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PARTICULATE EMISSION TEST REPOQRT

For a Scrubber Stack at
THE FELDSPAR CORPORATION [7[
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Performed by the Source Testing Staff
of the
North Carolina Department
of Natural Resources & Community Development
Division of Environmental Management
Alr Quality Section
July 25 and 26, 1978




INTRODUCTION

This report presents the results of a particulate source test on a feldspar
dryer scrubber stack at The Feldspar Corporation's plant, Spruce Pine, North
Carolina. This test was conducted on July 25 and 26, 1978.

George L, Comer and Julius A. Shanklin of the North Carolina Department
of Natural Resources & Community Development, Division of Envirommental Management,
Air Quality Management, conducted the test to determine if this source was in
compliance with the North Carolina Emissfon Control Standard, 15 NCAC 2D .0509,
"Particulates from Mica and Feldspar Processing Plants," (Reference 1).

Jerry Hoyle of the North Carolina Air Quality Section, Western Field Office,

agssisted In the performance of the tests.




DESCRIPTION OF PROCESS AND CONTROL EQUIPMENT

Crushed feldspar is dried in a direct-fired-rotary dryer. The exhaust
passes through a cyclone and a scrubber in series before it is vented to
the atmosphere by means of a fan and a vertical stack.

The hourly process rate was 15 tons/hr. The maximum allowable emission
rate of particulate matter was calculated from a formula given in the
Emission Control Standard 15 NCAC 2D .0509 as follows:

4 x {actual process rate) 0.677

0.677

t=1
n

4 x (15)

=1
[]

25.02 1b/hr

=1
]
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SAMPLING AND ANALYTICAL PROCEDURES

Particulate testing and sample analysis were performed according to
procedures developed by the.U.S. Environmental Protection Agency and
referred to as Method 5. Sampling port locations were determined according
to Method 1. The above federal test methods appear in their original form
in the December 23, 1971 Federal ﬁegister {(Reference 2), with updated
verslons appearing in the Environment Reporter (Reference 3).

Test point and sampling port lccations are shown in Appendix B. .

The sampling velocity in all three rums, when compared to the stack
gas velocity ("percent isokinetic“), was outside thé limits of good
practice and required speclal handling of the results. Normally, the
emission rate or '"pollutant mass rate" is calculated two ways (see
Appendix A, equations 12 and 13). The percent isokinetic ( ZI1) is the
ratio of the two results times 100 (see Appendix A, equation 14). The
reported emission rate is the average of the two results (see Appendix A,
equation 15). When the percent isokinetic is equal to 100%Z (%ZI = 100)
the two results are the same and there is no uncertainty associated with
the average of the two. A small degree of uncertainty is permissible and
the range of 90% <I <110% defines the acceptable limits. All three test
rung were outside this limit, so a different method must be used to interpret
the results. By selecting the lower of the two results rather than the
average, we do not remove the uncertainty, but we ensure that it is in

favor of the source (The Feldspar Corporation).




N

Problems arose in computing the molecular weight of the stack gas due
to equipment failure in the Orsat apparatus. Gas analysis data was taken
from a recent test conducted on similar equipment at the IMC - Sobin Plant.

This data yielded a molecular weight of 28.92,




SUMMARY OF RESULTS

The table on the following page presents the final results of the
particulate emissions testing and indicates that the subject source is

in compliance with North Carclina emission standard 15 NCAC 2D .0509.

