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I. INTRODUCTION

Under the Clean Air Act, as amended, the Environmental Protection
Agency is given the responsibility of establishing performance standards
for stationary sources that contribute significant]y to air pollution.

A performance standard is established using the best emission reduction

systems which have been shown-to be operable and economically feasible.

In order that realistic performance stapdards can be set, accurate
data on pollutant emissions must be gathered from the stationary source
under consideration. The Bureau éf Mines' Energy. Research Laboratory's
coal drying pilot plant in Grand Forks, North Dakota was considered a
well-controlled stationary source in the coal preparation industry and

was, therefore, selected by the Office of Air Ouality Planning and Standards

(0AQPS) for the emission testing program.

The enission testing was conducted at the outlet of a cyclone which
served as an emission reduction system for the coa1‘dry1hg nlant. This
site was sampled to determine particu1afe emissions and particle size
distribution. ~The sampling was conducted by personnel from PEDCo Environmental

Specia]ists and the Environmental Protection Agency on April 2-4, 1973.
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II. SUMMARY AND DISCUSSIOMN 0# RESULTS

Three particulate runs and two particle sizing runs were made

at the outlet of the cycione.
" The process was stable and the plant was operating at full capacity
during all runs. ' o | | o

For the particulate runs, the front half catch ranged from
3.98 1bs/ton to 4.29-1bs/ton with an évefage of 4.17 1bs/ton. The tbta1

catch rangéd from 4.06 1bs/ton tol4.41 1bs/ton with an average of

. 4,27 1bs/toﬁ (see Tables I & II).

The results of the two particle sizing runs may be found in
Table III. The discrepancy between the two huﬁs is probably due to
problems encountered 1n'shipping_£he sampTes and the fact that glass
woo1l uéed before the filter in Run 2 was not able to be weighed. For more

complete discussion and results, éeé“Appendix H.

-
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Tﬁ Run ﬂumber
Date .
Vo1une of Gas Sampled - pscF?

Percent Moisture by Volume
= Averagn Stack Temperature - °F

- stack Volumetric Flow Rate - pscrid

. Stack Volumetric Flow Rate - ACFIC

L. percent Isokinetic
~ Percent Excecs Air
| . percent Opacity

- Feed Rate ~ ton/hr

. i Particulates - probe, cyclone,

and 111ter catch

e
L.' mg

- gr/DSCF

¥ gr/NCF
1b/hr

- 1p/ton feed

- particulates - total catch
mg .
"1 gr/DSCF

= gr/ACF

. 1b/hr oo~

&' 1b/ton feed

i; Percent impinger catch
[

Part1cu1ate Summary

1

4-3-73

88.8
6.15
163
666
858
95.43

.261

- 1003.7

£.194
0.150
1.1
4.25

1024.5

6198

0.154
1.13
4,33

2.0%

gé & pry standard cubic feet at t 70°F, 29.92 in. g

L: b ppy standard cubic feet per minute at 70°F,

i?”c Mctual cubic feet per minute
&
: _
3 )
3

4-4-73
95.34"
6.41
162
671
866

101.73

.261

1009.3
0.181
0.140
1.04
3.98

1023.2
0.184
0.142
1.06
4.06

1.4%

20,02 in. Ho.

4-4-73

96.118
6.47
162
675
872
99.77

.261

1061.1
0.194
0.150
1.12
4.29

1088.1
0.199
0.154
1.15
4.41

2.5%

e i it ks S Y

Average

93.42
6.34
162.3
671
865
98.98

.261

1024.7
0.190
0.147
1.08
4.17

1045.3
0.194
0.150
1.1
4.27

1.97%
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' | . o TABLE 11
1 - Particulate Summary
v i (Metric System)
. Run_Humber 1 2 3 Average
I - Date ' ' 3 (a) ' 4-3-73 4-4-73  4-4-73
1 i Volume of Gas Sampled ~ Nm (2 2.33 "2.51 2.53 2.46
' } { Percent Moisture by Volume : ' 6.15 6.41 6.47 . 6.34
ol - Average Stack Temperature - °C ' 122, 122. 122. 122.
.3 | Stack Volumetric Flow Rate - Nm Jmin. (b} 15.86 15.98 16.07 15.98
. ! ) Stack Volumetric Flow Rate - m /m1n (c) 24.30 24.52 24.69 24.50
. . { ~ Percent Isokinetic _ 95.43  101.73 99,77 98.98
_' ;7 Percent Excess Air :
igw Percent Opacity -
' 1k Feed Rate - tton/hr - 0.2% 0.236  0.236 0.236
l : —l o I;ralft1cu1utas - probe, cyclone,
o and f1lter catch
I Pl ome 1003.7  1009.3  1061.1 1024.7
- mg/lr” _ a44. ma. 444, - 435.
i L ng/md e 3.3 320.4 . 383.3  335.7
] “ . kg/hr : 0.503 0.472 0.508  0.494
l 1 \r kg/Mton . 2.13 1.9 2.5 2.09
1 . particulates - total catch ‘
- r"} . ‘ - .
" IR EEL | 770245 1023.2  1088.1 1045.3
] mg/fj_rg S 453. 421. 455, 444,
L ; -

