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 ABSTRACT .. =
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1/10th the actual measured dlameter.,_\\\._ -

~

2 To (l)bl.&ll’l *_barticulate 'eniis'sieﬁ“ data from the "'Wiowam type Wood- -

| -resuiue 1nc1nerator, 100 1nd1v1dual samples were taken from 19

burners located in the Pac1flc Northwest. The samples were. taken

. while- the butrners were'in normal Operatmn so.they are representatn- '
-of actual ernissions. - Gravimetric. and size analyses were made on . -
‘each of the samples. S o : :

g Sumniary'results are presented in the body of the paper. They

indicate the extreme var1ab1l1ty of these burr-ers For instance, the

particulate. emissions ranged from'a low of 0. 004 gralns per cubic

. foot to a high of 0. 607 grains per cubic foot. Data and results from
~-the 19 1nd1v1dual burners are 1ncluded -in the appendlx

»w,_-—ﬂ’

H-The information presented enables control officials to. evaluate

_these burners for particulate emission quantltles, ‘size d1str1but10n, :
‘ and transport characterlstlcs of the emissions.:—- °

/-—-»—'-—"- e e [ T A
e e et A€ 7 2

‘»From an "'average burner one can expect a part1culate emission

. of 0,168 grains of particulate per cubic foot of gas (corrected to 12%
- CO3 and STP). This is equivalent to approximately 10. 7 pounds of .
- particulate per ton of fuel consumed. : The particulate has two distinct

size distributions, one represent1ng the 'smoke'' (less than 2 mlcrons,

‘and one representing the material. which would settle from the atmos -
. phere downw1nd from the burner (1arger than lO mlcrons)
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»—The stokes dlameter of the larger partlcu_ate was estlmated to be
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B P'AE{'I!Ii:ULA"fELEMISSIONS F-ROM*'SAWMILL. WASTE _-BURNERS*

.‘R1cha.rd .W .Boubel Ph D., Professor of, Mechan1cal Englneerlng,
T Oregou Sta.te Unlvers:.ty, Corvalhs,_ Oregon 97331 ' L

‘ One of the air pollutlon problems whlch ex1sts in the Pac1f1c
- Northwest.can be traced directly to the incineration of waod res1dues "
" by the lumber: 4ndustry. In the manufacture 'of lumber or'plywood, .

‘considerable waste material is produced. .One way to dispese of
. this residue is incineration in a '""Wigwam'' type burner. There are

"~ over 500 of these burners in Oregon alone. . Figure 1 shows a typical -

" ”ngwam” or ""Teepee' burner. This study was undertaken to learn
more about the characterlsucs of the em1ssmns from these incinera-
5 ‘tors.

L Figure 1_.‘_“.5Typic'a1 "Wigwam " ty-pe inc:inerz-l:l‘tor-.. AR

ThlS study was' sponsored by the Research Grants Branch
Nanonal Center for Air Pollution'Control, Bureau of Disease Pre--'
Vennon and. Env1ronmental control, Publlc Health Serv1ce, Grant
Nurnber AP_00348. : aar




”:PROCEbﬁﬁE&

Durmg the ‘summe o‘f 1967, a test .erew of two men took 100
sampres at'19 vca.ste burners in the Pacifis' Northwest. The crew ese'“

‘a probe operated :Erom the grourid to obta1n these samples, The. probe

- .has been prev1ously descrlbed 'The probe and sampling mvstem :
_ operated S&tle&C‘tOl‘lly as mdlcated by the fact that the 100 samples-
- were taken by. the ‘two: man crew inr42 working days. This included.

' the travel time between sites and'cccasional trips to the! laboratory

‘with the'samples.” Some troubles were encountered, suchras. cettmg
the probe: stuck in' the- top of a burner oecasmrally, but these were,
© the exceptlon rather than the rule. ; ‘ DR e o

. The Samphng_” ;traln"used in: all tests is shown in Flgure 2, It was
‘designed to collect’all of the: partlculate 1n a form suitable for both
grav1metr1c and’ 51ze ana1y51s. R o : : : ‘ :

| to vacuum’

e membrane
- filter

: i:rrpinge:s

igure 2. Sampling train.

. In the early stages of the development of the samphng tram. at- N
' tempts were made to.measure the velocity of the gas stream at the-

top of the- burner using a pitot’ tube- and a micromanometer. A n1tot ' '-: '

" tube is.not.a. good device to measure such low velocities and the hlgh

' temperature eliminates the use of devices such as anemomieters. The .

- velocity was'also-observed to fluctuate conmderably. An.average

velocity value of 600 feet per minute was obtained from the more ex—_‘.' '
. - Therefore this velocity was matched .
* . at the sampling probe" ip- rather ‘than attempting to contlnually vary the -

‘tensive data in prev1ous ‘studies.’

_‘.samplmg rate, to"foll W the fluctuatlng velomty.

o




o _Tl:{e,irélaéity ‘of the gas stream was c_he(:kéd periodically by observ- .
" ing the time required by an observable parcel of smoke to rise from’
‘the:flat screen to the dome shaped séreen, . Since this distance was..

" known, the gas velocity could be determined with a palr ‘of binoculars

- and a std}i'wa-tch_and the sampling velocity adjusted as necessary.

