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1. SUMMARY 

The average d u s t  emission r a t e  from each of the three d u s t  control systems was a s  

fo l l  ows : 

House System - 0.71 lb/hr  

Crippen System - 0.37 l b / h r  

Ideal System - 0.25 1b/hr 

The emissions from a l l  three stacks were found t o  comply w i t h  the Air Pollution 

Control Regulations o f  the State  o f  North  Dakota. 

I 
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2. INTRODUCTION 

Jacobson and Sons Construction Company (Jacobson) had purchased from the Equipment 

Division of Pollution Curbs, Inc. (PCI) e ight  dust control systems t o  be ins ta l led  

i n  three grain elevators under construction a t  Niobe, - Sarles ,  and - Kramer, North 

Dakota. 

t o  the North Dakota S ta te  Health Department fo r  review and approval. 

permits fo r  the three projects were subsequently issued. 

Plans and specifications fo r  the  e ight  d u s t  control systems were submitted 

Construction 

By l e t t e r  from Mr. Willis Van Heuvelen, dated February 5 ,  1976, PCI was apprised 

of North Dakota State  Health Department policy requiring a l l  suppl iers  of dust  

control equipment t o  the North Dakota market t o  provide performance t e s t  data on 

t h e  supplier's i n i t i a l  ins ta l la t ion .  Because construction a t  the Sarles si te was 

completed before Niobe o r  Kramer, and because the ductwork configuration a t  Sarles 

presented an opportunity t o  co l l ec t  more representative data than did either Niobe 

o r  Kramer, Sarles was selected by PCI a s  the most appropriate i n s t a l l a t ion  a t  which 

t o  conduct the required performance tests.  

On July 8 and 9, 1976 a f i e l d  t es t  crew representing PCI's Consulting Division 

occupied the Sarles si te t o  co l l ec t  samples and other pertinent data re la t ive t o  

evaluating the performance o f  the  three  d u s t  control systems known as  the House 

System, the Crippen System, and the Ideal System. 

The following persons participated in  the test:  

Name Aff i l ia t ion  

Howard Thompson Farmers Union Elevator Association 

Bud Hinkle 

Gerry GIentz 

Jacobson & Sons Construction Company 

Jacobson & Sons Construction Company 
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Name 

Frank Belgea 

Mark Oemichen 

Dean Franke 

Robert King 

Kevin Kiemele 

A f  f i 1 i a t  i on 

P o l l u t i o n  Curbs, Inc.  

P C I  - F i e l d  Serv ices Sec t ion  

P C I  - A i r  Engineer ing Sec t ion  

Nor th  Dakota S ta te  Hea l th  Department 

Nor th  Dakota S ta te  Hea l th  Department 
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3. PROCEDURES 

3.1 Emissions Measurements 

The quantity of particulate matter passing each of the cyclone dust collectors 

was determined by sampling the respective exhaust stacks and extrapolating 

the data. 

vertical ductwork serving as the clean air exhaust for the House Dust Control 

System and three such samples were obtained from a similar location in the 

Crippen Cleaner Dust Control System. 

Cleaner cyclone exhaust. 

aborted due to a malfunction in the sampling equipment. 

Three representative isokinetic samples were obtained from the 

Two samples were obtained from the Ideal 

A planned third sample run on the Ideal System was 

All of the above samples were collected by extracting exhaust gas from preselecte 

points located on horizontal planes in the exhaust stacks. The dust was captured 

on tared fiberglass filters and the sample gas volume was metered. 

o f  exhaust gas was measured simultaneously with the sample extraction to ensure 

isokinetic conditions and to provide flow rates for subsequent extrapolation o f  

the sampling data. 

techniques, the gas velocity and volumetric flow rates, and the sample 

collection and recovery procedures all followed EPA Reference Methods 1, 2 and 

5 and North Dakota Performance Test Guidelines. The equipment employed in 

sampling and data gathering met or exceeded EPA specifications. 

field data sheets and all calculations were reproduced for inclusion in the 

Appendix of this report. 

The velocity 

For all sample runs, the sample site selections and traverse 

Copies of all 

The opacity of the exhaust stream from each stack was determined employing the 

procedures in EPA Reference Method 9. Readings were made by Mr. Frank Belgea, 
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a certified smoke reader. A copy of Mr. Belgea's certification was reproduced 
for inclusion in the Appendix. 

3.2 Process lleight Rate 

During the sanpling periods for each dust control system, the pertinent elevator 

grain handling equipment or cleaners were operated at or near their maximum 

capacity. 

Grain was either dumped by truck or continuously spouted into the front pit 

throughout testing of the house system. The process weight rate for the house 

system was calculated from the rated leg capacity, 5000 bushels per hour, 

which was operated at.its maximum speed. Huge clouds of dust were observed in 

the pits, however; none excaped through the grate or hatches but .was instead 

captured by the dust control system. Some dust was noticed puffing out between 

the floor and the.scale deck. However, this occurred because the stripping to 

cover the.opening-had not yet been installed pending calibration of the scale 

by State inspectors. 

The process weight rate for each of the cleaners was determined by timing the 

throughput of a measured volume of grain with the cleaner operating at maximum 

conditions. 

The cleaner fan dampers were appropriately set by Mr. Howard Thompson for the 

grain to be handled during testing. 

cleaners or the bell hood bleed-ins although billows of dust in the back pits 

showed the grain to be dirty. 

No dust could be found escaping the 

As the elevator was new and not yet operating normally, a limited amount of 
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grain was available for test purposes. 

grain from place to place within the facility to provide a constant flow at 

maximum operating conditions during testing of each dust control system. 

was accomplished without interruption.' 

Therefore, it was necessary to transfer 

This 
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4. RESULTS 

4.1 House Oust Control System 

j&l 

Volumetric Flow Rate (sdcfm) 

Temperature ( " F )  

Moisture Content (vol .  %) 

Dust Concentration (gr/sdcf) 

Process \,!eight Rate (bu/hr) 

, Process Meight Rate (ton/hr)l  

.Dust Emission Rate ( lb /hr )  

Allowable Emission Rate ( l b / h r ) 2  

Stack Opacity (%) 

4.2 Crippen Cleaner Dust Control System 

Volumetric Flow Rate (sdcfm) 

.Temperature (OF) 

Moisture Content (vol. %) 

Dust Concentration (gr/sdcf) 

Process Weight Rate (bu/hr) 

Process Weight Rate (ton/hr)l  

Dust Emission Rate ( lb/hr)  

Allowable Emission Rate (lb/hr,2 

Stack Opacity (%) 

1 
PCI Contract No. 508357 
Section No. 4 
Page No. 7 

Run #1 

7440 

85 

1.8 

0.015 

5000 

150 

0.96 

55 

<5 

4350 

80 

1.5 

0.012 

430 

13 

0.45 

23 

<5 

Run 82 

7620 

a5 

1.8 

0.012 

5000 

150 

0.78 

55 

<5 

4360 

80 

1.7 

0.008 

430 

13 

0.30 

23 

<5 

Run #3 

7480 

85 

1.7 

0.007 

5000 

150 

0.45 

55 

<5 

4270 

80 

1.8 

0.010 

430 

13 

0.37 

23 

<5 

Averace 

7510 

85 

1.8 

0.011 

5000 

150 

0.71 

55 

<5 

4330 

80 

1.7 

0.010 

430 

13 

9.37 

23 

<5 
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4.3 Ideal Cleaner Oust Control System 

I tem 

Volumetric Flow Rate (sdcfm) 

Temperature ( O F )  

Moisture Content (vol. %) 

Dust Concentration (gr/sdcf) 

Process Weight Rate (bu/hour) 

Process Weight Rate (ton/hr)l 

Dust Emission Rate (lb/hr) 

Allowable Emission Rate (lb/hr)2 

Stack Opacity ( Z )  

4.4 Discussion 

Run #1 

2440 

80 

1.6 

0.012 

900 

27 

0.25 

37 

<5 

Run #2 

2400 

80 

1.7 

0.012 

900 

27 

0.25 

37 

<5 

Averaqe 

2420 

80 

1.6 

0.012 

900 

27 

0.25 

37 

4 

The reliability o f  the above tabulated results is evidenced by the close agree- 

ment among successive flow rate measurements for the respective systems, by the 

compatibility between low dust concentrations and respective low stack opacities, 

and by the degree of isokinesis achieved for each sample run. The progressive 

lessening of dust concentrations over successive runs for the House System i s  

probably due to the test grain becoming cleaner as sampling proceeded. 