§ L mg/mT 2.4 326.9  352.4  343.23
S, ke 0.513 . 0.481 0.522  0.505
' [T ko/itton : 2.17 2,03 221 2.14
; 1 “Percent impinger cateh . - 2.0% 1.4% 2.5% 1.97%

P L
I k r  Dry normal cubic meter at 21.1°C, 76Cmm Hg.
o - b. Dry novmal cubic meters per minute at 21.1°C, 760mm Hg..
l ) L C pctual cubic meters per minute
I |0 :
Ld \




i
=
A
i

0°tL
oy

| oLos
© 689
86l

3y

R
1

quadaad sApreLnun)

C 079l
0°ttr .
L729
£°28
onm

g uny

Ay usy] ssoq

ureer

- ———

0ot

001

0°9 w p° 12 0°82
602 4 €8l L8l :
g'gc . 28t 0°02
2°6§ | 6701 £°G
91l 2°02 0zl
Zung| MY t uny
...... ﬁ I qua2a24 MBLaM
L] M _ ) .
M 111 318Vl
i
M_ SLNSTY 40 AYVHWNS
m BuLzls 8[ot34ed
T e B s S G R i R

6 L
6°1L1
¥°ol
t°9l
A 14

- n
i -
———

(s

T
t°0
60
£l
.m.N

uoLd LU

)

1e3olL

4331t

AV I L T

39V1S

M AN mN Bm BN NN B SR . W r |




/

btk emdidais oo e e s

. TR ' N ., 4 N . - N N
et e i L it - A et e e e et b s ot e
P T S . e
et R E B H .
ek Wil ot ——— b oot

Fm—)

————

el

o

[

R NS PR}

[ UL £ R P S -

b st LAl e B e 1 o b b i e e e e
)
i f .

L TR
T

¥

r

II1. PROCESS DESCRIPTION

Figure 1 illustrates the lignite drying process being demonstrated
by the U.S. Bureau of Mines Grand Forks Energy Research Labs on a pilot
scale. Heat is fﬁrnished by burning metered natural gas and the combustion
gases diluted with excess air to cool them to 1000°F. The gases flow
through the dryer under the action of an induced draft fan located between
the Jnyer and cyclone dust collector. Coal is fed volumetrically from a
bin through a screen type feeder and the dr{éd coal exiting from the

" dryer enters a sealed receiver and is augered into a collection barrel.

Exit géses pass through the dry cyclone dust collector and exit from
the laboratory via a horizontal 8" stack constructed of stovepipe. Sampling
ports are located on a straight vertical section of stack, 6 to 8 diameters
above the cyclone and 2 diameters below the 90° elbow shown in Figure 1.

The cyclone bottoms feed through a cloth chute into an enclosed drum.

The roto-louvre dryer is a doubie shell dryer, the inner shell consisting
of overlapping louvres as illustrated in Figure 2. Heat, supplied as combustion

gases, should not exceed 1000°F when dryer construction is of steel.

~ The material being dried is gently tumbled (not 1ifted) and cascaded
down through the drying gases. The géses enter between the_outer shell
and louvres only under the bed of material and pass &pward through the material
being dried. The bed being dried is thinner at the entrance where moisture
content and bulk density is highér, resulting in a uniform air f]ow_through-
out the length of the dryer. The resu1t'is low degradation of friable

materials and less dust carryover than in most moving bed dryers.

A

6
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This particular dryer is a 31" 1.D. x 10' long, Lunk-Belt

1
Cavast A

Roto-louvre dryer of 1500 cfm air f1ow-capacity.' The laboratory engineers

{W state that the dryer is large enough to'provide data on operating

PRI
ROV -4 S YU

characteristics, but because of fhe thinner bed than that in 1arger

diameter drvers, it uses more heat per ton of water evaporated.
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é {E IV. LOCATION OF SAMPLING POINTS

% {E The stack at the outlet of the cyclone had an inner diameter

o of 7 3/4". The sampling ports were located 8.4 D (66") from the nearest

% Ll upstream disturbance (cyc]one) and 3.5 D (27 ) from the nearest

3 I downstream disturbance (bend). . |

é rﬁ"' Using Method 1 of the December 23, 1971, F Federal Register,

'% L it was determ1ned to use four (4) po1nts per traverse
1oL The particle sizing was conducted at only 1 point. The point used
-;2 Yj was point B-2 (see Figurew3) due'tb the fact that the staék velocity at
' é S th1§ point was approximate1y'the avefage stéck velocity. -
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V. SAMPLING AND ANALYTICAL PROCEDURES

Particulate samples at the outiet of the cyclone were collected

‘using Method 5 of the December 23, 1971, Federal Register. Also, an

Orsat grab sample was collected according to Method 3.

