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INTRODUCTION

it;wasmdesireduthet a study be made of wood dust produced in-

wood wotking operations prior to revision of North Carolina Admin-
istrative Code, Title 15, Chapter 2, Subchapter 7D, Section .0512,

| titled, "Particulates From Wood Products Finishlng Plants. |

Samples of wuod dust were taken from three ducts at Bernhardt
" Furniture Company, Hlbriten Plant 3, in Lenoir, North Carolina.
The samples were taken on December 1 and 2, 1976.

Personnel involved with taking the samples were J. R. iernigan
and R. E. Wbeten ftom the-souree testing staff and S; R. Meynard
from the South Piedmont Field“Office of the North Carolina Division

of Environmental Management, Adir Quality Section..




Source Descriptiqn_

fhe three ducts sampled were colieeting.waete from: (1);e sander._
line, (2) a machine line, (3) the rough end. |

There were a number of pieces of machlnery on each llne. Some
' operated for the entire time of a test run, some part of‘the,time,‘and-_
some none. The machines operating. and their approxdmate schedules are;-

detailed in Appendix C.

In 211 cases,‘sampling was done before the wood -dust entered a fan

or collection device.




Sampling Procedures

Samples were taken with a Rader sampler._,This‘éévice conéists
of a probe with a bore of from, say 1 inck to 1.7 inch, depeﬁding
-oﬁhwhat is available;- The probe is attached to a filter holder which
is gized for an 8 inch by 10 inch high volume ambient p#rticulate
sampler fiiter. _The:filter is made of glasé fibers. A hose conmnects
from the filter holder_fo an orificé meter.‘ The preséure drop across
tﬁe orifice ig ﬁeasu:ed as is tﬁe gauge pressure of the orifice (in
this case with magnehelic gauges and a water filled Us~tube mariometer,
‘respectively)t ‘A thermometer is insertedinto the orifice meter. From
the discharge side of the orifice meter, a f1exib1e hose connects to
the intake port of a centrifugal fap powered by a uni#ersal motor.;
The motor receives power thrdugh-a-vafiable transformer sq.that the.

_ ‘f#n draft can be adjusted. Thus, it is possible to adjust for
‘iéokinetic sampling conditions within the limitg of the particular
‘sampling-equipﬁEnt. See Appendix D, Figure 1, for a diagram qf the
equipment.

The three sampling ports were located at points such that gust
from a variety of typical industrial.wood working machines could be
collected., A velocity traverse was made across the duct in each case.
The sampling nozzle was then located at the point of mean velocity.
It was hoped that,-by this methdd, dust with & representative size
distribution would be collected.

Before use, the equipment (which was borrowed) was'calibrated
‘using é Roots Meter (see Appendix D). It was determined tﬁat, to

obtain isokinetic conditions, it was necessary to simultaneously
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(Pm/Ps) and a corresponding orifice pressure drop (AH) for the

“tion., When starting, a Pl'n/PS of say .95 would be assumed. The

electronic calculator was used to speed this process. If Pm/PS was -

maintain a particular ratio of orifiéé\pressureﬂto-stack pressure.

velocity at the chosentest point (corresponding‘to the pitot tube
pressure differential 4p).

Families of curves were plotted for each noizle-with eaéh‘of
the two orifice meters ﬁrovided. These curves were straight line
plots of P /P having constant values of 1, .95; .90, .85, and .80,
The abscissa was Ap, the pressure drop across the pitot tube,
(actually a type 8§ pitot tube with a correction factor of 85)

The qrdinate was AH, the pressure drop across the orifice.

Isokinetic conditions could be reached‘by:é process of itera-

corresponding M was determined from the chart., The fan was set
to produée the desired AH. Then, AH and Pm gauge were used (with

barometric pressure, Pb)‘to calculate actual Pm/Ps' A programmable

not the initially assumed value, the AH for the calculated P;Il/PS
was set by adjusting the fan., The resulting Pﬁ/Pé was calculgted,
the'éorresponding AR was read off the cﬁart and compared to the
actual and so forth., When, for the actual Pm/Ps, the corresponding
actuai A¥ and chart value AR were the same, sampling was isokinetic.
In actual practice at Bernhardt's Hibriten Plant 3, the velocities
on the sander line and machine line ducts were too high to ever reach
isokiﬁetic conditions. On the rough-end dﬁct, isokinetic conditions
could be reachéd and maintained for a half minute‘or so until loading

of the filter reduced the air flow through the sampling equipment.