Notes: 1. Calculated 0 60 lb/bu 

2. From Table 3 ,  Regulation 23-25-05 
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5. CONCLUSIONS 

The r e su l t s  tabulated i n  Sections 4.1, 4.2, and 4.3 indicate t h a t  a l l  three dust 

control systems perform up t o  the specif icat ions o f  the North Dakota S ta te  Health 

Department as  presented i n  Regulation 23-25. 

the maximum allowed by Table 3, Rule 23-25-05 and v is ib le  emisisons were l e s s  than 

the 20% opacity l i z i t a t i o n  of Rule 23-25-03 f o r  new sources. 

Par t iculate  emissions were well below 

Based on the excel lent  performance of the three d u s t  control systems t e s t ed ,  a s  

observed by previously named Sta te  o f f i c i a l s  and as  reported herein,  i t  is the 

Consulting Division’s opinion t h a t  f ina l  approval and operating permits be granted 

t o  the Farmers Union Elevator Association of Sar les ,  North Dakota and t o  other  i n  

the s t a t e  having s imilar  design and operating charac te r i s t ics .  
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7.1.. 

28. 

38. 

48. 

acfm 
EOD 
COD 
B t u  
C E m  

C P S  
A 
d S  
d %% 

DO 
E 

g?m 
g 

g;d 

g?cd 

hp 

< 
> 

Hz 
KIIZ 
1 

-1b- 

m g  
1P 

mgll 
m g h '  
ml 
M' 
M' 
n 

A% 
MPN 
mgd 

oulmin 
P P  
SDI 
ss 
scf 
scfh 
scfm 
sdcfm 
TWA 
rPm 
TOC 
Vol % 
!:t z 
is 
v s 

ou 

STANDARD SYMBOLS AND bEu ,:TONS 

= Actual cubic f e e t  per minute 

= Chemical oxygen demand 
= Bri t i sh  thermal u n i t s  
= Cubic f e e t  per minute 
= Cycles per second 
= Delta, s i g n i f i e s  a change 
= Decibel 
= 

. -. ... . . 5 

Decibel a s  measured on the A s c a l e  0- a sound 
l eve l  meter 
Dissolved oxygen 

= Symbol f o r  sum of 
= Gallons per day 
= Gallons per minute - G r a m s  - Gallons per cap i t a  day 

Less than 
= Greater than 

' Horsepower 
= Hertz 

Kilo Hertz 
a .  L i t e r  
= Pound - L i t e r s  per minute - Mill igram 

Milligrams per liter 
Milligrams per cubic meter 
Milliliter 
Square meter 
Cubic meter 
Micron 
Micrometer 
Microgram 
Most probable number 
Mill ion gal lons per day 
Odor u n i t  
Odor u n i t  per  minute 
Pa r t s  per mi l l ion  
Sludge densi ty  index 
Suspended s o l i d s  
Standard cubic f e e t  
Standard cubic f e e t  per hour 
Standard cubic f e e t  per minute 
Standard dry cubic f e e t  per minute 
Time weighted average 
Revolutions per minute 
T o t a l  organic carbon 
Volume percent 
Weight percent 
Total  s o l i d s  
Vola t i le  s o l i d s  
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PARTICULATE EMISSION CALCULATION 

Orsat Analysis: (Dry Basis, !% 5: 
Volt 1, Average 

c02.  Z & & O  

02 

co :'z.gxd 
2 0 .  9 

N2 ...;7p. . /  

4R.)&/Zn Hrn4t/bC/JK Location: 

Stack or Source: &,6g 6 s,xw 

fyP i 
2 

Date:. 8 J- /91& 

operator: /.K& . . Water Collected, GMS..: . 28. $ 
Filter No.: 

Particulate' Collected, GMS. : * '  

Run No.: Q) 
6 

' A  . .  
2 . 1  
2 8 . 9 4  ,&jOorq- . .  

B a r -  Pr. I In; W: 
. .  

Nozzle Dia, In.: 
@, q< L) 8' 

. .  Filter ' :, ..'&, 0.30 8 
Probe Wash.0. 0 90 8 

Stack Dia., In&: / 9  0 $ # .  . .  , '  . 
cp: Q. 89 
Total Time, Min.: 6 0  f i  HfoUN).'' . ' 

Vol. Through Gas Meter, Cu. Pt.: FRONT END. TOTAL 
. O..&7/d * 1 . .  

. .  

Impinger ' 1 ..! 

Standard Conditions: Dry Gas at/S&Land 29.92 in. Hg. .. 

. .  

. - -. FRONT PLUS BACK END .CATCH TOTAL .. . .  

. .  

C - 1 Calculate Average Meter Temperature 
. I  

Tm,= The average of both inlet and outlet temperatures 

obtaked during sampling, 6s42.3 OR. 
. -  



C - 2 C a l c u l a t e  S a m p l e  V o l u m e  a t  Standard Conditions 

V,,td = SCF (Dry) Through meter!  
i 

= 1 7 . S  Vm x Pm 

Where: V, = D - q  gas measured by meter, c u . f t .  

- Pm = Abs. Pz.. a t  meter (use b,arometric ,pressure, uncorrected 
for a l t i tude) ,  In. Hg 

. .  . 
. .  
C - 3 '  Calculate Volume .Fraction Water i n  Flue Gas . . . .  

. .  
: . . .  

. .  
. .  = Water vapor in SCP vwsta 

= 0 .  b ? S : , v ~ ,  . .  

= . / 3 3  s q  

.. 

. .  . .  

- .. 

. 2  

. .. .. 
. .  .= 0.0465. 28 < . .  

. .  

e .  .. 
. .  . -  - Bw0 = Water ' V . '  ' .  

Y 

Where Vla i n  impingers plus that 
- 

gained by d r i e r i t e ,  GMS 

- 2 -  



I 
0 

C - 4 C a l c u l a t e  Dry a n d  Wet Molecular Weight of Stack G a s  
\ 

Md = Dry Mol. W t .  

= 0 .44  ( %  C 0 2 )  + 0.32 ( %  02) 

+0 .28  ( %  N2 + CO). 

E: 0 . 4 4  x Z ~ O  + 0.32 x & P = d Z P +  0.28 X. 72/= &/,( 

2x dF 9 . .  
- - 

I" .. M, = Wet Mol. W t .  . .L . 

. .  

= (1- Bwo) + 18 Bwo 

. .  
= 0.x 89 x @.982& 18 x 0.0/7~ 

. .. 
0. 320 . , . dd?dS - - 

.. . 
. .  

C - 5 C a l ' c u l a t e  T h e  A v e r a g e  a, ( G) Avg.  , O b t a i n e d  du r ing  gas .  . 
. .  . .  

. . -  . . .  . .  . . .  

. .  
sample.. a c w s i t i o n  . .  . .  

. .  
. a  

(m) ,Avg. = "//5'8 

. .  

C .- . 6  Calcu la t e  The  A v e r a g e  Stack G a s  Temperature,  Ts,: a t  . t i m e  of.. 
I. . .  

. .  
G a s  ' Sample A c q u i s i t i o n  I 

; . .  

C - 7 C a l c u l a t e  The A v e r a g e  Stack G a s  V e l o c i t y  

P s i  MS 
(VSIAVg. = 85.48 X Cp X (m) Avg. 

c7.802 
= 8 5 . 4 8  x 0. 89 x //93 

-uc--cIu 

= 70.6% ft./sec 

Where: 

Cp = P i t o t  T u b e  C o e f f i c i e n t  

PS = A b s o l u t e  Stack Gas Press., In. Hg. 

- 3 -  
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I 

u 
C - 8 Calculate Stack Cross Sectional Area at Sampling Site 

t 
A, .= / 7 7  Sq. Ft. 