The procedure for analyzing 1is described in Method 5 of the

August 17, 1971, Federal Register. Also included in this procedure is

the evaporation, desiccation, and weighing 6f the water residue from

container Number 3.

Particle sizing was conducted anisokinetically at one point in the
stack. A Brinks impactor was heated and placed in the stack (see Figure 4).
Three runs were performed, the first of which was aborted due to an

equipment malfunction. A11 particle sizing was performed by the Environmental

 Protection Agency, Emission Measurement Branch, Field Testing Section.

Run Number 1 was aborted after,j7 seconds due to plugging in the
Brinks equipment. In run Number é, gléss wool was placed before the filter
fo prevent p]nging and aluminum inserts which had been used in run Number 1
were not used. In run Number 3, the glass wool Was not used since the

p1uggihg seemed due to the slippage of the aluminum inserts rather than an

overloaded filter.
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- APPENDIX A
Particulate Results

Run No. . | 1 2 3
Test Date | 4-3-73 4-4-73  4-8-73
Sampling Time, 24 hour clock 12:06-14:16 9:03-11:10  11:58-14:07

-

. D Sampling lozzle Diameter, in. 0.25 0.25 0.25

Net Time of Test, Min. 120 : 120 120

Pb Barometric Pressure, in. Hg
' Absolute 28.78 28.76 . 28.76

"{ P Average Orifice Pressure '
‘ Drop, in. H,0 | 1.37 1.56 - 1.58

I/ Volume of Dry Gas Sampled at : o .
Meter Conditions, DCF 88.8 9525 96.118

.. 1 Tem , , . .
Tm Averagg Gas Meter Temperature 109.79 108.19 120.1

Vm Volume of Dry Gas Sampled at '
Ustd Standard anditiogsa, DSCF - 79.6 - 85,48 84,35

3 v Tot2d H20 Collocted in Tmnin_ -
l | v gefs and Siiica dei, mi 10.1° 123.6 123.1
' v Volume of Mater Vapor Collected ' | |
l gas at Standard Cenditionsb, ' -
SCF : 5.¢ . 5.86 5.83
M % Moisture in Stack Gas, b _ . '
l ] " Volume el 6:15 6.41 6.47

Mole Fraction of Dry Gas 0.9385 0.936 0.935

0

% €0, Volume % Dry 0.9 0. 0.9

-1 20, Volume X Dry | 20.33 - 20.33 20.33
| 2¢0 Volume % Dry : 1.97 1.97 1.97
2 N, - Volume ¥ Dry | | 77.7 77.7 77.7
%£ EA  Percent Excess Air - o | - e

Md;  Molecular Meight of Stack Gas,
3 ' Dry Basis - 29.24 -29.21] 29.21

——— N R %- - —— - S s e e s e
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APPENDIX A

hw Molecular Yeight of Stack .
Gas, Wet Basis

,Cp Pitot Tube Coefficient

Ts Average Stack Temperature

F

Np Net Sampling Points

Pst Static Pressure of Stack
Gas, in. Hg

s Stack Gas Pressure, in. Hg
) Absolute

Vs Stack Gas Velocity at Stack
Conditions, fpm

As Stack Area, in.g.. -

v, Ury Stack Gas voiumetric Fiow

: _Rate at Standard Condi-
tions,¢ DSCFM

Qa Stack Gas Vb]umetric Flow Rate
at Stack Conditions, ACFM

%1 Percent Isokinetic

%20 Percen. Jpacity

Tc . Unit Feed Raté-ton/hr

me Particuiate - Probe, Cyclone,
and Filter, mg

m, Particulate - Total, mg

Ic % Impinger Catch

can Particulate - Probe, Cvclone,
and Filter, ar/SCF

c Particulate - Total, gr/SCF

r——— o oo - i o5 e e e e

28.55
0.83

163

0.3

~29.08

2620

4717

666
858
95.43
0.261

1003.7-

1024.5

2.0

0.194
0.1798

28.49

0.83.

162

29.06

2644

47.17

671
877
101.73
0.261

1009.3
1023.2
1.4

0.181

0.184

28.48
0.83

162

0.3
29.06

2663

47.17

675

872

99.77

0.261

1061.1
1088.1
2.5

0.194

0.199
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Run No.

cat Particulate - Probe, Cyclone,
S and Filter, gr/ACF -~

Particulate - Total, gr/ACF

au

caw Particulate - Probte, Cyclone,
‘ . and Filter 1b/hr.

