
 
From: Matsumura, April Mido  
Sent: Friday, June 01, 2007 3:31 PM 
To: 'Greg Retzlaff' 
Cc: 'John_Lague@URSCorp.com'; 'Don Bryan'; Hirai, Nolan S 
Subject: RE: Boiler 89% load factor - wood fuel 
 
Greg, 
 
If you take a limit based on ECF as you describe below, it will involve 
keeping records on boiler operating hours (although my 
understanding was that the boiler would be operating continuously), 
load rate per hour, and ECF calculations in order to verify the 89% 
load permit condition through monitoring and reporting requirements. 
 
As far as air emission requirements are concerned, I am not sure 
what this 89% limit accomplishes.  The reason I discussed this limit 
with John is that the Tradewinds’ application showed emission figures 
based on an 89% load factor instead of a worst-case potential 
analysis.  John indicated to me that he based calculations on an 89% 
load because Tradewinds intended that to be a proposed limit.  That 
is why I asked you about it, Greg. 
 
Did you discuss this with John?  With the proposed HCl limit keeping 
emissions below 10 tpy, what is the purpose of the 89% limit, and do 
you still want it? 
 
Regards, 
April 
 
April Matsumura 
Environmental Engineer 
Hawaii Clean Air Branch 
Phone: 808 586-4200 
Fax:     808 586-4359 
Email:  april.matsumura@doh.hawaii.gov 

 
From: Greg Retzlaff [mailto:retzlaff@sterling.net]  
Sent: Friday, June 01, 2007 6:23 AM 
To: Matsumura, April Mido 
Cc: John_Lague@URSCorp.com; 'Don Bryan' 
Subject: RE: Boiler 89% load factor - wood fuel 
 
April 

mailto:april.matsumura@doh.hawaii.gov


I apologize for my somewhat tardy response to the load factor question you discussed with John 
several days ago.  I wanted to touch base with Don and John before responding and then I was 
out of my office for two days. 
 
The answer is yes Tradewinds is willing (and expected as John mentioned) to accept a load 
factor limit of 89%.  To be certain there is not a misunderstanding of what is meant by this, we 
should have called it an Equivalent Capacity Factor because this 89% value is meant to identify 
periods that we are operating but also identifies different operating levels.  For example if we 
operated one day at 90% of rated load and we operated 22 of 24 hours, or 92% of the time, then 
our Equivalent Capacity Factor for that day would have been 83% (0.9 x 0.92 = 0.828). 
 
In order to accommodate both operating hours and operating levels, we expect our permit 
condition limiting our operation to 89% will be expressed in million Btu’s/yr.  Is that how the permit 
conditions typically limit operations? 

   
Greg Retzlaff  
Tradewinds Forest Products LLC  
12345 SW Kame Terrace Ct  
Sherwood, OR 97140  
(503) 582-8419  
(503) 582-0419 Fax  
retzlaff@sterling.net  
   

 
From: Matsumura, April Mido [mailto:april.matsumura@doh.hawaii.gov]  
Sent: Friday, May 25, 2007 5:18 PM 
To: Greg Retzlaff 
Cc: John_Lague@URSCorp.com; Don Bryan 
Subject: Boiler 89% load factor - wood fuel 
 
Hi Greg, 
 
I spoke with John this morning about the boiler emission calcs. 
He based his emission calcs on an 89% load factor. 
Did you want a load factor as a permit condition or should I just do a recalc based on 100% load 
to show potential emissions in my report? 
 
Thank you. 
April 
 
 
April Matsumura 
Environmental Engineer 
Hawaii Clean Air Branch 
Phone: 808 586-4200 
Fax:     808 586-4359 
Email:  april.matsumura@doh.hawaii.gov 
 

mailto:april.matsumura@doh.hawaii.gov






TABLE 2 (Continued)

pine oak eucalyptus

compound gas phase particle phase gas phase particle phase gas phase particle phase notes

