ppm as compared to 3360 ppm measured 
with a simultaneous sample taken with an in-stack filter. The 
differences in concentration found with the in-stack and out-of- 
stack filter were within the error of the EPA-25 Method. 

H. Mill H: Measurement of Volatile Organic Compound Emissions 
from a Veneer Dryer Utilizing Loblolly and Shortleaf Pine 

(1) Objective - The objective-of-this-s-tay was to determine 
typical . total - gaseous-nonmethane-organic-compound-emissions from 

' Tfhrdrying of southern .w~o~sp~-ci~~using_EeA Method-25.. 

( 2 )  Description of Sampling Site - The forest products facility 
studied represented a typical modern plywood mill in the South. 

. It contained a total of three 4 deck, steam heated, Coe _-  jet- 
dryers. Dryer N _ o _ , ~ _ ~ a s _ a _ 2 6 - s e c t - i o n ~ i t ;  NO. 2 was a 
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2 0  section,Lzone unit; and No. 3 was a 14 section.,-2zonunit. 
~ 1 1  dryers were approximately one year old at the time of testing 
and were .normally-operated at 193OC (380'F) Using Steam produced ' 
by wood-residue boilers-on:s.i-. 

L.) and shortleaf pine (Pinus echinate Mill.] logs that were held 
in wgt storage in a nearby woodyard. The logs were soaked in a 
caustic bath and then peeled into strips, normally 1/6 in. or 118 
in. thick. The strips were cut into sections and stacked. The 
stacks were then moved to the dryers with forklifts and loaded 
automatically into the green end. One operator stood by at the 
loading point to remove rejects and to assure a steady flow of 
veneer to the dryer. 

. I  

Th.e-mi.11's feedstock came from loblolly pine (Pinus teada _.___ ..- - -- L_ - - 
, '  

The veneer traveled through the dryer in about 8 minutes and 
was dried to a target of less than 7 percent moisture. A sensor 
at the exit marked pieces that contained 7 to 10 percent moisture 
for use as outer plies. Pieces that were greater than 10 percent 
moisture were marked as "redry". The average redry rate was 12 
percent. 

trimmed into finished plywood. Redry was held until enough was 
accumulated to run through a dryer a second time at a faster rate 
and/or lower temperature. 

green end zone. Dampers on these stacks were adjusted to obtain 
optimum drying conditions. At this mill, the No. 1 damper was 
kept 25 percent open, the No. 2 damper was kept closed (bleed off 
only) and the NO. 3 damper was kept 25  percent open. The stacks 
rose approximately 18 ft. above the roof. Each stack was fitted 
with a rain cap. 

stacks that drew in ambient air from above the roof, blew it 
across the hot veneer, and exhausted it through three similar 
stacks on the opposite side of the dryer. These stacks rose to 
the same level as the green end stacks and were also fitted with 
rain caps. Previous studies have shown emissions from these 
stacks to be insignificant. 

There were no emission control devices on-these dry-. 

From this point the dried veneer was glued, pressed, and 

Each dryer had a separate 2 4  in. diameter stack for each 

At the dry end of each dryer there were three 48 in. diameter 

There were no major seal leaks on any of the dryers. 
emissions were concentrated at the inlet end of the dryers and 
were probTbly caused by the _L damper settings. 
$ions d-ot visibl-itute a major fraction of the tot-a1 

-dryer emissions, and3iwth-s no way to adequately sample 7 

them,&ey were not c o n s i d e r e d i n b ~ u e n t - e m i ~ ~ i ~ ~ - l e v e l  -- 
calculations. 

f-esnT€s from these tests with results from similar tests at other 
facilities. 

F u g i t b  

Since these em& 
T.- .,- __ -.-.. - 

This point should be kzt-in mind when comp2ring 

c 

I 

L 
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The No. 2 dryer was chosen for sampling since it had the 
lowest level of fugitive emissions. 
1/8 in. veneer. 
182OC (359OF), 1 9 4 T  (382OF), and 198T (389OF) respectively for 
zones 1, 2, and 3. 

This dryer's feed was 
Average zone temperatures during testing were 

(3) Summary of Results - Results from two successful tests on 
the No. 2 dryer are listed in Table C-24 and showed total sreen end 
total organic component VOC emissions to be 37.8 lb/hr amd-37.4 
Ib/hr as methane. Results from a third test were discarded due 
to analytical difficulties. Production rates during the two 
tests were 13.89 x MSFIhr and 12.17 x MSF /hr, 3/8 in. basis, 
respectively, with an average redry rate of 12 percent and 13 
percent respectively. This yielded mass emission rates of 2.7 
and 3.1 Ib/MSF, 3/8 in. basis. The lower production rate during 
the second run was due to some minor feeder problems that were 
corrected within a few minutes. 

TABLE C-24 VOC EMISSIONS RESULTS 

Total Gaseous Orqanics 
Flowrate percent ppm a s  Iblhr. Percent W n S F  

CH as CH RSD 3 / 8 .  Basis  

e 
Production 

MSFIhr. Percent 
Run ( 3 1 8 .  Basis )  Redry Stack dcsfm H O  -4- -4- - 

i 
1 13.89 

Total 

2 12.17 

Total 

12 1 

2 

3 

2830 

13 1 

2 

3 

830 

700 

1300 

860 

800 

1510 

3160 

74.6 10220 21.2 

60.7 4810 8.3 

32.8 2560 8.3 

37.8 

69.6 9357 20.0 

54.1 5092 10.1 

22.2 1955 7.3 

37.4 

1.11 

14.1 

8.58 

2.14 

2.50 I k , ' 
Avq - 2.9 

only one sample 

L,I.:X Mill I:\ Emissions from a Wood-Residue Fired Veneer Dryer 

(1) Objective - The objective of this study was to determine the 
amount of zganic compounds and particulate matter in GissiZiiE- 
from a wogd-residue fired direct heated-veneer dryer while drying 
3hite fir and hem. lnck. Analytical results are reported for: 
(a) totai organics (b) inoqgKnic a-dsulate, -I (c) con- __..____ --s- densible organics, and - (d) ____  noncondensible ~ _ ___  organic e m i x o r  

.- 
- 

- -- _-- - ~- .- 

.-. * ..- ~ .. 
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I ( 2 )  
measured w i t h  EPA Method 2 5  preceded wi-k-fie 

compounds were measured _- w i t h  an-O-DEQ=7 sampling t r a i n .  Organic 

w i t h  e t h e r  from t h e  d r i e d  samples and f i l t e r e d  t o  remove inorganic 
p a r t i c u l a t e .  
added t o  t h e  ODEQ-7 t r a i n  back-half  c a t c h .  
t h e  f i l t e r  a f t e r  e t h e r  e x t r a c t i o n  w a s  d r i e d ,  weighed and Considered 
t o  be i n o r g a n i c  and wood p a r t i c u l a t e .  