C,, Particulate - Total, 1b/hr. '

Ptf Particulate - Probe, Cyclone,
and Filter, 1b/ton feed

Particulate - Total, 1b/ton
feed

0.150
0.154

RN
1.13

4,25

4,33

2 Dry standard cubic feet at 70°F, 29.92 in. Hg.

b Standard conditions at 70°F, 29.92 in. Hg.

0

—

.140
.142

.04
.06

.98

.06

¢ Dry. standard cubic feet per minute at 70°F, 29.92 in. Hg.

A T L YT o 1 = e g v R

10.150

0.154

1.12
1.15

4.29

4.41
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APPENDIX B
Sample Calculations
' Run #1

-
!
J

1. Volume of dry gas sampied at standard conditionsa, DSCF

'I77xV(P+r') 177x888(2878"‘ )
v 3.6 “IJ";

Rotd = (T 460) = (709.79+460 ) = 79.6DSCF

b

2. Volume of water vapor at standard conditions”, SCF

, ]
wgas = 0.0474 x Vw = 0.0474 x 110.1= 5.2 SCF

3. Percent moisture in stack gas

- Yaas” 100 x
gN . 222 = 615
' T 79.6 + 5.2

. 4. Mole fraction of dry gas

i JJoo -9 M 100 - g 95
T [1 100 = 0.9385

5. HMolecular weight of dry stack gas

'I'-Il-id = (ft‘-SCO2 X —1—) + (¢ 0 X 'IC.’) =) + [( O + ?’Hz) X 100]-

44 28
L = 29.24
(0.9x oo+ (20.33x 100) + (796 TR,

: - - R R TR R W A
. # - I L . o o
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APPENDIX B

6. iwlecular veight of wei stack gos

M= Bl % b, o+ 08 (1 - Hd} = 29,24 x 0.9385+ i& (1 -0.9385 ) = 28.55

9]

7. Stack czz velocity at stack cenditions, rp

A — ———— i

4
—
3

- i ] .
4,360 x17,73 129 08 728 séﬂtj = 2620 fpm

el s et i f T T coas o d
8. Stack vis vdlumetric flow rate ot stondoee conditions, DSCFY

o . 0.123 x Vs AR g Hy o PS _ 0122 2620 * 47.17°0.9385 29,08_

j 163 + 460

666 Lo

R

8. Stack gas volumetric Tiow rete at stack conditions, ACQFY

5605 ¢ O (T, + 260 . | |
Q, = 05805 x 0 Ty )L 065 5 geg (163 + 660
PS X “d - 29.08 X 0.9385

o)

10, Percent isokinetic

“1 = w sid L 10082 w (1634 £E0) 79,6

V7" "2620 ¥ 1207 29.08 % 0.938% (0.25 )- ~ 95-43
”XTXPdex(D)-' ’ - 23, . .
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11. Particulate - probe, cyclone, and filter, gr/DSCF

-,

m L
€, = 0.015¢ x f - = 0.0154 x JWLI - 0.194 gr/DSCF

a v 79.6
Mstd
12. Particulate - total, gr/DSCF
m
= T 1024.5 = 0.198 or/DSCF
C,o = 0.0154 x g = 0.0154 x —eted—
mstd

: %
. }3. Particulate - probe, cyclone, and filter at stack conditions, gr/iCF

17.7 x & x P x i, 17.7 x X X
0.1 29. .0.
¢ - an X Fo XMy /?:3 ACTIUREJNI—.

I}

n .
"

at (T, + 2e0) - 7

b

14. Particulate - total at stack conditions, gr/ACF

VT x G x P x My 177 X 198 X20.08* 0.9385

Cawe = (Ts + 460) - 163 + 4€0) -154

ar/ACF

15, Particulate - probe, cyclone, and fi]ter, 1b/hr

Caw = 0.00857 x can X Qs = 0.C0C57 x 0.794x 666 1.11 1b/hr



16. Particulate - total, 1b/hr

- d

APPENDIX B

-

‘= O N . = a3
Cax 0.0C857 x Cao X’Qs 0.00857 x 0.19& 666 1 1b/hr

17. Particulate - probe, cyclione, and filter, 1b/ton feed

aw_ i;i1 . 4.25 1b/ton feed
0.261

3=
r
1

tf

-~

18. Perticulate -« total, 1b/ton feed

c.. - 7
P, = 552 1,13 _  4.33  1b/ton feed

a Dry standard cubic feet at 70°F, 29.92 in. Hg.

b Standard conditions at 70°F, 29.82 in. Hg.

¢ JFZPS X (TS + 460)  is determined by averaging the scuare root of the
. ' product of the vclocity head (APs) and the absolute
stack temperature from each sampling point.

Dry standard cubic feet per minute at 7G°F, 29.92 in. Hg.