aromatic hydrocarbons (continued)
fluoranthene 3.05 3.95 3.61 1.20 3.75 0.509 a, f
acephenanthrylene 0.961 1.88 1.16 0.575 1.35 0.292 a, f
pyrene 1.87 3.78 2.40 1.23 2.70 0.585 a, f
C1-202 MW PAH 0.749 5.56 1.22 2.43 1.59 1.60 a, f
benzo[ghi]fluoranthene 0.082 0.838 0.048 0.419 0.007 0.354 a, f
cyclopenta[cd]pyrene 0.974 0.430 0.025 0.324 a, f
C1-226 MW PAH 1.37 0.201 0.357 b, f
benz[a]anthracene 1.22 0.630 0.032 0.533 a, f
chrysene/triphenylene 1.14 0.755 0.027 0.593 a, f
C1-228 MW PAH 1.76 0.437 0.489 b, f
benzo[k]fluoranthene 0.671 0.303 0.286 a, f
benzo[b]fluoranthene 0.790 0.400 0.327 a, f
benzo[j]fluoranthene 0.466 0.073 0.121 b, f
benzo[e]pyrene 0.459 0.231 0.212 a, f
benzo[a]pyrene 0.712 0.245 0.301 a, f
perylene 0.111 0.019 0.020 a, f
indeno[1,2,3-cd]fluoranthene 0.224 0.018 0.010 b, f
indeno[1,2,3-cd]pyrene 0.518 0.168 a, f
benzo[ghi]perylene 0.437 0.173 a, f
anthanthrene 0.052 0.008 b, f

phenol and substituted phenols
phenol 525 300 434 a, f
o-cresol 89.6 47.7 0.018 37.8 0.006 a, f
m- and p-cresol 380 0.500 179 0.210 110 0.055 a, f
dimethylphenols 110 0.451 50.7 30.2 0.029 a, f
o-benzenediol 312 142 215 b, f
p-benzenediol 17.2 20.9 14.1 13.1 18.3 15.1 a, f
m-benzenediol 2.81 47.0 4.47 26.0 10.0 13.0 a, f
methylbenzenediols 10.4 54.5 56.0 28.9 38.4 18.1 b, f
hydroxybenzaldehydes 12.1 7.91 14.1 0.529 11.4 0.316 b, f
4-(2-hydroxyethyl)phenol 11.1 192 1.38 14.7 b, f

guaiacol and substituted guaiacols
guaiacol 279 0.359 172 0.149 183 0.094 a, f
4-methylguaiacol 339 0.854 101 0.113 81.3 0.110 b, f
4-ethylguaiacol 203 0.939 100 0.054 56.7 0.058 b, f
4-propylguaiacol 69.6 0.593 31.6 11.9 b, f
eugenol 57.2 0.381 20.7 10.8 a, f
cis-isoeugenol 41.2 0.702 13.1 9.25 b, f
trans-isoeugenol 118 6.68 23.6 0.276 45.9 0.217 b, f
vanillin 105 138 50.7 2.40 51.9 0.851 a, f
acetovanillone 31.2 19.6 23.2 1.11 29.4 1.44 a, f
guaiacyl acetone 88.6 118 123 33.7 143 29.0 b, f
coniferylaldehyde 230 15.1 19.3 a, f

syringol and substituted syringols
syringol 397 1.99 287 2.22 a, f
4-methylsyringol 0.301 174 5.06 130 2.74 b, f
4-ethylsyringol 0.226 184 11.6 93.8 3.09 b, f
4-propylsyringol 65.5 15.4 22.1 1.28 b, f
allylsyringol 1.32 4.95 2.89 0.534 b, f
4-propenylsyringol 1.27 36.2 5.70 5.60 a, f
syringaldehyde 7.77 25.3 9.32 50.5 b, f
acetosyringone 1.02 28.1 1.19 55.3 b, f
syringyl acetone 0.259 5.33 196 2.62 239 b, f
propionylsyringol 8.79 16.0 b, f
butyrylsyringol 0.353 14.2 b, f
sinapylaldehyde 18.4 57.4 b, f

aliphatic aldehydes
formaldehyde 1165 759 599 a, g
acetaldehyde 1704 823 1021 a, g
propanal 255 153 155 a, g
butanal/isobutanal 96 62 31 a, g
pentanal 32 88 28 a, g
hexanal 418 90 189 a, g
heptanal 419 77 626 a, g

aliphatic ketones
acetone 749 462 79 a, g
butanone 215 115 77 a, g

olefinic aldehydes
acrolein 63 44 56 a, g
crotonaldehyde 276 177 198 a, g
methacrolein 23 9.1 44 a, g
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The chemical structures of guaiacol, syringol, and their
derivatives are shown in Figure 4, and the chemical structures
of the resin acids have been previously described (15). The
patterns formed by the emissions of benzenediols, guaiacols,
syringols, and resin acids are shown in Figure 5. As can be
seen from Figure 5, significant differences exist in the
emission profiles that distinguish pine wood combustion
effluent from the emissions generated when the two hard-
woods are burned. The emissions of resin acids from the
combustion of pine wood can be detected only at trace levels
in the emissions from the combustion of oak and eucalyptus
firewood. The syringol and syringol derivatives that are

