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SUMMARY

The average dust emission rate from each of the three dust control systems was as

follows:

House System - 0.71 1b/hr .
Crippen System - 0.37 1b/hr
Ideal System - 0.25 1b/hr

The emissions from all three stacks were found to comply with the Air Pollution

Control Regulations of the State of North Dakota.
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INTRODUCTION

Jacobson and Sons Construction Company (Jacobson) had purchased from the Equipment
Division of Pollution Curbs, Inc. (PCI) eight dust control systems to be installed
in three grain elevators under construction at Niobe, Sarles, and Kramer, North
Dakota. Plans and specifications for the eight dust control systems were submitted
to the North Dakota State Health Department for review and approval. Construction

permits for the three projects were subsequently issued.

By letter from Mr. Willis Van Heuvelen, dated Februéry 5, 1976, PCI was apprised

of North Dakota State Health Department policy requiring all suppliers of dust
control equipment to the North Dakota market to provide performance test data on
the supplier's initial installation. Because construction at the Sarles site was
cpmp1eted before Niobe or Kramer, and becadﬁe the ductwork.configuration at Sarles
presented an opportunity to coliect more represgntative data than did either Niobe
or Kramer, Sarles was selected by PCI as the most appropriate iﬁsta11ation at which

to conduct the required performance tests.

On July 8 and 9, 1976 a field test crew representing PCI's Consulting Division
occupied the Sarles site to collect samples and other pertinent data relative to
evaluating the performance of the three dust control systems known as the House

System, the Crippen System, and the Ideal System.

The following persons participated in the test:

Name Affiliation
Howard Thompson Farmers Union Elevator Association
Bud Hinkle Jacobson & Sons Construction Company

Gerry Wentz Jacobson & Sons Construction Company
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Name

Frank Belgea
Mark Oemichen
Dean Franke
Robert King

Kevin Kiemele
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Page No. 3

Affiliation

Pollution Curbs, Inc.

PCI - Field Services Section

PCI - Air Engineering Section

North Dakota State Health Department'
North Dakota State Health 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. Three representative isokinetic samples were obtained from the
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. Two samples were obtained from the Ideal

Cleaner cyclone exhaust. A planned third sample run on the Ideal System was

aborted due to a malfunction in the sampling equipment.

A1l of the above samples were collected by extracting exhaust gas from preselected|.

points located on hbrizonta] planes in.the exhaust stécks. The dust was captured
on tared fiberglass filters and the sample gas volume was metered. The velocity
of exhaust gas was measured simultaneously with the sample éxtraction to ensure
isokinetic conditions and to provide flow rates for subséquent extrapolation of

the sampling data. . For all sample runs, the sample site selections and traverse

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

collection and recovery procedures all followgd EPA Reference Methods T, 2'and.
5 and North Dakota Performance Test Guidelines. The equipment emp?oyed-in
sampling and data gathering met or exceeded EPA specifications. Copies of all
field data sheets and all éa]cu]ations'were reproduced for inclusion in the

Appendix of this report.

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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a8 certified smoke reader. A copy of Mr. Belgea's certification was reproduced

for inclusion in the Appendix.

Process lleight Rate

During the sampling periods. for each dust control system, the pertinent elevator
grain handling equipment or cleaners were operated at or hear their maximum

capacity.

Grain was either dumped by truck or continuously ﬁpouted into the front pit
throughout testing of the house system. The pfocess 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.waé instead
captured by the dust control system. Some dust was n&ticed puffing outABetween
the floor and the scale deck. However, this occurred bécause the stripping to
cover the. opening had not yét been instal]ed'pending ca]iﬁration 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. No dust could be found escaping the
cleaners or the bell hood bleed-ins although billows of dust in the back pits

showed the grain to be dirty.

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

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 fnterruption.’

This
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4.

RESULTS

4.

4.2

House Dust Control System

Item
Volumetric Flow Rate {sdcfm)
Temperature {°F)

Moisture Content (vol. %)
Dust Concentration (gr/sdcf)

Process Height Rate (bu/hr)

_ Process Weight Rate (ton/hr)]

Dust Emission Rate (1b/hr)

Allowable Emission Rate (1b/hr)2
Stack Opacity (%)

Crippen Cleaner Dust Control System

Volumetric Flow Rate (sdcfm)

Temperature (°F)

Moisture Content (vol. %)

Dust Concentration (gr/édcf)
Process ﬂeight Rate (bu/hr)
Process Weight Rate (ton/hr)}
Dust Emission Rate (1b/hr)
Allowable Emission Rate (1b/hr)2
Stack Opacity (%)

il
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Run #1 Run #2 Run #3 Averace

7440
85
1.8
0.015
5000
150
0.9

<5

4350 .
80

1.5
0.012

430

13
0.45

<5

7620 7480 7510
85 85 85
1.8 1.7 1.8
0.012  0.007  0.01
5000 5000 5000
150 150 150
0.78  0.45 0.7
55 55 55
<5 <5 <5
4360 4270 4330
80 80 80
1.7 1.8 1.7
0.008  0.010  0.010
430 430 430
13 13 13
0.30  -0.37 0.37
23 . 23 23
<5 <5 <h
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l 4.3 Ideal Cleaner Dust Control System

Item Run_#1 Run_#2 Average
| Volumetric Flow Rate (sdcfm) 2440 2400 2420
Temperature (°F) 80 80 80
| Moisture Content {vol. %) 1.6 1.7 1.6
' Bust Concentration {gr/sdcf) 0.012 0.012 0.012 -
Process VWeight Rate (bu/hour) 900 900 900
I Process Weight Rate (tgn/hr‘)1 27 27 27
Dust Emission Rate (ib/hr) 0.25 0.25 0.25
,L Allowable Emission Rate (1b/hr)? 37 37 37

Stack Opacity (%) <5 <5 <5

4.4 Discussion | . .
The reliability of the above tabulated results is evi&enced by the close agree-
ment amoﬁg successive flow raté measurements for the respective systems, by the

AR 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 is

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

| Notes: 1. Calculated @ 60 1b/bu
2. From Table 3, Requlation 23-25-05

e 8
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CONCLUSIONS

The results tabulated in Sections 4.1, 4.2, and 4.3 indicate that all three dust
control systems perform up to the specifications of the NortH Dakota State Health
Department as presented in Regulation 23-25. Particulate emissions werelwe11 below
the maximum allowed by Table 3, Rule 23-25-05 and visible emisisons were less than

the 20% opacity limitation of Rule 23-25-03 for new sources.

Based on the excellent performance of the three dust control systems tested, as
observed by previously named State officials and as reported herein, it is the
Consulting Division's opinion that final approval and operating permits be granted
to the Farmers Union Elevator Association of Sarles, North Dakota and to other in

the state having similar design and‘operating characteristics.
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10.
11.
l2.
13.
14,
15.
16.
17.
18.
13.
20.

21.

22.
23.
24.
25.
26.
27.
28.
29,
30.
3l.
32.

33.