APPENDIX C

Field Calculations

10



PLANT

A er-dlx CI
Pt Tield Calcu"dmms

AooRESS _(rgamed Lo /) Report No. _73-¢et-
SAMPLING LOCATION /")umj' Mcm-& 2“:{“:-_ Tt ;’_” ‘!:3"5

i, T i s BR | v |rse] 158

ol ¥ —

ot % [100 » . 0a2% Tm °R S 5300

:E’s { ?‘-‘j : :\5 w R 2275256 |og L
CLR f—‘:‘z i e i x Vim AR AL I
r i R (D g;.d LS gy |77 € [8948 Jg4.35]
e G o R }T""““‘?” Vugy 15 186|553
e x| ¢ | YR VAT XD
S |y e e
11;\" * L i%0] i x %0, {4033 {2037 35,33
::_;;: EC:+%M “ :T:-._'-h:(miio Tc °R| REL(Mum & %C0 ;)._73 Ly | 197
+ X AP, 105 = (MW, 12229 Jatar | 2140
(\;cht (n) t-:;o : V; %‘R MW 0050 | 2Bl 2.5
Ti il :‘_;f* 'i] ?r;f \Emsu Tr it '_ €22 {(st
Y-S x;_.mMM'J €t [Vs ‘%‘:ﬁi i |17.87 ie.es
{38 e ::L: 35 \:.c\.m Rfcum :\-'1 =]l Ce e 'Z}
:6 i /‘;m:;*r“-’:“'l RZ-\.(WxFE') R roe |29 ziee
% R | :a, ‘ ?2‘;5.5 —;r\ D]l Vs A aed e
E: Vi | i 460 MIJ ] EP erl Z(- A1) 2 i%; é‘ll. ;;;:
-;.’\23 : %‘x"o ;1< Qs g5 g6 h'
7 7 Ve RcL(a.uo‘"&‘],' 4 -E: 120 e ““‘-:
T | P g1 |55 i3] 910

e4"3".7';5@:('*2 OV\lﬂ iF Yyou Ire not  cor

1

T nUing from previous step.




Qs
X '
£TOo “
7N .
¥Y/DscEe
X “Vhr;: ]

K INSCRT ONLY ' IF YOU ARE NOT CONTINVING FROM PREVIOUS STEP

' '?EA.-_'_Q__ .r:.—;,'-..'." .m.;u me._bms .1-- .....u.-.. miau d.Cul S.:f»zfitfﬁu_v!u’-;ﬁ_f_—hu PRLE) i
': _ PLANT’ Boraes, ow /TY‘MM.,
: - " ADDRESS _Haave -70'\4&1 D, REPORT No.Z3-C4 -5
" SAMPLING LOCATION g;kagm__ 0 b4 Ront NoJl ¢ % 13
l;- 1. = ATION - DATE ll¥/z/72 | dlufas| 4/uiry
_ 5.01 RCL .
I‘ ) i 7716.60857 Mg |lioes.7 | 10033 |06l
i [Vms z
1 g 7 bt I T el T
) s5TO /4 X
' 4 é_’{/osc:-‘ts my II"”‘S % | jows,!
m¢ me] X e hr = : '
g X BYoscre ) iLb/hre - | ; : lgyosa,-“_ 0,19% ﬁ.lg? OﬂQ?
' | rRCL | . 4 ’
‘ /] 0.0154 tons/hy |TONS/h, | gACF.F 0150 | .140 {e. ST
Z STO
i ]
' et = on Fecaz) 8%erfp s | 14 o154
S A =+ RCL '
e . oL L S Tl o - Lhref 111 1oy 112
. g oscrel v/ ' ' B -
l ' _ 17.7 ' 6/ v _ S L%,é NERTNIRIAE
: 4 ris Gh AL . o -2
B Ps = [hr ¥eeer] torsfl 261|241 |2t
' 4 _ g b/ton :
] Ma v o Jnsgu 398 |49
] s - ‘Lb/tcng Obl M
. i T.:.: ~ \ feeo .-‘133 4 iil’
y | M ]
| I
STO
- | 4
l { E*/DscFe |
X E/ACF:]
RCL ;
l ; AV7.7 ,
: 7z
; 7 Ps
N
) Md %
4 . y 4 l
; _) -
b // X !
' ‘. A % ’ ‘
' E"/pScFe | . : S ;
- X 1Er/ACF +]
' 0.00857 . - : )
4 - . , : . cob
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‘- W am

PLANT

PRELIMINARY VELOCITY TRAVERSE

U.S. 2yl of mmEs

DATE Y-2-73

LOCATION.