Therefbre;;samples were collected below isokiﬁetic‘rate. ‘There
iwill_bewa?g?éétef proﬁortion of large pa;tiéles to‘the'totai weight
‘.lcolléctéd‘tﬁan.wouid have been the case with\exacti& isokinetic
-_sampiing.

The length of each éampling run was a ﬁit—or-miss siﬁuatiOn,

.It was desired to obtain a sufficiently large samplé for'accurate.
‘sizé.analysis (by screening, Bacho-analyzer,.etc.).: It was not
.ﬁpossible to know for sure if eﬁough material was coileéted until. 
 it waé actually analyzed. And, while sampling, it was not possiﬁie‘
to know jusf‘what_volume of dust was collected until the Rader

tsample: nozéle was rembved from the duct and the filter holder
| - opened. If it had been easy to reach and maiﬁtain isokinetic
__sampling één&itions, then sampling would have been done until such
condition could no longer be maintained or until ig was obvious
‘ froﬁ lack of loading of the filter that too littleqdust Was:beiﬁg
_collected to_justify the time invp1Ved. As;ik‘wasé sampling tiﬁe
waé determiﬁed intuitively with consideration given'td drop in
achieﬁable AHVand rise in orifice.vacuum. |

It should be noted that during these tests at Lemoir, the

orifice me;gf was set up with measufement of the pressuré on tﬁe |
down‘wind.of 1ow.pressure side of the orifice plate. Conventioﬁallf,
orifiée pressure is measured on the up wind or high'pressure side of
the plate. Conventionally, calculations involvingworifice pressufe,
Pm, #ssume that the pressure is determineé on the high pressure side
of the plate, By adding the drop.across the orifiée, AH, to thé
pressure on the low pressure side of the plate, which is éalled‘]?o

in this report, it was possible to find the orifice pressure, Pm.



For later teSting,-the.pressore:tap,Was switched to the
conventional location. [Smsller nozzles_were constructed, too,

.Following‘each sampling run, the‘collected wood dost:was-
placed in plastic bags along with its filter and sealed.‘ Thei
dust was gotten into the bags by.a combination of scooping, “
picking up with the fingers, and dry.brushlng. :No liquids were
used for wash up since the wood dust would have probablylclumped
as a result. |

It was thought that a certain amount of very fine dust would
remain behind in the collecting equipment, clinging to any small
roﬁgh_areas in the nozzle or filter holder. Also, the cleanup
brushes were expected to acquire a certain amount of'fiﬁe dust.
that would remain with them, after which any additional dust could
be easily removed. Since the brushes and collection equipment _
were not pretreated with dust, it is llkely that the flrst samples
collected (sander dust) were bilased by removal of the finest particles.

The samples, in the1r plastic bags, were turned over to one of
the labs of the U. S, Envirommental Protection Agency'for enalysis.

The followlng paragraph is an edited version of the procedure written

by Ray Grote, who did the analysis:

"The plastic bags were weighed on a ttiple]beam balaﬁce
as received. The filter paper was brushed to.reeove as much
dust as practical. The filter paper was returned to theﬁoag
and reweighed and the difference in weight was takeo as_tﬂe
charged weight to a set of sieves. Those samples haviné;iﬁ
excess of 10 grams were sieved in 8 inch-sieves;-those heving
only a small amount were sieved in the Allen Bradley Sonic
Sifter. The larger sieves were shaken: by hand‘as the pqﬁer

\

shaker was unavailable,"




Summary of Results

'Theifollowing-emission rates were determined:

pmr, (1b/hr) pmr (1b/hr) | ' ‘pmravg (1b/hr) 2T

‘Sander Line _ o ‘

Run 1 . 31.88 3113 3151 977

Run 2 23,14 - 20,75 .. 21,95 89.7

Run 3 874 8.21 8,48 ©93.9
Machine Line N

Run 1 © 51.73 49.84 . - ' 50.61 96.3

Run 2 65.30 614 64,72 98.2

Run 3 22.79 | 22,29 22,5 97.8
Rough End . _ _

Run 1 661.5 . 598.7 630.1 - 90.5

Run 2 860.5 - 740.9 - 7 800.7 . 86,1

‘Run 3 534.7 5097 522.3 95,3

These emission rates should not be considered nearly so accurate as

with a properly done EPA Method 5 test.
The followirng log probability plofs‘show the individual data
points for each run and the sum of the data from all runs on each

collection syétem. Notice the list of machines operating during the

AL 4

Robert E. Wooten, Engineer
Air Quality Section
January 24, 1977

various runs (Appendix C).
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APPENDIX A

'NOMENCLATURE

An (in.z); Cross sectional area cof noézie

AS (in.z), Cross sectional area qf stack..