C - 9 Calculate Stack Gas Average Volumetric Flow Rate 
9, = Stack Gas Flow Rate, SCFM (Dry) 

P, = 1 0 1 3 ~  (l-Swo) (Vs)Avg. x A, 
Ts 

C - 10 Calculate Isokinetic Sampling Efficiency- . . ' 

.. 0 . 0 0 3 2 j  cvwstd -b Vmstd) X Ts'.X Pm . .  . 
.. 

. .  . 
I = =  

. 8 x An x (Vs)Avg. x Ps 

~=.O.O03a x 7-5z 79 x . Kqg X '  2f.96 I -  t .. 
! '  . .  .., - '  

. .  . 
! ' '&a X ~ . O U 0 3 ~ / X  76-69 x . c2E<d. . ' . . 

. .  
e. . B 
.. ... 

1.  90- .< - .  

.. . ... 
- I  . .  

. .  0 = Total Sampling Time, Min. .' 
. .  

.. 5 I .  
7 Nozzle Opening, Sq. Ft. 

T . .  
' *. 

C - 11 Calculate Heat Input during.testing period . . .- 
.. 

Z 5' Total Heat Input Rate to Bbiier, MEGA BTU/hr. . .. . 
- .  

' 5  W1 x 81 

+ W2 x H2 

+ W3 x E3 

= TOTAL 

X 

TOTAL .. MEGA BTU/hr - 
- 4 -  



Where W1, W2, L \i3 = h o u r l y  f u e l  i n p u t  o f  r e s p e c t i v e  f u e l s  and 
H1, H Z ,  & H 3  = g r o s s  (as r e c e i v e d )  h e a t i n g  v a l u e  of r e s p e c t i v e  
f u e l s  i n  mega BTU p e r  i n p u t  u n i t  ( c o n s i s t e n t  w i t h  f u e l  i n p u t  U n i t ) .  

C - 1 2  Ca lcu la t e  F r o n t  End P a r t i c u l a t e  Gra in  Loading ( w i t h  F r o n t  
Half Washings Only) 

C,' = P a r t .  Gra in  Loadin?,  gr/SCP (Dry) f 

Mn = ' 1 5 . 4 2  x 
'rnstd 

=. 15.22 Y O, ~ 7 / 6  

= 0, o/d gr/SCF ( D r y )  

. - .  Where ; . '  

y1 = ' To ta l  P a r t i c u l a t e  Collected ( F i l t e r  P l u s  ,Front H a l f  
. .  

Washi igs  Only) ,  GMS '. 
- 

C - 13, ,Calculate  F r o n t  End Emission Factor , .  . .  
. .  

- . .  
: Et = Hourly Mass R a t e ,  lbs/hr. 

. .  . .  = 0.00857 x C,' Q, 

= 0.00857 x I 

. .x ' . . .  ' ., 7 .g#o ' . : . .  
0; 0 & 

- 1  
- I  0 

.- 

P a. 9k lbs/hr. 

Eh' = F r o n t  End Emission F a c t o r ,  'lbs/MEGA. BTU, 

E t  
2 

P 

= lbs/MEGA BTU 

. - 5 -  
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4/1/76 J5 

0 

PARTICULATE EMISSION CALCULATION 

Orsat halysis:(DrY Basis, S 
VOl- 1, Averaqe 

Location: &aJmJ72 /j/,,,,, c02 Z & & O  

Stack or Source: //ose t f u s m  02 Jo. 9 
Date: f fi.. /976 co Z 6 - X O  

Run NO-: 7 7 W o  6.) N2 79 1 
Operator: &A& f i  . . Water Collected, GMS.: Jo - 

8 J J 
- Bar. Pro, 1n.w: dB. 96 A ~ ~ C U W  Filter No.: 

Nozzle D i a ,  In.: #, Particulate Collected, GMS.: . 
Stack Dia., Inr: 

Total Time, Min.: 6 0  fi/ ,o~,&) . 

Filter . 0.0 >6/ 
Probe Wash 0. 0 3012 

/9 
cp: b. 6% 0 

Vol. Through Gas Meter, Cu. Ft.: FRONT END TOTAL 0.0623 1 - 

Irnpinger Cat& 
-* FRONT PLUS BACK EM) CATCH TOTAL 

Standard Conditions: Dry Gas at/‘6”Cand 29.92 in. Hg. 

.. 

C - 1 Calculate Average Meter Temperature 

Tm = The average of both inlet and outlet temperatures 

obtained during sampling, <6? OR. 



.. 

. .  

C - 2 Calculate Sample Volume at Standard Conditions 

Vmstd = SCF (Dry) Through meter i 

= 1 7 - 3 2  Vm x Pm 

Where: V, = D r y  gas measured by meter, cu.ft. 

P, = Abs. Pr.. at meter (use barometric ,pressure, uncorrected 
for altiiude), In. Hg 

C - 3 Calculate Volume.Fraction Water in Flue Gas 
. .  

. .  

. -  - .  Q0 = Water V . '  ' ,  

y .  

Where 

: . 

= b s t d  

= A 90 - 
(l'wsta '+ h t q  1 

0.Q 8/ - 

in impingers plus that 
gained by drierite, GMS 

- 2 -  



I 
0 

C - 4 Calculate Dry and Wet Molecular Weight of Stack Gas 
I 

Y d  = Dry Nol. Wt. 

= 0.44 ( 8  C02) + 0.32 ( %  02)  

+0.28 (8 N2 + CO). 

Ms = Wet Mol. Wt. : 

= d B . 6 9  0.326 

- 
. .  C - 5 Calculate The Average a, ( c) Avg. , Obtained during gas 

t 
. .  . .  sample. acquisition . -  . 

'(,a) Avg. = '/23/ . .  
) 

1 

C - 6 Calculate The Average Stack Gas Temperature, T,, at time of.' 
I .  - 

Gas Sample Acquisition 1 

.. 

C - 7 Calculate The Average Stack Gas Velocity 

(Vs)Avg. = 85.48 x Cp x (m Avg. P- ps x Ms 

= 85.48 x 0.89 x. L a /  

Where: 

Cp = Pitot Tube Coefficient 

Ps = Absolute Stack Gas Press., In. Hg. 

. - 3 -  



I HS- k 
0 

C - 8 Calculate Stack Cross Sectional Area at Sampling Site 

C - 9 Calculate Stack Cas Average Volumetric Flow Rate 

Qs = Stack Gas Flow Rate, SCFM (Dry) 

C - 10 Calculate Isokinetic Sampling Efiiciency. . . 

.. . .  . .  0-003a (v",td + Vmstd) X T, X Pm . I = '  . .  
. 0 x An x (Vs)Avg. x P, 

. .  . 
.=.0.00331 x 77. 3/ x ' \(W X . 2296 . . 

.. 
a .. .., - ' 

72.-oz/ x ' 28. so. 
. .  . .  . .  . 

B . .  

' . 'do Xfl,&A? +/ x 

B 
. .  

e. y/. e-' . .. . 
' I  

. ' 0 = Total Sampling T h e ,  Min. 

€+., = Nozzle Opening, Sq. Ft. . .  
8 .  . :  

7 .  .. .. 
C - 11 Calculate Heat Input during.testing period. ' . .- 

.. .. . . 2 = Total Heat Input Rate to Boiier, 23EGA BTU/hr. 
- .  

= W1 x Hl = 

+ W 2  x H2 

+ w3 x a3 

.= TOTAL 

x 

X 

TOTAL . MEGA BTU/hr- 

- 4 -  



Where W1, t i 2 ,  & t i 3  = h o u r l y  f u e l  i n p u t  o f  r e s p e c t i v e  f u e l s  and 

H1, H2, G I f 3  = gross (as  received) h e a t i n g  v a l u e  of r e s p e c t i v e  
f u e l s  i n  zcga BTU p e r  i n p u t  u n i t  ( c o n s i s t e n t  w i t h  f u e l  i n p u t  u n i t ) .  

C - 12 C a l c u l a t e  F r o n t  End P a r t i c u l a t e  Gra in  Loading (wi th  F r o n t  
Half Washings Only) 

C,' = P a r t .  Grain Loading, gr/SCF (Dry) 1 

y1 
V m s t d  

= 15.42 x 

= 15.42 X 0.0583 

74-.9/ 

. .  . .  
. .  = o . o / ~  gr/SCF (Dry) 
Where. . .  