Sampling Procedure  - Total o r g a n i c  compound emissions wer 

Q! 
I 

-StEk-temperatures were above 163°C ( 325°F). Condensible orgaiC 

----iiiateriXl c a p t u r e d  i n  t h e  probe and f r o n t  f i l t e r  were dissolved 

The e t h e r  was evapora t ed ,  and t h e  weight  remaining 
The r e s i d u e  l e f t  on 

I I 

The noncondensib.le-organic emiss ions  were measured wi-th ~ p p ,  
M e t h ~ d - 2 ~ p r . e c e d e ~ c  ( 190°F) f i l t e r .  On two samples the 

T i l t e r  in-the-ODEQz7 t r a i n  was used,& t h e  o t h e r  two samples 
were taken  w i t h  - 08°C ( 190°F) f i l ters  des igned  forfhy-EPAy25- 

i 
--- __ ~ ~ 

_ -  
I 
i t . .  
i 
I 

( 3 )  Dryer D e s c r i p t i o n  - The d r y e r  sampled w a s  a 6 deck ,  1 7  zone, 
2 sec-tionlongitudinsl-dryer w i t h  a n  a d d i t i o n a l  2 c o o l i n g  sec- 
t- -It i s  d i r e c t - L c a t e d x i t h  a f u e l  ce l l  f i r e d  with-d- 

Lesi-. 
Systems. Exhaust from t h e  f u e l  cell  immediately e n t e r e d  a 
c y l i n d r i c a l  b lend  box where it i s  mixed w i t h  r e c y c l e d  d r y e r  
gases. The f u e l  cel l  exhaus t  gases are cooled  by t h i s  blend box 
t o  about  650°C (1200°F) b e f o r e  be ing  fed  t o  t h e  d r y e r .  Gases 
were e x t r a c t e d  from t h e  veneer d r y e r  by a f a n  and conveyed t o  
e i t h e r  a blend box or t h e  s t a c k .  Recycle t o  t h e  b lend  box was 
c o n t r o l l e d  t o  ma in ta in  t h e  b l end  box e x i t  t empera tu re  a t  i t s  set 

- --__--_ 
The f u e l  ce l l  was manzfactured by Advanced Combustion 

~~ 

p o i n t .  
g r e e n  end t empera tu re  was between 157 t o  1 7 1 ° C  (315  t o  340°F) 
d u r i n g  t h e s e  tests. 
f i r  were dried-&ring-these tests. 

E x i t  f low measurement f o r  t h e  f i r s t  t h r e e  tests were t aken  from 
a n  earlier sampling r e p o r t  by Mogul Corp. 
t h e  remainder  of  t h e  tes ts  used one measurement t aken  a t  t h e  
s t a c k  e x i t .  The s t a c k  c o n f i g u r a t i o n  had been changed between the 
f i r s t  t h r e e  tests and t h e  remaining tests. 

( 4 )  
R e s u l t s  f o r  t h e  tests a r e  shown i n  Table C-26. Total  o r g a n i c  
compound emiss ions  for hemlock averaged 0.78 and ranged between 
0.42 and 1 . 1 2  lb/MSF. T h i s  wide r-ange-of-total-ozg- compound 
emiss ions  c o u l d  n o t  be exp la ined .  Noncondensible o r g a n i c s ,  as 
measrued by one tes t ,  was 1:02-ib/MSF for when hemlock was b e i n g  
d r i e d .  
were lower, ave rag ing  0.56 lb/MSF. T o t a l  par t icu la te  and conden- 
s ib le  organic compounds averaged 1 . 0  lb/MSF and w a s  of  70 percent  
p a r t i c u l a t e .  

The u n i t - i s - u s e d  t o  _c d r y  hemlock and w h i t e  f i r  only.  The 

Hemlock, or a mixtxe-of hemlock and white - 
-_ - 

Samples were drawn from a port i n  t h e  d u c t  ahead of t h e  fan. 

Flow measurements fo r  

R e s u l t s  - Produc t ion  and flow d a t a  are shown i n  Table C-25. 

Noncondensible o r g a n i c s  for mixed hemlock and w h i t e  f i r  



TABLE C-25 PRODUCTION DATA 54 

Date 

5 / 2 7  

5 / 2 7  

5 / 2 7  

7 / 2 8  

7 / 2 8  

7 / 2 8  

7 / 2 8  

7 / 2 8  

- 

9 

'Wood Species\ ( Hemlock white Fir\ 

k 2  1 0 0  0 

\ 3  1 0 0  0 

4 57 43 
k 5  2 1  79 

6 ? 50 50 

L 7  100 0 

- 8  1 0 0  0 

Production 
MSF/hr 

8.9 

8.9 

8.9 

6.9 

8.2 

6.0 

7 . 1  

7 . 1  

Air 
Discharge 
DSCFM 

13,000 
13,000 

13,000 

9 , 000 

9,000 

9,000 

9,000 

9,000 

Air 
Discharge to 
Production 
DSCF/SF 

87.6 

87.6 

87.6 

79.0 

66.4 

89.7 

75.8 

75.8 

TABLE C-26 EMISSION DATA 

Results 
(EPA-23) 

<&A-25 Following 
Fo 1 1Fw i'ng 

No. Pollutant gr/DSCF ppm as CH4- ppm as CH4- lb/MSF \ 
1 -- -- 103 0 .42  as CH4 

- G --. 1 

(I 
2 Total organics -- 
3 Total organics -- 
4 Inorganic Tps\ 

particulate 0.103 
Condensible cp+ 

0.030 

organics -- 
organics -- 5 Noncondensible 

6 Inorganic 
particulate C M  0.100 i 

I 

i 
Condensible . 

''w 0.026 
p L- !l*L 

~ ~ ~ ~ ~ ? ~ ~ n s i b l e  organics -- 
7 Noncondensible 

organics -- 
8 Total organics -- 

,157 

1 3 9  

1 5 5  

289 
-- 

1 5 7  

2 2 1  

308 

h 0 . 6 5  as CH4 
L 0 . 9 2  as CH4 

0.65 as CH4 

k 1 . 0 6  as CH4 
k1.11 as CH4 
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' ~ ~ - - ~ M i l l - J :  Con t ro l  E f f i c i e n c y  of  a W e t  I o n i z i n g  Scrubber  for 
-. . A  Wood-Residue F i r e d  Direct Heated Veneer Dryer 

(1) 
wi th  emis s ions  c o n t r o l l e d  by an i o n i z i n g  W e t  s c rubbe r  w a s  SamPxd 

matter removal. A second o b j e c t i v e  w.as-t.oxe-termine i f  t h e  
o p a c i t y  - of t h e  s tack - gases r e s u l t e d  from o r g a n i c  aerosols o r  fro,,, 

- s a l t  aer3l.s-f-o-rmed from - ~ combustion - of plywood t r i m  con ta in ing  ' 
high  3alt level glue.   additional^ i i i format ion  on-t~t%l-oF@iiiE 
compound, condens ib l e  -- .or@&~-, and t o t a l  p a r t i ~ l ~ t Z 7 E F d ~ d e n -  

. s i b l e  organic emiss ion  f a c t o r s  from u n c o n t 5 5 T l F d ~ o d - l X i S r  

O b j e c t i v e  - A wood-redisue f i r e d  d i r e c t  hea ted  veneer  dryer  - _ -  
- - to  d e t e r m i - n - e - i ~ t ~ s - e f f i ~ i ~ - o f - o ~ ~ i ~ c o m p o u n d  and p a r t i c u l a t e  

\ --- - 
.---- - -._ - 

. _~.~---- 

f i r e d  d i r s h m d - d F y z s  was a l ~ l l G 5 t ? S d 7 ~  __L 

~~ 

( 2 )  Methods - ODEQ-7 sampJgs-were-takLby BWR AssocLates a t  the 
i n l e t  and o u t l e t  of a C e i l c o t e  wet i o n i z i n g  sc rubbe r .  I n  ad= 

f i l t e r  c a t c h  were e x t r a c t e d  w i t h  a c e t o n e  and t h e  e x t q a c t  d r i e d  
and weiahed t o  de te rmine  t h e  ra t io  of condens ib l e  o r a a n i c s  t o  

~ -- 
-Cion t o  t h e  usua l  ODEQ-7 sample work-up t h e  probe and f r o n t  

p a r t i c u i a t e  matter. 
preceded by --- a f i l t e r  _-- ma&tained a t  88OC (190OF) a t  t h T i 3 l e t  and 
5 u l e t  - of  The  scrubber ,  The samples  were drawn a n i s o k i n e t i c a l l T .  
=ample was t a k e n  wi th  EPA-Mexhod 25 w i t h  an i n - s t a c k  f i l t e r -  

Samples were t a k e n  wi th  EPA MetGod 25 

a t  t h e  s c r u b b e r  i n l e t .  