present in the emissions from hardwood combustion are
not detected at significant quantities in the softwood
combustion emissions. Although trace concentrations of the
pine smoke markers are found in the hardwood emissions,
possibly due to volatilization of deposits off of the chimney
walls, only minute quantities of a few of the hardwood
markers are found in the softwood emissions due to the fact
that no hardwood was burned in the chimney used for the
current source tests for at least three years prior to the pine
wood combustion tests. The higher levels of resin acids in
the oak wood smoke as compared to the eucalyptus wood
smoke support this notion as the oak test reported here was

TABLE 2 (Continued)

pine oak eucalyptus

compound gas phase particle phase gas phase particle phase gas phase particle phase notes

aromatic carbonyls
benzaldehyde 49 16 21 a, g
m- and p-tolualdehyde 12 27 a, g
acetophenone 3.9 5.3 14 a, g
2,5-dimethylbenzaldehyde 12 20 50 a, g

dicarbonyls
glyoxal 670 439 616
methylglyoxal 943 321 520 a, g
biacetyl 89 73 73 a, g
2-oxobutanal 241 194 337 a, g

n-alkanoic acids
n-tetradecanoic acid 0.357 0.764 1.36 1.12 a, f, d
n-hexadecanoic acid 2.00 19.9 16.9 15.4 a, f, d
n-heptadecanoic acid 0.082 2.86 0.903 b, f, d
n-octadecanoic acid 4.32 2.77 1.95 a, f, d
n-nonadecanoic acid 0.645 0.347 b, f, d
n-eicosanoic acid 7.25 0.958 0.992 a, f, d
n-heneicosanoic acid 0.565 0.674 0.512 b, f, d
n-docosanoic acid 20.8 7.61 5.09 a, f, d
n-tricosanoic acid 0.479 1.26 0.780 b, f, d
n-tetracosanoic acid 10.2 17.6 11.2 b, f, d
n-pentacosanoic acid 0.161 0.266 0.504 b, f, d
n-hexacosanoic acid 0.573 2.23 11.8 b, f, d

n-alkenoic acids
n-9-octadecenoic acid 59.0 11.7 13.9 a, f, d
n-9,12-octadecadienoic acid 18.9 11.7 21.4 a, f, d

resin acids
pimaric acid 5.09 0.212 b, f, d
sandaracopimaric acid 3.40 0.242 b, f, d
isopimaric acid 42.9 3.55 b, f, d
8,15-pimaradien-18-oic acid 0.132 b, f, d
dehydroabietic acid 43.6 2.07 0.424 a, f, d
abietic acid 187 1.20 b, f, d
7-oxodehydroabietic acid 2.34 b, f, d
abieta-6,8,11,13,15-pentaen-18-oic acid 20.1 b, f, d
abieta-8,11,13,15-tetraen-18-oic acid 4.46 0.055 b, f, d

sugars
levoglucosan 1375 706 1940 a, f
other sugars 403 75 77 b, f

PAH ketones
indan-1-one 17.5 0.135 13.8 7.66 b, f
9H-fluoren-9-one 6.68 1.95 6.00 3.92 b, f
1H-phenalen-1-one 0.285 4.45 1.35 0.689 1.52 a, f
7H-benz[de]anthracen-7-one 0.694 0.187 0.289 a, f

other compounds
veratraldehyde 1.24 0.299 a, f
3,4-dimethoxytoluene 12.7 38.2 3.25 a, f
veratric acid 8.10 2.04 4.12 0.910 8.41 a, f
hydroxymethylfurfural 142 62.3 145 64.5 439 30.8 a, f
2-furaldehyde 111 200 161 a, g
2-methylfuraldehyde 10 5.3 1.9 a, g
divanillyl i i i c, f
divanillylmethane i i i c, f
vanillylmethylguaiacol i i i c, f
a Authentic quantitative standard. b Authentic quantitative standard for a similar compound in series. c Identified by mass spectra. d Detected

as a methyl ester. Sample collection notes. e Collected in SUMA canister. f Collected on filter/PUF sampling train. g Collected on DNPH impregnated
C18 cartridges. h Not measured. i Detected but not quantified. See text for details.
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conducted immediately after the pine wood test, whereas
the eucalyptus wood burning test was conducted as the third
hardwood test following the pine wood test.