34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44,
45.
46.
47.
48.
49.
50.

acfm
BEOD
CoD
Btu
cfm
cps

ds
dzA

Do

gpm

gped-
-

hp

TR

lpm
mg
mg/l
mg/m®

HI
Mﬂ

Pit:e
MPN
mgd -
cu
ou/min
PP
SDI
Ss
scf
scfh
scfm
sdcfm
TWA
rpo
TOC
Vol %
We %
T8
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. STANDARD SYMBOLS AND
:E%;;;; ABBREVIATIONS
! Page 1]
Actual cubic feet per minute

Chemical oxygen demand
British thermal units

Cubic feet per minute

Cycles per second

Delta, signifies a change

Decibel

Decibel as measured on the A scale of a sound
level meter

Dissolved oxygen

Symbol for sum of

Gallons per day

Gallons per minute

Grams

Gallons per capita day

Less than

Greater than

" Horsepower

Hertz

Kilo Hertz

Liter

Pound

Liters per minute
Milligram

Milligrams per liter
Milligrams per cubic meter
Milliliter . '
Square meter

Cubic meter

Micron

‘Micrometer

Microgranm :

Most probable number

Million gallons per day

Odor unit '

Odor unit per minute

Parts per milljon

Sludge density index

Suspended solids

Standard cubic feet

Standard cubic feet per hour
Standard cubic feet per minute
Standard dry cubic feet per minute
Time weighted average
Revolutions per minute

Total organic carbon

Volume percent

Weight percent

Total solids

Volatile solids
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‘Stack bia., In.: /?" - . - Filter .-.‘ ﬁ ﬁ\."}’og

4/1/76 /o

° AS-/

PARTICULATE EMISSION CALCULATION

T

Plant: ey , Orsat Analysis: (Dry Basis, % by
. \jﬁ Cés) /f/,p;;,z, ﬂ(;,m;,z; Vol.), Average

Location:_ ézwf?i@z /5(‘-‘:790//03/65' C02. Za(ao
Stack or Source: %5/65' \5/ 6;7_:773 02 0, 7
pate:.  § Tz ey . Vi 4 - o Zero
Run No.: &’ﬂf (/) . N2 79 /

Operator: /fg 4,(,‘; 7, 4.0, Water Collected, GMS...D?f 5’

Bax. Pr., In.Hg: q?y v 04 /%5“”7!; Filter No.: 4
Nozzle Dia, In.: 2. 0‘7{ __ZJ Partlculate Collected, GMS.:

Cp: o g, &L Lo ‘Probe Wash- g. o ¢O 3
Total Time, Min.: &oO // //a:/z?) '

'Vol. Through Gas Meter, Cu. FPt.: FRONT END TOTAL =~ 0-.0-7_/4{" 1

Inpinger Cetf:.*n -

FRONT PLUS BACK END CATCH TOTAL ~__ T ~——"

Standard Conditions: Dry Gas at /5’.'_3"&and 2%.92 in. Hg. h

C - 1 Calculate Average Meter Temperature

Tm = The average of both inlet and outlet temperatures

obtained during sampling, . S SS.3 °R.




C - 2 Calculate Sample Volume at Standard Conditions

Vihstad

SCF (Dry) Through meter
17.3,3\ Vm X Pm
Tm

17.3,133-‘73 SEIE | ;
S523 |
= _ 7 3. %/ SCF (pxy)

" Where: Vp, = Dry gas measured by meter; cu.ft.

-

P, = Abs. Pr. at neter (use barometrlc pressure, uncorrected
for altltude), In. Hg '

'6 - 3 Calculate VOlume:Fraction Waterxr ;n Flue Gas .
' vwgtd = Water vég&o‘; in SCF

= 0.03865.Vic

= 0.69468 + JIF. S

= /i 33 scr

Byo = Water 'V .- . o L
: v ' -

= .qut‘d

(Vusea vhstq)' o | | S
= WACS I =_0.0/7% L

I3+ ALTL
7?'7;9

Where - . V1g = Weight of water collected in impingers plus that
gained by drierite, GMS




A/S-/

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

[+

\

i

Mq Dry Mol. Wt.

0.44 (3 CO2) + 0.32 (% 03)
+0.28 (3% N2 + CO).

= 0.44 x _Zep + 0.32 xob, J:E L7+ 0.28 x /R /= o8]/

= P5 T |

Wet Mol. Wt.

Mg (1- Byg) + 18 Byg -

oTf TR % 2. TN 18 x _ .0/ 78

= LR LS a. I20

=
.
n

i
e

1

C - 5 Calculate The Averagé VAP, (wJAP)‘Avg., Obtéined during gas .
sample acguisition. S e

/ - : f"(.Jﬁﬁ)‘Avg. = _ALA2P

C -6 Calculate The Average Stack Gas Temperature, Ts,fat'time of -
Gas Sample Acquisition : o L ",' o

Tg = S AS °R ' ' ;; i

C -7 -Calculate'The Aﬁerage Stack Gas Veldéity
' Lo ' C ’ Ts
=B85.48 x 2. F¥ x /4;{9E7

SIS
LZ oy IF &S ° O LA

= 4;29.({32 ft./sec
Where:

‘ Cp = Pitot Tube Coefficient

Pg Absolute Stack Gas Press., In, Hg.

-3 -




. 77
, 'S
: S -/
C - 8 Calculate Stack Cross Sect}o%al Area at Sampling Site

A, = 2 Sq. Ft.

C - 9 Calculate Stack Gas Average Volumetric Flow Rate

Q; = Stack Gas Flow Rate, SCFM {(Dry}

= Jod3x (1-3.,,) (Vg YAvg. x A' Ps

P

s
= 04> g FFP2 X 7. 5% X /?7 X 53S0
= 7 295 scEM pry) : o | S

e

C - 10 Calculate Isokinetic Sampling Efficiencf'

I =. . i h
' 8 x A, X (Vg)Avg. x Pg S Coe = .

=000 x PA7L xS % I8IE -

.45?) % 2. 005 L * . SHE x - aéﬁixﬁﬁb":'_ .l: .

.S s | : I

8 = Toktal Sampling Time, Min, f_, L '_} ,:f

A, = Nozzle Opening, Sq. Ft.

C -~ 11 Calculate Heat Input during testing period S e

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

+ WB x H3
= TOTAL
= x
®
. xX
TOTAL ~  MEGA BTU/hr.




Where Wl, Wo, & Wy = hourly fuel input of respective fuels and

H,, Hy, & H3 = gross (as received) heating value of respective

fuels in meqga BTU per input unit (consistent with fuel input unit) .

C - 12 calculate Front End Particulate Grain Loading (with Front
Half Washings Only)
Cg' = Part. Grain Loading, gr/SCF {Dry) ¢

M, .

Vinstd )

15.42 % o, 0%
.

='15.42 x

u

i

2.0/ gr/SCF (Dry)

Where - .- .
M, = Total Particulate Collected (Filter Plus_Front Half
' Washings Only), GMS . ' B ' o ' '
cC - 13<_Célculate Front End Emission Factor
E, = Hourly Mass Rate, lps/hr,
= 0.00857 x C.' Q - T
: s s o .
= 0.00857 x 7. 0/ x . 7 Z
) : . ) | e
= 2, Pz - 1bs/hr.

'E,, = Front End Emission Factor, 1bs/MEGA. BTU

= . Et
Z
.=
= 1bs/MEGA BTU
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4/1/76 L5

. PR

PARTICULATE EMISSION CALCULATION

"Plant: \517/{?(65 /Mew df?/?o?? Orsat Analysis: {Dry BaSLS, $ byv

Vol.), Average
£67/’47272 /54790//&065' coy. Z&iao
Stack or Source: /;/4'5&' \5)/6743771 - 03 07a
vate: o Taey /976 . G - Zezo
Run No.: ~— 7., , oo ) ' N2 79 ¥4 |
Operator: ;J‘g GAL 2, 4.0 Vater Collected GMS. : . \fo .
)y :
Bar. Pr., In.Hg: o?é’ '76' /%v&ma;z- Filter No.: 6 :
Particulate Collected, GMS.:

Location:

Nozzle Dia, Inﬂz

‘Stack Dia., In.: Filter . - g.0 -?é/ |

Cp: ' Probe .Wash_a, ol
Total T:.me, MJ.n.. go ////Mf@) o . -
'Vol. Through Gas Meter, Cu. Ft.: FRONT EN'D TOTAL, R .0 6_973 I

Imp:.nger Catzh R '

¥

T e *,

FRONT PLUS BACK END CATCH TOTAL

Standard Conditions: Dry Gas at /573°c_‘,and 29.92 in. Hg.