" The volume of the '-samplej-thr'bu'g_h the train was -detef.mined by
measuring; with a’ stop watch, ~the time required to fill a-Saran = -
plastic bag. ' The volume of the bag was checked periodically in the: o
_laboratory using a wet-test gas meter. - - SRR R

‘The'.'dr'aft.at'the base of the burner Wai"‘s.‘;'d:Efermined w‘_i*'ch' an in- -
clined draft gage, range 0-3 inches of water, - A copper tube, inserted’
through the burner shell, connected to the draft gage. - o o

The temperature at the sampling point in the burner was continu-
ously recorded through the use of a. Chromel~Alumel thermocouple. -
attached to the sampling probe., The thermocouple voltage was re-
corded on a: Heathkit recorder. A typical temperature recording is
shown in Figure 3. EER TR ' " '
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- Figure 3. Temperature recording during test. .

Fuel loading data were obtained by gstim_étibh.- " Sander dust or
planer shavings, which were blown into the burner from a.cyclone.

" discharge, were estimated in_vp_ounds-pex_-_ﬂr-ninute. - Sawdust from the .
mill was estimated similarly., Larger chunks, such as bark and trim

ends, were estimated at the conveyor by determining the approximate .
weight conveyed by each flight and multiplying by the number of flights
~ per minute to get the fuel rate.. . Lt S

. The analytical procedure was to clean'and dry the: sampling ele-
ments-before eachtest. After the test was completed and the com-
K pone_nt's,_*-._ret-_t_q.-rned-to'the;labora't_ory', the particulate was washed from




each collectlng element - except the membrane f1lter, w1th d1st1lled EE

water. A drop of_ the llqu1d was then placed on a microscope slide =~
and a partlcle size’ _;.str1but1on determined. - Figure 4 illustrates the

‘pa.rtlcula.te collected‘.by ‘the _'s:ample train. The remalnlng llqu1d was

' Flgure 4. ‘ Partlcula.te collected by samplmg tram. l'OOX_":

evaporated in a drled tared evapora,t1ng d1sh . The! Welght of the '
- sample was then determined. : Sample weights on the order of five
- milligrams were; collected with the sample’train,. The samples were
‘then ashed by pla.c1ng them in a.muffle furnace at 750° C for 30 minutes.
After coollng th S re aga1n welghed to deternnne the percent ash..

Flgure 5 shows the materla.l collected dur1ng typlcal runs. : The
‘membrane filter is r : { Coo

Figure 5. -Particilate samples.” *




Toon

_‘Figure' 6 Partiéulate samples 'afte'r:a.shing.:---'

: “The small particles, collected on the membrane filter, were ..
treated for microscopic examination by making the filter material
. transparent by applying a drop of dioxane. An example of the small
" .particles collected on the membrane filter can be seen in Figure 7.
- The particles collected in the sampling train components followed-

approximately a log normal distribution. :

w1 Figure 7. Particles _g:oli_ect—éd on the iﬁ_embra;r:ie?..fil_téi'. 450X,
T Da'_ta‘_'i::é.bulatiori and _r-edu'ctibn-‘vva‘s c‘loné:f'a"ﬂ:'_.er é,ll.'sa;m.j;iles were
e analyzed.” Variables of interestwereys (1) -w’eight‘gai_n__by the membrane

g




3 f11ter, (2) 'we1ght ga1n by the tra1n ahead of - the membrane fllter, (3)
" percent ash in'the partlculate, (4) average ‘temperature of the gas ‘
- .during the: samphng permd (5) particulate emission per unit’ volume' . .-

" . of exhaust gas,(6) draft ratio (actual measured draft: théoretical ‘ i
, draft) ‘which 1nd1cated the amount of leakage through the burner shell;

© - {7) size analysm of: partlculate on the membrane filter, and (8) size

~ analysis of. partlculate 1n the sampllng traln ahead ‘of the membrane
f11ter. : S : ‘ ‘

o RE'S'U'LTSI-‘

S S1nce 19 dlfferent burners were tested it was desrrable to deter--'
- mine’ if 51gn1flcant differences ‘existed between the various ‘burners.
- An analysis’ of var1ance was run and the results are indicated’ in

"_Ta.ble L,
T S1gn1f1cant @ 5% Level "
Variable of Interest -~ (Burners 31gmflcant1y dlfferent)
] Ash content of partlculate L ,___‘:'_" A ‘-.‘;_Yes_j ‘
Average gas temperature ‘:'.‘f\"w-_-]:' : .‘ - .'.."'Yesﬁ'
Partlculate em1ss1on T | 2 Yes
Draft ratio No

- Mean, part1c1e size. collected‘ o

| _uahead of membrane fllter‘ ' Yes: .

-'Mean partlcle size- collected-‘:: '

by membrane fllter SRl '_W_-_'Yes

: Tabl‘é_:f':l." Analys1s of varlanceof da'ta'ifr’om'_lg burners“.-'

Except fo "the draft ratlo, 1t appears that each burner is' 51gn1f1-i_j -
'cantly dlfferent from the" average ‘and they must be cons1dered as
: 1nd1v1dua1 sources (rather than 1dent1cal sources) :

PR The ave _age draft ratlo for all 100 tests was O 49 whlch 1nd1cates
" “that. -about- 1/2 the theoretical draft can be expected from & w1gwam RS
“burner. " This is-reasonable: conmderlng the size of the overfire air. . .