. .  -: 
.= T o t a l  P a r t i c u l a t e  Collected ( F i l t e r  P l u s  Front Half 

. .  washiigs Only) ,  GMS . . .  

Et . .  

. .  

. .  .. . . .  

.C - 13 C a l c u l a t e  Front End Emission Factor . .  

. .  
_ .  

Hourly' Mass Rate,. I.bS/hr. 

. .  
. .j. 

, a  6.00857 x Cs' QS 
. , .. . ., 7'620 '. .. 

. .  . .  
= 0.00857 x ' 0.0 /d 

. .  

Eh = F r o n t  End Emission F a c t o r ,  lbs/MEGA B'kl 

El E t  
2 

= lbs/MEGA BTU 

. - 5 -  
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4/1/76 

U 

\ 

PARTICULATE EMISSION CALCULATION 

Location: c02 Zdsno /y 6 i 9 d N U U J C  
Stack O r  Source: &QSE 9 s m  02 070. 9 
D a t e :  8 &. .  /976 co Zimd 

Run No*: -72Z2x (3 ) N2 79 I 
operator :  /=z-&> &x #‘ &J. 0, Water Collected,  GMS. : 28 ‘ 

/ 
- aar. p r o  I Hg: JR ~d / k i o L Q e  F i l t e r  NO.: C 

Par t icu la te  Collected,  GMS.: . 
stack D i a . ,  I n i :  / 9  ‘’ Filter 0, 0 / p i 8  
!:ozzle D i a ,  In . :  

d .  8% Probe Wash 0.0 20 3 
u* “ “ g 9 j  “ 

cp: 

T o t a l  Time, Min.: 4 
V o l .  Through Gas Meter, Cu. Ft.: FRONT END TOTAL n.Q33/  1 

Impinger C a t c h  
f 

.. FRONT PLUS BACX END CATCH TOTAL 

Standard Conditions: Dry G a s  at/X6*Cand 29.92 i n ,  Hg. 

C - 1 Calcula te  Average Meter Temperature 

Tm = The average of both  i n l e t  and o u t l e t  temperatures  

obtained during sampling, 6& OR. 



C - 2 C. i l cu la te  Sample Volume a t  S t a n d a r d  C o n d i t i o n s  

" m z t d  - - SC? (Dry) Through meter j 

Where: V, = D r f  gas measured by meter cu.ft. 

P, = Abs. Pr. at meter (use barometric pressure, uncorrected 
for altitude), In. Hg 

C - 3 Calculate Volume Fraction Water in Flue Gas 

I 

= Water vapor in SCF L t a  

Where 

. 

. 

in impingers plus that 
gained by drierite, GMS 

- 2 -  



! 

0 

C - 4 Calculate Dry and Wet Molecular Weight of Stack Gas 
i 

Md = Dry Mol. Wt. 

= 0 . 4 4  ( 3  CO2) + 0.32 ( %  0 2 )  

+0.28 (% N2 + CO). 

- 

..  C - S Calculate :he Average a, ( G) Avg., Obtained during gas 

sample a-sition 

1 (a) Avg. = / ( d o 7  

. .  . . -  

C - 6 Calculate The Average Stack GasTemperature,' Ts, at time of.' 
I 

Gas'Sample Acquisition I . 
Ts = 6-9< . OR . .  

. -  

C - 7 Calculate The Average Stack Gas Velocity 

Psx Ms 

= 2. 8/ ft./sec 
Where; 

Cp = P i t o t  Tube Coefficient 

Ps = Absolute Stack Gas Press., In. Hg. 

. - 3 -  



C - 8 C a l c u l a t e  S t a c k  Cross Sect ional  u Area a t  Sampling Site 37 
t 

As - / 9 7  sq. Ft. 

C - 9 C a l c u l a t e  S t d c k  G a s  Average Volumetric Flow Rate 

Q, = Stack Gas F l o w  Rate, SCFM (Dry) 
P, = 1 0 1 3 ~  (l-BSo) (VS)Avg. X A, 
*s 

C - 10 Calculate Isokinetic  Sampling Eff ic iency 

0-0034 CVWstd + V,,td) x T, X Pm 
I =  

6 x ;c, . x (V,)Avg. x P, 

. .  
. .  8 = Total Sampling T h e ,  Min. - .. 

. -  
= Nozzle Opening, Sq. F t .  

c - 11 Calculate Heat Input during test ing period 
.. . .  2 = T o t a l  Heat Input Rate to Boiier, MEGA BTU/hr. 

.. . 
. .  . . 

. L  

X 

TOTAL . MEGA BTU/hr. 

- 4 -  . 



Where W1, W2, & \?3 = hourly f u e l  input  o f  respec t ive  f u e l s  a n 5  3. 
H1, H2, & H 3  = gross  (as received) heating value of respec t ive  

f u e l s  i n  meqa BTU per input u n i t  (consis tent  with f u e l  input  unit) - 
C - 12 
Half Washings O n l y )  

Calculate  f r o n t  End P a r t i c u l a t e  Grain Loading (with Fron: 

C,' = Pa::. Grain Loading, gr/SCF (Dry) f 

, 

- 0.00 7 gr/SCF (Dry) 
Where 

Q = Tota l  Pa r t i cu la t e  Collected ( F i l t e r  Plus  Front  Half 
Washings Only), GMS . 

C - 13 Calclllate Front End Emission Factor 

. .  - Et = Zourly Mass R a t e ,  lbs/hr,  
= 0.00857 x C,' Q, 

. .  = 0.00857 x 0. .a0 7 . ' x  . '  , .z' 9x0 .. . 
/ 

= 0. Qs' lbs/hr  . 
E~ = Front  End mission Factor,  'lbs/MEGA BTU 

= Ibs/MEGA BTU 

- 5 -  
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q3 4/1/76 

PAR?ICULATE EMISSION CALCULATION 

S tack  or Source: &,pp& & / l ~ / ~ i e  02 2 0 . 9  

N2 79. 1 
co Z&Nd 

Operator: A,%&, &4A 
B a r .  Pr., In .  Eg: & d9 /&.jacul.E. F i l t e r  No.: 4 
Nozzle D i a ,  In .  : &, P a r t i c u l a t e  Col lec ted ,  GMS.: - 
Stack  Dia., Ins:  /74’ 

#, a, 0, Water Col lec ted ,  GMS.: 3.c 
/ 

F i l t e r  b. 0 20 6 
Probe Wash &,Od3/ cp: b. 8% 

T o t a l  Time, Min. : 72 
V o l .  Through G a s  Meter, Cu. Ft.: FRONT ENI) TOTAL 0 . 0  537[ - 

. .  Impinger C a t &  _’ 

FRONT PLUS BACX END CATCH TOTAL 

Standard Conditions: . D r y  G a s  at/S&Cand 29.92 in. Hg. 

.. 

C - 1 C a l c u l a t e  Average Meter Temperature 

Tm = The average of both  i n l e t  and o u t l e t  temperatures  

obtained during sampling, &qc 7 -  OR. 



C - 2 Calculate Samnlt. Volume a t  Standard Conditions 

Where: Vm = Dry ' J ~ S  measured by meter, cu . f t .  

Pm = Abs. ?r . .a t  meter (use barometric pressure, uncorrected 
for a l t i t u d e ) ,  In. Hg 

C - 3 Calculate V D l u m e  Fraction Water i n  Flue Gas .- 

, 

= Water vapor i n  SCF ' 

vwstd 
= O-:?'Cs.Vlc 

. .. 
= O . C % 5 '  23. 5 
= A09 SCF 

- 

Where 

B,, = Water V 
V 
- 

Vwstd . -  = 

/99 
(f'wstd '+ Vmstq) 

0.0 - - ,o 

i n  impingers plus that  
gained by d r i e r i t e ,  GMS 

- 2 -  



43- 
/ U - /  

0 

C - 4 Calculate Dry and Wet Molecular Weight of Stack Gas 
\ 

r.3 = Dry Nol. Wt. 