C - 1 cCalculate Average Meter Temperature

T,'n = The average of both inlet and outlet temperatures

cbtained during sampling, . S & °R.




Jb
S -2

C - 2 Calculate Sample Volume at Standard Conditions

Vmst@ = SCF (Dry) Through meter :
= 17.32 Vy X Pm

I

T
17.3137‘%?&2 74
NS .
= _AS. 2/ scF (Dxy)
Where: Vi, = Dry gas méaéured by meter, cu.ft.

- P = Abs. Pr. at meter (use bafometric_pressure, uncorrected
for altitude), In. Hg T

C - 3 Calculate Volume Fraction Water in Flue Gas .
V,stg = Water vapo;-in SQF
= 0.6548.Vie
= /<5 SCF. | ; ' St

Byo = Water V .- - _ ' - S
. A -

= . thtﬁ
| (Vysta + vhstq): _ C
= LoHo e e [P/
Lo + 259/ o
(77.3/

Where o Vlg = Welght of water collected in impingefs’plus that

gained by drierite, GMS




>/

S — o
i /% o
o :
C - 4 Calculate Dry and Wet Molecular Weight of Stack Gas
- . {
Dry Mol. Wt.

&
i

0.44 (% CO2) + 0.32 (% 02)

+0.28 (3 N2 + CO).
0.44 x Z&720 __ + 0.32 xop. 2487+ 0.28 x 4/ = A5
- O, &R

‘Mg = Wet Mol. Wt.

4

= Mg (1= By,) + 1‘8‘ Bwo
= PFL x5 9F/P+ 18 x _@.0/F/
= JIPER a. Soo8

C - 5 Calculate The Average'JA , (JAP) Avg., Obtained during gas .

samplé’aéquisition

"(..JTI’) avg. = _ AL A3/

C - 6 Calculate The Average Stack Gas Temperature, Tg, at time of -

Gas Sample Acquisition ' A,- S

Tg = (jﬂyasﬂ _°R o i

C — 7 Calculate The Average Stack Gas Velocity
= | ' Ts
(Vg)Avg. = 85.43_:; Cp % ( JTP) Avg. ’ T
85.48 2 2. L x _ AR |

__ SRS |
TRTGx LELT = 9. 977

= 79/ o?/ ft./sec

Where:
Cp = Pitot Tube Coefficient
Pg = Absolute Stack Gas Press., In, Hg,.




. ¢
: AS-2
. - o .
C - 8 Calculate Stack Cross Sectional Area at Sampling Site

A, = /?7 Sqg. Ft.

C - 9 Calculate Stack Cas Average Volumetric Flow Rate

Qg = Stack Gas Flow Rate, SCFM (Dry)

= lod3x (l"Bwﬁ) (Vg)Avg. x A;r. Pg
| _ x . |
= 1043 X 2. 99 x 2 % __AI] % _ 2850

= 7 £.70 SCFM (Dry) - SHAS”
v : CoL )
C - 10 Calculate Isokinetic Sampling Efficiencj' -
© 0.0032} Wystd + Vpsta) X Ts X Py e -
: & x A x (VS)Avg. x Pg S - :

=0.003 x__ 773/ x \TA x_ o?f‘¢€

60 xp0003F x I x_- 2F SO . .
8 = Total Sampling Tinme, ‘M:'in. ‘l R ' !

A, = Nozzlé_ Opening, Sq. Ft.

c - 11 Cé.lculate Heat Input éuring'testing period . ‘ B
Z = Total Heat Inpu.t Rate to Boj.iér, HL;GA.BTU/hr.
R
+ Wy x B,
-!; W3 x Hy

.= TOTAL

1
"

TOTAL . MEGA BTU/hr.




'Wﬁere'
Mn = Total Particulate Collected (Fllter Plus Front Half

AS-2

Where W,, Wy, & W3 = hourly fuel input of respective fuels and

Hl, Hy, & i3 = gross {as received) heating value of respective
fuels in mega BTU per input unit {(consistent with fuel input unit}).

C - 12 Calculate Front End Particulate Grain Loading (with Front
Half Washings Only) '

c.'

>

=

i

Part. Grain Loading, gr/SCF (Dry) (

'15.42 % "

Vmstd
15.42 ¥ 9. 0S5 N"3

259/

2. o,/oZ‘

Wash;ngs Only),

Et = Hourly Mass Rate, lbs/hr.

gr/SCF (Dry)

Cc - 13 Calculate Front End Emissién Factor '

0.00857 x C.' Qg S T
0.00857 x __ 2.0 /aZ -:':'_“ . ZKJO
g 7% . - lbs/hr. o
Front End Emission Factcr,'lbs/MEGA.Bfﬁ-

Eg | -

2

1bs/MEGA BTU
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. i
PARTICULATE EMISSION CALCULATION

Plant: IR E S .,, Orsat Bnalysis: (Dry Basis, % by
Sees ; /(/,er,z/, owoin Vol.), Average

Location: éZéVﬁa@?Z /5/&790/5’0!/65' CO032. Z&/&o |
stack or Source: /i, g« \Y/srﬁﬂ 0y 079, ?
Date: | f \7;,(_}/ SP7L - co _.'-Zgﬁto
Run No.: —7 o C; ) Nz 79. v

Operator: ,CJI' .8,) dﬁ,‘ﬁ;/ 77, 4.0, Water Cdllecﬁed,_ GMS.: ,757 .

Bar. Pr., In.Hg: JfF ¥ /%6’60&478‘ Filtéf No.: C .
Nozzle Dia, In.: 75 °n75‘ "-7&_) ” Particu.ié.te- Cé‘liected, GMS H

stack Dia., In.: /@7 o o |
Cp: 7. FL : Probe Wasfx 2.9 ?0 3

Filter . g, 0/28&

Total Time, Min.: Zg

Vol. Through Gas Meter, Cu. Ft.: FRONT END.TOTAL 0.a337

Impinger Cai:f.ﬁa ' '

-,

FRONT PLUS BACX END CATCH TOTAL

‘Standard Conditions: Dry Gas at /..STZ"C.and 29.92 in. Hg. -

C - 1 Calculate Average Meter Temperature

Tm = The average of both inlet and outlet temperaﬁures

obtained during sampling, S Bl °R.




AS-3

C - 2 Calculate Sample Volume at Standard Conditions

4

Vmstd = SCF (Dry) Through metex :
= 17.32 Vm X Pm
Tm
113290 0878 i
5B |
« _JAAL SCF (Dxy)
- Where: Vg, = Dry gas me.a-su'red by rﬁeter, cu. ft.