~  ports, 1eak1ness of the 'shell gaps at the p01nt Where the shell meets
, ‘the groundw tee v e CUm R

o The mea .va.lues‘ : .‘he s1gn1f1 antly dlfferent varlables are pre- .
sented in Table 2. The overall averages would be the values to use - _
" "to.describe a- "typ1ca1” waste burner. . Some’ values would be swn1f1-
- cantly hlcrher ‘than the. averacre, ‘andsome values s1gn1f1cant1y lower,

; ‘as’ 1nd1cated by the analys1s of: varlance. § R R
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about 37% ash. -~ This: ‘indicates they w

orrglnally)

[

e ”typlcal” waste burner would be‘- e
ould be about. 1/3 combusted ‘
plete combustmn*- the wood has ‘about’ 1% aSh

The part1cu1ate emltted from th

(100% ash would be ‘com

. The emlss1on temperature W'Ould be 485" F whch is; con.ﬂderablv &

below the 600°F - 900° F temperature range recommended for Lo
moke free operatron - . S

- The loadlng to.-_t e atmosphere is 0. 168 grains per cublc foot of
as corrected to 12% CO,: and’ standard temperature (60°F) and pres--‘ '
sure (30. 00 inches 'of mercury).
value used by many control agenC1
allowable incinerator emissions.
average partlculate ‘emission is

es of 0. 3 gralns per cubic foot for:
Converted to metric units, the ‘
"384 mg/m3 (corrected to 12% GO, and.
- 8TP). If the. air/fuel ratio for a ‘typical wood is assumed, 12% C -
is approxrmately equ1va1ent to 9. 5 pounds of air per pound of fuel 2(“) g
" the average: emission. can’ ‘be calculated 10.7 pounds of particulate per ’
_ ton of fuel consumed.- " This is conslderably below the value of 22
pounds of partlculate per ton of fuel. Wthh has been used for:year s i
‘when calculat1ng the emission. 1nventory . ‘An em1s sion of 22 pounds‘ .
per tor: of fuel is roughly equrvalent to 0. 345 grains per -cubic foot.
This high a value was measured at:times on some of the burners ‘
tested (see. appendix for data on, individual burners). Twenty-two -
pounds per ton.of- fuel can. still- be used as a high value but a more
realistic value for an area surve) would be the 10, 7 pounds per.ton
~ figure. Possibly it ‘would be eas1er to remember, as well as. bemg P
llmpler, ‘1£ 1t were rounded to 11 pounds per ton. : '

size d1str1but1ons measured showed a 51gn1£1cant‘ S

d in the train ahead of the filter .= |
“This is to be expected be- L

the large materlal before it

The part1c1e
d1££erence for that matenal collecte
and for that mater1a1 on the filter: 1tse1f.
.cause the trainwas designed to- remove

: reached 'the membrane fllter. L :

eometrlcal devratlon_ ahead of the fllter also 1nd1cates“". ‘

the w1de range ‘of. particle size’ collected by this, portion of the train.
If an attempt:; is made'to ‘convert the d1.str1but1on tc a We1ght mean,
‘rather than a‘l.count mean, . u51ng the formula suggested by’ I—Iatch and

Choate

The large g

= geometrlc dev1at10n ; :

the we1ght mean ize becom‘es unreasonably 1arge. Th15 formula T o
. sh "1d not: bie ; ‘d‘\therefore because the dlstrlbutlons encountered

‘This value is, ‘considerably below the v




o were ;ndt__.;t'r-iilsfv-lbg_"-z‘;c_)rmail- but a ‘goinprom_iéfe_ _betweén'_ _ldg'-_nornfial-'and
. normal.’ The reason for this was that the particulate emitted could
‘not be considered as being generated by.one single source. Itwasa

.- combination of particles from different processes (sawing, planing,

barking, etc.) which had undergone a chemical reaction (combustion)
- to varying degrees of completeness,” A count mean therefore appears
. .to be the best way to describe the size distribution of the material -

B -emitted by a wigwam waste burner.”

.. Two distinct size distributions were noted upon microscopic

-~ examination of the collected material. One size distribution was .

‘noted'for a-larger particulate which was. capable of settling to the

‘ground as dustfall. - Another distribution was noted for the smaller
sized particles which are seen'as ''smoke' and are referred to as
suspended particulate. An average value of 24% for the weight of the

. particulate collected on the membrane filter indicatéd that about one

.quarter of the mass of the particulate is’ emitted as '"smoke' or sus-
pended particulate, S e ' .

: A brief experiment was: conducted in the laboratory to determine

* the settling velocity of the larger particulate.’ The time required for

- the particles to fall 10 feet was observed. The averages of several
trails are presented as Table-3, -~ = - B

; Pa-rt-iclé_Size,:\ Me_asured'Sett’ling Time, . Stokes Diarn-_et;é_-r As‘sﬁming
‘ | G sec/305cm - . 8,G.=0.67, mm

mm

- : 3 T 3.:_33' o o 0.4 e

 Table'3. Settling velocities for large waste burner emissions. .

It appears that the larger material emitted by a waste burner, -
~which is certainly a nuisance .to nearby property owners,. has. a o
 stokes diameter about.1/10 its. measured diamter. The. slow-settling

-is primarily a function of the. shape of the particles which is far from .
spherical. - These particles will carry a great deal farther on a wind
- than would normally be expected if settling velocity were calculated
- from their measured size, Using a stokes diameter of 1/10 the actual,
‘a2 I mm- particle starting from an emitted height of 75 feet can be ex-
- pected to travel about.1/5 mile on a 5 mph wind before reaching the

_:‘ C gr'o,_und.._',_ .This assumes _lam'in_ar_ flow _wh-ichri_bf course 'is never the:
. case. It does give some idea of how far a relatively large particle.

- (considering the size distribution) can travel on a light wind before -
- reaching the ground and adding to the pollution burden as dustfalls. -

.\o




) 1f th'ere was. a- s1gn1 1¢ant relatronshlp between var1ables measured
during thls study. ‘_-‘j‘Only three 51gn1£1cant correlatlons were. found out
they were very 1nterest1ng as they‘:lndlcate how a burner rnlcrht be

-].'”:The dra ‘ ratlo (actual/theoretrcal) correlates dlrectly

) ‘._‘:lw1th temperature.; H1gher temperature,  and hence lower .
.. emission,’ is achieved with a tlghter burner (better ‘
RS l-malntenance and the doors closed ') .