= 0.44 ( 8  C02) + 0.32 ( %  02)  

+ 0 . 2 8  ( %  N2 + CO) 
- 0 . 4 4  x Z ~ Z O  + 0.32 x&,7=d69+ 0.28 x Z / =  J3i/S 

Ti Jb? LY% 

= Yd (1- Bw0) + 10 &o 
= m xo. yBs/+ 10 x a. 67/99 

M, = Xet Mol. Wt. L 

C - 5 Calculate The Average a, ( G) Avg., Obtained during gas 

sample acquisition 

( J) Avg. = 0. f67 
. -  

C - 6 Calculate The Average Stack GasTemperature, Tsr at time of ‘ 
I 

Gas Sample Acquisition 

6 9 0  OR 
7 

Tg 

C - 7 Calculate The Average Stack Gas Velocity 

Where : 

Cp = i’itot Tube Coefficient 

P, = Absolute Stack Gas Press., In. Hg. 

- 3 -  



i 

. .  

0 
C - 8 C a l c u l a t e  Stack C r o s s  Sect+onal Area at Sampling S i t c  

I A =  ~ /! 6-27 Sq. Ft. s 

C - 9 Calculate Sttic:;: <;.is Average Volumetric F l o w  Rate 

Q, = Stack  G.13 Flow Rate, SCFM (Dry) 
P, = 1 0 1 3 ~  (l-3vo) (Vs)Avg. X A, 
T ,  

= ?d-zo SCFM (Dry) 

c - 10 Calculate Isokinetic Sampling Efficiency 
0-00321 (Vwstd + Vmst-1 X T, x Pm .. 

I =  . 
8 x An x (Vs)Avg. x P, 

. .  . 

0 = Total Sampling T h e ,  Min. 

A, = Nozzle Opening, Sq. Ft. 

C - 11 Calculate Heat Input during.testing period 

, .  

I 

.. . . .- 
. .  I 

. .  t -  

7 

.. 
.. . .  2 = Total Heat Input Rate to Boiler, HEGA BTU/hr. 

- W1 x H1 - 
+ w2 x x2 
+ w3 x x3 

= TOTAL 

f X 

X 

X 

TOTAL . MEGA BTU/hr- 



&?- / 
Where Wl, W2, & t i ,  = hour ly  f u e l  input o f  respective f u e l s  and 47 
I f l ,  H2, & !I3 = ciross (as received) heating value of respective 
f u e l s  in zega BTU per  input unit (consistent with fuel input unit). 

C - 12 C a l c u l a t e  Front End Particulate Grain Loading (with Front 
Half Washim;, Only) 

C,' = P a r t .  Grain Loadin?, gr/SCF (Dry) f 

7/, 83 . 
0,o /d gr/SCF (Dry) 

. .  
i.I 

. .  
Where 

% = T o t a l  Particulate Collected (Filter Plus Front H a l f  
Washi.& Only), GMS . 

C - 13 Calculate' Front End Emission Factor 

Et = Hourly Mass Rate, lbs/hr. 
= 0 .00857  x C,' Qs 

= n. 94 lbs/hr. 

- 0.00857 x d. 0 /d. ' X  9.3Sd 

~ 

Eh = Front End Emission Factor, lbs/MEGA BTU 

i lbs/MEGA BTU 

- 5 -  
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u 

PARTICULATE EMISSION CALCULRTION 

stack 01' Source: & . ~ f l J g ~ ~  . 02 2 0 . 9  
Date: 9 i7'&p ./?76 co "ZdZd 

Run No.: -7u/c I$? ) 
Operator: 4 . ~ 8 ,  &,&A /SY ,~ .Q  Water Collected, GMS.:.dd 

&r. Pr., In. E;: 

Stack Dia., In;: /7 " . .  Filter :. :o,. 0792 
Xozzle Dia, In.: 

b J / 
&? 69 &.oc,uJg Filter No. : 

Particulate collected, GMS. : . 
. .. 

. . .  

Probe' Wash, 0.  o /6 6 cp: d.  8% 
Total Time, Min.: 74 

.. - 
0.0369 L Vol. Through Gas Meter, Cu. Ft.: FRONT END TOTAL ' 

. ' 

. .  Impinger cat& ' .  .! 
. - e. 

FRONT PLUS BACK END CATCH TOTAL 

Standard Conditions: Dry Gas at/Sg°Cand 29.92 in. Hg. 

.. . .  

C - 1 Calculate Average Meter Temperature 

Tm = The average of both inlet and outlet temperatures 

obtaized during sampling, 66%% OR. 



C - 2 C ; ~ l c u l a t e  Sample Volume a t  Standard C o n d i t i o n s  

Where: V, = DY:. gas measured by m e t e r ,  cu . f t .  

P, = Ass. P r . . a t  meter (use barometric pressure, uncorrected 
for a l t i t u d e ) ,  In. Hg 

C - 3 Calculate  V o l u m e  Fraction Water i n  Flue Gas . 
= Water vapor i n  SCF . 

. .  
vwsta 

= o . c ? 6 s . v ~ c  ;. . .  

. ' '  E 0.0465. dtd 
. -. = Lo?/ scp;. 

. .  
Bw, = Water - .  V 

V 

. .' 
Where 

(T'wsta '* Vmstq 1 
0. n /d7 - =: A d/ - 

i n  impingers plus t h a t  
gained by d r i e r i t e ,  GMS 

- 2 -  



! 

C - 5 Calculatt :he Average G, ( G) Avg., Obtained during gas 

sample a e s i t i o n  . _  
( a) Avg. = 0. 870 

C - 6 Calculate The Average Stack GasTemperature, Ts, a t  t i m e  of.. 
I 

Gas Sample Acquisit ion I 

T s  = '6% OR . 
. .  

.. 

C - 7 Calculate The Average Stack Gas Velocity 

(Vs)Avg. = 85 .48  x Cp x (a) Avg. 

_ .  P- ps x Ms 

= 8 5 . 4 8  x 0. B'p x 

Cp = P i t o t  Tube Coeff ic ient  

P, = Absolute Stack Gas Press., In. Hg. 

. - 3 -  



I &-2 
0 53- 

C - 8 Calculate Stack Cross S e c t i o n a l  A r e a  a t  S a m p l i n g  Site 

I 
A ; .  L 5 8  Sq. F t .  - _. s 

C - 9 C a l c u ? . t r c  Stack Gas A v e r a g e  V o l u m e t r i c  Flow Rate 
I 

Q, = s : . : ~ ?  Gas F l o w  Rate, SCFM (Dry) 

C -' 10 Calculate Isokinetic Sampling Efficiency. 
.. . .  0 - 0 0 3 3 )  IvWstd -k Vmstd) X T, X Pm . 1 = '  

. .  . . ' 8 x x (V,)Avg. x P, 

.=.0.00331 x Id. 60 x . 6% x dad9 , . . '. .. - 
\ .74. x Q . ~ C J O ~ % / X  60.4 x dB, 70' . ' 

. .  . 
* B 

. .  
I ,  = .  /bL3 

.. - . .  0 = Total Sampling Time,  Min. ~ .. 

. I  
. :  * .  = Nozzle Opening, Sq. Ft. 
I .. 

C - 11 Calculate Heat Input during testing period .. 
.. .. .. . 2 = Total Heat Input Rate to Boiler, MEGA BTU/hr. . 

, 

51 X 

X 

X 

TOTAL ..I MEGA B'ilU/hr - 



de- 0.2 
56 

Where Wl, w2, E, w3 = hourly fuel i n p u t  o f  r e s p e c t i v e  f u e l s  and  

H1, H 2 ,  & I f 3  = g r o s s  ( a s  r e c e i v e d )  h e a t i n g  v a l u e  of r e s p e c t i v e  
fuels i n  merja BTU per i n p u t  u n i t  ( c o n s i s t e n t  w i t h  f u e l  i n p u t  U n i t ) .  

C - 1 2  C a l c u l a t e  !:rozt End P a r t i c u l a t e  G r a i n  Load ing  ( w i t h  F r o n t  
Half Washings O n l y )  

I C,' = Part. C:ain L o a d i n g ,  gr/SCF (Dry)  

YI = 1 5 - 4 2  x 
'rnstd 

= 15.:2< 0,0359 

a 
9/* 37 

0.00 8 gr/SCF (Dry) . .  i 

where - -  
% = Total  ? a r t i c u l a t e  Collected ( F i l t e r  P l u s  Front H a l f  

Washizqs O n l y ) ,  GMS . 