Pp = Abs. Pr. at meter (use b_ai:ometric pressure, uncorrected
for altitude), In. Hg - '

C - 3 calculate Volume Fraction Water in Flue Gas .
vws;td = Water vaﬁo; in SF:I-' |
= O.éﬁES..V]_'c‘ _
= 0645 2 I

= /\30 SCF.
Bwo=Water'V o
: v

= . . VWS.t‘d

(Vysta *+ Vmstg: ' : 3 ‘ '
/.' O = - 7, a/ég _ .
PRSIV |
75, 9ol

Where \flc-a Weight of’ water collected in impingers plus that

gained by drierite, GMS




T 8
© :
C - 4 Calculate Dry and Wet Moiecular Weight of Stack Gas
' M@ = Dry Mol. Wt. . \
= 0.44 (% CO2) + 0.32 (% 02)
+0.28 (3 Ny + CO).
= 0,44 x Feppo  + 0.32 xob.J2 .87+ 0.28 x FhL = 0 AT
= I EE
Mg = Wet Mol. Wt.
= Mg (1- Byg) + 18 Bye
Of I Rxp. GR32+ 18 x _ g, 0 /58
I 66 @. 3o

~

C - S Calculate The Average VAP, ( JAP) Avg., Obtained during gas .
sample acczuisition ‘ oLl

y ( J2P) Avg. = '/(cé%.7

C - 6 Calculate The Average Stack Gas Temperature, Tg, at time of- '

Gas Sample Acquisition o | . )

ts = IS °m ) ’

C - 7 Calculate The Average Stack Gas Velocity
(Vs)Avg., = 85.48 x Cp x ( JEP) Avg. \’ PTS

s x Mg

- | 85.48 x 2. F P x _ Lol 7 \r SIS

HESox Hls ™ 9. /7
= ZO é)/ ft./sec

Where:

Cp = Pitot Tube Coefficient

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




: . ©
C - 8 Calculate Stack Cross Sectional Area at Sampling Site

A = 427

5

Sqg. Ft.

C - 9 Calculate Stack Gas Average Volumetric Flow Rate

Qg = Stack Gas Flow Rate, SCFM (Dry)

= o493 x (1-B,,) (VglAvg. x A

H

o423 X _o.

Ps

Ts

SS-3

= 7 22, SCFM (Dry)
7 .

C - 10 Calculate Isokinetic Sampling Efficiencf- -
©0.0032) (Vystq + Vmsta) X Ts X Pp

I =

8 x Al x (Vs)Avg. x Pg

- 0.003% x_ TP T2 x SIS x_ IPIE

5D xp o003 % 5.8/ x - SR SD

- P&

3

8 = Total Sampling Tine, Min, , B

A, = Nozzle Opening,

S5q. Frt.

C - 11 Calculate Heat Input during testing period

Z = Total Heat Input Rate to Boiler, MEGA BTU/hr.

+ Wy x H,

+ W3 x H3

= TOTAL

= X
*
x

TOTAL

0232 x Bt % APT7 x 2250

\SFAS”

MEGA BTU/hr..




<

745k

Where Wl' Wy, & W3 = hourly fuel input of respective fuels and

Hy, Hy, & Hy = gross (as received) heating value of respective

p—

3.

fuels in mega BTU per input unit (consistent with fuel input unit)..

C - 12 Calculate Front End Particulate Grain Loading (with Fron:z

Half Washings

Cs

Where

Y

i

only)

Part. Grain Loading, gr/SCF (Dry)

Mn

Vi

15.42 x

std

15.42 X 2, o3/

P72 A2

a 007

gr/SCF (Dry)

M, = Total Particulate Collected (Filter Plus Front Half
Washings Only), GMS . ' S

C -~ 13 Calculate Front End Emission FPactor

Ey

Hourly Mass Rate, lbs/hr.

0.00857 x €' Qg | -
0.00857 x (7,007 x Z H5
d. I3 . 1bs/hr. |
Front End Emission Factor, 1bs/MEGA BTU
E, '

Z

1bs/MEGA BTU
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- A

PARTICULATE EMISSION CALCULATION

- . . . .
Pl . ) - + (D Basis, % bv
ant N PR L 3, /(/16’7# df//fafl? Orsat Analysis: (Dry '

] Vol.), Averace
Location: é_g(&’ﬁ)&?& /%5790//0!/65' C02. Z&r0
Stack or Source: /,?//p'pgd 46,7”:;& - 02 070. Q9

Date: 7 \7[}4}/ /?76 | co - ZERO
Run No.: e /) N2 79 /

Operator: ,(Jf'g ﬂafﬁ 77, 4. O, Water Collected, GMS.: oAS. 5'
Bar. Pr., In. Eg: 020959 Algsocare Filter Noit

Nozzle Dia, In.: o, o?{ __ZJ s Particdlate. Collected, GMS.: -
‘Stack Dia., In.: /77 : _ - Filter  ._ y.-o.;a-é

Cp: A & L : " Probe Wash &,0o03/
Total Time, Min.: A< ’

'Vol. Through Gas Meter, Cu. E‘t._: FRONT END TOTAL 2,05 3'7;

Impinger Catch

FRONT PLUS BACX END CATCH TOTAL

Standard Conditions: - Dry Gas at/si¢Cand 29.92 in. Hg.

C - 1 Calculate Average Meterxr Temperature
Tfn = The average of both inlet and outlet temperatures

obtained during sampling, IS, 7 ex.




55/
=e-/

C - 2 Calculate Samnle Volume at Standard Conditions

Vimst@ = SCF (bzy) Through meteré

Tm
17,3,1’_1‘3-(])!0/269 | '.
S 7 _
= /. £3 SCF (pry)

Dry gas measured by meter, cu.ft.

il

Where: Vp

Py, = Abs. Pr. at neter (use barometric préssure, uncorrected
for altitude), In. Hg ' -

t

3 cCalculate Volume Fraction Water in Flue Gas .
Vustq = Water vapo; ip SQF
= 0.:%5\710 7
= 0.¢5685° AT S
= Ao% scr

Byo = Watexr V -
Vv

A Vﬁgt@

= 7 O

fof v+ 2583
(e P2

Where Vig = Weight of“water collected in impingers plus that

(2 0/'77

Hl

gained by drierite, GMS
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C - 4 Calculate Dry and Wet Molecular Weight of Stack Gas
- . \

]

M4 Dry Mol. Wt.

1

0.44 (% CO2) + 0.32 (% 02)
+0.28 (% N + CO).
. 0.44 x T+ 0.32 XD P=8e 8P+ 0.28 x 78/ > 2 /S
N AR
wWet Mol. Wt. S
My (1- Byy) + 18 Byg :
IR xo, IPS/+ 18 x . o/ T
PF. €2 7. 268 -

'

=
7
H ]

|

¢ - 5 Calculate The Average VAP, (JAP) Avg., Obtained during gas
sample acquisition | .-

'(stf)_Avg. = o557

cC -5 Calculaﬁe The Average Stack Gas Temperature, Tg, at time of -

Gas Sample Acquiéition : , )

Ts = S 0 °R ' ' | ;.

C - 7 Calculate The Average Stack Gas Velocity
(Vs)Avg. = 85.48 x Cp X ( JBP) Avg. \jiéggi—-__—_

s x Mg
=85.48x 0. ¥EL x .587

\J_ SR ) |
2 20 R ITET~ O, 2/
: i

= \S0. %3 ft./sec

Where:

Cp = Pitot Tube Coefficient

[

Pg Absolute Stack Gas Press., In, Hg.
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C - é Calculate Stack Cross Sect;o%al Area at Sampling Site |
A, = /S5 Sq. Ft. .
C - 9 Calculate Stacr Guas Average Volumetric Flow Rate
Q. = Stack Gas Flow Rate, SCFM (Dry)
= 1043 x (1-3_,) (VSfAvé. X A; Pg
Tg
= 1043 X _g. 9FS/ X 0.3 % __ASE x I8 7o
= <7357 sceM (pry) : o S %

4

C - 10 Calculate Isokinetic Sampling Efficiency'
© 0.0032} (Vygtg + Vipsta) X Tg X Pp S -
X =. . _— - .
8 x A, X (VS)Avg. x Pg . :

=0.0032 x__ BRI x S x P EP

| 72 %2000 % \50.43 x - LF 75 S 7
'.-.'.-. ‘- A)QZ/ % ; . ) | '-

@ = Total Sampling Time, Min.