Dryee

OUT LET

STACK I.D, _az&

73/ "

BAROMETRIC PRESSURE, in. Hg
STACK GAUGE PRESSURE, in. H,0

2878

-+ 0.3

OPERATORS . meR OIS - £. MEETL
TRAVERSE VELOCITY STACK
POINT HEAD TEMPERATURE
NUMBER (pg), in.Hy0 (Te) °F &W
) 539
e, 0.2 /63 ’
4-2 0,38 /03 592
A-3 0.58 /63 T
A-Y 0,73 /03 699
B-/ nr (L3 _nm
B-2 D5 E /3 ST
g3 0. 4/ /03 - Lro
3-Y 0.4¢ 163 7y
AVERAGE Jo. ©99= 0,10 /63
EPA (Dur) 233 0.49
4/12 15

SCHEMATIC OF TRAVERSE POINT LAYOUT

TRAVERSE VELOCITY STACK
POINT HEAD TEMPERATURE
NUMBER (aps), inHg0 (T,), °F

AVERAGE




- Ty

PEDCo-ENVIRONMENTAL

SUITE B « ATKINSON SQUARE
CINCINNATI, OHIO 45246
513/771-4330

NOMOGRAPH DATA

PLANT _//.S. BURERU pr mines

DATE 4Y-3-73

SAMPLING LOCATION _DRv £/2~ OuTLE T~

CALIBRATED PRESSURE DIFFERENTIAL ACROSS
ORIFICE, in. H,0 AHg .5}
AVERAGE METER TEMPERATURE (AMBIENT + 20°F), °F iy, a5
PERCENT MOISTURE IN GAS STREAM BY VOLUME Byo
BAROMETRIC PRESSURE AT METER, in. Hg P, 28678
STATIC PRESSURE IN STACK, in. Hg
(Py:£0.073 x STACK GAUGE PRESSURE in in. Hy0) P 28 80
2 28.80
RATIO OF STATIC PRESSURE TO METER PRESSURE PPr g * /
AVERAGE STACK TEMPERATURE, °F Towg | /63
0.49
AVERAGE VELOCITY HEAD, in. H,0 Moy, | o
MAXINUM VELOCITY HEAD, in. H,0 APpax. | 073
C FACTOR 0.77
CALCULATED NOZZLE DIAMETER, in. 0,250
ACTUAL NOZZLE DIAMETER, in. g. 250
REFERENCE Ap, in. Hy0 0,70

17
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ANALYTICAL DATA

PLANT LS. BURERU 6F mid/es

DATE 4-3-73
SAMPLING LOCATION ___ DRYE® - OuTteT
SAMPLE TYPE PAETICULATE.

RUN NUMBER [

SAMPLE BOX NUMBER &

CLEAN-UP MAN F. MERDOWS

FRONT HALF

ACETONE WASH OF NOZZLE, PROBE, CYCLONE (BYPASS),
FLASK, FRONT HALF OF FILTER HOLDER

FILTER NUMBER _20002]

e/ FOBKS

COMMENTS:

434 4~4.1 LABORATORY RESULTS

s - ’M{ q
CONTAINER S=73 - 000 ~gem_ 323  m
conameR s-73-000-002 5 7/, _ug

~ FRONT HALF SuBToTAL _/Q0O3. ]

20

mg
BACK HALF .
_C_H__ %‘7.. g'l
INPINGER CONTENTS AND WATER WASH OF CONTAINER £-73-000 ~003 2.5 mg
IMPINGERS, CONNECTORS, AND BACK ETHER-CHLOROFORM
HALF OF FILTER HOLDER EXTRACTION ..~ Sl ng
ACETONE WASH OF INPINGERS, CONNECTORS, CONTAINER S=12-000-00¢ /3. X mg
AND BACK HALF OF FILTER HOLDER /7RO
BACK HALF SUBTOTAL __ 3.8 ng
TOTAL WEIGHT JOAY.DH  m
MOISTURE .
IMPINGERS
FINAL VOLUME _2%20 _ ml
INITIAL VOLUME _200___
NETVOLUME __Z0 m
SILICA GEL
FINAL WEIGHT __220.1 ¢ g g
INITIAL WEIGHT __204,2 ¢ g g
NET WEIGHT 20.] g g g TOTAL MOISTURE___ //24. g




PEDCo-ENVIRONMENTAL

SUITE 8 « ATKINSON SQUARE

NOMOGRAPH DATA

CINGCINNATI, OHIO 45246
513/771-4330

PLANT _4.S. BUREAL oF mJES - GROUD For kS V. B,

DATE YoH-23

SAMPLING LOCATION _ P24E® - ouT e T 137 ¥ 2

CALIBRATED PRESSURE DIFFERENTIAL ACROSS

ORIFICE, in. H,0 AHg |.<l
AVERAGE METER TEMPERATURE (AMBIENT +20°F), °F Toaug, )10
PERCENT MOISTURE IN GAS STREAM BY VOLUME By oIS
BAROMETRIC PRESSURE AT METER, in. Hg P 2876
STATIC PRESSURE IN STACK, in. He