C - 13 Calculaze F r o n t  End Emission Factor . .  

- Et = Ec-xly Mass R a t e ,  l@s/hr. 
= 0.00857, x Ci' Q, 

= 0 - 3 0  lbs/hr. 

- .  - 1 .  

r . .  
- ,  = 0.00857 x 0.00 g . . x ' '  .q 360 

.-- 
' Eh = Front End Emission Factor, ' lbs /MEGA Bl% 

3 E t  
2 

i lbs/MEGA BTU 

, -  5 - 
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6/ 4/1/76 

PARTICULATE EMISSION CALCULATION 

02 2 0 .  9 Stack  or Sa.irce: /&pH& 
c 

Date: 7 TU&/ ./?76 co "Z.%md 

Run No.: 7"dE (3) N2 . .  ;79 / 
Operator: /*%-&> d44 
Bar. Pr., In.Hg: J g k 9  /dadDx. F i l t e r  No.: '/ 

#, AJ. o,, Water Collected , GMS. : . Js. S 
J .  

Part iculate .  Col lec ted  , GMS - : 
. .  F i l t e r  ':. .o, 0 392 

Probe' Wash, U. 6 /.-? 8 

PJ . ,  Nozzle D i a ,  In .  :' 07.r( A *# 

Stack D i a . ,  I n&:  / 7 '/ 
cp: d. 8.R 
T o t a l  T i m e ,  M i n . :  72 . I 

Vol. Through G a s  Meter, Cu. Ft.: FRONT'END TOTAL ' , e, 
. .  . 

Impinger C a t c h  . .  . : 
. .  . 

. - -. 
.. FRONT PLUS BACK END CATCH TOTAL 

Standard Conditions: D r y  G a s  at/S6°izand 29.92 in. Hq. . .  

C - 1 Calcula te  Average Meter Temperature 

T, = The average of both i n l e t  and o u t l e t  temperatures  

obtained during sampling, /OdO OR. 



C - 2 Calculate S.?m:>:c Volume a t  Standard Conditions 

V,,,td = SC'.' (i;zy) Through meter : 

= 17. Vm x Pm 

- ,? - i ' ~ .  :A$* xd8.67 

= d 3 . 7 d S C F  (Dry) 
. .  

Where: V,,, = Dry .;ts measured by m e t e r ,  c u . f t .  

i 

Pm = Abs. P r . .  a t  m e t e r  (use barometric pressure, uncorrected 
fo r  a l t i t u d e ) ,  In. Hg 

C - 3 Calculate ':o>lume Fraction Water i n  Flue Gas 
. 

- .  

Where 

/ / 9  ,--+ \63.7d 
[69 

V i c  = W ight  o water co l lected  i n  impingers p lus  that  

gained by d r i e r i t e ,  GMS 

- 2 -  



I 

0 

6 3  
&-.3 

C - 4 Calculate  Dry and W e t  Molecular Weight of Stack Gas 
c 

Hd = Dry Mol. W t .  

= 0 . 4 4  ( %  C02) + 0.32 ( %  02) 

+0.28 ( %  N2 + CO) 

0 . 4 4  x .&//o + 0.32 ~&.,9=&69+ 0.28 x 7 2 / ~  y??L?/: 

Ms = ;et Mol. W t .  . .  ._ 

a 3 2 9  

C - 5 Calculate  The Average a, ( a) Avg., Obtained during gas  . . 

I sample' acquis i t ion  . _  
. .  ( m) .Avg.,= ' 0. 

- -7  

- ,  
C - 6 Calcula te  The Average Stack GasTemperature, T,, a t  t i m e  of' 

I 
I Gas Sample Acquisit ion 

Ts U 9 b  OR 
7 . .  

.. 

C - 7 Calculate The Average Stack Gas Velocity 

Where ; 

Cp = ? i t o t  Tube  Coeff ic ient  

P, = Absolute S tack  Gas Press., In .  Hg. 

. - 3 -  



I r;i- 3 
C - 8 Calculate Stack Cross Sectional  u A r e a  at Sampling Site w 

I 
A s  .= / _. s-3 .- Sq. Ft. 

C - 9 Calculate St. ic) :  G L S  Average Volumetric F l o w  Rate 

Q, = Stack  GI:; F l o w  Rate, SCFM (Dry) 

= 92 % B 

9 = Total Samplhg Time, Min. 

A,., = Nozzle Oiening, Sq. F t .  
. :  

C - 11 Calculate Heat Input during test ing period 
.. . .  . .  Z = Total Heat Input Rate to B o i l e r ,  PEGA BTU/hr. 

Y 

.. . 
. 

. .  - 
D 

.. . 
I 

-. 
.- 

X 

TOTAL .. MEGA BTV/hz-  

- 4 -  



- 1  

&- 3 
Where W L ,  W 2 ,  E, w3 = hourly f u e l  input  o f  r e spec t ive  f u e l s  and 66'  
I l l ,  I f2 ,  6 H3 = gross  (as received) heating va lue  of respec t ive  
f u e l s  i n  neqa BTU per input u n i t  (cons is ten t  with f u e l  input  u n i t ) .  

C - 1 2  C a L c u l a t c  Front End P a r t i c u l a t e  Grain Loading (with F r o n t  
Half Washinqs  O n l y )  

C,' = P a r t .  Grain Loading, gr/SCF (Dry) I 

Mn 
VrnStd 

= 1 5 . 4 2  x 

= L5.422 0.094 

a 

= u. O / .  gr/SCF (Dry) 
Where 

. -  % .= Total P a r t i c u l a t e  Collected ( F i l t e r  P lus  Front  H a l f  
Washings Only)., GMS :, 

C - 13 Calcula te  Front End Emission Factor 
. .  

Et = Hourly Mass,Rate, . lbs/hr.  
0.00857 x Cs' Q, 

. . x ' . :  .. fld70 . .  - .  
/ . 

= 0.00857 x ' ' d, .O / 

. .- . .  
p ' 0.37: . lbs/hr.. 

.Eh .= Pront  End Emission Factor,  'lbs/MEGA BTU 

P E t  ' , 

2 

3 lbs/MEGA BTU 

. - 5 -  
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6 J  4/1/76 

PAXTICULATE EMISSION CALCULATION 

.. . 
.Val. Through G a s  Meter, Cu. Ft. : FRONT &.,.TOTAL . '  ' '' -fl. 0 948 L 

. .  . .  . .  
. d  . .. .. Impinger C+ 1 ': 

FRONT PLUS BACK END :CATCH TOTAL . 

Standard Conditions: . D r y  G a s  at/S6*Cand 29:92. in. Hg. . .  

. 
.. 

. .  

. .  

C - 1 Calculate  Average Meter Temperature . 

Tm = The average of both i n l e t  and o u t l e t  temperatures 

obtained during sampling, <do. L C  OR. 



C - 2 Calculate S a n n l c  Volume a t  Standard Conditions 

I 

Where: V, = Dry gas measured by m e t e r ,  cu.ft .  

Pm = Abs. ?r.. a t  m e t e r  ( u s e  barometric pressure, uncorrected 
for a l t i tude) ,  In. Hg 

C - 3 Calculate Valme,Fraction Water i n  Flue Gas 
. .  

Where i n  impingers plus that 
gained by dr ier i te ,  GMS 

- 2 -  



I 

0 

C - 4 Calculate Dry and Wet Molecular Weight of Stack Gas 
\ 

I + ! !  = Dry Nol. Wt. 

= 0 . 4 4  ( a  C02) + 0.32 ( %  02)  

+0.28 ( %  N2 + CO). 

- 0 . 5 4  x + 0.32 ~&.9-d.d?+ 0.28 x 791. & , /Lfl 

= dB: Brz 
Ms = *Get Mol. Wt. 7 

L 

.I 

C - 5 Calculate The Average G, ( Avg. , Obtained during gas 
sample acquisition . -  

C - 6 Calculate The Average Stack Gas Temperature, Ts, at time of ’ 
I 

Gas Sample Acquisition I 

TS = 6% OR 
* 

C - 7 Calculate The Average Stack Gas Velocity 

(Vs)Avg. = 85.48 x Cp x (a) Avg. Ps x Ms 

. I  Where : 

Cp -- I ’ i t o t  Tube Coefficient 

Ps = Absolute Stack Gas Press., In. Hg. 

