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TEST CERTIFICATION 

I certifL that the enclosed test results are true, accurate, and authentic. I was personally responsible 
for all phases of the testing to determine the parhculate and visible emissions from the Astec Double 
Barrel Drum Mix Asphalt Plant at the Ash Grove Aggregates facility, Buffalo, Mo., location. 

The sampling equipment and procedures conformed to USEPA Method 1,2,3,5, and 9 for particulate 
and visible emissions from stationary sources. The results of thls testing are the basis for this report. 

AEROMET ENGINEERING, INC 

. , 
Tom Scheppers, P.E. 
President 
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L INTRODUCTION 

AeroMet Engineering, Inc., has been retained by Masters-Jackson Paving Company, to determine 
the partdate and visible emissions from a new portable Astec asphaltic concrete production plant 
installed at the Ash Grove Aggregates site, Buffalo, Missouri. Performance testing is required 
under the condition of a construction permit (# 0594-036) which was issued to Masters-Jackson 
Paving Company by the Missouri Department of Natural Resources. The asphalt plant is also 
subject to the Code of Federal Regulation (CFR) Title 40 Part 60 New Source Performance 
Standards (NSPS) Subpart I - Standards of Performance for Hot Mix Asphalt Facilities. USEPA 
Methods 5 and 9 were used for the testing with no deviations from the standard procedures. The 
asphalt plant is permitted to produce an emission rate of no greater than 0.04 grainstdry standard 
cubic foot, and less than 20 percent visible emissions. 

Source testing took place on July 21, 1994. Pre-test planning was accomplished by phone 
conversations with the following individuals: Doug Elley of Missouri Department of Natural 
Resources; Dave Foreman, Permit Coordtnator for Masters-Jackson; and Tom Scheppers, P.E., of 
AeroMet Engineering, Inc. 

The project engineer and test team crew chief during the test for AeroMet Engineering was Tom 
Scheqqms, P.E. Two other members of the test team were Mr. Darryl Meister and Mr. Jeff Broker. 
Mr. Broker is an EPA certified visible emissions reader and performed the Method 9 Visible 
Emissions Readings. Mr. Doug Elley observed the tests representing the Air Pollution Control 
Program, Missouri Department of Natural Resources. All aspects of the test program were 
coordinated with Dave Foreman, Permit Coordinator. The plant operating data was collected by the 
aperator at 15 minute intervals. The data is presented in Appendix K. 

Weather did play a factor during the testing program, causing a three hour delay in setting up the 
equipment, sampling for emissions and affecting the production rates of the plant. After the rain 
had subsided, the sky cleared up by the start of the second run. A storm front bad moved into the 
area in the afternoon of the 20th and had rained most of the night. Asphalt production was limited 
due to the high moisture content of the aggregate. The temperatures were around the upper 80's to 
90's. 

XI. SUMMARY OF RESULTS 

Tlte results are summarized in Table I. Actual emissions results are listed for particulate and visible 
emissions. The results of all three runs demonstrate compliance with the allowable limit of 0.04 
grains per dry standard cubic foot (gddscf) and 20% opacity. The asphalt plant was operated at 
approximak1y 255 tonskr of both aggregate and asphalt. A detailed description of the process is 



TABLE I 

Masters-Jackson Paving Company 
Summary of Particulate and Visible Emission Test 

Portable Astec Asphaltic Concrete Production Plant 

Run 1 Run 2 Run 3 Ave. 
07/2 1/94 07/2 1/94 0712 1/94 

Process Conditions 

Production Rate (to&) 253 256 255 

Stack Conditions 

Stack Gas Temperature (" F) 266 
Actual Gas Flow (ACFM) 43,007 
Std. Gas Flow (DSCFM) 20,488 
Isokinetics (%) 96 

Emissions, Actual - 

Visible (percent) 0 
Particulate (lbfhr) 0.63 
Particulate (gr/DSCF) 0.0036 



found in the next section of this report. A summary of the production rates can be found in Table 
I1 within that same section. 

The isokinetic sampling rate is also shown in Table I. This rate compares the stack gas velocity to 
the n o d e  velocity of the sampling probe. A rate of 100% represents a stack gas velocity equal to 
the nozzle velocity. The acceptable range is 90% to 110%. EPA has determined that sampling 
outside this range may cause a bias in the results based on the particle size and aerodynamic 
properties. 