Georgeat. Comer, EIT

Environmental Engineer
Air Quality Management
September 25, 1978
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Calculation Summary

APPENDIX A

SOURCE _ TAQ /:E/ spar Corp. Date 7/2 6!7&
_ ‘waearton __SpPRyce Fine ,‘ Mitchell COungz
ENTRY RUN 1 RN 2 RUN 3 ANSWER
Ave. AH (in Hy0) 2.9000 T 2.23007 T 1.8000
Parm (in Hg) 27.2500 L 2e.3000 1 2€. 8000 1 P (in Ho)
23, 0265 ZE, 9640 26, 9324 m {in Hg
Pg(gage) (in Hy0) [ 2. 2000 | 0. Q000 l u. Q000
27.8%500 . 2E. 8000 2E. 8000 ___ Pg (in Hg)
Tm (°R) SEe0, 0000 .-!:-d. rf'itlfl 57z, 5000
vy (££3) 54, 2420 3. 27807 | 42, 6390 ___ | 3
45, 51358 44. T3e3 40,5230 ___ Vm q (ft
Viq 1) [ 286, 2000 ] 291, 5000 ] 277. 8000 = 3
13, SE56 13, 7220 13, 13949 Vvsrd (f: )
£2. 1795 52. 5233 S53. 6630 vstd (£e3)
21,5169 23. 5598 ;4 4260 ™M
0. 7518 0, TE44 . 7551 Ma
Mg [ g, 9200 | ze. :"*DDI 287 4390 ]
o 26. 5376 B 34T3 L 26, 2461 M
Tg (°R) B2%. 0000 40 63140004 541, 5000 —
zﬁ; 23,8402 L ‘*3. 2352 24, 6507 —]
P Z2.0000 e 2E, 0000 —d—0 32, 0000 —— s
0. 7450 0. 7277 0. 7706 Ave vOp
¢ | 0. 2400 I— 0. 3400 ——— 0. 2400 e (£t/800)
49, 3493 43, 4073 5Z. 8482 &
Dg (in)[ 24, D000 J: Zd. EIEIEIEII 24, 0000 :l 2
3, 1416 3. 1416 2. 1416 Ag (ft )
302, 9213, 3352, Qg “ﬁf’“‘?ﬂ) )
7294, voot, TRe9, Qgtd (£t3/min
Ve (g | 0. 1324 L—  olpsra—L— g iaen —1
2. 0543 - 1. 3835 . 467 pure (1b/hr)
Dy (in) | 0, 2060 I- a G010 —1 . 2080 1 2
Q. 07as 0. 0712 0. 0745 An (1n%)
e (min) | Sd, OOO0 +— B4, 0000 s ca. -
1. E334 ~ 1.1539 1. 7045 para (1b/hr)
21, 3345 33,0420 63, Q567 :
zco | 1.8692 —— 12717 —— 2. 0858 puravg (1b/hr)
%02 | _
™y |
TEA
F Factor ]_ ] 1 |
HI (106 BTU

pmr, (1bs/10"BTU)
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APPENDIX A

EQUATIONS
Absoluyte Pressure in Dry Gas Meter - Pm {in. Hg.)
Pm = p tm + AH
a 13.6
Absolute Stack Pressure - PS {in. Hg.)
®s (gage)
P = P + —Stgage)
s atn 13.6
Sample Volume at Standard Conditions - Vi 4 (£e3)
st
Tstd Pm
v = v -
std m m std
Volume of Water Vapor Collected, Corrected to Standard Conditions -~ V, d (frd)
s
Tstd
Vy = K2 K2 = (0,00267 (units conversion}
std 19 Pora
Total Sample Volume at Standard Conditions - Vstd (ft3)
v = V. + VvV
std Msd Vsta
Percent Moisture in Stack Gas - M
Vy
w o= — o 00
std
Mole Fraction of Dry Gas - Md
100 ~ M
Mg = 100
Molecular Weight of Wet Gas - M (lb/1lb mole)
Moo= (MW, x Mg + 1B(1 - M,)
Stack Velocity - Vo (ft/sec)
. /1;—— =
v = K _C = Lv_dp
5 P P P M n

4p

85.48 (units conversion factor)

o




a

l0.

11.

12,

13.

14.

15.

16,

17,

18.