( 3 )  Source Descr ipt ion - T h i s  plywood m i l l  had t h r e e  dry&r,s. 
_Dryer  1 w a s  .a-.6 -deck,,. ll-section,--sing.le-zone-Prent~i.c_e d r x e r .  __ -~ 
Dryer 2 w a s  a .6  deck,- 14._s .e .c . t i .on~.s i~g~e zone Moor d r y s < Q r y s r  3 
was a 6   deck, 12  se.ction., s i n g l e  .~ zone __.___c Moor d r y e r  w i th  ~- a . . s ~ a l - ~ n g  
Ze-ction.. on. the-feed. .end. Heat t o  t h e  t h r e e  d r y e r s  was supp l i ed  
- by a c e n t r a l  f u e l  ce l l .  The e x h a u s t s  from t h e  d r y e r s  was re turned  
t o  a c e n t r a l  blend box and t h e  e x c e s s  vented  t o  t h e  sc rubbe r .  
The h o t  g a s  s u p p l i e d  t o  d r y e r s  1 and 2 passed  through an addi-  
t i o n a l  b l end  box. G a s  f lows and t empera tu res  i n  t h e  system a r e  
shown i n  Table C-27. 

- - 

TABLE C-27 GAS FLOWS TO THE DRYERS 

Dryer  N o .  

Temp OC ( O F  

ACFM 
DSCFM 

-; P e r c e n t  C 0 2  

493 (920)  
3 3 , 4 0 0  

11,000 
5.0 

493 (920)  
35,000 
1 1 , 6 0 0  

5.0 

1 2 3 
Supply Supply  Supply 

532 (990)  
45,700 
11,600 

7.5 

Dryers  ~ and 2 p rocessed  Doug 
tests. Dryer 3 p r o c e s s e d w h i t e f i  
Douglas ' f i F 3 f F t h e t h  test. 
7- ---- 

a s  f i r  veneer  _ u r i n g  a l l  t h e  
for t h e  f i r s t  t h r e e  tests and 

I 
Q 

I 
I 

I 

I 

i 
I 
I 
I 

I 

i 
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( 4 )  R e s u l t s  - The ODEQ-7 t e s t  are shown i n  Table  C-28. The 
i o n i z i n g  wet sc rubbe r  a t t a i n e d  t o t a l  p a r t i c u l a t e  and condens ib l e  
o ragn ic  ma t t e r  removals r ang ing  between 6 1  and 8 1  p e r c e n t .  The 
lower removal e f f i c i e n c i e s  were caused by a r e d u c t i o n  i n  condens- 
i b l e  o r g a n i c  compound removal. P a r t i c u l a t e  removal eff ic iencies  
ranged between 7 1  and 82 p e r c e n t  whereas condens ib l e  o r g a n i c  
compound removal e f f i c i e n c i e s  ranged between 18  and 81 p e r c e n t .  
Condensible o r g a n i c  compound removal w a s  lowest when o n l y  Douglas 
f i r  w a s  be ing  d r i e d  a l though t h e  condens ib l e  o r g a n i c  compound 
g r a i n  load ing  w a s  n o t  d i f f e r e n t  from when a combinat ion of 
Douglas f i r  and w h i t e  f i r  were be ing  d r i e d .  

i n  Table  C-29. The r e s u l t s  showed an average i n c r e a s e  of 1 2  pe r -  
c e n t  i n  noncondensible  o r g a n i c s  across t h e  scrubber .  

K. M i l l  K: I n v e s t i g a t i o n  of t h e  F a t e  of  Veneer Dryer Organic  

@ 

T e s t  r e s u l t s  f o r  noncondensible  o r g a n i c  compounds are shown 

Compounds Cycled Through a Blend Box a t  a Wood-Residue 
Di rec t -F i r ed  Veneer Dryer 

4 
(1) O b j e c t i v e  - A wood-residue-direct=fir.ed-v.eneer d r y e r  w a s  
sampled wi th  EPA Metho-d 25 for-or.ganic-c.ompounds t o  determine:  

-(Xi emiss ion  f a c t o r s  f o r  d r y i n s  Douglas f i r  veneer  i n  t h i s  t y p c f  
equipEent- and-( b )  the-fate  of o r g a n l c  comp&nds i n  t h e  d r y e r  
em~ssions-when-passed through t h e  b lend  box where h o t  combustion 
g a s e s  are cooled .  

( 2 )  Methods - T o t a l  o r g a n i c  compounds i n  veneer  d r y e r  emis s ions  
were determined wi th  EPA-Referent-e Method 25 Ereceded wi th  a 

' 

- filte-r-at stack t empera tu re  l o c a t e d  a t  t h e  d r y e r  e x i t  and a t  t h e  
d u c t  fo l lowinq  t h e  blend box. S t a c k  t empera tu res  were 163OC (325OF) 

._- 

- __-- 

and 388OC ( 73 i °F)  r e s p e c t i v e l y .  Noncondensible o r g a n i c  - ~- _ _  compounds 
were determined wi th  EPA Methsd 25 preceded wi th  a f i l t e r  ~. . h e l - d d t  - 
t o t a l  ...--- org.anic.-compounds and a .  Ei-gle sample c o l l e c t e d  f o r A e  

G a s  f low rates were determined 
b - i w t x e  traverse a t  t h e  system o u t l e t ,  d r y e r  o u t l e t ,  and t h e  

.- 88OC (~190OF)  .~ D u p l i c a t e  s imul taneous  samples were c-oJle.ct.ed-for 

. n o n c o n d e n s i b l e ~ ~ q . a ~ l ~ q  c o j p o u n d s  - -_ . 
a L -  

d u c t  from t h e  b lend  box t o  t h e  dryer.  
box were c a l c u l a t e d  by m a t e r i a l  ba l ance .  
oxygen measurements were made by a n  Orsat meter and a n a l y s i s  of 
t h e  EPAJe_tho_d-25 sample t anks .  
determined by r ecove ry  of moi s tu re  from t h e  EPA-25 burnou t  t r a p s .  