(P 0.073 x STACK GAUGE PRESSURE in in. Hy0) P +,30

PS

‘RATIO OF STATIC PRESSURE TO METER PRESSURE /Py 1,0
AVERAGE STACK TEMPERATURE, °F Tong (70
AVERAGE VELOCITY HEAD, in. Hy0 Mbag, | 0.9
MAXINUM VELOCITY HEAD, in. H)0 o | 072
C FACTOR 2. 85
CALCULATED NOZZLE DIAMETER, in. 5 20T
ACTUAL NOZZLE DIAMETER, in. 0.250
REFERENCE Ap, in. B0 Omt9 0. 63

21
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ANALYTICAL DATA
PLANT_A- 5. Bup.cpy OF MIKES COMMENTS:
DATE H-4-73
SAMPLING LOCATION _ 22y e ~ O UTZ €T
SAMPLE TYPE PACTic WL ATE"
RUN NUMBER 2
SAMPLE BOX NUMBER 2
CLEAN-UP MAN F= N EPDO WS
FRONT HALF .
959.3 - 5.4 LABORATORY RESULTS
ACETONE WASH OF NOZZLE, PROBE, CYCLONE (BYPASS),  CONTAINER $-73- 000-00%" T52.9
FLASK, FRONT HALF OF FILTER HOLDER -
FILTER NUMBER 2200 23 CONTAINER $:13-000~000 S6, ’7/ mg
FRONT HALF SUBTOTAL _ /00 2.3 w
BACK HALF
—_— s0-2.]
IMPINGER CONTENTS AND WATER WASH OF CONTAINER §-2%-¢00~ 007 O. C’ mg
IMPINGERS, CONNECTORS, AND BACK ETHER-CHLOROFORM 3 C?
HALF OF FILTER HOLDER EXTRACTION, . mg
ACETONE WASH OF IMPINGERS, CONNECTORS, CONTAINER $-73-090- 00¥ C], ’ mg

AND BACK HALF OF FILTER HOLDER

MOISTURE

IMPINGERS
FINAL VOLUME _20Y ml
INITIAL VOLUME _20¢ __ ml
NET VOLUME _/00 ___ml

SILICA GEL

FINAL WEIGHT _2.21_
INITIAL WEIGHT .2 -?

g
=2 J 4
NET WEIGHT (: g

.5 =2
BACk UL sieTotAL /3.9
TOTAL WEIGHT /DA 3.2 me
g
: TOTAL MOISTURE___ /23. & g
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PEDCo-ENVIRONMENTAL

SUITE 8 + ATKINSON SQUARE

NOMOGRAPH DATA

CINCINNATI, OHIO 45246
5183 /771-4330

PLANT (-5 PUBERU OF M(WES —GRAND FORKES, K. PRI,

DATE H-4-13

SAMPLING LOCATION ___Peyer odrter  TesT™3

CALIBRATED PRESSURE DIFFERENTIAL ACROSS
ORIFICE, in. H,0 AHg LSl
AVERAGE METER TEMPERATURE (AMBIENT + 20°F), °F T avg, /10
PERCENT MOISTURE IN GAS STREAM BY VOLUME Byo 6
BAROMETRIC PRESSURE AT METER, in. Hg Pn 287
STATIC PRESSURE IN STACK, in. Hg
(P £0.073 x STACK GAUGE PRESSURE in in. H30) P, +.30
P

-RATIO OF STATIC PRESSURE TO METER PRESSURE S /Pm 1.0
AVERAGE STACK TEMPERATURE, °F Tou, | 170
AVERAGE VELOCITY HEAD, in. H,0 BPayg, | 0049
MAXIMUM VELOCITY HEAD, in. Hy0 Abpax. | 072
C FACTOR 0.55

| CALCULATED NOZZLE DIAMETER, in. 0.267
ACTUAL NOZZLE DIAMETER, in. 0.750
REFERENCE Ap, in. Hy0 0.3
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ANALYTICAL DATA
GEAMND

PLANT__LL S. PurchH _or minvEs Fodie” COMMENTS:
DATE Y~4-25
SAMPLING LOCATION ___ DRy ER -~ 0w TL e T
SAMPLE TYPE PREETIC At r T2
RUN NUMBER 3
SAMPLE BOX NUMBER b
CLEAN-UP MAN £ peA pouts
FRONT HALF 10431 - 2.4 LABORATORY RESULTS

ACETONE WASH OF NOZZLE, PROBE, CYCLONE (BYPASS), CONTAINER $=73200- 60 /0387  w

FLASK, FRONT HALF OF FILTER HOLDER
FILTER NUMBER 20003 CONTAINER §-73-00v~- 02 © 3.4 mg

FRONT HALF SUBTOTAL _/ D&/ [  me

BACK HALF .
—_— ?23-7.9
'IMPINGER CONTENTS AND WATER WASH OF CONTAINER 3.-23-00079/! 7.4
IMPINGERS, CONNECTORS, AND BACK ETHER-CHLOROFORM
HALF OF FILTER HOLDER EXTRACTION .5 me
ACETONE WASH OF IMPINGERS, CONNECTORS, CONTAINER S=73-9¢0~0/2 /4. / mg
AND BACK HALF OF FILTER HOLDER /5,7 /.6
BACK HALF SUBTOTAL X720 mg
TOTAL WEIGHT 1088. [  m
MOISTURE *
IMPINGERS
FINAL VOLUME _3¢¢ __ ml
INITIAL VOLUME 200 ___ ml
NET VOLUME _/29  ml
SILICA GEL
FINAL WEIGHT _€2H.5 ¢ g g
INITIAL WEIGHT _4.55. 7 ¢ g g
NET WEIGHT 2331 g g g TOTAL MOISTURE__ (2 3. | g
Tt
a1l
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APPENDIX E