3. :”_“-"The percent of ash in the ernlssmn correlates dlrectly _
. owith temperature. ngber emission. temperature 1nd1cates |
i more complete combusion with less matenal ‘to.be
: _‘Vemrtted as an air pollutant.‘ SR S P -
: \ T o ‘
The slze of the partlculate emltted d1d not correlate s1gn1f1ca tly’-‘-'
" with temperature which would 1nd1cate that it.-was more of a'function -
- of the material belng £ed to the burner than how the burner was 0per-= g
" ated. S ‘ LT

ff‘CONCLU&DN:

_ Untll the day of cornplet ‘ ut111zat1 n at all m1lls comes, we

~ will be using the wigwam- burner. for residue disposal. The 1n£orrna.-‘

. tion gathered during1 the extensive, testing of several representatrve
burners is both valrd and, useful. +It can be used by the mill: OpeI'c:.tOI'S
- to reduce emissions to the mrnlrnurn §0 that. they might be observed

" as better industrial citizens. - It'can be used by control officials to -
' evaluate these burners for- partlculate emission quantities, srze dis- .
tr1but1on, and transport characte”"stms of the ern1ssmns. ' -
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M.lllNo._ 1 )
BumerHe.lght 40&.

" Burner Base Dia. - 30 fr.
-BumerTolea. - 15t o
:ForcedDmft Syste.m -None
Grate § em-Ncme AT
Qverfire Air Tangennal adjustable o
"Rellef Veats. - None g

. Bumer Cundu:mn Good

Fuet TYPe Dcuglas Fu‘ baﬁ LT

e

RESULTS OF 4 TESTS

. Variable of Tntevest - ' Mean L De\natxon' | value - Value

‘ “Total P;'_uti.cnlate_ ] i

Collected, grams . . 1 - - _ ‘ ‘

9% Ash of Particulate.” .17 ] 3L.05 S| e.52 . | 8L16

Average Temp. ‘

| Duting Test, °F : _ : _

| zﬁ‘:‘c’:fgf:f;:g oean o f ezas | 0024 0453 R D

. |Draft Ratio, - .. ..

‘ActuallTheoret:Cal o

Samphng Train '

. 'Mean Diameter

(Count, Basis), j =i\
Sampling Train .

. Geometucal Dewatmn
.Membx_‘ane Filter . -

‘Mean Diameter |

" | (Count Basis), (& '

- ‘Membrane Filter . L]

' Geometncal Devxatv.on o

" 0.0770 ~ 00,1605

388,75 < | 6277 o |300.00 1 440,00

10,39 B IRRRE X © EEERTREAN 0.24

D ez | aas o280 | 1180

Taes | 104 | 13 | 366

oot ol ees | o6 o820




Mill No, =2 = =
* Bumer Height - 35 ft,
Burmner Base Dla. - 30 ft
Bumer Top Dia, Ef 15 i,
Forced Draft System Cenmflgal Ean
Grate’ System .Elbow Grates :
Overfire An- - Tangenhal adJustable
Relief Vents - None L
Burner Condition ~ Faxr - Good
Fuel Type Wh:l.te Fn‘ sawdmi;;

igh stock, planer shavings

B - | Variable of Interest’ " 7.
Total Particulate, -
Collected, - grams

% Ash of Pa'_ri:icﬁlate'--

TAverage Temp. . o
During Test, °F | -

Particulate Emission, -
| Corrected grains / 3

‘ Draft Ratm, L / o
: Actual 4 Theoretlcal

 Sampling Train - S P
Mean D).ame!:er o ;' '
(Count 139.515),

Sampling Tram A
Geometrical Dewatmn

Membrane Filter
| Mean Dlame_tex-‘
* { (Count Basis), |

 Membrane . Fxlter
Geometrical Dewat’on .




- Mﬂl Nc. -3 .
Bumer He:ght 50 ft.
' Bumer Base Dia, - 40 ft.
. . Bummer Tcp Dia., — 25k
- Forced:Draft System None
" Grate System. ~ None .
Overfire Air - Tangent.lal, Adjustable
o Rehermls - None -
. Burner Comhtmn - Fair: .- :
E 'Fuel'rype - Cedar sawdust, bark rough stoc.k

RESULTS OF 2 TESTS

I - . 1 . TStandasd Tow . ]  High
- | Variable of Interest 1 .  Mean ' Deviation _ Value | Vilue .
[Total Particulate -~ | o019 | 00008 | 0.015¢ | 0.0165
| Collected, grams S _ ST e . e
. } % Ash of Particulate | 29.82 1 202 28.40 . - | 31,25
[Average Temp. . —
DmngTest,“F -
fParticulate Emission,
Corrected: grams/fl:?’ '
- | Draft Ratio, v
' _ Actual I'I'heoret!.cal
Sampling Train =~ . . R . B - - .
_ Meaﬁ-lDia.-mete:r__;-"-___'f-? o L9z . ] o066 o - 1,45 2,39
Smp}mng“ | zs | oz | 22 | =zs
Geomel:ncal Dew.anon : . . LT . : - IR DA
Membrane Filter.:
Me#i:'piametexj -
Count Basis), |
{ Membrane Filter -
s Geomemcal Dewatmn_-_"' '

0080 | .%o fx

145 . | oos . | L4 | ouso

.*_Qpl"'qpe value’ 3




Mill No,i-4 - -
" Bumer Héight -40 ft.
" Bumer Base Dia. - 40

" Buner Top Dia. - 20 fz.
Fq;ced'Drafir-“Sys_tem‘ Non

. Grate Systemm —None
Overfire Air ~ Tangential;’
Relief Vents: - Yes'
‘Burner Condition ~ Good -
Fuel Type - Hemilock rough stock

~ '-7: _'-:._'_;“R;ESUI.TS OF ‘5 TESTS - -

Variable of Inferest -

T | Standad
‘Mean:". | ' "Deviation .