A; ' (ftz),.Croés sectional area of stack

B . (ftz), Mean value of calibration‘coefficienﬁs‘for a _

- particular orifice, (Orifice 1 = .006796, Orifice 2 = .003616)

CP ~ Pitot tube calibration coefficient:

AH (in. H,0), Average orifice meter reading (also used for

indiviaual-orifice meter readings when takiﬁg data)

71 Percent Isokineticity

M (1b/1b mole), Molecular weight of gas

nAp Mumber of Ap readings

Pb (in. Hg), Local atmospheric presSﬁre

P (in. H 0), Orifice meter pressure, an absolute pressﬁre ;
Po (in. HZO)’ mean pressure on low pressure 51de of orifice

plate, a gauge pressure. :

PSg -~ (in. HZO)’ Gauge static pressure in sgack

Ps ‘ (in. Hg), Absolute static prgssufe in stack

Pstd (29.92 in. Hg), Standard pressure

por, (1b/hr), Pollutant mass rate based on ratio of areas:

PRT e (1b/hr), Average pollutant mass rate

pmr (1b/hr), Pollutant mass rate based on concentrations

Ap (in. HZO)’ Velocity pressure measured with pitot tube

Q0 (ft3/min),0rifice meter flow, actual

2 std (ft3/min), Orifice meter flow at standard conditions

Q (ftB/min), Actual stack volume flow rate
| Qstd (ftS/min), Stack volume flow at standard édnditions

14




(10)

(11)

(12)

(13)

APPENDIX A

Pollutant mass rate based on particulate concentration ——

' puT (1b/hr) i

. Wt ' Qstd _ 1 ; .
pmr_ = K3 —_— K, = 0.1323 (units conversion)
¢ Vstd R ‘ -

Pollutant mass rate based on the ratio of ‘i:fhe cross seétiqnél-..
area of the stack and the sampling nozzle -—-— pmr_ (1b/kr)

Wt As
pmr = K

a 3 6 Aﬁ K, = 0.1323 (units conversion)

-3

Percent Isokimeticity — ZI

pmr

a
pmr

71 = x 100

[o4
Average pollutant mass rate’ - PO (1b/hr)

pmr, + pmr,

_ pmravg 2

17




APPENDIX A
Calculation Summary

' ‘Sander Line_‘

Run 1 j Run 2 ! BEE_Q
AH, in. B0 - 16 30 . 26
fo, in. H,0 ~34.53 34,79 =35.62
T, °) | 535 53 - 535
o
6, min ' 16 ' 30 26
P,, in. Hg 29,22 29.22 29.22

P, in. HO . 367 366 365

Q £t/ min 56.81 50.27 52.68
3 .
; .02 72 .
‘Qo‘std’ ft~ /min 53 ‘48 7 | 50.96
v, £t | 848 1462 1325
std? - : ) o y ‘

" w/Bp/ndo | 1.47 1,47 ] 1.47
P, in. B0 8.8 8.8 . 8.8

8g 2 :
P, in. Hg 28,57 28.57 28.57

8 i -
c | . .85 .85 .85 .
<, | ” . : |
» | 28,84 28.84 28.84
v_, ft/sec 86.07 85,99 86.07
D, in. | 37 37 37
AR % ‘ .47 7.47 o 7.47
o, £t /min 38,575 38,530 38,575
. S ' .‘

S Qpas £t3/nin | 36,490 - 36,524 36,490
.Wt, grams : 5.6 v7.0 2.4
pur_, 1b/hr 31.88 23.14 8.74

"As, in.? _ 1075 1075 1075

D, dn. 1.427 1.427 1,427

o : o .
A, in” - 1.599 1.599 1.599

pmr_, 1b/br 31.13 20,75 8.21
7T | 97.7 89.7 93.9
PRT,os 1b/hr 31.51 21.95 8.48. .