Stack Volume Flow Rate - Q_ (fe3/min)
1 . .
= = 0 t n
QS Kl v AS Kl 60 (units conversion)
L 3, ..
Stack Volume Flow Rate at Standard Conditions - Qstd (ft” /min)
P
0 _ Tsta = q
- 8
std pstd TS
Pollutant Mass Rate Based on Particulate Concentration - pmr

W, ©
pmr = K ..‘t,—St‘d K3 =
std

Pollutant Mass Rate Based on the Rat

0.1323 (units conversion)

io of the Cross Sectional Area of

the Stack and the Sampling Nozzle = pmr (1b/hx)
wt AS
pmr_ = K3 7T"_K: ) K3 = 00,1323 (units conversion)
Percent Isokineticity - %I
pmy
*T = 2 x 100
pmr .
Average Pollutant Mass Rate pmravg {lb/hr}
pmr + pmr
pmr =
avg 2
Percent Excess Air - SREA
%05 = .5({%CO)
SEA 2 (100)
.264(3Ny) - 30, + ,5(3CO)
Heat Input Rate - HI (10% BTU/hr).
HI = 0 %ta Ta (100)
F(100 + SEA}
Specific Emission Rate - pmr_ (1b/10° BTU)

pmr
avg
u HI

APPENDIX A
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HI

&1

M

P
s (gage)

pstd

mr
P a

pm:avq

pRr

u

Ap

Q

s

Qstd

NOMENCLATURE

(inz), Cross sectional area of nozzle

(in?), Cross sectional area of stack

{ftz), Cross secticnal area of stack

Pitot tube calibration coefficient

Percent Excess Rir

(scfd/10% BTU), F factor

(in Hy0), Average orifice meter reading
(10® BTU/hr), Heat Input Rate

Percent Isokineticity

(1b/1b mole}, Mcolecular Weight of wet gas
Percent Moisture

Mole fraction of dry gas

{1b/1b mole} Molecular weight of dry gas
Number of Ap readings

{in Hg), Local atmospheric pressure

(in Hg), Absolute pressure in dry gas meter
(in Hg), Absolute stack pressure

(in H,0), Measured static stack pressure
(29.92 in Hg), Standar& pressure |
(1b/hr), Pollutant maas rate based on ratio of areas
{ib/hr), Average pollutant mass rate
(l1b/hr), Pollutant mass rate based on concentration
(1b/10° BTU), Specific emission rate

(in H»0), Velocity pressure

(ft3/min), Actual stack volume flow rate

(£t3/min), Stack volume flow rate at standard conditions

-10-
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Mstd

vstd

APPENDIX A

(dR). Aveéage dry gas meter temperature

{°R), Average stack temperature

{530 °R), Standard temperature

{(ml), Licquid volume

(ft3), Sample volume measured by dry gas meter

(£t3), Sample volume at standard conditions

(ft3), Total sample volume at standard conditions

(ft3), Volume of water vapor collected, corrected to standard conditions
(ft/sec}), Stack velocity

(gm), Total weight of particulate collected

(min), Duration of test

=11-




SCPURREL

Sketch of stack or duct
showing location of sampling
ports

AQ-104 2-21-78 WOGR

Preliminary Field Data

APPENDIX B

Plant &/Jjﬁfbf&fpafd%éu

7/25 /73

Date

Port Location

STack

Nearest Disturbance:

Before Port
After Port

Duct Diameter

\
6~ 10 (34dies)

gl__zl\

24"

f-z&' wppte bgf)

~

Point 2 of Diatance
Number Diameter From Near Wall
J ,L)IG: (aOfil:)aQé%S
z 044 V04 S
3 JOgg “7
4 Jdz s 25
S ,169 033 &
¢ L 2to .44
7 873 2 $e
g & L 375 .75 )
' 9 . 025 J.2 )
lo 117 ] 434~
T 730 JeS6
2 J‘%l‘ {662
13 L 8¢ el
id 1 i /.83
1€ LG54 |-702
[ T8¢ (1.765) 1917

-12-




APPENLIX C
ANALYTICAL DATA

Plant r@%ﬁ’éﬁ CO Z P

Lab No. QU7 L
<\ 7

Rul:l Number 1— Date /7 'l%ﬂ b rjﬁ?g\é?(_

tocation Qaruce ﬁ\V\'e / 5’/ ¥ /7(?