Guaiacols and the derivatives of guaiacol are emitted by
the combustion of both the softwood and the hardwoods,
but the emission rates of individual guaiacol derivatives are
very different for the two types of wood. Coniferylaldehyde
and vanillin are emitted at significantly higher rates from
pine wood combustion than from combustion of the
hardwoods tested in the present study. The alkyl-substituted
guaiacols and guaiacol are emitted at moderately higher rates
from the pine wood combustion process, but the relative
distribution of these compounds in the emissions from pine
wood combustion is not significantly different from that in
the hardwood combustion emissions.

The relative distribution of total benzenediol isomer
emissions shown in Figure 5 is not very different for the
combustion of the three types of wood tested, but the
distribution of these compounds between the gas and particle
phases in the diluted emissions varies significantly for the
different isomers. The ortho-substituted benzenediol is
completely in the gas phase, whereas the para-substituted
species is split evenly between the gas and particle phases.
The meta-substituted species is found mostly in the particle
phase for the pine and oak smokes but is evenly split between
the two phases in the eucalyptus smoke.

Comparison of the data presented by Rogge et al. (16) to
the present study must be limited to compounds that are
predominately in the particle phase. This limits the com-
parison to high molecular weight PAHs (molecular weights

>226), high molecular weight alkanoic acids (compounds
with molecular weights greater than that of octadecanoic
acid), resin acids, and potentially some methoxylated phe-
nols. When the 12 individual particle-phase PAH emission
rates measured by Rogge et al. (16) are divided by the emission
rates measured in the present study, the average ratios are
1.34 ( 0.10 and 1.24 ( 0.28 [mean ( standard deviation
(SD)] for the pine wood combustion and oak wood combus-
tion tests, respectively. For the eight n-alkanoic acids
quantified by both studies, the ratios of emissions rates are
0.95 ( 0.31 and 0.77 ( 0.18 (mean ( SD) for the pine wood
combustion and oak wood combustion tests, respectively.
The emission rates of resin acids from the combustion of
pine wood average 1.18 ( 0.64 times higher in the study by
Rogge et al. (16) than in the present study. The emissions of
particle-phase methoxylated phenols show significantly
poorer agreement between the two studies. The methoxylated
phenols quantified by Rogge et al. (16) were quantified in the
methylated fraction of the extract. As a result, several
trimethoxylated compounds were measured by Rogge et al.
that were not seen in the present study and were not reported
by McDonald et al. (27) or Hawthorne et al. (28, 13). It is
important to note that carbonyl-substituted methoxylated
phenols can react with diazomethane to form a broad range
of products (29), and this may explain the differences between
more recent studies and the earlier work of Rogge et al. with
respect to the distribution of the methoxylated phenols.

Gas/Particle Partitioning: Experiment versus Theory.
Gas/particle partitioning theory (30, 31) holds that the phase
distribution of a semivolatile organic compound is deter-
mined by its absorption into the particle-phase matrix and
that this phase distribution can be described by a partitioning
coefficient, Kp,opm, defined as

where Kp,opm is the gas/particle partitioning coefficient based
on organic particulate matter as the receiving particle phase
substrate in units of m3 µg-1. F is the particle-associated mass
concentration of the semivolatile organic compound of
interest (µg m-3), OPM is the total organic particulate matter
concentration into which the compound can partition (µg
m-3), and A is the gas-phase mass concentration of the
compound of interest (µg m-3). It is expected that the gas/
particle partitioning coefficient, Kp,opm, will depend on the
vapor pressure of the various organic compounds (32)

where pL
0 is the vapor pressure over a liquid pool of the

semivolatile organic compound of interest in Torr and mr,opm

and br,opm are coefficients that can be estimated by regressing
a series of experimentally measured values of Kp,opm on the
corresponding liquid vapor pressure values, pL

0, for the
members of a given organic compound class. If the com-
pounds have similar activity coefficients when present in
the particulate organic matrix and the partitioning process
has reached equilibrium, then -mr,opm should be close to
unity. Under this condition, br,opm is a constant characteristic
of the partitioning for that class of compounds with the
specific particle matrix.