18




P‘b’ in. Eg

‘Pm’ in. H20

' Q, ft3/min‘
e 23
Vstd’ ft' ‘
'ZJEEY@AP‘_H

Psg, igg.Hzo

PS, iﬁ, Hg

ft/sec |
T, im.
.A;; fr
o 3 )
Q> ft~ /min"

. '3‘
- Qgpge ft7/min

.¥t, grams
2 1b/hr

A, in.
s

T_, in.
n
2

2 in.
n’

por, 1b/hr

ft3/min

Calculation'Summary

Machine Line

Ronl  Run 2
3,58 3.73
-35,10  =34.76

531 534
24 | 26
28.86  28.86
361 362
54.16 55.36
52.13 52.99
1251 1378
1.47 L7
-8.8 -8.8
28.21 28.21
.85 .85
28.84 ' 28.84
86.29 . 86.53
36 36
5.59 5.59
36,604 L 36,707
34,447 34,350
14.2 19.8
51.73 65.30
1018 1018
1.427 1.427
1.599 1.509
49.84 | 64,14
96.3 98.2
50.61 64.72

19
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3.69
-35.03
534

‘30




AH, in. H,O0

P, in. HO

8, . min
P,, in. Hg

| ‘Pm, in. H20

Qs ft3/min
; 3, .
Q srd? ft™ /min
‘ 3

vstd’ £t

ZvVAp/nlp
JPsg’ in. qu

:Ps’ in. Hg

q, £t /min
: i ft3/min
Qstd’ ‘
t, grams
‘pmrc, 1b/nr

A in.2

D, imn.
2
S A, in.
per_, 1b/hr
7T

~ pur 1b/hr

.--v-g >

Calculation Summary

Rough End

Run 1 Run 2
2.60 2.35
~38.88 ~38.48
534 536
8 8
28.86 28.86
356 356
46,61 44.39
44,61 42.33
357 339
1.34 1.34
-7.8 -7.8
28.29 28.29
.85 .85
28.84 28.84
78.77 78.92
32 | 2
5.59 5.59

| 26,419 26,469
26,793 24,747
72.5 89.1
661.5 860.5
804 | 804
1,427 1,427
1,599 ©1.599
598.7 740.9
90.5 86.1
630.1 800.7

20
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Run 3
2.90

-38.10"
531

a8

28.86

357

49.01

47.17

1.599
509.7
95.3

522.3
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APPENDIX C.

FIELD DATA

: Sander Line data for velocity traverse and static pressufe_
~are missing. However, it was remembeged that thé‘vélués recorded
were véry close to the data for the M@chiné\LiﬁéJ 'Théreforé,‘it
‘was‘decidéd‘that_the machine line.data would be used for the sander

line.

Machine Line

Duct diameter = 36 in.
; Static pressure = =8.8 in,
.Insertion of Pitot Pressure drop
tube into stack (in.) Ap (in. H,0)
34 - 65 mean Ap if .65 is -
thrown out as
30 f2°0 _extranious is 2.18 .
_ 26 2.0 in, By0 o
»Q | 22 2.2 o
1 o o 18 | 2,2 = Probe was placed 18 in
}; | 14 . 2.2 into th? duct
10 2.4
6 o 2.2
2 ‘ 2.2

31




APPENDIX C

Rough End
‘Dﬁct diameter = 32 in.
Static pressure = -7.8 in. H20
Insertion of Pitot Pressure drop
tube into stack (in.) . Ap (in.'Héo)‘
30 2.0
26 | 2.2 mean Ap = 1.82 in. H,O
22 2.2 |
18 ' 1,90  probe was placed 17 1/4 in.
14 1.45 _ into duct
10 ' 1.20
6 . 1.20
2.4
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APPENDIX C

App?oximate Machine Operation During Test Rums

LPortion of Time

- SANDER LINE

Run 1 - 1-string sander ' B 1007 | ”
2 glde stroke sanders : - 1007
2 side stroke sanders _ ‘ 507
1 triple drum sander o ¥ . 100%Z
2 horizontal string_sanders 3 © 1007
Run 2 1 string sander | ‘ 1007
"2 gide stroke sanders 50%
2 gide stroke sanders o o 1007%
1 triple drum sander 50% ;
2 horizontal string sanders . 1007 I
Run 3 1 spool sander ‘ - 1007
3 horizontal string sanders ' 757
2 string sanders o - 15%
1 triple drum sanders _ : 507
1 Heasman sander : 507
MACHINE LINE )
Run 1 Not Taken
"Run 2 2 band saws | SRS 100% .
’ 1 band saw : 75%
2 hand shapers 75%
1 trim & bore machine 1007
1 profile shaper : 757
1 hand shaper. ‘ 207
Run 3 2 band saws - 75%
‘ 1 hand shaper j 100%
1 profile shaper _ ‘ 507
ROUGH END
Run 1 3 rip saws | 100%
2 cut-off saws L 100%
1 strato planer 100%
- 2 moulders : 1007
Run 2 4 rip saws _ 100%Z - -
2 cut-off saws ‘ _- 100%
1 strato planer ‘ 100%
2 moulders ‘ 1007
Run 3 3 rip saws ‘ - 1007
' 2 cut~off saws 1002
1 strato planer o 1007
2 moulders _ ‘ ! 1007