~ {Total Particulate
{Collected, grams

% Ash of Particulate - . 25,29,

Average Temp.
During Test, °F .-

'. __-j455'.‘oo"fj-__'“: e

| Particulate Emission, -
Corrected grains / ft3

|+ oi200 )

| Draft Ratio,

Actual / Theoretical Lo '

‘| Sampling Train.
Mean Digmeter -
'| (Count Basis}, u

1 Sampling Train . o
Geometrical Deviation

Membrane Filter.-
Mean Diameter
. | {Count:Basis), ph .

Membrane Filter -
+ | Geometrical Deviation




- Mill No. -5 - .
- o - Burner Helght -'60 ft

o ‘ - Burner Base Dia. - 60 ft.

R . Bumer Top Dia. ‘_— 30 ft. - :

'_'Forced Air System Centnflgal Fans -
. Grate System - None .. . :
'  Qverfire Air - Tangentlal leed

Relief Vents - None -’ - ‘
" Burner Condition - Fazr - Good . : :
- Fuel Type - POnderosa Fine sawdust, shavmgs, rough stoc.k

RESULTS OF STESTS- '

- -1 " Standard - ™ Low - - { . ~High
Variable of Interest _ Mean * ‘1 ! “Deviation ., _ Value - | valve
‘Total Particulate mmm:ﬁ%*mimwxq_mlmmm*j'ﬂmmm*
Collected, grams - L . o p : : ‘ L
% Ash of Particulate 30,67 T 832 . | 20.22 - | 37:9
Average Temp.
’ During Test, °F
Particulate Emission,
. Corrected grains'/_fta”'
Draft Ratio, ~
‘Actaal / Theoretical .
Sampling Train B R T : .
-hummmﬁq.p,l;f'max¢15]fnmu;*? 1,00 | 3.65
Samphng Tram
Geometrical De\natlon
Men_xbrane Filter - A B
Mean Diameter B T 7 T I
- ({Count Basis), 1 EE '
" | Membrane Filter
| Geometrical Deviation '

T eon00 | oussas. o | 10, 00 | 525.00

C 0,312 - n|v 084 0,103 | 10,539

3,64 Togezs | 2700 515 7

0,17 1o 124

14 b eos 0 w3el 1,49




Miﬁ.No. =6
Burner Height - 50 ft,

a B‘umerBase Dla. - 50:&:.__

Burrier Top Dxa. - 25 ft,
Forced Draft Sysuem :

g Rélief Vents - None

. Bumer Conchuon Good g
" Fuel: Type - Whtte and Red F:r,‘

'x.taI-G Centnflgal Fansf ‘
Grate System. ~ Flat Gy tes b
Overﬁre Air = Tangentlal leed

R RESUI.TS ‘OF 5 TESTS

Lodgepole Bine sawdust, shavings, rough stock

Variable of int‘e'tést. o

Standard .
Devmtl on

- Mean o]

" Low

© Yalue

High

o Value = : *'

Total Particnlate. o

L D,0830 7

- Collected, grams . . -

. .0,0133

" 0,0121

o 0488 I

% Ash of Patticulate . ', . . 44:. 26 e

7409

34.67

53.79

Average Temp. e
| During Test, °F. -

22. 75 ‘

525,00 |

58.0-.00 S

 [ParBicdate E:msszoﬁ, N
| Corrected grains / ft3‘ o

0,060

0232

- {Draft Ratio, .- . .
{Actual / Theoreucal

0.68 i f

L 077 -

(Couxt Basis), 1,

L1080 g

Samphng Tram. R
Geometnc-al Dev:atzon

12,937

Membrang_Fll_t‘_ﬂ‘ L
“{'Mean Diameter: "

" | {Couait Basis}; i

1,10

1,27

‘Membrane Fﬂter_

o Geometncal Dew.atlon _




M.ﬂl No. - 7 o
Burner Hexght 50 ft. _
Burmer Base Dia, - 50 ft..
* . Bumer Top Dia, -25ft. o

* Forced Draft System - Centnflgal Fan S
Grate System - None : -
Overfire Air - Wmdow, Fxxed '
Relief Vents - None .
‘Burner Condition - Fair _ :

Fuel Type Fir and Pme sa.wdust bark, rough stock

'RESULTS OF 5 TESTS -

: : S S . Standard ~ ~ Low 1. High
Vasighle of Interest. | . Mean | . Deviation | _ Value 1  Value
Total Particulate, . 0,025 .| . 0,0124 - 1. o0.00% | o0.0426
| Collected, grams - ‘ : S _ o A
% Ash of Particulate 23,69 . | - 459 L 16.39 | 27.53

Average Temp.- - '
Drwing Test, °F
Particulate Emission,
Corrécted grains/ft-’_’
Draft Ratio,. :
: Actuall'I'heoret:cal
| Sampling Train : ‘ L R T - ] _
Mean Diameter - .| ‘2,57 | . o6 | e | 3.64.
Sampling Train
Geometrical Deviation -
Membrane Filter R N - o
Mean Diameter - - .| 108 - | 0006 - 0.98 fi114 - _
(CountBasis), . | . .o | e b0 B
" | Membrane Filter. ‘ : C ' '
Geometrical Deviation -

| s25.00 . | - 72.80 Ll 410,00 '590.100

0120 - | -0.063 | ooa | . 01%

S |19




. Mlu NO . gf

' Bumer Height - 60 ft.',
Burner Base Dia,' - 50 ft
‘Bumner Top Dia. =25 ft; i , -