As previously indicated, the phase distribution of the
emitted PAHs was measured throughout the complete wood-
burning cycle by filter/PUF sampling trains during each
source test, and 15-min samples were analyzed that represent
two different times during the pine wood combustion source
test using the denuder/filter/PUF sampling technology. A
plot of Kp,opm as a function of pL

0 is presented in Figure 6 for
all of the available PAH data. Values of mr,opm and br,opm for

FIGURE 5. Emission rates of organic compounds from wood
combustion and their gas/particle phase distributions in the diluted
exhaust from a residential fireplace.

Kp,opm ) F/OPM
A

(1)

log(Kp,opm) ) mr,opm log(pL
0) + br,opm (2)
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PAH as measured by the filter/PUF sampling train in the
diluted exhaust from hardwood combustion are -1.4 ( 0.05
and -10.4 ( 0.22, respectively. For measurements made by
the filter/PUF method in the diluted exhaust from the pine
wood combustion, mr,opm is -1.3 ( 0.07 and br,opm is -9.4 (
0.31. In both of these cases, -mr,opm is significantly different
from unity, indicating that the partitioning of the PAHs as
determined by the filter/PUF sampling trains does not appear
to be at equilibrium as discussed in detail by Pankow and
Bildemann (30). However, also shown in Figure 6 are the
Kp,opm values determined by the denuder/filter/PUF mea-
surement technique in the diluted exhaust from pine wood
combustion. For the denuder/filter/PUF measurements,
mr,opm is -0.93 ( 0.03 and br,opm is -7.6 ( 0.16, which is in
much better agreement with the partitioning theory described
above. Measurements of the partitioning behavior of PAHs
by Liang and Pankow (32) using a filter/PUF sampler were
found to have br,opm values of -7.0 for tobacco smoke and
-6.9 for urban particulate matter. The better agreement of
the denuder/filter/PUF measurements with partitioning
theory, as compared to the filter/PUF measurements, is
consistent with the fact that with the denuder system the
positive sorption artifact due to the gas-phase semivolatile
vapors does not occur because these vapors do not pass over
the filter.

Determination of the Contribution of Wood Smoke to
Ambient VOC Concentrations. Demonstration that the
distribution of fine particle-phase organic compounds in
wood smoke can be used to trace wood smoke contributions
to atmospheric fine particle concentrations is provided by
Schauer et al. (17) and will not be repeated here. The
characterization of the gas-phase emissions from wood
combustion provided in the present study when combined
with particle-phase wood smoke tracers now makes it
possible to assess the contribution of wood combustion to
ambient VOC concentrations. The concentrations of fine
particulate organic compounds and gas-phase volatile
hydrocarbons were measured in Fresno, CA, in the winter
of 1995-1996 as part of the San Joaquin Valley IMS95 air

quality study (33). Ambient concentrations of benzene,
ethene, acetylene, and levoglucosan for two episodes of 48
h duration during the IMS95 study are listed in Table 3. Also
included in this table are the emission rates of these
compounds collected in the present study for pine wood
combustion. Emissions and ambient concentrations that are
normalized according to levoglucosan also are presented in
Table 3. Given that the average emission rate of levoglucosan
from hardwood combustion is close to that of the pine wood
sample and given the fair similarity of the emissions rates of
the lightest gas-phase compounds measured in all tests (e.g.,
the carbonyls), it is assumed that the levoglucosan and gas-
phase emissions from pine wood combustion can be used
to estimate the concentration of wood smoke-derived VOCs
in the Fresno atmosphere. If levoglucosan is used as a tracer
for wood smoke, then the contributions of wood burning to
the ambient concentrations of benzene, ethene, and acety-
lene can be estimated for these episodes. As shown in Table
3, the contributions from wood burning to the ambient
benzene, ethene, and acetylene concentrations during the
December 26-28, 1995, episode are 14, 24, and 18%,
respectively. The December 26-28 sampling period falls
between the Christmas and New Year’s holidays and is a
popular time for residential wood burning. Because no other
source measurements have been reported that simulta-
neously quantify both levoglucosan and the gas-phase
hydrocarbons, uncertainties in these estimates that arise from
test-to-test variability cannot be quantified at this time. This
result is significant because benzene, acetylene, and ethene
are often used as motor vehicle exhaust tracers within VOC
receptor models in which they are used to distinguish the
differences between whole gasoline vapors and gasoline-
powered motor vehicle exhaust within atmospheric samples.
The omission of the contributions from wood smoke VOCs
within receptor modeling calculations could lead incorrectly
to an overestimate of the contribution of tailpipe exhaust
and an underestimate of the contribution of whole gasoline
vapors to ambient VOC concentrations in communities where
a significant amount of wood burning occurs.
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