1A




APPENDIX D
Sampling Train Calibration and Operation

v (ft/sec), Velocity in stack.
v (ft/sec), Velocity in nozzle

C_ pitot tube calibration coefficient, the type-s tube used was
assumed to have a coefficient of .85 o

Ap (in;,HZO), Pressure drop across pitot tube

', It 1bf '
R (53.34 Tom OR), Gas constant

T (OR), Stack temperature

= 1bm ft ; R o o
g, (32.17.EEE—;;EQO, Gravitational accelerat}on‘ correct?on factor

(in. HZO)’ Absolute stack static pressure
'(ft3/sec), Flow through nozzle
_ (ftz), Area of nozzle

P

s

Ay

Q, (ftB/sec), Flow through orifice meter
'1‘m (OR), Orifice meter temperature

P

m

(in. H,0), Absolute pressure in orifice meter meaéured‘on high.
2 .
pressure side of orifice plate

K Orifice meter correction factor

A _(ftz),_Orifice area
in. H,0 1bm
P G—TEE~EE§~——D, Density of gas

Pl (iﬁ; HZO)? Pressure on high pressufe side of qtifice
9 (in. H,0), Pressure on low pressure side éf-brifice
AR (in. HZO)’ Orifice pressure drop

d ‘(ig.), Diameter of nozgzle

B (ftz), Calibration coefficient for orifice meter

37.




APPENDIX D

Theory

‘A‘sketch showing the general sampiing train arfangement is
shown in Figure i. For calibration, the fan was reﬁlaced by a
~ Roots Meter (lobed rotor)'followed by a fan.with variable transforﬁer.‘
‘The vacuum iﬁ the Roots Meter was measured with é-m@noﬁeter.

Td.have‘isokinetic sampling, it is necessary that the velocitj
of stack gas going into the nozzle be the same as the velocity i#

the stack (or duct).

The velocity in the stack is measured by a pitot tube. The.

‘equation for velocity based om pitot tube pressure drop is:
2 Ap R T, &,

vs = ¢ ‘ P

. P s

The volumetric flow through the nozzle is related to the nozzle

velocity and size and is equal to the flow through the orifice meter
on a mass basis. On a volume basis, adjustments for pressure and

temperature are required., So:

Qu = Vn ‘An =Yg An B
T, Py

vs An = Qm ET' i;f
m s

2 gc
o, = K A 5 P, - P,
where,
B
O
m

38




APPENDIX D -

R T BAH

Therefore, at isokinetic conditions, we can say:'

. /7 Ap R T, 8, /2 g, R T, M TPy
YA P = K A/ TR (7)) ()

'8 : ‘ ‘ m | -5

As a further simplification, for any-given*drifihe'meter,-thejﬁalﬁe
of Am will be constant so we can define ‘a calibration fagtor{-

B = KA
‘_m

The equation for isokinetic sampling can thus be‘simplified to:

d4 Ps
A = 4457 = 7

Ap having noted that Té_= T -
B put

m

For a givén orifice, nozzle, and poiﬁt in a ducf, d,'B,Zand Ap would

‘be known., To have isokinetic sampling requifes‘that:

P : d4
Jur 4 0= 4457 — Ap
s B :

The value of Pm/PS will change as AH changes. JThus,.isokinétic

conditions can be reached by a proceés of iteration.

[ 9%
0




APPENDIX' D

T

Calibration
* The orifice‘meter:was calibrated usingpthe equation:[

EER TR /Z-g" R T_ AR
o =3 /& . m
o = 3/ —t—

-

The flow through the train was set at various values of AH and heldl
:at that value while the Roots Meter’ was timed as it measured off a ]f:
' particular volume of air. The values of barometric‘preSSure, orifice.
- meter temperature, orifice pressure, Roots Meter pressure, time, ;,*
'lfRoots.MEter volume, and orifice-pressure drop:wererecordei. férf"_

- ‘each AH, the corresponding B‘was-calculated,‘

'Ihe‘equationﬁ'
a8 P

dp 2857 & T

":was then used to calculate values of Ap for each AH used 1n cali—r
bration, with P /P “taking values of 1, .95 q.9 .85, and 8 The,
‘_'resulting numbers were then plotted to provide a family of curves.

which could be used to establish isokinetic sampling cOnditions.'l

One of the plots is. shown as Figure 2 o o .
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