© Forced Draft Syst:em : Centn 1"ra1 f-'m
. Grate System None' A
. Overfire Au' - Tangenual ‘
- Relief Vents - None. .~
Bu.mer Condluon Good » e
- Fuel Type -Pine, some Flr.sawdust shavmgs, Fir“Ea‘rk-

'/ RESULTS OF 5'TESTS

: : S S ‘Standard © {7 T Low . .} - High
| Variable of Interest. N AR Mean Déviation' ._Value = | " Value
Total Particulate L N 0 0395 S o '
Collected, grams-~" "

% Ash of Particulate: . _i_-' 31 51
Average Temp, - ‘
During Test, °F "7 -
Particulate Emission,
Corrected grains / ft3
Draft Ratio, . . ..
| Actual / Theoretical
Sampling Train. .:
Mean Diameter
(Count Basis)', 1,
Sampling Tram I A
Geometrical Deviation’ - A
Membrane Filter .~
Mean Diameter "
| (Count Basis), {1
Membrane Filter -
| Geometrical Deviat

10,0133 | 0,0615

25.09 | 45.36 1
525.00 | 650.00'

0,096 | 0358




‘__MﬂlNo. .-9 L
Burner Hea.ght 50 ft. st
Bumer Base Dia. - 25 ft)
Burner Top Dla.. =15 fr.
- Forced Draft System - Centnﬂgal
Grate System - flat e, o
' Overfire Air = Tangentlal ad]mtable ‘ o
Relief Vents - - Nome -
Burner Condition - Good -
: FueJ. Type Fir shawngs, bark

RESULTS OF 15 TESTS

RESULTS OF 2o J=0ls

— _ _ _ ~Standard ~Tow . |  High
Variable of Interest | - Mezn | | Devigtion _ | Y Value. . - Value -
Total Pariiculate ~ - | 0,1054 ~ | (00665 "~ | o.ooss | o0.2106 -
Collected, grams - ST e : ARSI SR
% Ash of Particulate . 56,48 - | 1478 - - 2.8l | 79.98 -
TAverage Temp. '
During Test, °F
Particulate Emissibn; R
Corrected grains / ft3 o
Draft Ratio,

Actuaal:/: Theorencal

26,33 - | s23.58 . | 150,00 " §s00.00

om0 . [ o0e7 | 0.027 .| 03627

'mw;m'-;mm;f$ ngm_;jy@;:“

Sampling Train- L ; o
. | Mean Diameter.. | 370
| (Count Basis), & !
Sampling Train
Geometrical Deviation
Membrane Filter ) ) R DAL . PEEEERIE
Mom Digmieter | 1037 .| oo T SRR B S TR
Count Basis), B~ 1 SR O L SRR I SRR
Membrane Fiiter
Geometrical Deviation

1,300 C - | 208 | 645

_&mfujf[-mmmf_%t;[_z&;;;5$@pmf-

11,46 ] 007 oLs3 165




. Bumer Top Dia, - 25 fe,
: "\ Forced Draft Sysl:em' - ‘Cen

¢ Mill Noj <10 "
. Burner Height ~ 50 ft, ©
Burner Base: Dla. - 50 ft.‘

- Grate System flat
Relief Venis Yes

. Burner .Con‘dition_ - G’éb&
: - Fuel Type : F1r,‘P1ne,_:

‘ RESULTS OF 5TE§T‘~';

Standard
. LVan iable of Interest Dewatmn
\Total Parucu.late 0. 018

Collected; grams | R
% Ash of P-a_ri;lculate‘ 14630
FAverage Temp.. RIS

_ P L 04, 540

During Test, F . '~ 4‘54 5
.._parl:i_culate.Emission;._ . 0:211 =

| Corrected grains / £3°
Draft Ratio, -

Sampling Train.-" :
Mean Diameter . -
(Count. Basis), |

Samplmg Train -

‘ Geometrical Devxatmn
| Membrane. Filter @ °
Mean. Diameter - - |

| (Counit Basis), |

‘Membrane Filter .

'| Geometrical Deviaticn




.‘M1]1 ND. -n
'Bum..rHc.lght 35ft.
" Burper Base Dia. - 25ft.
_‘__BumerTopo. =154t - .
.. Forced Draft System - Cem:n.’fugal L
_ "'Gra:teSysi:Em ~MNome " i .
- Overfire Air - Wmdcw, _ﬁxed _

. Relief Vents - Nome /v .~

. Bumer Condition - poor” B
o Fuel Type Fir, Pine, Spmce sawdust, sh_a_vi:.‘;gs, ‘bark, “tough stock - .7

" RESULTS OF § TESTS
— Stomdmd | Low | . High
“{Varisble of Interest .~ | Mean | Deviation -~} - Value ) Value
[foal Paicmlate. .| o038 | ~ 0.0094 | " o,0198 | 0.0453
| Collected, grams - N A e
[ % Ash of Particulate 55.83 16,82 TEsT | S8
[Aversge Temp.. . . | 40500 . | - 59.58. T 3s0.00 | 500.00
~ {Dusing Test, °F = =~ A SRR 1 I
. |Paricnlate Famission, - | 0,190 - © | 0,042 T o0.132 -|. 0,246
Corrected grains / 3 - R _ Sl S
DraftRatio, . | 029 " 0,06 1 o2z} 033
. .7 | Actual / Theovetical - - - S e N
" 'YSampling Train .
.| Mean Diameter S L
 {Count Basis); L . S L _
Sampling Train . ..~ | '.2,88 - |- . 0,88 1 s | 3.68
Geometrical Deviation ~ R R R DL I
Membrane Filter =~} .. . o -
Moo Diomater | 099 | o | |
- Geometrical Deviation’, - I PRI R