Flows r e c y c l e d  t o  t h e  blend 
Carbon d i o x i d e  and 

- Mois ture  l e v e l s  i n  t h e  d u c t s  were 

( 3 )  
l o g i t u d i n a l  &ry_er-p-rocessed veneer  brought  t o  t h e  m i l l  s i x b y  

t r u c k .  There w a s  no o n - s i t e  1-1-ing operation a t  t h l s  m i l l .  
A wood-residue f i r e d  f u e l  c e l l  manufactured by Advanced Combustion -Swtm supplxed h e a t  d i r e c t i y  t o  t h e  d r y e r .  The --- w o o d - r s u e  

-small b o i l e r  a t t a c h e d  t o  t h e  f u e l  ce l l  s u p p l i e d  steam t o  o t h e r  

Process D e s c r i p t i o n  - An 1 8  s e c t i o n ,  two zone, s i x  deck 

i 
1 
! f u e l  was derkved . from sand-er-du~t~n&&sqed-p_lywood t r i m .  A 
I 

- _--- - ---- - 
p l a n t  p rocesses .  3 

I 
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Hot combustion gases from t h e  f u e l  ce l l  were blended wi th  
r e t u r n  a i r  from t h e  d r y e r  i n  an a t t a c h e d  chamber (b l end  box) t o  
reduce t h e  bu rne r  exhaus t  t empera tu re  t o  about  308'C (730OF) t o  
prevent  melt down of t h e  d u c t  work .  '&groximateIy&percent_of - 
t h e  d r y e r  exhaus t  was- recyc led  t o  t h e  blend -. -- box. 

l e i i t e r e d  t h e  d r y e r  i n  t h e  plenum above each s e c t i o n .  
The h o t  a i r  

~-I ..- 

( 4 )  R e s u l t s  - Data from two sampling runs  a r e  r e p o r t e d  i n  Table - C-30. 

fir heartwood and  Doualas f i r  sapwood were d r i e d  d u r i n g  runs  2 and 

Data from_r_un N o .  1 are n o t  repor-ted due t o  l e a k s - i u F  
-- sampling system and t h e  resu l t s  judged n o t  r e p r e s e n t a t i v e .  Douglas 

_ _ _  ..-- ~. --.- 
3 r e s p e c t i v e l y .  
t h e  atmosphere were 2 . 4  Jb/MSF for Doug las  f i r  heartwood and 3.9 
lb/MSF f o r  Douglas 'ffrr-sapwood.. The noncondensible  Organic 
emiss ions  were 1.7 Ib/MSF f o r  Douglas f i r  heartwood and 3.0 lb/MSF 
f o r  Douglas f i r  sapwood. Carbon monoxide emiss ions  f r o g  t h e  d r y e r  
t o  t h e  atmosphere averaged about  120  l b / h r  or 0.0 l b /10  
i n p u t  a s  determined by a n a l y s i s  of t h e  EPA Method 25 evacuated  
t anks .  

T,a'tdl'organic e k i s s i o n s  from t h e  d r y e r  system.--to 

Btu h e a t  

TABLE C-30 ANALYTICAL RESULTS 

co 
F i l t e r  Stack 

Run Temperature Flow Production 
No. Sample Location O C  ( O F )  - DSCFH HSFIhr Non-Methane Organice 

S p p m  lb/h S F!P!! Ib/h 
- 

Fuel C e l l  Outlet  388 22 ,800  1 1 . 5  342  1 9 . 4  1.7 4330 
4200 - 2.4 

2 . 1  4260 240  
488 27.6 - 2 

( 7 3 0 1  
Avg. 7i5 2 3 . 5  

8 8  4 4 5  25 .2  
-. .- - 

2 7 , 6 0 0  11 .5  7 1 2  48 .9  
6 9 1  4 7 . 4  

Avg. 

__ 2 9  .- 34 .9  
7 -~ ~ 

27.8 5 +Duct t o  Scrubber 1 6 3  
- ( 3 2 5 )  

88  
1 1 9 0 )  

3 Fuel C e l l  Outlet 388 
( 7 0 3 )  

\ 1 1 9 0 )  

C r~ ->Duct to Scrubber 1 6 3  
1 3 2 5 )  

8 8  
(190) 

- -~ 

1 5 , 9 0 0  

23,460 

.. -- 
2 9 , 6 0 0  

16 ,600  

1 1 . 5  7 0 2  

5 0 9  - 
7 . 1 7  367  

4 2 6  
Avg. 

253  

7 . 1 7  675  
693  

Avg. 684 

5 1 7  

- 

7.17 684 

517  

2 0 . 1  - 

2 . 2  4200 

21.4 3 .0  4470  
3.4 4520  %k$ amb 260  

14 .7  2 . 1  4550  
.- 

4 9 . 7  6 .9  3190  3- 7 
3100 
3140  232  5 - 7 . 1  51.0 

50.4 7 .0  
- - 

37 .6  %5;2  3060 5-7 

21.4 
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I Total organic emissions being returned to the fuel cell 
blend box averaged 21.3 lb/hr whereas the blend box exit gases 
contained averaged 23.2 lb/hr. 
a small increase in tOtalsOrganiCS throught the blend box. 
burner prod~ced~l3.7 X 10 
1840 sCF CO /1.0 
(24). 
cbrresponds to an organic compound cogtribution from the fuel 
cell of 0.14 lbs organic compounds/lO Btu. For comparison, a 
spreader stoker wood-residue6fired boiler produces from 0.04 to 
0.1 lbs organic compounds/lO Btu. 

were returned to the blend box whereas an average of 19.9 lb/hr 
noncondensible organics were discharged from the blend box. BY 
difference, the condensible organics going to and from the blend 
box are 5 . 1  lb/hr and 3.3 lhfhr respectively. These calcula- 
tions are presented in detail in Table C-31. A reduction in con- 
densible organic compounds through the blend box with a corres- 
ponding increase in the total organic compounds indicated a 

compounds lower molecular weight noncondensible compounds. 

( 5 )  Conclusions - This study indicated that organic compounds in 
veneer dryer emissions were not converted to CO and water when i 

i[ passed through a blend box at a wood-residue digect-fired veneer 
. /  dryer. Higher molecular weight, condensible compounds are sus- 

pected to be partially broken down to lower molecular weight 
noncondensible organic compounds. Further studies would be 
needed to verify the above. 

These results indicated there was 

Btu that is typical of burning wood-residue 

The 
Btu/hr as calculated from a factor of 

The Increase in total organics through the blend box 

An average of 15.6 lbfhr noncondensible organic emissions 
, ,. 

I partial break down of the higher molecular weight condensible 

TABLE C-31 BALANCE OF CONDENSIBLE AND NONCONDENSIBLE 
GgA-29MEASURED ORGANICS AT BLEND BOX 
OF WOOD-RESIDUE DIRECT-FIRED VENEER DRYER 

Total Organics 
lb/hr 

a Blend Box 
Outlet 23.2 - ~ . ~  

C T D r y e r  Outlet 49.3 

Scrubber 28.0 
d Return to 

Blend Box (btc) 21.3 
e Contribution 

from Burner (a-d) 1.9 
f Conversion from 

Condensibles to 
Noncondensibles 
(e-1.9) 0 

/ 

Noncondensible 
Organics 

lb/hr 

- 
19.9 
36.3 

20.7 

. .  .. - - .. 