MM

FILTER WEIGHTS TOTALS
Filter Number 6’5 5’@ T

Final Weight (g) .

Tare Welght (g) 3919

WASHINGS TOTALS

Beaker Numher (oA

Volume [Acetone) 350

Final Weight (g) 1714 (%R -

Tare Weight (g) TR 12

it

ACETONE BLANK ds[“a/ TOTAL PARTICULATE CATCH

Lot Number 7725T3 Filter Final Weight e

Beaker Number ~2 + Washings, Final Weight 4.5
Volume (ml) L &) - Filter Tare . 39179
Final Weight (g) AT T4 & - Beaker Tare (Washings) | 74 {242
Tare Weight {q) V721 D . = Corrected Blank OO
Blank Residue (g) _ OOA = Total Particulate {(q) ALY

BLANK CORRECTION =

{(vol, Washings)
~ ( Vol. Blank )}

:--%‘ii——; X (0032 ) = _o033

¥ (Blank Residue)

IMPINGERS (1, 2, 3) SILICA GEL

Final vVolume (ml) iéc Final Weight (qg) '2-1-045
Initial Volume (200 ml) _LOT Initial Weight (g} 20 dJ
Water Collected (ml) __"_Lé’cﬂ Moisture Collected (g) wrg

24
Total Water Collected (ml) }86&9
*These blocks will be blank if filter is weighed together with the washings.
10-23-75  WOGR

-13-
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RPPENDIX C

ANALYTICAL DATA
tab No. Z'*’i i
Plant F-éLDS’@Z @ﬂ?. ?}&/7?

Ru;'n Number "2 Date ’I/ %
Location 97"%66’ P u:l. '/ ?/ g/ 7%
M
FILTER WEIGHTS TOTALS @‘K
Filter Number 555673
Final Weight (g) | o
Tare Weight (g) 4007
WASHINGS ) TOTALS
Beaker Number “RRFE-L
.Voluma (Acetone) 250
Final Weight (g) ek A THT : -
Tare Weight (g) WoT. o541
ACETONE BLANK Pﬂ Yuer TOTAL PARTICULATE CATCH
Lot Number 172 m Filter Final Weight *
Beaker Number + Washings, Final Weight 16%.\7JH7]

Volume (ml) %gm ~ Pilter Tare oo
DAL

Final Weight (g) - Beaker' Tare (Washings) 157 . Yo

Tare Weight (g) \ . = Corrected Blank a1 a1 YV
Blank Residue (g) = Total Particulate (g) R.0FTR

BLANK CORRECTION =

(Vol. Waghings)
{( Vol. Blank )

20 x 0039 ) = ool

X (Blank Residue)

IMPINGERS {1, 2, 3) SILICA GEL
Final Volume (ml) 4”74: Final Weight (qg) 2’1 FZ' £
Initial Volume (200 ml) 29U Initial Weight (g) 10O

Water Collected {ml) ____l”d’ Moisture Collected (g) 17!5

Total Water Collected (ml)} Lq 1 ‘;

*Thegse blocks will be blank if filter is weighed together with the washings,
10-23-75 WOGR
~14-

B
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APPENLIX C

Lab No. ZW

ANALYTICAL DATA

DSPAE Coel’ ,
Pl_ant FEL : q g ﬁ
Run Number 3 Date 7/ %ﬂq
location P rAce Rhe \/ 7/ § / 78
—t W :ﬁ;{
FILTER WEIGHTS TOTALS

Filter Number §S§é4’ .