TP TR R Y-S 1 a0 o |sese

o8 | = o.ss B RES )




. Burmer T0p Dza. - 25ft
- .. Forée Drait Svstem Centnfugal“
- " Grate System ~Flat - .'
g -Overfire Air ~ TangenUa], 'djustable
~Relief Vents = None . .. :

" Bumer Condmon Falr T
Fuel Type _ Hemlod_-_: sa_wdmt-‘, héﬁhgs,

S MillNo, =12 -
- Bumer Height -60 ft,
'BumerBase Dla. -’50 ft.

‘roughstock DN

. RESUI.TS OF 5 TESTS

V| Variable of Taterest

"} Total 'Particulat,e s
| Collected, ‘grams -

' Stanﬂard
Dev:at:on

C0.0076 .

% Ash of Particulate -

Sl O T

Average . Temp.‘
During Test SF

T ‘379_.0.(; -

168,727

Particulate Emission,
Corrected graJ.ns / ft3

10,152 '

‘[ Draft Ratio,

10,70

Actual / Theoreucal
Sampling Train oo
Mean- Dlameter
{Count Bas:s) “,

2,00

Sampling ‘Train - :
Geometrical ‘D‘eviaﬁ oﬁ

1,91 ¢

Membrane leter ,
Mean Dlameter
(€ ount Basm), H

o L

Membrane F ﬂter

Geometncal Devxanon -




____."Mﬂ‘l. No. - 13 :
. Burner Height - 45 ft.

' Bumper Base Dia. =40 ﬁ.

. . . Burner Top Dxa.,-ZOﬂ:
- Forced Drait Syszem Nr.me
. Grate System -Nape -
- Qverfire Air - Tangennal, fnced
" Relief. Vents - None, -_'_5-‘_ S

- : Burner Condm.on'— Poor - : :
N Fuel Type Veneer (fn.', hemlock, spmce, cedar) mugh stock

- RESULTS OF STESTS

" |\arisble of Interest

“Standard.
B Deviation

Total Particulate - =
| Collected, grams

0 0195

94 Ash of Particulate - -

Average Temp.
During Test, °F

ettt ——=~-r~ No. Data.

'66 86

} Particulate Emission,-

-;0;242- L

E  Corrected grainS]ft3 -
. { Draft Ratio, - :
Actasl [ Theoreucal L

0,42

Sampling Train - _
Mean Diameter : -~
‘(Comnt. Rasis), &

1 osa

0,98

2,52

4,95 - N

Sampling Train-
; Geometncal Deviation.

e 2,87

213 |

‘ Membrane Filter . -
Mean Dian_'leter B
(Count Basis), t+

092

‘| Membrane Filter .
fGeometncal Devmtwn -

1|

©1,75




| Mill No, 14
Burner Helght - 50 £t
: Bu.mer Base D;a. -40'%

‘ '_‘:; RESULTS OF 5 TESTS

‘ ] Van'.ableof Iﬁtére

' Total Paruculate
Coﬂected, grarns’

': Standard -
Dewatlon

ngh
' Value

00080

1% Ash _of Pamcy_ﬁaté_:f N

Mo Do =]

‘| Average Temp..
During Test, °F

"] Particulate- Emission,
Corrected grains / 3

| Sampling Train
Mean Dj ameter ‘
| (Courtt Basis), 1.

Sampling Train -

Geometrical Deviation'

Membrane Fﬂter'
'Mean Dlameter ,
_(_ount Basis), .

Membrane Filter
- Geometmc:al Dew_




L 'MJ.I]. No.. - 15 _
- Burner Height - 40 £,
Burner Base Dia. - 30 ft, "
. Bumer Top Dia, - 15, -
- Forced Draft System - - None. -
. Grate System —None
~. Overfire Air - Ta.nge.ntl.al, ﬁxed
- Relief Vents = None '
Bumer Cmcﬁtxon Poor. -
_ _'Fuel Ty-pe Fu', Hemloc.k Spruce sawdust, ban’k rough stoz'_'lr

[T ..

_RESULTS OF 5TESTS

. . ] _ I ‘Stan_da.rd‘ Low High
Y Varisble of Interest . - " Mean" - .Devigtion " Value' © Value

| Total Particulate .~ 0.0101.. |. -0,005 . - | = 0.0054 0,0184
} Collected, grams . ’ - . . ‘ L
% Ash of Particulate ~  |[~—===="=" —----=--No Data --|=----===r=====r| -==== B
[Average Temp. ™ .. | 166,00 - | 73,09 - 1 100.00 275, 00

During Test, °F L i | ; '

Parficulate Emission, ~ | o132 | | . 008 | 0,069 | 0271
Comectedg'ra.ms/ft o S . o

01z . | . o08 .60 | 0:24

Sampling Train = ' . T T - O D
. | Mean Diameter T 3.68. R 5. R SR 2,44 . '5.06
- |Connt Basisy, p. . ey e b ol
~ {Sampling Traiz - .:" | 3,18 1 . 0.53 . 2,51 3,700 1 '
'.GeometncalDevxanon S S _ L

| Membrané Filter = " .00
Mééﬁ Diameter B
| (Count Basis), |
| Membrane Filter ' |
' Geometrical Deviation.