The filters from all three runs were very clean and white in appearance, although appearance does 
not necessarily indicate weight. All three sets of samples appeared similar in light color and low 
density. The appearance also coincides with other samples taken from similar asphalt plants 
showing good combustion. 

During the one-day testing period, no abnormalities were discovered to contribute to any errors in 
the results of the tests. 

The particulate emission results should be representative of the actual concentrations within the 
normal accuracies of Method 5. Although no upper limits of emissions have been established for 
the test method, an upper limit has not been exceeded based on acceptance of the test method on 
significantly hrgher grain loadmgs. The estimated accuracy of Method 5 is approximately +I- 20% 
based on results of collaborative tests. 

JIL DESCRIPTION OF THE PROCESS 

Masters-Jackson purchased and moved a new asphalt plant to the Ash Grove Aggregate Quarry 
located near Buffalo, Mo. The asphalt plant consists of a new Astec Dnun Mixer. The asphalt 
plant is a portable plant. The Drum Mur Asphalt Plant consists of a cold feed system (five bin 
hopper), conveyors, a w e r  drum with an integrated dryerlmixer, asphalt storage, fuel storage, and 
a final product storage silo. 

A process description is as follows: Virgin aggregate is transported fiom storage piles to five 
independent bins by front end loader. The bins of specific sized aggregate are fed independently 
and continuously onto a feed belt. The feed belt supplies the correctly proportioned aggregate to 
the dryer drum. Feed rates are determined by automated controllers in order to blend a proper mix 
meeting any required specifications. 

3w 
The dryerlmixer is called a "Double Barrel" drum mixer. The interior of the rotating drum, referred 
as the drying zone, receives the virgin aggregate at the upper end and travels countercurrent to the 
combustion gases. The aggregate is heated at high temperatures with combustion fuel in the rotary 
drum by direct contact with the combustion gases, primarily to dry and heat the aggregate. The 
dried material leaves the interior of the drum, at the lower end of the rotating dnun, to enter a 
mixing zone between the exterior wall of the drum and a stationary outer shell. In the mixing zone, 



asphalt cement is added. The asphalt cement and aggregate is mixed thoroughly by paddles attached 
to the outer wall of the rotating drum. This design achieves excellent mixing and long residence 
time providing direct contact of the wet virgin materials with the hot combustion gases, mixing of 
asphalt cement away from the combustion gases, combustion of fume generated by mixing, and 
lower exhaust temperatures. 

From the dryerhixer, the mixed asphalt is transferred to a storage silo. Asphalt can be stored and 
dispensed to trucks without interruption of the production process. 

Combustion products, moisture, and particulate fines from the process are pulled from the elevator, 
through and including the dryer drum. Asphalt fumes will undergo combustion in the first drum. 
All gases and fines from the operation will travel to a baghouse under negative pressure from an 
induced draft fan located at the outlet of the baghouse. The fan forces the air up a 22 foot 
rectangular stack to discharge to the atmosphere. Test ports are installed in the upper portion of the 
stack. 

The entire facility uses the latest state-of-the-art technology available in controlling all process 
feeds, temperatures, b l e h g ,  weighmg, data recording, etc. The facility is automated to the extent 
that production runs are manufactured consistently and to specification. 

N. DESCRIPTION OF THE SOURCE 

The asphalt plant exhaust gases are controlled by a baghouse prior to exiting through a rectangular 
stack. The gases discharge to atmosphere through a 22 foot 1 314 inch stack. Stack dimensions 
inside the wall are 40 114 Width by 27 1/8 inches, as measured at the test ports. The effective 
&meter is 32.4 inches. 

The test ports (six equally spaced along one wall) are located 24.0 inches (0.74 diameter) from the 
stack exit, and 24 1.8 inches (7.4 diameters) fiom the last disturbance (Louvered damper). The 
damper is adjustable automatically in order to maintain proper air flow under any condition. 