Final Weight (q) *

Tare Weight (g) L RAL]

WASHINGS TOTALS

Beaker Number T

Volume (Acetone) 180

Final Weight (g) \775. IQ\i

Tare Weight (g} \1%5. '\bb‘§

ACETONE BLANK , TOTAL PARTICULATE CATCH
F,gw
Lot Number 172583 Filter Final Weight @

Beaker Number ﬁjm___
Volume (ml) Lia
Final Weight (90 @®NQ.

Tare Weight (g)

+

Washings, Final Weight 1715.701%

Filter Tare .19

Beaker Tare (Washings) \719.l6 L

Correctad Blank -QC_Q&Q
Total Particulate (g) Q-1359 ﬁ

Blank Residue (g)

BLANK CORRECTION =

{vol. Washings)
~ { Vol. Blank )

X (Blank Residue)

(00 __) v (o9 = _ooal

t Koo )
IMPINGERS (1, 2, 3) SILICA GEL
Final Volume (ml)} 4/(9 ’ Final Weight (qg) 2 1(0'3
Initial Volume (200 ml) _TD& Initial Weight (g) oo
Water Collected (ml) __W ’ Moisture Collected (g) lo. &

Total Water Collected (ml) 7/7 7 * &

*Thege blocks will be blank if filter is weighed together with the washings.
10=23=75 WOGR
_15_




ANALYTICAL DATA

At

APPENDIX C

ShaukLd - pane  Fenspae Corg
Run Mumber | Rpcic Wplf  Date
Location §e VT Pi NE

FILTER WEIGHTS

Filter Number

Final Weight {qg) ,
Tare Weight (g) ' - —
WASHINGS |
Beaker Number {

Volume (Acetome) _HOOMY

Final Weight (9) 314712537 —— i
Tare Weight (g) \471.2519

TOTALS

ACETONE BLANK

Lot Number

Baaker Number

Volume (ml)

Final Weight (g)

Tare Weight (g)

Blank Residue (q)

BLANK CORRECTION =

(Vol. Washings)
( Vol, Blank )

(
(

X (Blank Rasidue)

)
)

X

( ) =

IMPINGERS (1, 2, 3)

Final volume (ml)

Initial Volumes {200 ml)

Water Collected (ml)

Total Watar Collacted

TOTAL PARTICULATE CATCH

Pilter Final Weight ¢

Washings, Pinal Weight 13 1.3537

Filter Tare

Beaker Tare (Washings) {«7.27519

Co::ectad731ank.

o .OON%

Total Particulate (g)

SILICA GEL

Final waight (g}
Initial Weight (g}
Moisture Collected (g)

(m1)

*These blocks will be blank if filter is weighed toénthar with the washings.

10=23=75 -16-
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Plant

ANALYTICAL DATA

APPENDIX C

Lab No. 2 i!e

Shankln,

Location

=y

Ruz;mmberQ Bacic Hal€  Date 1!219‘1?

/4775

S"Zf UCo Em

FILTER WEIGHTS
Filter Number
Final Weight (g) —

Tare Welght (g)

————
S ————————————

/ 7/ 87

/W\%?
TOTALS

WASHINGS
Beaker Number |
Volume (heetone) OO

TOTALS

Final Weight (g)

13 2.1.920

Tare Weight (g)

ACETONE BLANK

Lot Number

Beaker Number

Volume (ml)

Final Weight {g)

Tare Weight (g)

Blank Residue (g)

BLANK CORRECTION =

-(Vol. Waghings)

( )
( y X (

} =

IMPINGERS (1, 2, 3)

Final Volume (ml)

Initial Volume (200 ml)

Water Collected (ml)

X (Blank Residue)

TOTAL PARTICULATE CATCH

FPilter Final Weight

Washings, Final Weight 13D . Q]

Filter Tare

Beaker Tare (Washings) _\2 3. bqdip

Corrected Blank

Total Particulate (g)

SILICA GEL
Final Weight (g)
Initial Weight (g}

Moisture Collected {g)

Total Water Collectad (ml)

0.0

T ——
e —

*These blocks will be blank if filter is weighed togather with the washinga.