. - 3 -  
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0 
C - 8 Calculate Stack Cross Sectional Area a t  Sampling S i t e  

C - 9 Calcul.ilc Stat". Gas Average Volumetric Flow Rate 

Q, = S t a c k  G a s  F l o w  Rate, SCFM (Dry) 

0 = Total Sampling Time, Min. 

?+, = Nozzle Opening, Sq. F t .  

. .  
. .. 

T 

C - 11 Calculate Heat Input during t e s t i n g  period 

.. . 
. .  . . 

* .. 

. .  . 

.. . 

_. 
.. 

Z = T o t a l  Heat Input Rate to B o i l e r ,  MEGA BTU/hr. . . 

W 1  X H i  = 

+ w2 x E12 

+ w3 x z3 
= TOTAL 

X - - 
X 

X 

TOTAL . MEGA BTU/hr- 



Z U - /  

Where Wl, W2, 6 \i3 = h o u r l y  f u e l  i n p u t  of r e s p e c t i v e  f u e l s  and 72 
H1, I t 2 ,  6 143 = Tross (as r e c e i v e d )  h e a t i n g  v a l u e  of r e s p e c t i v e  

f u e l s  i n  mega BTU per i n p u t  u n i t  ( c o n s i s t e n t  w i t h  f u e l  i n p u t  u n i t ) .  

C - 12 C a l c u l a t c  F r o n t  End P a r t i c u l a t e  Gra in  Loading ( w i t h  FroI'.t 

H a l f  Washings Only) 
C S '  = P a r t .  Gra in  Loading, gr/SCF (Dry) I 

YI = 15.42 x 
'rnstd 

a 

P 0; O M  gr/SCF (D-1 . 
Where 

- .  
y1 .= T o t a l  P a r t i c u l a t e  Collected (Filter P l u s  Front  H a l f  .. 

Washings Only) ,  (;Ms . . . '  

C - 13 C a l c u l a t e  F r o n t  End Emission Factor 

- Et = Hourly Mass Rate, lbs/hr. 
- .i = 0.00857 x Cs' Q, 

. .  = 0.00857 x U. a / -  ' X  2, 9% I 

Eh = Front End mission Factor, 'lbs/MXGA BTU 

E t  
2 

El 

i lbs/MEGA BTU 

. - 5 -  
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75- 4/1/76 

PART :<:!;L,.\TE EMISSION CALCULATION 

Total Time, Min.: &I . .  

Vol. Through Gas Meter, Cu. Ft .  : FRONT END.TOTAL . .o. 0 9771 
. .  

Impinger C C t A  ' :  .! .. 
. .  

. .  
FRONT PLUS BACK END -CATCH TOTAL . * .. 

Standard Conditions: D r y  G a s  at/S6OCand 29.92 in .  Hg. 

C - 1 Calcu la t e  Average Meter Temperature 

Tm = The average of both i n l e t  and o u t l e t  temperatures 

obtzLYed during sampling, 66d -7 OR. 



,-oz. 
C - 2 C ; i l c u l a t e  SJr?.?lC Volume a t  Standard Conditions 

V,,:;td := S C F  (Dry) Through meter i 

:: 17. 3 2  Vm x Pm 

I 

Where: V, = D,ry gas measured by m e t e r ,  cu . f t .  

f o r  a l t i t u d e ) ,  In. N~ 
P, = Abs. Pr.', a t  m e t e r  (use barometric pressure, uncorrected 

. . .  - 
C - 3 Calculate Volume . .  .Fraction Water i n  Flue G a s  - . 

= Water vapor i n  SCF ' 

. .  %Sta 

. .  
= o . d ? ~ . . v l c  , ' .  

P a,9g S a .  

' E 0.0465. J/ 
. 

. .  

. .  

Where 

Bw0 = Water & 
V 

0. 972; odczo 3 
vig = Weight water co l lected  i n  impingers plus that 

gained by d r i e r i t e ,  GMS 

- 2 -  



37  
I 

0 

C - 4 Calculate D r y  and Wet Molecular Weight of Stack Gas 

tQ = Dry !.!31. W t .  < 

= 0.44 ( %  C 0 2 )  + 0.32 ( %  02) 

+ 0 . 2 8  ( %  N2 + CO). 

. 
- 

C - 5 Calculaze The Average G, ( a) A v g . ,  Obtained during gas  

. _  sample +=quis i t ion  

. .  

C - 6 Calculate  The Average Stack GasTemperature, Tsr at t i m e  of * 
_ .  

Gas Sample Acquisition I 

OR i . .  

C - 7 Calculate The Average Stack Gas Velocity 

Where : 

- 3 -  
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u 
C - 8 Cii lculatc  S t t i c k  Cross Sectional Area a t  Sampling S i t e  

t 
A I; .: : c. 92 Sq. F t .  

C - 9 Calciilatc S t t i c k  Gas Average Volumetric Flow Rate 

Q, = !ikack C a s  Flow Rate, SCFM (Dry) 
P, = l o i 3 x  (l-Bwo) (VS)Avg. X As 
TS 

= }Cq; x (5..;783/ x 928/ x a907 x 287/ 
= .- -;I -/O.O SCFM (Dry) iTX0 

/ 

. 1  

0 = T o t a l  Sampling Time, Min. ... 

% = Nozzle Opening, Sq. F t .  

7 

C - 11 Calculate Heat Input during t e s t i n g  period 

Z = T o t a l  Heat Input Rate to Boiier, MEGA BTV/hr. . .- 
E W1 S Hi = 

+ W2 x H 2  

+ W3 X H1 
= TOTAL 

.. . 
. .  . 

. 
# 

.. . 
; , I  
I 

.. 
.- 

TOTAL .. MEGA BTU/hr- 

- 4 -  



r 
z z -  2- 

Where Wl, W2, L \i3 = h o u r l y  f u e l  i n p u t  o f  r e s p e c t i v e  f u e l s  and  
H I ,  1 1 2 ,  & H3 = gross ( a s  r e c e i v e d )  h e a t i n g  v a l u e  of r e s p e c t i v e  
fucls i n  meqa BTU p e r  i n p u t  u n i t  ( c o n s i s t e n t  w i t h  f u e l  i n p u t  u n i t ) .  

C - 12 C a l c u l a t c  Fr:;-t End P a r t i c u l a t e  G r a i n  L o a d i n g  ( w i t h  F r o n t  
H a l f  Washings O n l y )  

77 

Cg'  = Part. Grain L o a d i n q ,  gr/SCF (Dry)  ( 

4 
V m s t d  

= 15.42 x 

=I 9.0/2 gr/SCF ( D r v )  
Where 

% = Tota l  P a r t i c u l a t e  Collected ( F i l t e r  P l u s  F r o n t  H a l f  
Waskizgs Only),  GMs 

. .. 

. .  C - 13 Calcc l r tz  Front End l ? m i s s i o n . F a c t o r  

- Et = E x r l y  Mass Rate, lbs/hr. . 1 
I = 0.00857 x C,' Q, 2' 900 . '  . .  = o.ooa57. x u. o m  . x  ' '  . 

E~ = F r o n t  ma mission F a c t o r ,  'lbs/MEGA BTU 

. 
lbs/hr. 

. ._ 
0.0 2< - - 

.- 

. .  

f lbs/MEGA BTU 

.... 

_ ,  

- 5 -  
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SECTION A-A 
19” D I A. DliCT -__ 
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SECTION C-C 
13” D IA. DUCT 



I 

....... - .- ... I 
I ......... ..... - ~ __ 

_-.__....__.__I /. .......................... t 

,, . 
. . !  

N 

....... -- ...................... ...- ..... , 



4 

-- 
- 

i I 

- 

APPRO X. 'l ' 

R O O F  T O P  L 

NOTE : F O R  D E T A I L E D  V I E W S  
O F  S E C f l O N S  A - A  4 8 - 8  

A N b  51:-211 
S E ~  P ~ I  s<Ercus six-LIO 

I I 1  

I \  I !: 
. - . - .  . . ... .~ .~ ., ...~.,~. . D-.. .-.-. ~ ~ . -  _ _ _  

. .  . .. 