V. PLANT OPERATING CONDITIONS 

The asphalt production process was operated in a normal operattng manner. The average production 
rate during the test was approximately 255 tonshour of finished asphalt product. Raw materials 
were consistent with normal materials used at this facility. The aggregate was obtained from the --* 
quarry and stored in uncovered piles. Moisture content of the aggregates was typical. Fuel used 
during the entire test duration was #2 fbel oil. 

The plant operation data for the period July 2 1, 1994, is presented in Appendix K. This data has 
been recorded approximately every 15 minutes during each run The data includes time, process 



input weight for both aggregate and total asphalt, and temperatures. The pressure drop across the 
baghouse averaged approximately 4.0 inches of water. This graph is also presented in Appendix K. 
A summary of the production rates and baghouse pressure drops are presented in Table 11. No 
asphalt mix was recycled during the tests. 

VL TEST CONDITIONS 

The Method 5 test samples were drawn from four points on each of six traverses of the stack. The 
traverse point locations were specified by USEPA Method 1. Samples were collected isokinetically 
for a total of one hour for each of three runs (2.5 minuteslpoint). 

No problems of either the asphalt plant operations or the sampling were encountered during the 
tests. The asphalt plant was charged with typical aggregate mix, asphalt and fuel in a steady state 
manner. 

A cyclonic flow test and prellrmnary velocity traverse was performed prior to the first Method 5 test. 
Stack flow conditions were acceptable for testing. Some sampling points were found to have flow 
angles as hlgh as 35". The average angle of rotation of the stack gases for the 24 points in the 
vertical plane was less than 20". (Averages up to 20" are acceptable according to the USEPA 
procedures.) 

ML TEST EQUIPMENT AND METHODS 

The test procedures and equipment used to determine the particulate and visible concentrations in 
the stack gases of the asphalt plant are described in Appendur E of this report. In brief, a Research 
Appliance Corporation stack sampling train was used to determine the particulate emissions 
according to USEPA Reference Method 5, and a certified visual emissions observer was used to 
determine the visible emissions according to USEPA Reference Method 9. 



TABLE I1 

Summary of 
Asphalt Plant Daily Operations Reports 

Masters-Jackson Paving Company 

Run Asphalt Baghouse Diff. 
Date Number (TPH) Press. ("H,O) 

Averages During 
Tests 255 4.0 
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Particulate Test Analysis 

MASTERS & JACKSON 
MAIN STACK 
ASTEC ASPHALT PLANT 

Run Number 
Data Set 

Date 
Locat ion 

Start Time 
End Time 
Barometric Pressure 
Static Pressure 
Volume of Condensate 
Volume Sampled 
Pitot Tube Coeffecient 
Meter Correction Factor 
Square Root of Delta P 
Orifice Pressure 
Meter Temperature 
Flue Temperature 
Percent C02 
Percent 02 
Diameter of Nozzle 
Area of Flue 
Sample Time 
Weight Gain 

Absolute Flue Pressure 
Corrected Sample Volume 
Moisture in Flue Gas 
Molecular Weight 
Velocity of Flue Gas 
Volume of Flue Gas 
Volume of Flue Gas 
Dust Concentration 
Dust Concentration 
Dust Concentration 
Dust Concentration 
Isokinetic Rate 

In. Hg 
In H20 

ML 
DCF 

In H20 
Deg. F 
Deg. F 

% 
% 

In. 
Sq Ft 
Min 

Grams 

In. Hg 
DSCF 

% 
Lb/LbMole 

FPS 
ACFM 
DSCFM 

Lb/DSCF 
Lbs/Hour 
Grs/ACF 
Grs/DSCF 

% 

07-21-94 07-21-94 07-21-94 
STACK STACK STACK 

Averages : 
Stack Temperature DEGR F : 266 
Flue Gas Volume ACFM : 42747 DSCFM : 20174 

Dust Concentration Lb/DSCF : 4.07E-07 Lb/Hour : 0.494 
Grs/ACF: 0.00135 Grs/DSCF : 0.00285 
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Particulate Fieid Data Sheet 