15.6 

4.3 

2.4 

Condensible 
Organics 

lb/hr 

/3..~ 3 
-- --. 13 . . O d  

- 

1.3 

5.7 

-2.4 

-- 

t ((I 

i 
I 
I 

I 

I 
I 

i 
i 
I 
I 

a 1 
I 

! 
I 
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APPENDIX D 

CALCULATIONS TO DETERMINE BOILER S I Z E  NEEDED TO 
ACCEPT VENEER DRYER EXHAUST GASES AS COMBUSTION A I R  
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CALCULATIONS TO DETERMINE BOILER S I Z E  NEEDED TO 
ACCEPT VENEER DRYER EXHAUST GASES A S  COMBUSTION A I R  

Cont ro l  of  veneer  d r y e r  emiss ions  by i n c i n e r a t i o n  of  dryer  
exhaus t  gases i n  a b o i l e r  producing  steam for o p e r a t i o n s  a t  a 
newly c o n s t r u c t e d  plywood m i l  w i l l  r e q u i r e  p rope r  s i z i n g  of the  
b o i l e r  t o  accommodate t h e  d r y e r  exhaus t  gases .  The c a l c u l a t i o n s  
t h a t  fo l low f i n d :  ( a )  t h e  s i z e  of  a W e l l  ope ra t ed  boiler needed 
t o  p rov ide  steam t o  a plywood m i l l  t h a t  h a s  t h r e e  veneer  dryers ,  
and a plywood p r e s s ,  ( b )  t h e  s i z e  o f  a b o i l e r  a t  a n  i d e n t i c a l  
m i l l  t h a t  u s e s  t h e  boiler t o  i n c i n e r a t e  the veneer  d r y e r  exhaust 
gases, and ( c )  b o i l e r  e f f i c i e n c i e s  and flame t empera tu res  f o r  
bo th  cases above. These c a l c u l a t i o n s  were reviewed by Rosemary 
M a t t i c k  of  Weyerhaeuser Co . ,  Corpora t e  Energy, Development Sec- 
t ion .  

A. Example 1: Wood-Residue F i r e d  B o i l e r  S i z e  C a l c u l a t i o n s  for  
Plywood M i l l  w i t h  Veneer Drye r  Emiss ion  N o t  Being Inc ine ra t ed  

(1) B a s i s  - A plywood m i l l  w i t h  a c a p a c i t y  of 570 MSF/day 
(170 ,000  MSF/year a t  300  o p e r a t i n g  days /yea r )  w i t h  t h r e e  steam 
h e a t e d  veneer d r y e r s .  To account  f o r  r e d r y  and down t i m e ,  each 
d r y e r  can accept 1 0  MSF/hr on a trimmed panel  s i z e ,  3/0 i n .  t h i c k  
b a s i s .  B o i l e r  s i z e  r equ i r emen t s  w i l l  be c a l c u l a t e d  for  a m i l l  
p r o c e s s i n g  Douglas fir and for  a m i l l  p r o c e s s i n g  Sou the rn  pine.  
For energy  c o n s e r v a t i o n  purposes ,  a i r  f low through t h e  d r y e r s  
w i l l  average  30 x 1 0  DSCF/MSF. A diagram of t h e  assumed boiler/ 
m i l l  c o n f i g u r a t i o n  i s  shown i n  F i g u r e  D-1. 

Fuel fo r  t h e  boiler w i l l  be d e r i v e d  from plywood t r i m ,  
s ande r  d u s t ,  p e e l i n g  wastes, and ba rk .  Dry plywood t r i m  is 
e s t i m a t e d  t o  be 4 5 0 0  l b / h r .  Plywood trimmings s t o r e d  outside 
w i l l  i n c r e a s e  i n  moi s tu re  due t o  r a i n f a l l ,  and may c o n t a i n  more 
t h a n  35 p e r c e n t  moi s tu re  o n  a d r y  weight  basis. For t h i s  exam- 
ple, t h e  plywood t r i m  is assumed t o  have 2 0  percent moisture on a 
d r y  b a s i s .  The remainder  of t h e  fue l  i s  assumed t o  be a t  100 
p e r c e n t  moi s tu re  on a dry  b a s i s  and is  assumed t o  be  approxi -  
mately 6,500 l b / h r .  The mixed f u e l  w i l l  have approximate ly  74 
p e r c e n t  moi s tu re  on a dry  basis. 

( 2 )  S o l u t i o n  - The energy r e q u i r e d  f o r  t h e  veneer  d r y e r s ,  from 
F i g u r e  36 Sect ion  I1 A2,  and a l lowing  f o r  some ext ra  c a p a c i t y ,  is  
1 . 2  x 1 0  
s o u t h e r n  p i n e s .  Assuming 0 2 4  B t u  d e l i v e r e d  t o  the  d r y e r s  per 
pound of  stean, and 1 0 , 0 0 0  l b / h r  steam t o  operate p r e s s e s  and log 
c o n d i t i o n i n g ,  a m i l l  grocessing Douglas f i r  r e q u i r e s  5 4 , 0 0 0  l b s  
o f  s team/hr  ( 2 . 0  x 1 0  
p i n e  requires 65,000 l b  o f  s t eam/hr  ( 2 . 4  x 10 BtuIMSF). A 
boiler wi th  60,000 l b / h r  steam produc t ion  c a p a c i t y  would be 
r e q u i r e d  f o r  t h e  m i l l  p r o c e s s i n g  Douglas  f i r  and 70,000 l b / h r  
steam p roduc t ion  c a p a c i t y  f o r  t h e  m i l l  p r o c e s s i n g  s o u t h e r n  p ine .  

Btu/ElSF f o r  Douglas f i r  and 1 . 5  x l o 6  Btu/MSF f o r  

Btu/MSF) and a m i l l  p r g c e s s i n g  s o u t h e r n  

Q 
I 

I 
I 

I 
I , 
I 

I 
I 

I 
I 
I 
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I 

I 
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FIGURE D - 1  

BOILER AND STEAM SYSTEM FOR PLYWOOD MILL 

To estimate the cost differences between the cases where the 
boiler is or is not used to incinerate veneer dryer emissions, 
the costs of the portions of the boiler that may be affected by 
the incineration are used for comparison purposes. Thus, the 
cost estimates that follow do not include costs for the mill 
steam handling system, feed water return and conditioning system, 
or fuel storage and unloading facilities. The boiler produces 
low pressure steam and therefore does not have a super heater. 
This boiler includes a scrubber. These boilers would cost about 
$ 1 , 5 0 0 , 0 0 0  and $1,610,000 respectively, based on a 2/3 scaling 
from a 1982 bid for a 80,000 lb/hr boiler at $1,760,000, in- 
stalled, turn key. Other sources indicate that these cost esti- 
mates are low. 
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( 3 )   oiler Efficiency Calculations - The boiler efficiency is 
a i  as follows: 
- ,  Wood residue has a composition of 50 percent carbon, 6 per- 

cent hydrogen, and 44 percent oxygen by weight. 
air required to combust 100 lb of wood is shown below. 

The amount of 

(0.5 Ib C/lb wood) (100 lb wood) (1 mole 02/mole carbon) - - 
(12 Ib C/mole C) 

4.17 mole O2 required/100 Ib wood = 

4.17 mole C02 produced/100 lb wood 

- (0.06 Ib H/lb wood) (100 lb wood) ( 4  mole 02/mole 0) - 
(lb H/mole H) ( 2  mole H/mole 0) 

1.5 mole O2 required/100 lb wood 

3.0 mole H20 produced/100 lb wood 

= 

(0.44 lb O/lb wood) (100 lb wood) ( 4  mole 02/ mole 0) - - 
16 Ib O/mole 0 I 

1.37 mole O2 in wood/100 lb wood 

Total oxygen required = 4.30 mole/100 Ib wood 
I Wood has a heating value of 8700 Btu/lb ! 