Laboratory Report
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APPENDIX F
Test Log
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APPENDIX F

Test Log

April 2, 1973 2:00 p.m. Go to plant and setup equipment.
5:00 p.m. Leave plant.

April 3, 1973 8:00 a.m. Arrive at plant and do preliminary work.
12:00 p.m. Begin first particulate run.

12:15 p.m. Begin first Brinks run but system plugs
after 17 seconds. Problem due to equip-
ment and not the process.

4:30 p.n.  Set up for tomerrow's runs and leave plant.

April 4, 1973 8:00 a.m. Arrive at plant and set up Brinks.
9:00 a.m. Begin second particulate run.

9:20 a.m. Begin second particle size run using
glass wool before the filter.

9:30-a.m. Finish Brinks & begin clean-up. Good
catch on plates.

11:15 a.m. Finish second particulate run.
12:00 psm. Begin third particulate run.
12:30 p.m. Begin third particle size run.

12:45 p.m. Finish particle sizing and clean it up.
Looks 1ike a good run.

2:15 p.m.  Finish third particulate run. Clean-up
second and third runs. Begin packing up
to leave plant.

4:30 p.m. Leave plant.
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APPENDIX G

Proiect Participants
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Project Participants

PEDCo Environmental Specialists

Frank Meadows Technician

Ed Meer Technician

Environmental Protection Agency

Doug Bell Chemical Engineer, EMB

Charles Sedman Chemical Engineer, ISB

38



APPENDIX H
PARTICLE SIZE DISTRIBUTION:

BUREAU OF MINES
GRAND FORKS, NORTH DAKOTA

APRIL 4, 1973
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On April 4, 1973, Doug Bell of the Emission Measurement Branch conducted
particle size distribution tests on the emissions from the U, S. Bureau of
Mines coal cleaning facility located in Grand Forks, South Dakota. Two com-
plete test runs were made at the stack outlet using a Brink Model B Cascade
Impactor with a back-up filter (Figures 1 and 2). The first test run attempted
was aborted shortly after it was begun; no data is given for this test. Test

results for runs two and three are presented.

The Brink Model B impactor has five collection stages. For these tests
a glass fiber filter was also used, thus classifying the particulates into six
distinct size ranges. The impactor was operated at a constant pressure drop
giving particle diameter (Dp50) size cuts ranging from 2.3 microns to 0.25 mi-
crons. The characteristic particle diameter, DPSO, is the diameter of a spheri-
cal particle of unit density (1 gm/cm3) for which 50% of the particles will im-
pact on the given stage and 50% will pass around to the succeeding stage. It is
the equivalent aerodynamic diameter that the cascade impactor directly measures,
and it is for this reason that the results are reported in terms of spherical
particles of unit density. Not only does this method of reporting the data form
a good standard for comparison between particles of varying shape and density,
but it is generally the aerodynamic particle size which is of interest to the

tester.

| A11 test runs were made at a single point of steady velocity. The second
test was conducted for ten minutes; the third for fifteen minutes. The results
of each test run are listed in Table one; the data is presented in terms of the

weight percent of particulate collected on each stage. Figure 3 is simply a

40



graphical representation of this data. The data is presented for each run

as well as for the two run average because of the large variance in the

data for the two runs. It appears that the particulate collected on the
first two stages during run 3 is unusually Tow. Some problem was encountered
in handling the samples after collection, and it is possible that some of the

sample from the first two stages was lost.

Figure 4 is the particle size distribution graphed in terms of the mass
percentage of particulate collected versus effective particle diameter. A
straight 1ine can be approximated through the data points for each test run

(1east squares approximation was not used). This indicates that the particle

-size distribution approximates a log normal distribution. Once again, because

of the data variance for the two runs, the data is presented for each run as
well as for the two-run average. Note that the mass median diameter of the
distribution is 1.1, 0.55 or 0.8 microns depending on whether the distribution
for run 2, run 3, or the two-run average is used, respectively. The mass median
diameter is the characteristic diameter of the distribution at which 50% of the
mass collected is composed of particles having diameters less than or equal to

that diameter.

Due to the variance in the two test runs, it is difficult to draw any con-

clusions from the test data.
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