Particulate Test 
Method 5 

Impinger Volumes 

Run / Date /& / /SV Facility -6 

Impinger Final Initial Reagent Liquid Gain 

861.9 m a ,  ( 1 MGS ml 100 ml H2O a?/, 4 
h-t 3 g49, G9 G03.7 

2 GS ml 100 ml H20 24sS ,  7 
CY s- -W,G JdK G 

29 .o 
4 1 3 MGS r 3 Y ~  sdV.70 rnl Empty l o ,  

" 4 MGS / 0s / . {  /03d. Y !Z Silica Gel 18.7 

Total: 545.1° 

GS - Greenburg Smith 

MGS - Modified Greenburg Smith 

AEROMET ENGBWERING, INC. 
Testing Monitoring Consulting 

(314) 6366393 



Particulate Fieid Data Sheet 



Particulate Test 
Method 5 

Impinger Volumes 

Run 2 Date /a 1 / q Y Facility f i ' b * ~ ~  

Irnpinger Final Initial Reagent Liquid Gain 

w+- g56,2 6~4, a 
1 MGS ml 100 ml H2O 2 3 4 . 9  

5 3 0 b d  ml--- 5%) 00 ml. . Empty 9, a 
3 MGS - --- A ---. 

4MGS q84.6 Silica Gel 8,s --- - - 

Total: 5-$0,6 
- - -  

GS - Greenburg Smith 

MGS - Modified Greenburg Smith 

AEROMET ENGINEERRVG, m c .  
Tesiing Monitoring Consulting 

(314) 636-6393 
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Particulate Test 
Method 5 

Impinger Volumes 

'3 
Date 7/d I / Y Y Facility O ~ J  

Run 

Impinger Final 

8 6 G .  3 
1 MGS . ml 

3 MGS w947 ml 

798, a 
4 MGS A 

Initial Reagent 

. . - -- - . Silica Gel' 

Total: 
.<y3 # 6 

GS - Greenburg Smith 

MGS - Modified Greenburg Smith + 

Liquid Gain 

,gEROMET ENGllVEErnG, mc. - 

Testing Monitoring Consulting 



37ETf-IOD ' 
CYCLONIC FLOW DETERMINATION 

Source 
Name &&7TRs 

Sampling 
Location 

Date 7/d//W 

AEROMET ENGmERING, INC. .- 

Testing Monitoring Consulting 
(314) 636-6393 





f i f i l ~  +?S$ TKDQ~? Analytical Data Sheet 
Client rojec: No. $Z 7 6  sate 7 / 2  ? /?f 

Run No. / - 
Filter No. 0 2  
Acetone NO. M6 
Amount l iqu~a lost durlng IranSOon Q. 
Acetone blank volume. ml as0 
Acetone wash volume. ml 

Acetone blank concentration. mglmg (equalcon 54)" /. S 2 loLC 
Acetone wasn blank. mg (equation 5-5)" ,000 1 

Wetght of paniculate matter 

Run No. 
3 

Filter No. 10 

Acetone No. /h& 
Amount liquld lost durlng transpon 0 

Acetone blank Volume. ml As0 
Acetone wash volume. ml 

Acetone blank concentratlon. mglmg (equat~on 5 4 )  * 

Acetone Wash blank. mg (equation 5-51" 

Volume of Ljqurd 
Water Collected 

nt of oan~culare matter 

Implnger 
Volume. 

rnl. 
i inal I 

Silica Gel 
We~ght. 

9 

Run No. 4 

In~tial I I 
LIOUICJ collected l 

Total Volume Collec:eal 1 a '  I mi 
L 

Volume of LIQUI~ 
Warer Collected 

Rlter No. 6 9  

lrnoinger 
Volume. 

rnl. 

Acetone NO. m6 - 

Siiica G J 
We~gnt. 

9 

Amount liauld lost aurtng transoon O 

Final 1 
lnttlal I 

L I O U I ~  collec:ea I I 
Total Volume ~sllec:ed / 1 0 . 1  ml 

Acetone alank volume. rnt z .CO 
Acetone wash volume. mi 
Acetone blank concentralion, mglmg (eauanon 5-4)- /. S 10 -' 
Acetone wash blank. mg (eguat~on 5-5)" - 0 0 6  ( 

- .. 