Stoichiometric oxygen required = 

(4.3 mole/100 lb wOOd)(8700 Btu/lb wood) = 

4.94 mole/lO Btu 6 
I 

At 45 percent excess air, the total oxygen required is 7.17 mole/ 
lo6 Btu 

At 21 percent oxygen in the combustion air, nitrogen fed to the 
boiler is 26.96 mole/lO Btu 6 , 

i 
I 

From these molar flows the dry flue gas has a composition of 6.8 
percent 0 14.1 percent C02 and 79.4 percent N2. 2' 
Heat losses up the stack for dry gases are calculated as follows. 

Assume a stack temperature of 400°F, and an ambient temperature 
of 70°F I 

6 (2.23 mole/lO Btu)(33O0F)(7.3 Btu/mole OF) = 
02' 0.0054 Btu/Btu fired 
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6 co2: (4.79 mole/lO Btu)(330°F)(10.1 Btu/mole OF) = 

N2: (26.96 mole/106 Btu)(330°F)(7.0 Btu/mole OF) = 

H 0 from 
c8mbustion: (3.45 mole/lO Btu) (33OOF) (8.3 Btu/mole OF) = 

H20 from air: (0.72 mole/lO Btu)(330°F)(8.3 Btu/mole OF) = 

H 0 from 
c8mbustion, 
latent heat: 

0.0160 Btu/Btu fired a' 
0.0623 Btu/Btu fired 

6 
0.0094 Btu/Btu fired 

6 
0.0019 Btu/Btu fired 

(3.45 mole/106 Btu) (1053 Btu/lb) (18 lb/mole) = 
0.065 Btu/Btu fired combustion, latent heat 

Radiant heat loss = 0.018 Btu/Btu fired 

Total Heat loss for combustion of dry wood = 0.178 Btu/Btu fired 

Assuming 65 percent moisture (dry basis) wood residue fuel, the 
latent and sensible heat losses due to wood moisture are: 

H20, latent: 

(0.74 H O/lb wood)(1053 Btu/lb)/(8700 Btu/lb) = 
0.6895 Btu/Btu fired 

@ 

H20, sensible: 

(0.74 H O/lb wood)(33OoF)(8.3 Btu/mole OF)/(8700 Btu/lb) 
(18 lb/&ole) = 0.0129 Btu/Btu fired 

Heat loss from wood moisture is 0.089 + 0.012 = 0.103 Btu/Btu 
fired. 

Boiler Efficiency = 100 (1-0.178 - 0.103) 
Boiler Efficiency = 72 percent 

(4) Fuel Requirements - An energy balance on the water input and 
steam output from the boiler shows that 952 Btu/lb steam needs to 
be added to steam condensate returned to the boiler. The heat 
input is 8700 Btu/lb fuel. The boiler for the mill processing 
Douglas fir will burn 4.05 ton/hr wood residue and the boiler for 
the mill processing southern pine will burn 4.87 ton/hr wood 
residue on a dry basis. 

( 5 )  Boiler Air Requirements - Air requ4rements for the boiler at m 45 percent excess air is 34.13 moles/lO Btu fired. For Douglas 
4 fir- (DF) and southern pine (SP) the air requirements are: 
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DF: (54,000 19 steam/hr)(952 Btu/lb) (34.13 mole/106 Btu) 
(385.2 ft /mole)/(0.73)(60) = 15,400 DSCFM 

SP: (65,000 19 steam/hr)(952 Btu/lb) (34.13 mole/106 Btu) 
(385.2 ft /mole)/(0.73)(60) = 18,600 DSCFM 

Since the. flue gas will have 8.3 moles H 0/106 Btu fired, 
the flue gas will contain 19.6 percent waterI2and wet gas flow 
rates will be 18,400 SCFM and 22,200 SCFM respectively. 

B. Example 2: Wood-Residue Fired Boiler Size Calculations for 
a Plywood Mill with Veneer Dryer Emissions Being Incinerated 
in the Boiler 

(1) Basis - The plywood mill is the same as in example 1. 
veneer dryer emissions are used as combustion air and are at 
about 300OF. The need for an air preheater is eliminated. The 
air preheater can be replaced with an economizer section on the 
boiler at approximately equivalent cost. 
reduce the stack gas temperature to the same level as the air 
preheater because the condensate return is already at a high 
temperature. 
to satisfy the boiler air requirements. The boiler efficiency 
should be recalculated to account for the heat recovered from the 
veneer dryer exhaust. Figure D-2 depicts the mill/boiler con- 
figuration and heat flows or incineration of veneer dryer emis- 
sions. 

(2) Solution - The boiler efficiency and flue gas volumes when 
veneer dryer emissions are incinerated were calculated in order 
to size the boiler. 

The economizer will not 

The air flow through the dryer should be adjusted 

Optimum excess air usage in a boiler will correspond to a 
minimum oxygen concentration in the exit gas that results in good 
combustion. Lower oxygen concentration will result in incomplete 
combustion and energy losss due to unburned material leaving the 
stack. High oxygen concentrations will result in heat losses to 
the stack due to the heating of excess air. Optimum combustion 
has been found to occur at about 45 percent excess air for wood- 
residue fired boilers. Fr m example 1, the oxygen left following 
combustion is 2.23 mole/lO Btu fired. zhe total gas volume, 
including wood moisture is 42.45 mole/lO Btu fired, the 0 
concentration in the flue gas is 5.2 percent on a wet basig. 

€! 

When veneer dryer emissions are incinerated in wood-residue 
fired boilers the oxygen in the combustion chamber is further 
diluted with moisture from the veneer dryer emissions. Assuming 
a 65 percent boiler efficiency, 54,000 lb/hr steam and 65,000 lbs 
steam respectively for DF and SP, and moisture inputs of 600 
lb/MSF DF and 970 lb/MSF ping, moisture loads to the boiler are 
estimatgd to be 14.6 mole/lO 
mole/lO Btu fired for southern pine. Oxygen concentrations in 
the exit gas will decrease to 3.9 percent and 3.6 percent on a 
wet basis for processing Douglas fir and southern pine respec- 
tively. To prevent poor combustion resulting from oxygen 

Btu fired for Douglas fir and 19.1 

I 
I 
i 
I 

I 
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Saturated steam 
55 psig ,400°F,1201 Btu/ lb  

ECONOMIZER - 

starvation the air provided to the boiler should be increased by 
37 to 5 7  percent for Douglas fir and southern pine respectively 
to maintain 5 . 2  percent oxygen in the flue gas on a wet gas 
basis. 

i 

- 
Stack gases 
@ 445OF 

I 

Fuel 
d - 

BOILER I 
Blowdown 

Makeup 

xhaust @ 325.F 

I 1 

0,000 Ib/hr Vent 
1000 Ib/hr 

PRESSES 

- 

@ 290.F 

Condensate 
return 

FIGURE D-2  

B O I L E R  AND STEAM SYSTEM FOR PLYWOOD MILL 
U S I N G  VENEER DRYER E M I S S I O N S  A S  COMBUSTION A I R  
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(3) 
were found by itterative CalCUhtiOnS to result in a CalCUlated 
efficiency that was the same as the initial assumed efficiency, 
A summary of the calculations appears in Table D-1. Heat losses 
per Btu fired are calculated using adjusted excess air levels and 
using a 445°F flue gas temperature for Douglas fir and 488°F for 
southern pine and a 300°F combustion air temperature. 