10-23-75

=17-




APPENDIX C

ANALYTICAL DATA Z %
Lab No

\
\(\‘ . Plant Fg:_Qﬁpﬁ@ Copp Z 9775

Ru;l Number > bﬂg E ||3l‘€ Date _ '7-Qlb-1% ¢
Location S'Qﬂ“g & PfA}E : / %f / 72

FILTER WEIGHTS TOTALS

Filter Number

Final Weight (g) *

m— ——————————
e —————————

Tare Weight (g)

WASHINGS TOTALS

Beaker Number . B

Volume (feetenad  Sa —_—
Final Weight (9) 3943.0271> : _

Tare Weight (g) 1$2.0250 | ———
ACETONE BLANK TOTAL PARTICULATE CATCH

Lot Number Filter Final Weight *

Beaker Number + Washings, Final Weight _{33.0373
Volume (ml) - Pilter Tare

Final Weight (g}

Beaker Tare (Washings) \R2 .04550

Corrected Blank

Tare Weight (qg)

Blank Residue (g) = Total Particulate (q) £.,0033
BLANK CORRECTION =
{Vol. Washings)
(Vol. Blank ) X (Blank Residue)
( ) =
( ) X ( )
IMPINGERS (1, 2, 3) SILICA GEL
Final Volume (ml) Final Weight {(q)
Initial Volume (200 ml) Initial Weight (q)
Water Collected (ml) Moisture Collected (g}

Total Water Collected (ml}

*These blocks will be blank if filter is weighed together with the washii. s,

10-~23-75 -18-
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APPENDIX E
NOMOGRAPH DATA

PLANT F@ld’smr Cor porsfron
DATE '/7/ 2ef18
SAMPLING LOCATION __ Sokovck
CALIBRATED PRESSURE DIFFERENTIAL ACROSS
ORIFICE, in. Hy0 AHg.
AVERAGE METER TEMPERATURE (AMBIENT + 20°F), °F Tm avg.
PERCENT MOISTURE IN GAS STREAM BY VOLUME Byo 25
BAROMETRIC PRESSURE AT METER, in, Hg Pn
STATIC PRESSURE IN STACK, in. Hg - 9,7
(P£0.073 x STACK GAUGE PRESSURE in in. H,0) P
RATIO OF STATIC PRESSURE TO METER PRESSURE 5 /P i
AVERAGE STACK TEMPERATURE, °F Mg I 4,
AVERAGE VELOCITY HEAD, in. H,0 shag. | 0059
MAXIMUM VELOCITY HEAD, in. H,0 pmax, | Jo20
C FACTOR -5¢C
CA D NOZZLE DIAMETER, in.

LCULATED NOZZLE in “SO 25
ACTUAL NOZZLE DIAWETER. in : 4l e 306
REFERENCE Ap. in. Hy0 '

EPA (Dun 234
472

~25~




B A lbouclin 1o
Feldepar Gop Appadiy £

! Saturated
T ™ "C" Factor Ref. Ap T
8 8
1
100 7 _ 100
105 8 105
110 : 9 110
.
115 10 115
120 ; 11.5 | ' 120
125 I 13 125
' 130 ' 15 130
135 17 L .59 135
140 19.5 80 140
145 22 77 » 3O 145
150 f' 4.5 1,7 4 150
| 155 2 L &7 . 35— 155
160 32 b2 160
165 G2.5) . S6 4 165
170 18.0 s SB | T 170
) E
175 44.5 dﬂfwlé . e,( 175
. 1 ]
~ (180) : (49) v (180)
(185) (56. 5)
as0y | (62.5) | i
AN R § |
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