An = Nozzlé Opening, Sq. Ft.

-, .
“e

C ~ 11 Calculate Heat Input during testing period .-

Z = Total Heat Input Rate to Boiier, MEGA BTU/hr.

= Wy x Hl‘= : . .
+ w2.x,32
+ W3 x HB ,
= TOTAL
= X
x*
x
TOTAL - MEGA BTIU/hr.
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Where W), W5, & W3 = hourly fuel input of respective fuels and
Hy, Hy, & H3 = gross (as received) heating value of respective

fuels in mega BTU per input unit (consistent with fuel input unit).

C - 12 Calculate Front End Particulate Grain Loading (with Front
Half Washings Only)

C,' Part. Grain Loading, gr/SCF (Dry) t

l{rl -
Vmsta )

15.42 Xa.o\'5'37
L A3

H

15.42 x

h

= 2,0 /X gr/SCF (Dry)

Where .

Mn =2 Total Particulate Collected (Fllter Plus Front Half
Washlngs Only),

C - 13 Calculate Front End Emission Factor

‘Et = Hourly Mass Rate, lbs/hr
= 0, 00857 x C ' Qg _ L :
= 0.00857 x .o/o?. xS
. - r4 ..

= 2, I lbs/hx.

Eh = Front End Emission Factor, 1bs/MEGA BTU
= Et
4
3
= lbs/MEGA BTU
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PARTICULATE EMISSION CALCULATION

Plant: \)//7/8(65) /{/87,1/ %&05‘? Orsat Analysis: (Dry Basis, ¥ by

Vol.), Average
Location: [(Z/f?/?‘/e /54790/9’0[/66' Cco>. Z&Jzo

Stack Or Source: /é/ppéd (éﬁ/Jg;e - 03 a?o
vate: 7 Tay /9728 0 . © Zawo
Ran Nov:  77us @) S N 79

Operator: ,{,\7;‘&) 444/ 2, 2. O, Water Collected, GMS.._‘,Z{ .
Bar. Pr., In.E5: J£ &9 /@‘5“”,5 Filter No.: ,{ S R

%ozzle Dia, In.: 2. o? _ZJ Particunléte' C’ollected, GMS.: -
Stack Dia., In.: /77 Filter . g, 0/8%
Cp: g. §R _ Probe Wash 8. 0 /& ‘

Total Time, Min.: 7 °€

Vol. Through Gas Meter, Cu. Ft.: FRONT END TOTAL ' 0.03‘% {

Impinger Caﬁ::;‘: k

FRONT PLUS BACK END CATCH TOTAL ~__~ "

Standard Conditions: Dry Gas at ASi¢Cand 25.92 in. Hg.

C - 1 Calculate Average Meter Temperature

T, = The average of both inlet and outlet temperatures

obtained during sampling, . IS5/~ XL er.




St
&R - oL

C ~ 2 Calculate Sample Volume at Standard Conditions

Vastd

- Where: Vpn

Pr

1

SCF (bry) Through meter%
17.3,1 Vi X Pm

it

Tm
17.3;30-°§¢,7c?.é9
SSA L _
2/ 39 SCF (Dry)

Drv gas measured by meter, cu. ft.

I

i

Abs. Pr. at meter (use bafometric_préssure, uncorxected
for altitude), In. Hg o '

C - 3 Calculate Volume Fraction Water in Flue Gas .

vﬁstd

Where

—
E—]

Water vapor in SCF
0.0468 V1o |
0.6465 » o8 N : .
pASS4 SC?- | 7 T
Water ;i__ " | B | |
v

, Vﬁgt@

(Vysta + Vhstq)' , L
/é?/ : = .0 /87

: /a?/_/'?- V71 4
7o, 6o

Vig = Wi;ght of water collected in impingers plus that

gained by drierite, GMS




| 57
! 6:12?"°é1

C - 4 Calculate Dry and Wet Molecular Weight of Stack Gas
- . 4
Mg = Dry ™Mol. Wt.

0.44 (3 CO2) + 0.32 (% 02)
+0.28 (% Nz + CO).

= 0.44 x JeRd_ + 0.32 x58. 7L EP+ 0.28 x 72/ o205
2 K

Mg = Wet Mol. Wt.
, = My (1~ Byg) + 18 Byg
5 FR %0, FRR3+ 18 x _ o, 0/87
= oI, E& 2 o S0 /

P

u

r~

C - 5 Calculats The Average VAP, ( JapP) Avg., Obtained during gas .
. sample accuisition ' . -

(JBP) Avg. = 0. L2

C - 6 Calculate The Average Stack Gas Temperature, Tg, at time of -
Gas Sample Acquisition _ Y

Py = ‘\5’543 oR *

C - 7 Calculate The Average Stack Gas Velocity
(Vg)Avg. = 85.48 x Cp x { JBP) Avg. \jPPTS

s x Ms

=85.48x 0. % x .8/ \[— 370
OF 2 28ds = 0. 570

o4 '\,‘/5‘. 5 ft./sec

Where:

i

Pitot Tube Coefficient

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




[
. O .
C - 8 Calculate Stack Cross Sectional Area at Sampling Site

A 1 Sq. Ft. | .

5

C - 9 Calculate Stack Gas Average Volumetric Flow Rate
)

Qg = Stack Gas Flow Rate, SCFM (bry) 7
Pg
T

Il

1043 x (1-By,) (VSIAVQ. x A
' 5

= Jo 42 X 2 9P33 x _So0. & X _ASE x_ A%

- 7,“’?60 SCFM (Dry) : o SO

C - 10 Calculate Isokinetic Sampling Efficiencyl

I =
- 8 x Ay x (V)Avg. x P

= 0.003.:{1 x Ahbo x STVo x q/"é’- 69

72 . % goooSR/x  355.4 _x - P8I0 . .
=-. 3 /0[3 % | ' . -o

8 = Total Sampling Time, Min. , R ' . "

A, = Nozzlé Opening, Sq. Ft.

‘. -
EL ]

C - 11 Célculate Heat Input éuring testing period _ .-
Z = Total Heat Inpu£ Rate to BOiiér, MﬁGA BTU/hr. |
o Wy -
+ Wy x ﬁz .
4 Wq X Hy
= TOTAL

TOTAL : -~ MEGA BTU/hr.




R -2
56

Where Wy, Wp, & Wy = hourly fuel input of respective fuels and
Hy, Hp, & H3 = gross (as received) heating value of respective

fucls in mega BTU per input unit (consistent with fuel input unit).