The stack temperatures were calculated by a heat balance 
around the economizers. Hot gases from the boilers are assumed 
to enter the economizer at 650'F. Calculations of the energy 
balance for Douglas fir are as follows: 

Boiler Efficiency Calculations - The results presented here 

The change in heat content of the gases passing through the 
economizer is: 

02: 
6 (7.4 Btu/mole "F)(3.19 mole/lO Btu)(650 - To) 
r 

CO;: (10.7 Btu/mole OF 
H20: (7.4 Btu/mole OF) 
N2: (7.2 Btu/mole OF) 

The total heat change 
(464 Btu/106 Btu) (54,000 lb 

(4.79 mole/lO0 Btu)(650 - To) 
22.79 mole/lO Btu)(650 - To) 
30.57 mole/lO Btu)(650 - To) 
s (464 Btu/lO 
steam/hr)(952 Btu/lb)/(0.72) = 

6 
6 

6 Btu)(650°F - To) or 

31,300 Btu/hr (650 - To) 
The heat used in heating water in the economizer is: 

(61,200 lb/hr)(3.48 Btu/lb - 243 Btu/lb) = 6.43 x 10 Btu/hr 6 

then: 

(31,300 Btu/hr)(65O0F - To) = 6.43 x lo6 Btu/hr 
= 445°F 

TO 

Similar calculations for southern pine give: 

(42,990 Btu/hr)(650°F - To) = 6.96 x 10 
To = 488°F 

6 

The boiler efficiency is calculated as follows: 
6 = 0.0034 

SP: (3.45 mole/lO Btu)(188"F)(7.3 Btu/mole°F) = 0.0048 

C 0 2 :  DF: (4.79 mole/106 Btu)(145"F)(10.1 Btu/mole OF) = 0.0071 
SP: (4.79 mole/lO Bt~)(188~F)(10.1 Btu/mole OF) = 0.0091 

N2: DF: (30.57 mole/106 Btu)(145"F)(7.0 Btu/mole "F) = 0.0310 
SP: (31.72 mole/lO Btu)(18E°F)(7.0 Btu/mole O F )  = 0.0417 

: DF: (3.19 mole/106 Btu)(145OF)(7.3 Btu/mole OF) O2 

6 

6 
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1 
a! H 0 from 

Czmbus tion : 
6 DF: (3.45 mole/1O6 BtU)(145'F)(8.3 Btu/mole OF) = 0.0042 

SP: (3.45 mole/lO Btu)(18E°F)(8.3 Btu/mole OF) = 0.0054 

xtl:::r 
moisture : 

0.0646 6 (3.45 mole/lO Btu)(18,720 Btu/mole) = 

f I  0 from wood 
mgisture: 

6 DF: (4.72 mole/1O6 Btu)(14S°F)(8.3 Btu/mole OF) = 0.0057 
SP: (4.72 mole/lO Btu)(18E°F)(8.3 Btu/mole OF) = 0.0074 

k",,'"f::t 
wood moisture: 

I 
0.0884 6 (4.72 mole/lO Btu )(18,720 Btu/mole) = 

i Radiant heat 0.018 

H20 from veheer dryer d 
I I 

I 

DF: 
SP: (19.07 mole/lO Btu)(18E°F)(8.3 Btu/mole O F )  = 0.0298 

(14.62 mole/lO; Btu)(14S°F)(8.3 Btu/mole OF) = 0.0176 

Total heat loss I 

I 
DF: 0.24 Btu/Btu fired 
SP: 0.27 Btu/Btu fired 

Efficiency: 
I 

DF: 76 percent 
SP: 73 percent I 

I 

I (3) Boiler Fuel Requirements - Assuming that 952 Btu/lb steam is 
to be added to the steam condensate returned to the boiler, and , 
the heating value of the fuel is 8700 Btu/lb, the boiler will 
require 3.89 ton/hr and 4.87 ton/hr wood-residue fuel for the 
mills processing Douglas fir and southern pine respectively. 

(4) Boiler Air Requirements - Air requirements for the boiler 
using 60 percent excess air for Douglas fir and 65 percent excess 
air for southern pine are: 

DF: 

I 

(54,000 lb steam/hr)(952 Btu/lb) (38.69 mole/106 Btu) 4 3 (385.2 ft /mole)/(0.76)(60) = 16,800 DSCFM 
I 
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SP: (65,000 13 steam/hr) (952 Btu/lb)(40.14 mole/106 Btu) 
(385.2 ft /mole)/(0.73)(60) = 21,850 DSCFM 

This corresponds to 33,600 DSCF/MSF and 43,700 DSCF/MSF air 
from the dryers for Douglas fir and southern pine respectively. 
Dryers can easily operate in these air flow ranges although 
thermal efficiency wil16be reduced. 
have 22.79 moles H 0/10 Btu fired 
for Douglas fir an8 southern pine respectively, total gas flows 
through the boilers will be 26,600 SCFM and 36,600 SCFM respec- 
tively. These flows represent increases in gas flow through the 
boiler due to incineration of veneer dryer emissions of about 37 
and 57 percent respectively. To accommodate the additional gas 
flow, the boiler for the mill processing Douglas fir should be 
initially rated at 80,000 lb/hr nominal size and derated to 
60,000 lb/hr. The boiler for the mill processing southern pine 
should be initially rated to produce 110,000 lb/hr steam, and be 
derated to 70,000 lb/hr. Costs for these boilers at 1982 prices 
are estimated to be $1,760,000 and $2,200,000 respectively. The 
capital cost portion of these boilers used for pollution control 
abatement is approximately $260,000.and $590,000 respectively for 
the mills processing Douglas fir and southern pine. 

Since the flue gas will 
Btu, and 27.24 moles H20/10 

C. Adiabatic Flame Temperature Calculations 

(1) Example 3 - Calculate the effect of veneer dryer emissions 
on adiabatic flame temperature. Calculate: (a) heat transfer 
area requirements (b) flame stability. 

(2) Solution - Adiabatic flame temperatures are calculated from 
energy balances around the flame assumming no heat loss. 

H prod = H reactants + Heat of reaction. 

Case 1: No veneer dryer emissions are being incinerated. Com- 
bustion air is preheated to 400°F. Calculations are on a basis 
of Btu release from heat of reaction and zero energy at 70°F. 

Constituent 
Reactants 

Fuel 

6 ETol e / 10 
Btu fired 

117.6 
4.94 
2.23 
26.96 
0.72 
8.17 
8.17 

CP AT 
OF Btu/mole OF - 

0.55 Btu/lb"F 0 
7.2 330 
7.2 330 
7.1 330 
8.2 330 
8.2 0 

18720 Btu/mole -- 

Energy Input 
Btu/Btu Fired 

0 
0.011 
0.005 
0.063 
0.002 
0 
-0.153 

-0.0720 Total Energy Input 
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constituent Mole/ lo6 
Products Btu Fired 

2.28 
4.79 
26.96 
3.45 n 0 reaction 
0.72 H20 air 

n 0 wood moisture 8.17 

Total 

Z6Zexcess 
N2 
2 

2 

CP 
Btu/mole OF 

8.2 
12.5 
7.7 
9.7 
9.7 
9.7 

mCg BtU/"F 
10 Btu Fired 

18.7 
59.9 
207.6 
33.5 
7.0 
79.5 

404.2 

fired AT (404.2/106) = 1.0 BtU/Btu fired - 0.072 Btu/Btu 
AT = 2296'F 

Adiabatic flame temperature = AT + 70 = 2566°F 

Case 2: Veneer dryer emission from processing Doug 
being used as boiler combustion air at 300'F. 