Ls7 .| eazs | o na




' Burner Height - 4s °

" MﬂlNo.-lﬁ ‘

- .Burner Base D:la.. ‘ 401'1': :
' Bumer Top Dia, - 20 ft,

. Forced Drait. System - Axizl

" Grate System Mushroom

: OverﬁreAn Tangezﬂnal flxed

' Relief Vents - - None -
' Bumer Condm,on Good
Fuel',--Type - .R.-edw‘ddd\__ bark

- RESUI.TS OF '5 TESTS

) Vai{ablé_ of._fﬁtefeéf e

Standard

.} Total Particulate .
Collected, grams

% Ash of Patticulate’

Average Temp. :
During Test, °F ..

Part:culate Em1s31on,
Corrected grains / ft3

Sampling Train _
Mea.n Dmmeter
(Count Basis),

Sampling T_rain L
Geometrical Deviation

 Membrane. Filter .
) Mean Dlameter
‘ __(_ount Basxs),

Membrane Filter !
Geomemcal Dev:at:on




MJJl No. - 17
R Bme:rﬂéight 50ft.

- BurnerBase Dla. .- 40 ft. B

. ‘Burper Top Dia. -20ft :
- ".:~F0med Draft System = Centnﬁgal Axlal
.- Grate System Mushroom
" .. Overfire Air - Tangential, hxed

 Relief Vents - None
" Bumer Cond_:t:on‘ Good ;
* Fuel ’_I'ype'-Redwdod's}iavings o

RESU'LTS OF 5 TESTS

Standard o Tow . i} "High-,'
“ Devigtion | . Value b Value v

. 0,0067 | o 00,0353 | 0.0519. - .

I Variable of Interest

. [Total Particulate. |
| Collected, grams _ : . : “ ‘

. '|% Ash of Particulate 12,84 S 5.15 : R 6,81 | 19,19

.| [Average Temp.. - . - ) 791,00 - 248,93 | 450,00 }1075.00 - '
- | During Test; °F. - S A e S R

[Famticalate Emission, ™ | 0,128 . | 0.074 0 o). T 0,055 | 0,228 L.

| Comrected grams/ft : T : RS

o fPraftRame, T | oaar 040 T oza ol owe T
f _Actual/Theoreuca.l S R NN A I R

« . [Sampling Train . -° }..- S T LS LA
- | Mean Diametes ™ . | 3% o006 T 2,23 | 455
Vicomt By ey b L

. [sampling Train .- © .} 331 | .0.60 ¢ T o83 | 435 0

il :Geometrical Deviation. | = S T o S A

AR ‘Membraze Filter {00
-] Mean Diameter - - : 1.04
A | CountBams),l"' IR A T B _

Mewbrane Filter | 1.8 | 018 | o 138 e

'-Geometncal Dewanon‘ S TR S S B

Come T 0use a7




- MER No. =181
' Bu.mer Helght 40:&.
. Burner Base Dia,' - 40 ft,
" Burner Top Dia. - 20 ft,

+Forced Draft System None
~ Grate System None e
' Overfire Air - Tangentza '
~ Relief Vems None ‘ '
" Burner Condzuon - Poor.- . .
Fuel Type Douglas Fn: sawdust rough stoc.k

Standard | Low | High
_Deviation __Value | yalie -

| Variable of Interest ©
. [ Toral Particulate -~
o Co]].ected, grams <}
% Ash of Particulate. .-
Average Temp.
During Test, °F .
Particulate Emis_sibn,‘
‘Corrected Agraiﬁs /'ft‘a' ) .
.. | Draft Rano, ‘ o
’ ACtual/Theometu'.:al :

Samplmg"?[‘ra:.a:y o
M‘ean_'.'[)-i:i"'x‘n_eteif Bl
{Count Basis), |,
. Samp_;ng Train, ‘
Geometrical: Dematzon;
: Membrane Fxlter o S
- Mean' Dzameter 0.95 _
{Coum tBaSIS) gL ‘ o
Membrane Filter ", .

‘ Geomemcal Dewanon '




- ;jM;nNo.-19 -
_ Buruer Height - 40 ft. _

- Burner Base Dia. - 40 ftd ‘ :
‘Buimer Top/Dia. - 20 ft..

' TForced Draft System - None
Grate System - - None . .
Overfire .An - Tangennal ﬁxed
Relief Vents - Yes . _

Bumer Cond1non Pocn: - : e : S
Fuel Type Douglas Fir. sawdust:, rough stock, sander dust, shavings

’ '...RESULTS OF 5 TESTS

' o e T Swmdaa | lew | High 1
: Variable of Interest AR Mean ' Deviation. . Value ' Value S
| Total Particulate .1 . — 1. o.o127 . |  0.0087 | - 0.0847. |-
| Collected, grams. P o o - . -
%:Ash of Particulate 23,15, 5,18 1452 27.35 .
. [Bverage lemp. . | 308.00 208,28 - 100,00 © | 540,00 °
- | During Test; °F- - : N : : R
Particulate Emission;. .. | * 0,252
| Corrected grains /ft3 3 K
{ Draft Ratio, ... &0 }:__ 0,22 -
rActual/Theorencal : S
Sampling Train- ERE :
Mean Diametér =~ ' 3.79
{Count Basis), . 1 oo
Sampling Train " | .. 3,01
Geometrical Dev1atton C
o Membrane Filter
Mean Diameter. .
Count Basis), B
| Membrane Filter-. .
‘ Geometncal Devxatwn -

0,194 - 0.028 | . 0.465

o | oo |00

D ogme | &1s

© 2,35 . | 430

1002 1 0.96

1.74

156 L0040