C - 12 Calculate Front End Particulate Grain Loading {with Front
Half Washings Only)
C,' = Part. Grain Loading, gr/sCF (Dry) ¢
M, N
Vmstd )
= 15.42¢ 2, 0335¥%

7. 37

= '15.42 x

= .00 & gr/SCF (Dry)

Where

Mn = Total Particulate Collected (Filter Plus Fronﬁ Half
Washiags Only), GMS . '

¢ - 13 Calculaze Front End Emission Factor

Et = E?urly Mass Réte, 1bs/hr,
= 0.00857 x C." Qg

= 0.00857 x 2. 00 g : x Z 3&» .
= @. S50 B 1bs/hr., -
'E, = Front End Emission Factor, lbs/MEGA Bfﬁ—
= Eg )
2
; | lbs/MEGA BTU
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PARTICULATE EMISSION CALCULATION

Plant: \.f"//—?éé'é) /d'é,w ;dﬁ/?‘c?;?? Orsat Analysis: (Dry Basis, ® =

Vol.), Average

Location: éZéZ’f?/’a.?Z /5/4790//0(/66' co3. C&20

Stack or So::ce: /féﬂ/&») Eeepere 02 o0, 9
Date: 9 \72}"}/ ../?76 : ) - co - ZERO
Run No.: gy (3) N2 79, /

Operator: /C:\z‘&) v/ ,q A;/ 7, 4.0, Watér Cc-allect-;'ed,. GMS. s ;,75'.5
Bar. Pr., InHg: 79 /9 owewnx Filter No.: & - )

Nozzle Dia, In-.zl 2. S ?4 4 Particulate C’oliecte'd, GMS.:
‘Stack Dia., Inv: /7% F . Filter . -g. 0,92
Cp: ' 7. &L :  Probe Wash 2, 0 /< &

' Total Time, Min.: 702 ~ . S

Vol. Through Gas Meter, Cu. Pt.: FRONT END TOTAL = (7, ge20 |

Impinger Catch : '

-

FRONT PLUS BACK END CATCH TOTAL ~ = ~— °

Standard Conditions: Dry Gas at /Si¢“c and 29.92 in. Hg. h

C - 1 Calculate Average Meter Temperature

Tm = The average of both inlet and outlet temperatures

obtained during sampling, . /6'q70 °R.




7~

-3
C - 2 Calculate Sample Volume at Standard Conditions
Viastd = SC¥ {bzy) Through meter;
=17.:;.l Vm X Pm
Tm
Ll
=lJ-.Tf;LZ'Xo;£69 ;
S Bl

= 5. /& SCF (Dry)

Where: Vp, = Dry gas measured by meter, cu.ft.

P, = Abs. Pr. at meter (use barometric pressure, uncorrected

for altiﬁude); In. Hg

C - 3 Calculate Volume:Fraction Water in Flue Gas .
Vﬁstd = Watar vapor 1in SQF

= 0.c¥S Vie

t— O.ch;g. 46-5

= N /Y scr

= . vhgtg

(Vysta + Ymstq)

. LI

ALSP v KB
5. 7

Where Via = W-ight of/water collected in impingers plus that

7. 3/53

gained by drierite, GMS




_ &3
‘ ; <e-3

-

[ 4]

C - 4 <Calculate Dry and Wet Molecular Weight of Stack Gas
b . LY

it

Md Dry Mol. Wt.

i}

0.44 (% CO2) + 0.32 (% 02)
+0.28 (% N2 + CO)
0.44 x _Zzxo + 0.32 xo. P= L8P+ 0.28 x 72/ 25 /A
AP L
Mg = wet Mol. Wt.
= M3 (1~ Byg) + 18 By
= PSR xg T+ 18 x .0/ FF
I X g, 3PP

]

C - 5 Calculate The Average VAP, (JAP) Avg., Obtained during gas . _
sample acquisition ' e

(JE?)AAVQ._= . T

i
»

C -6 Calculate The Average Stack Gas Temperature, Tg, at time of

Gas Sample Acquisition oy

Ts = \f%@ °R ' !

C - 7 cCalculate The Average Stack Gas Velocity
| (VglAvg., = 85.48 x Cp x ( JAP) Avg. \ ’ PT§

s x Mg

= 85.48 x 2. FZ x g, S5 \Ji <%
oo X &% = @. S

= L/ £t /sec

Where.
Cp = Pitot Tube Coefficient
Pg = Absolute Stack Gas Press., In, Hg.

-3 -




) @—3
o o s O
C - 8 Calculate Stack Cross Sectional Area at Sampling Site

A, = oY Sq. Ft.

C - 9 Calculate Stack Gas Average Volumetric Flow Rate

Qg = Stack Gas Flow Rate, SCFM (Dry)

= 1043 > (1-8_,) (Vg)Avg. x A-s P
T
: S
= 104> X 0. 987 X FIE/ X UST X I8
= <7270 SCFM (Dry) : ' S Lo
4 . .

C - 10 Calculate Isokinetic Sampling Efficiency'
£ 0.0032} Vystq + Vpstd) % Tg x Py

6 x A, X (VS)Avg. x Ps

= 0002 x__gHRST x S % IR

Tl %2 O00FLS % AL, x - LR To .
- 92 3 o S

® = Total Sampling Time, Min.

'An = Nozzlé Opening, Sq. Ft. . K {
! .
C - 11 Calculate Heat Input éuring testing period . .-
Z =.T§ta1 Heat Inpu£ Rate to Boiiér, MEGA BTU/hr.
= W xH = | . .
+ W, x B,
+ W3 x 33
= TOTAL
= X
X
_ x
TOTAL ~  MEGA BTU/h=.




& o- 3

Where Wy, Wy, & Wy = hourly fuel input of respective fuels and é‘j

Hy, H,, & Hy = gross (as received) heating value of respective
fuels in meqga BTU per input unit (consistent with fuel input unit}.

C - 12 Calculate Front End Particulate Grain Loading (with Front
Half Washings Only)
Cg' = Part. Grain Loading, gr/SCF (Dry) (
Vista ' ’
15.42X 9.9 92

3. IZ

i

15.42 =

= .o/ | gr/SCF (bry) "

Where
Mn = Total Partlculate Collected (Fllter Plus Front Half
Washlngs Only),‘

C ~ 13 Calculate Front End ‘Emission Factor

E, = Hourly Mass,Raﬁé,-lbs/hr,
= 0.00857 x C;' 0,

= 0.00857 x ___ Z.o/  x A
. . : : 7

= a JT7. - 1lbs/hr,
“Eh_= Front End Em1531on Factor, lbs/MEGA BTU
= Et
2
— 3
= ' 1bs/MEGA BTU
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PARTICULATE EMISSION CALCULATION

Plant: 2 Al , Orsat Analysis: {(Dry Basis, % by
\5// -Cé:_'; /d,é‘;z( %1(07? > alysi Vol.), Average
Lecvamr HSinosyse ¥ R0
Stack or Source: e (@”E)Q 02 .7
Date: 9 \7"(’}/ /976 ' | : ;o --Zg”/‘l’d
Run No.: (Jye () ' N2 79 v4
Operator: ,(,;/;"&) d,:‘,c‘ 7. a). O Water Collected, GMS...a?a'g
. / ’ ¢

Bar. Pr., In.Hg: _Jp »9 /%’\Socai&' Fz.lter No.: é

Nozzle Dia, -In._:' 2. c?{ _'_?ZJ ” Part:.culate Collected, GMS.: -

Location:

‘Stack Dia., In.: A5 “ - Filtg.r‘ : 0,;,939

Cp: . o a, cf"ﬁ?. : . | -Probe- W_ash' a,@o?o 9 .
Total Time, Min. :,: &0 _ _ | S o

'Voi. Through Gaé Meter, Cu. Ft.: FRONT EﬁD._.TOTAh e 2.0 §¢y;

*

Impinger Caf;:.h .

FRONT PLUS BACK END CATCH TOTAL e

Standard Conditions: .Dry Gas at /s;¢%.and 29.92. in. Hg.

C - 1 Calculate Average Meter Temperature

Tm = The average of both inlet and outlet temperatures

obtained during sampling, . \Saé?. S °R.




C - 2 Calculate Sample Volume at Standard Conditions

I

Vinstd SCF (Dry) Through meter :

= 17.3,.1 Vm X Pm
T
= 17.224% Zé? '.
\S”éa.s'

= T/P SCF (Dxy)

Dry gas measured by meter, cu.ft.

" Where: Vg

Pp = Abs. Pr. at meter (use barometrlc pressure, uncorrected

for altltude), In. Hg

C - 3 Calculate Volume Fraction Water in Flue Gas .
Vysta = WeteT vapo; in SQF
= 0.:5685 Vie
= 0.i%65 2 .S

0. 7S _SCF.