A T  
OF 

Constituents Mole/106 CP 
Reactants Btu Fired Btu/mole OF - 
Fuel 117.6 lb/106 Btu 0. 55/lb°F 0 

fired 
O2 reaction 4.94 7.2 230 
0 excess 3.19 7.2 230 

30.57 7.1 230 

H20 latent 8.17 18720 Btu/mole -- 
H 0 emissions 14.62 8.2 230 

Total heat input: 

N: H20 sensible 8.17 8.2 0 

2 

as fir are 

Energy Input 
Btu/Btu Fired 

0 

0.008 
0.005 
0 . 0 5 0  
0 
-0.153 
0.027 

-0.062 

$cp Btu/"F 
10 Btu Fired 

Constituents Mole/106 CP 
Products Btu Fired Btu/mole O F  

3.19 
4.79 
30.57 
3.45 H 0 reaction 
14.62 H20 air 

H20 wood moisture 4.72 

z62excess N2 

2 

7.9 
12.2 
7.5 
9.2 
9.2 
9.2 

25.2 
50.4 
229.3 
31.7 
134.5 
43.4 

Total 522.6 

AT (522.6/10 ) = 1.0 Btu/Btu fired - 0.062 Btu/Btu fired 
AT = 1795°F 

6 

Adiabatic flame temperature = 1795 + 70 = 1865°F 

6 I1 

e b 
1 
! 

1 
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A minimum adiabatic flame temperature of 1700OF is required 
to support combustion in a spreader stoker wood-residue fired 
boiler (26). When fuels with moisture contents greater than 100 
percent on a dry weight basis are being fired, auxiliary fuel may 
be required to maintain the flame temperature above 1700°F. 

Case 3: Veneer dryer emissions from processing southern pine 
are being used as boiler combustion air at 300'F. 

Constituents Mol e / 1 0 CP AT Energy Input 

Fuel 117.6 lb/10 Btu 0.55/lb "F 0 0 

6 
Reactants Btu Fired Btu/mole OF - OF Btu/Btu Fired 

0 reaction 
O2 excess 

H20 sensible. 
H 0 latent 
H 0 emissions 

Total energy input 

2 

N2 

2 
2 

Constituents 

Total 

Fired 
4.94 
3.49 
31.72 
8.17 
8.17 
19.07 

6 Mole/lO 
Btu Fired 

3.49 
4.79 
31.72 
3.45 
19.07 
4.72 

7.2 230 
7.2 230 
7.1 230 
8.2 0 

8.2 230 
-- 18720 

CP 
Btu/mole "F 

7.7 
11.7 
7.4 
8.9  
8.9 
8.9 

6 AT (556.0/10 ) = 1.0 Btu/Btu fired - 0.0512 
AT = 1710°F 

Adiabatic flame temperature = 1780OF 

0.008 
0.006 
0.052 
0 
-0.153 
0.036 

-0.0512 

mCp Btu/OF 
Btu Fired 

26.9 
56.0 
234.7 
30.7 
169.7 
38.0 

556.0 

A minimum adiabatic flame temperature of 1700°F is required 
to support combustion in a spreader stoker wood-residue fired 
boiler (26). When fuels with moisture contents greater than the 
design value of 100 percent on a dry basis are being fired, aux- 
iliary fuel may be required to maintain a flame temperature above 
1700°F. 

(3) 
ture - Calculate the radiant heat transfer with and without 
veneer dryer emissions: 

Loss of Radiant Heat Transfer Due to Lower Flame Tempera- - 

L 
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Without:  (2366 + 460) - (860°R)4 = 6.32 x 10 
With, DF: (1865 + 460)4 - (860°R)4 = 2.86 X 10 
With, SP: (1780 + 46014 - (860°R)4 = 2.46 x 10 

The ra t ios  of  r a d i a n t  h e a t s  w i t h  and wi thou t  veneer  d r y e r  emis- 
s i o n s  going  t o  t h e  b o i l e r  are: 

\ 

DF: 2.86/6.32 = 0.45 
SP: 2.46/6.32 = 0.34 

Normally 50 p e r c e n t  of  t h e  h e a t  t r a n s f e r  i n  a boiler is by 
r a d i a t i o n .  Due t o  t h e  reduced r a d i a n t  h e a t  t r a n s f e r ,  t h e  b o i l e r  
s i z e  needs t o  be i n c r e a s e d  by a factor of: 

DF: 1/[(0.50)(0.45) + 0.51 = 1.38 
SP: 1/[(0.50)(0.34) + 0.51 = 1.44 

These i n c r e a s e d  s i z e  r equ i r emen t s  are similar to  t h e  inc reased  
b o i l e r  s i z e s  r e q u i r e d  t o  hand le  t h e  i n c r e a s e d  gas  volumes. 

D. Summary 

(1) A b o i l e r  des igned  t o  p r o v i d e  steam t o  a plywood m i l l  t h a t  
p roduces  570 MSF/day plywood on a 3/8 i n  t h i c k  basis would need 
t o  be a b l e  t o  have a c a p a c i t y  of 60,000 l b  s team/hr  for d ry ing  
Douglas f i r  veneer ,  and 70,000 l b  s team/hr  f o r  d r y i n g  sou the rn  
p i n e  veneer. The boiler would have  an energy u t i l i z a t i o n  e f f i -  
c i e n c y  of 72 p e r c e n t  when o p e r a t e d  a t  optimum c o n d i t i o n s .  

( 2 )  A b o i l e r  des igned  t o  p r o v i d e  steam for t h e  same m i l l  above 
b u t  also i n c i n e r a t e  t h e  veneer  d r y e r  exhaus t  gases w i l l  need t o  
be  s i z e d  37 p e r c e n t  l a r g e r  for when Douglas f i r  veneer  is being 
d r i e d ,  and 57 p e r c e n t  larger for  when sou the rn  p i n e  veneer  is 
b e i n g  d r i e d  t o  be a b l e  t o  accommodate t h e  moi s tu re  load  from t h e  
d r y e r s .  The boiler e f f i c i e n c i e s  a t  optimum o p e r a t i o n  f o r  t h e s e  
c u r v e s  are 76 and 73 p e r c e n t  r e s p e c t i v e l y .  

( 3 )  A minimum a d i a b a t i c  flame t empera tu re  of  1700OF i s  requ i r ed  
t o  s u p p o r t  combustion i n  a s p r e a d e r  s t o k e r  wood-residue f i r e d  
b o i l e r  (26). I n c i n e r a t i o n  of venee r  d r y e r  exhaus t  gases reduces 
t h e  a d i a b a t i c  flame tempera tu re  from 2570'F f o r  when no exhaus t  
gases are be ing  i n c i n e r a t e d  t o  1870°F for Douglas f i r  and 1780°F 
f o r  s o u t h e r n  p i n e  for  when d r y e r  exhaus t  gases a r e  being i n c i n -  
e r a t e d .  Burning of  wetter f u e l s  t h a n  assumed for  t h e s e  c a l c u l a -  
t i o n s  may r e s u l t  i n  lower flame temperatures and a need t o  use  
supplemental  f u e l  t o  main ta in  combustion when veneer d r y e r  
emis s ions  are be ing  i n c i n e r a t e d .  

, 