\ / : SAMPLING S I T E  SKETCH 
I \  

ELEVATION S I D E  V I E W  



I 
I 
I 

I 
I 

I 

I 

I 
I .  
I .  
I. 

I .  
I 

I 

I 
I 

I 
! 
I 

I 

Cf 

t 

F 

- -. 
"d 

- 

RPPRO 

M O T O R  C(ND F A N  ASSEMeLY 

/ 

. . .  

FARMERS UNION ELEV. 
ASSOCIATION SARLES, N.D. 

SAMPLING S I T E  SKETCH 

...... . . . . . . . . . . . . . .  . . . . . . . . . .  
. . .  . , . .  

...... , ................................. ....... 
..... . . . .  ) / B ' ' r , I .  . D.klQ&VYC,  ,, -;:1-8r-26: '.+> - 

.... . . . . . . . . . . . .  ..... ......... . . . . . . . .  . .  ,. . . .  .... . .  

508357 SK-213 
._" -.-.-._..:---.- 



I .  
T 

-- - I 

- 
J 
J a .  
3 



MINNESOTA POLLUTlON CONTROL AGENCY 
1935 W C o u n t y  Road 02, / Roseville,  Minnesota  55113 

612-296-7373 

:?is is t o  c e r t i f y  t h a t ,  

FRANK BELGEA 
attz*:.l.: f 2 x 2  f u l f i l l e d  t h e  r e q u i r e m e n t s  of t h e  

VISIBLE E X  I ss ION EVALUATIOiJ  RE-CERTI F I C A T I O N  COURSE 

o f f e r e d  by  

THE :!IiJIiESOTA POLLUTION CONTROL AGENCY 

on 

APRIL 1, 1976 

During t h e  c o x r s e  of t h e  t e s t  an average  d e v i a t i o n  of l e s s  
t h a n  7 . 5 %  for a s e t  of 2 5  w h i t e  smoke and a s e t  of 2 5  b l a c k  
smoke was m a i n t a i n e d  and none of t h e  r e a d i n g s  d e v i a t e d  b y  
20% or more.  

B y  a c h i e v i n g  t h e  above a c c u r a c y ,  c e r t i f i c a t i o n  a s  a “Smoke 
Reader” is g r a n t e d  for a p e r i o d  of six months from t h e  d a t e  
of t h e  t e s t .  

- 
JAMES L .  KOLJ.? 
I n s t r u c t o r  I n s  t r t l c t o r  
P o l l u t i o n  C c r . : r D t  S p e c i a l i s t  P o l l t l t i o n  Con t ro l  S p e c i s Z i s t  
MPCA, DAQ MPCA, DAQ 
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D;ririon of 
Enrironmsnlal Engine-riop 

B e p d w e d  DIRSCTO. 

( 7 0 1 1  224.2374 

State Capitol 
Bismarck, North Dakota 58505 

W. VAN HEUVELEN. 

M r .  Frank 2 .  :clgea 
Vice Presiie:: of Operations 
Pollution Czr5s. Incorporated 
502 North Prior  Avenue 
St.  Paul, ?!i-nesota 55104 

Re: Niobe Frxers  Co-op Elevator Company 
PCI Project  No. 508357 

Dear M r .  Belzea: 

I n  response t o  your l e t t e r  of January 2 2 ,  1976, regarding t h e  above 
referenced f a c i l i t y ,  we have received a copy of revis ions t o  the dus t  
control  system design from Jacobson & Sons Construction Company. 
revis ions have been reviewed and are sa t i s f ac to ry  t o  the Department. 

Performance t e s t i n g  i s  required f o r  your company's co l l ec t ion  equipment 
as t h i s  is the  Department's policy regarding i n i t i a l  i n s t a l l a t i o n  of a 
l i n e  of co l l ec t ion  equipment f o r  which no performance t e s t s ,  e f f ic iency  
curves, etc. are avai lable .  Once performance t e s t s  of the con t ro l  
equipment have been submitted and are sa t i s f ac to ry  t o  us, we w i l l  g ive  
approval f o r  t he  use of your equipment throughout t he  S t a t e  without 
fur ther  tests. 
modified, addi t iona l  t e s t s  may be required.  

Our records ind ica te  tha t  your firm w i l l  a l so  be i n s t a l l i n g  dus t  
control  systems f o r  the Farmers Union Elevator Association a t  Sarles ,  
North,Dakots and the  Kramer Equity Elevator Company a t  Kramer, North 
Dakota. As mentioned e a r l i e r ,  performance t e s t ing  of your co l l ec t ion  
equipment would be required a t  only one of these loca t ions  (Niobe, 
Sar les ,  o r  Kramer). I f  t he  tests a r e  sa t i s f ac to ry  t o  us, we would 
approve the  u s e  of your equipment throughout the S ta t e  without 
fur ther  tes t ing .  We reques t  t h a t  the t e s t i n g  be conducted as soon 
a s  possible  on the  f i r s t  of these three f a c i l i t i e s  t o  begin operation. 

These 

However, i f  t he  design of your equipment should be 



Plr. Frank J. Be1g:e;l -2- February  5 ,  1976 

P l c n w  inform u s  t , <  x, t : i r  d e c i s i o n  a s  t o  which d u s t  c o n t r o l  sys tem w i l l  
be t c 3 t . d .  Enc!o.:I..: is a copy of t h e  g u i d e l i n e s  to be  used i n  
conduct. ing pcrfcpt.:~.: !::e t e s t i n g  i n  North Dakota. 

I f  you hrrve an;: q'.:,.-it ions ,  p l e a s e  f e e l  f r e e  t o  c o n t a c t  u s .  

Yours truly, 

W. Van Heuvclc?.  Chief 
Environmental  C-nrrol 

CDR: lrr  
Encl: 
cc: Wesley i ! e z z i x  - Niobe Farmers E l e v a t o r  

Howard T:.x?son - Farmers Union Elev. Assoc., S a r l e s  
Myron 3r22tt - Kramer Equi ty  E l e v a t o r  



.. URY TEST METER C A L I  ERATION 

DATA : 

Standard 

Flow Rate /))a c ~ m  
Test Volume kS:% ttl . xc 

o& d<*C 

' ,  

Test Time 

Gas Temperature 

Gas Pressure 

Correction Factor 2E& 0. 93s 

Date: Meter No. 

Standard: 

DATA : 

Standard Test Meter 

Flow Rate 

Test Volume 

Test Time 

Gas Temperature 

Gas Pressure 

Correction Factor 



I '  r - - - i  r-i 

- 1. 0.02 

2. 0.05 

3. 0.10 

4. 0.18 

5. 0.32 

6. 0.49 

7. 0.65 

8. 0.90 

9. 0.22 

10. 0.07 

I-I11 

0.03 0.667 0.817 

0.07 0.714 0.845 

0.14 0,714 0.845 

0.24 0 ,750 0.866 

0.45 0.711 0.843 

0.68 0.721 0.849 

0.95 0,684 0.827 

1.28 0.708 0.839 

0.30 0.733 0.856 

0.10 0.700 0.837 

I 

- 1  

.i 
I 
I 

I 

' I  

Averaqe pitot tube coefficient: 

I 
! 

_ I  

0.842 

PCI Contract No. 508357 EU 
82 

PITOT TUBE CFL!SRATIO!l - - STAUSCHEIBE TYPE 
Date: June i. : ? 7 5  

Pitot Tube: j i-,.* _,_ ; I - -  ,,-.. Stainless Steel Pitobe with 0.25" nozzle attached. 

Standard: 12" S:>n,'orJ type pitot tube (Dwyer Instruments, Inc.) - Used for 
calitri:i.?n purposes only. 

Data: - 
Indicated Velocity 2ressure (inches o f  water) 
A. Standard 1 B. Stauscheibe Factor . Coefficient 

Calibration 
I I 

Specifications o f  Calibration System: 

6" inside diameter PVC pipe - Calibration orifice or access Dort is 18 duct diameters 
downstream and 1 1  diameters upstream from any outlet, bend, or obstruction - 1 hp 
Dayton Electric Motor (3450 rpm) - Dayton Blower with 10-5/8"0 wheel - Bell housing 
inlet to calibration system. 