Byo = Water V_ .~ . L
: v :

LA

(Vysta + Vmstq? S
: ; a. oL/

=

0. 95 -+ \SAY
- SFEFS .
Where Vg = Welght of-water collected in impingers plus that

gained hy drierite, GMS




Sz
© _ ' 70

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

hes|

C - 5 Calculate The Average VAP, (JAP) Avg., Obtained during gas .
sample acquisition _ ' ) .l

_‘(nJiﬁj_Ayg._= a. F3S

€ -~ 6 Calculate The Average Stack Gas Temperature, Tg, at time of-

=

. \
Dry Mol. Wt.

0.44 (% CO2) + 0.32 (% 02}
+0.28 (3 Nz + CO).
0.44 x L&Po___ + 0.32 xoB. 7 =B8.87+ 0.28 x J8/* 4l /S
5 IR
wet Mol. Wt.
Mg (1= Byo) + 18 Byo

IREL xg IR3F + 18 x _p.0/8/

L

ot £7 2. 270 o

1

Gas Sample Acquisition oy

Ts = . \-5_-—% OR i ) . T

C - 7 Calculate The Average Stack Gas Velocity

(Vs)Avg. = 85.48 x Cp x (JEP) Avg. ’ .

s x Ms

85.48 x 2. 5L % _g. FIS \r NS0

LI N TE LT " 0. F/O

5797. S& ft./sec

]

1

i

Pitot Tube Coefficient

Absolute Stack Gas Press., In, Hg.




‘. Zo-/7
. - .o . . °
C - 8 Calculate Stack Cross Sectional Area at Sampling Site 27//

A, = ‘ Q. 7X Sq. Ft.

s

C -~ 9 Calculate Stack Cas Average Volumetric Flow Rate

Qg = tack Gas Flow Rate, SCFM (Dry)
Pa

Ts

= 1042 X 0. 837 x ILAHSE X 4. 92 x  IFED
= qf <777 SCFM (Dry) : ' S

lod3x (1-3.) (Vg)Avg. x A

C ~ 10 Calculate Isokinetic Sampling Efficiencyu .
© 0.0032} (Vystq + Vpsta) X Tg X Py
-8 x A, x (Vg)Avg. x Pg

= 0.0032 x SIS x T  x_ Jfé?

K xa 00039 /x FFLSE % - 257/
=___ HPE 3 | e

8 = Total Sampling Time, Min.

A, = Nozzlé Opening, Sq. Ft.

cC - 11 Célculate Heat Input éuring testing period . .-
Z = Total Heat Inbuf Rate to Boiiér, MﬁGA BTU/hr.
= Wy xH = | | . .
+ Wy x Hy
I+ Wy x #3

= TOTAL

TOTAL . MEGA BTU/hr.




E—

Zo-/
Where W,, Wy, & Wy = hourly fuel input of respective fuels and ;12—

Hy, H, & Hy = gross (as received) heating value of respective
fuels in mega BTU per input unit (consistent with fuel input unit).

C - 12 Calculate Front End Particulate Grain Loading (with Front
Half Washings Only)
Cg' = Part. Grain Loading, gr/SCF (Dry) (
M, .
Vmstd )
15.42 4 g. 0 V78

25

15.42 =

= 2. 0/x gr/SCF (Dry)
Where o ' ,
M o= Tota; Particulate Collected (Filter Plus Front Half -
Washings Only), GMS . i '

C - 13 Calculate Front End Emission Factor

E, = Hourly Mass Rate, 1§s/hr,
= 0.00857 x Cg' Qg _ I
= 0.00857 x 2.0 /< x2S
- 7 .

= e oA ._1bs/hx.
‘Eh = Front End Emission Factor, lbs/MEGA BTU
= Et .
2
=
= - 1bs/MEGA BTU
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4/1/76 ?Qs‘

- - —ZI-R

PARTICULATE EMISSION CALCULATION

Plant: A2t g Orsat Analysis: (Dry Basis, % D¥
\{/j = = /{/’?77/ &*0’7? Vol.), Average

Location: éZ{}’/r’?m /5/47?0//0(/66‘ Cco32. C&R20 |
Stack or Source: —F . Coomwerd 02 0. 7.
Date: 9 \7&.}/ /974 N co - Zexo
Run No.: o é?) e N2 79' / | |
Operator: ',(_\7;‘&) 4,{_4/ 77, 4.0, _Water.c:ollected,.v GMS.:‘G,?’/ .
Bar. Pr., In.25: JIf &Y eweure Filter No.: A

Nozzle Dia, I=.: J{ﬁj v Particl;‘iate' C'éliect’ed, GM?.:
Stack Dia., In.: /3 7 S Filter /7 0 /9( .

Cp: ' g. §F&L - | Probe Wésfl g.aP3/

Total Time, Min.: &0

Vol. Through Gas Meter, Cu. Ft.: FRONT END.TOTAL 2. 3 '79771

Impinger Caf';h o )
FRONT PLUS BACK END CATCH TOTAL TN "

Standard Conditions: Dry Gas at /.5‘.'3°C.and 29.92 in. Hg.

C - 1 Calculate Average Meter Temp_erature' :

Tp = The average of both inlet and outlet temperatures

obtained during sampling, . S &’ °R.
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T

C - 2 Calculate Sample Volume at Standard Conditions

Vinstd # SCF (Dry) Through meter :
= 17. 3,1 Vm X Pm
Tm

.3l arcr |
SEZ2.
6203§CF.(DIY)

”"
M

 Where: Vp = Dry gas measured by meter, cu.ft.
| P, = Abs. Pr. at meter (use barometric pressure, uncorrected

for altitiude).,. In. Hg

é - 3 Calculate Volume Fraction Water in Flue Gas .

Vystq = Water vééo‘; in SCF
= 0,68 Ve
= 0.6805 « &7/ |
= @,95 SCF
B,,o = Water —Y\'i"' '

= . . Vustd

(Vysta + vmst_:cj’ ) - .
= 0. 8. = - 0.0/47

0. 97 ~+ 5 AZo3

o to (Sé’- OOQ )
Where Vig = Weight water collected in impingers plus that

gained by drierite, GMS
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C - 4 Calculate Dry and Wet Molecular Weight of Stack Gas

Mq

I

Dry Mol. Wt.

1

0.44 (% CO2) + 0.32 (% 02)

+0.28 (% N2‘+ Co).
= 0.41 x LZp 4 0.32 x,5. 92 & &9+ 0.28 x 72/ = A/
- 28 PR |
wet Mol. Wt.
= Mg (1- By,) + 18 Ewo
= IRIEL 0,3/ + 18 x o o089

-

= LS 0. SoL

e

=
5
1

C - 5 Calcula=e The Average VAP, (JAP) Ang, Obtained during gas
sample acquisition ' el

{( JBP) Avg. = . Fud

C -6 Calculate The Average Stack Gas Temperature, Tg, at time of-',

Gas Sample Acquisition ' o r

Ts = I °R T

C - 7 Calculate The Average Stack Gas Veldcity
(Vs)Avg. .= 85,48 x Cp X ( VAP) Avg. \j—;TS

s x Mg

85.48 x g. FL x g, P2 [ R

— -

| 2 % ks ™ O- 57
= 2.7/ ft./sec | ' '

Where:

Cp = Pitot Tube Coefficient

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




. 7o
.‘ Lo-X
. A . . l
C - 8 Calculate stack Cross Sectjonal Area at Sampling Site

A, = g. Sl Sq. Ft.

5

C - 9 Calculate Stack Gas Average Volumetric Flow Rate

Qg = Stack Gas Flow Rate, SCFM (Dry)
Pg

Ts

o 42 X 2. 783/ % 222/ % g 92 x AN

= Jo13x (1-B,,) (Vg)Avg. x A

= 7 700 SCFM (Dry) NSZ~,
>
C - 10 Calculate Isokinetic Sampling Efficiencyl .

. ' - 8 x A x (V)Avg. x P S S )
- = 0.003A xS Lo/ x S x 2PEY .
) | &0 xpp003E/x w2F x_ - LRI/ .
) . = /0=\7. / 3 " S
| 0 = Total Sampling Time, Min. - . S | -

h A, = Nozzlé Opening, Sq. Ft. _ ;‘{

. . . . ;.-
€ - 11 Calculate Heat Input during testing period E ..

Z = Total Heat Input Rate to Boiler, MEGA BTU/hr.

= W) xXH = . - _ N
‘ + Wy x H, |
+ Wy x Hy
= TOTAL
? - x
. x
: x

L : TOTAL - MEGA BTU/hr.




Where Wye Wyr & Wy = hourly fuel input of respective fuels and

Hy, Hy,, & Hy = gross (as received) heating value of respective

7O~ >2

77

fuels in mega BTU per input unit (consistent with fuel input unit).

C - 12 Calculate fFront End Particulate Grain Loading (with Front

Half Washings COnly)

C

Whera

M, =

s

Total Particulate Collected
Washings Only), GMS .

Part. Grain Loading, gr/SCF (Dry) T

My

15,42 =

vﬁstd
15.42 X (7,0 52/

WA

Z. a/o?

gr/SCF (Dry)

C - 13 Calculate Front End Emission Factor

E

Zcurly Mass Rate, lbs/hr.

(Filter Plus Front Half

Z

1bs/MEGA BTU

© = 0.00857 x C_' Q | o
= 0.00857 x F. 0 /2 x o o0
= c?5C?aFkS’ - lbs/hr. -

p = Front End Emission Factor, lbs/MEGA Bfﬁ
- B | '
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MINNESOTA POLLUTION CONTROL AGENCY
1935 W. County Road B2, / Roseville, Minnesota 55113

612-296-7373

Tnis ts to certify that,

FRANK BELGEA

atterd. ! zind fulfilled the requirements of the

VisiBLE ErissioN EvALUATION RE-CERTIFICATION COURSE.
offered by

Taz M1uNESOTA PoLLution ConTROL AGENCY

on

ApriL 1, 1976

During the course of the test an average deviation of less
than 7.5% for a set of 25 white smoke and a set of 25 black
smoke was maintained and none of the readings deviated by
20% or more.

By achieving the above accuracy, certification as a "Smoke
Reader" i8 granted for a period of six months from the date
of the test.-

o £ ke

JAMES L. KOLAZR RICHARD SANDBERG
Ingtructor Instructor

Pollution Ccrirol Specialist Pollution Control Spectalist
MPCA, DAQ MPCA,DAQ

AN EQUAL OPPORTUNITY EMPLOYER
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Nortl Datola Stale

Environmental Health
and
Enrginesring Services
W. VAN MHEUVELEN, C--:*

Division of
Environmental Enginesring

GENE A, CHRISTIANSO'. *

(ro1s 2eaaare _‘bepmfmedd o{ Healts

State Capitol
Bismarck, North Dakota 58505

February 5, 1374

Mr. Frank J. 3elgea

Vice Presiden: of Operations
Pollution Cur5s, Incorporated
502 North Prior Avenue

St. Paul, Minnesota 55104

Re: Niobe Faraers Co-op Elevator Company
PCI Projzct No. 508357

Deaxr Mr. Belgzea:

In response to your letter of January 22, 1976, regarding the above
referenced facility, we have received a copy of revisions to the dust
control system design from Jacobson & Sons Construction Company. These
revisions have been reviewed and are satisfactory to the Department."

Performance testing is required for your company's collection equipment
as this is the Department's policy regarding initial installation of a
line of collection equipment for which no performance tests, efficiency
curves, etc. are available. Once performance tests of the control
equipment have been submitted and are satisfactory to us, we will give
approval for the use of your equipment throughout the State without
further tests. However, if the design of your equipment should be
modified, additional tests may be required,

Our records indicate that your firm will also be installing dust
control systems for the Farmers Union Elevator Association at Sarles,
North Dakota and the Kramer Equity Elevator Company at Kramer, North
Dakota. As mentioned earlier, performance testing of your collection
equipment would be required at only one of these locations {Niobe,
Sarles, or Kramer). If the tests are satisfactory to us, we would
approve the use of your equipment throughout the State without

further testing. We request that the testing be conducted as soon

as possible on the first of these three facilities to begin operation.




i

Ll

A

Mr, Frank J. Belgen -2- February 5, 1976

Please inform us vf your decision as to which dust control system will

be tested. Enclo:! is a copy of the guidelines to be used in
conducting perforo. e testing in North Dakota.
If you have anv guostions, please feel free to contact us.

Yours truly,

W. Van Heuvelen, Chief
Environmental Control
CDR:1rr

Encl:

cet Wesley itlennix - Niobe Farmers Elevator
Howard Thoz=pson - Farmers Union Elev. Assoc., Sarles
Myron Branit - Kramer Equity Elevator
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ORY TEST METER CALIBRATION

Date: \-7(:4(_6___4 /f]{ Meter No. f/ﬁ( q’x??’d"s

Standard: " __,{)_{_cf_f_\_f_{_{.‘aj 4/6“7' /[37'//;’727? - /4’62/0‘//") \_g';d‘d}f/c'c Co

DATA:

Standard o Test Meter

Flow Rate ‘ Ao cem Lo esm
~ Test Volume {\5': Bl L &/ IS
Test Time &S L a7, &S, L otons,
Gas Temperature 77"/‘: JS"C\
Gas Pressure . Ao ,?;;,m, 4
| K~

Correction Factor ' Zé‘d‘b
Date: . | Meter No.
Standard:
DATA:

Standard Test Meter
Fiow Rate. |

Test Volume -

Test Time

Gas Temperature

Gas Pressure

Correction Factor
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PITOT TUBE CALIBRATION - STAUSCHEIBE TYPE

Date:  June i, 1976

PCI Contract No. 508357

Pitot Tube: 3 .ot 2A7 Stainless Steel Pitobe with 0.25" nozzle attached.

Standard: 12" Standard type pitot tube (Dwyer Instruments, Inc. } - Used for
cal**f‘*1~n purposes only.

88

Data:

Indicated Velocity Pressuré_jihches of water) Calibration

A. Standard B. Stauscheibe Factor Coefficient
1. D.02 0.03 0.667 0.817
2. 0.0 0.07 0.714 0.845
3. 0.10 0.14 0.714 0.845
4. 0.18 0.24 0..750 0.866
5. 0.32 0.45 0.711 0.843
6. 0.49 0.68 0.721 0.849
7. 0.65 0.95 0.684 0.827
8. 0.90 1.28 0.708 0.83%
g, 0.22 0.30 0.733 0.856
10. 0.07 0.10 0.700 10.837
Average pitot tube coefficient: 0.842

Client: Farmers Union Elevator Association, Sarles,'North Dakota

Specifications of Calibration System:

6" inside diameter PVC pipe - Calibration orifice or access port is 18 duct diameters

downstream and 11 diameters upstream from any out]et,.bend, or obstruction - 1 hp

Dayton Electric Motor (3450 rpm) - Dayton Blower with 10-5/8"f wheel - Bell housing

inlet to calibraticn system.