1 Final Weiqnr Tare Weiant 1 Wetgnt Galn . 
1 lo G P S ~  10 ,683  1-,oo I 7 
2 ~ r , o 7 7 2  178.0676 1.0096 - i 

Confacner 
Numoer 

I J I I 
Less acetone blank 

Weignr ot panrculate maner 

Wecgnt of Panrculare Collecled 
9 

t- 

- 

~ n ~ r i a ~  l i 
L:auta cotlec:ed~ 1 

Total Volume csllecleat 1 3 .1  ml 

Run No. &JL4vk 
Filter No. N ?  
Acetone NO. A6 
Amount liquld lost during transDon 0 

Acetone blank volume. ml &?so 
Acelone wasn volume. ml /u/p 
Acetone blank concentratlon, mglmg [wuatlon 5 4 ) - *  / l J - ~  lo 'G 
Acetone wash blank. mg (equatlon 5-51" N/A 

. 

Volume of Liquid 
Warer Collected 

lmplnger 
volume. 

Silica Gel 
We~gnt. 

-- - 

L I 

Less acetone blank 1 
Wergnt of panlculate matter 1 

Conta~ner 

I Rnal Welant 

1 I V.7822 

Weignt 01 Panlculare Colleciea 
9 

Tare welohl' '1 '  Welaht Galn A 

35; 7879 l0~0-3 

- 

Final I I 

Number' 1 
,. I 

Volume oi L~autd 
Water Collec:eo 

'Conven weigh* of water to volume by dividing total welght increase by denslry of water (Iglml): Increase' a = Volume Water, rnl 
I glml 

"See Federal Register. Method 5. 6.6. 8 6.7. 

lmptnger 
volume. 

Silica Gel 
We~gnr. 





EXPANDED RANGE DIGITAL THERMOYETER INSTRUCTIONS 

S p e c i f i c a t i o n s  

D i g i t a l  D i s p l a y :  4 L C D  d i g i t s  

Sampl ing  Time: L e s s  t h a n  1 second 

R e s o l u t i o n :  1 Degree  

F a h r e n h e i t  Model 

Accuracy  C h a r t :  

C e l s i u s  Model 

Accuracy  C h a r t :  

Temp. Range 

32 t o  932  OF 
9 3 3  t o  1382 OF 

1 3 8 3  t o  1832 OF 
1 8 3 3  t o  2000 OF 

31  t o  -4 OF 
-5  t o  -50  OF 

Accuracy ( + / - I  

0.75% + 2 OF 
1 %  + 2 OF 
2 %  + 2 OF ( t y p i c a l )  
4% + 2 OF ( t y p i c a l )  
4 OF ( t y p i c a l )  
6 OF ( t y p i c a l )  - 

Case :  ABS p l a s t i c  

' 

F a i l s a f e :  Low b a t t e r y  i n d i c a t o r  

Power: 9 V o l t  a l k a l i n e  b a t t e r y  

Temp. Range 

O t o  5 0 0 ° C  
501  t o  750  O C  

751  t o  1000  O C  

1001  t o  1200  O C  

0 t o  -20 O C  

-21  t o  -40 O C  

-41  t o  -50 O C  

P r o b e  S u p p l i e d :  U l t r a - f a s t  r e s p o n s e ,  naked  bead t y p e  K 
t h e r m o c o u p l e  w i t h  o p e r a t i n g  t e m p e r a t u r e  r a n g e  t o  
482 OF o r  250 O C ,  and s h o r t  t e r m  u s a g e  t o  572 O F  

o r  300  O C ,  Ca t .  No. 4028.  

Accuracy (t i-)  

0.75% + 1 OC 
1 %  + 1 O C  

2% + 1 O C  ( t y p i c a l )  
4 I  + 3 O C  ( t y p i c a l )  
2 O C  ( t y p i c a l )  
3 O C  ( t y p i c a l )  
h OC [ t y p i c a l )  



Dry Gas Meter Calibration Sheet 

Client Run By 

R o j h t  No. Date a 9 4  7 - s 2 -  

M u l e  L- 1 Barometric Pras a9 3 
orifice ,176 

A t i  = 
v w  - 
Vd = 
Pw = 

tw = 
tdi - 

A H  
in. H 2 O  

.5 

tdo = 

td = 
8 = 

Mc 
A t h  = 

Vw 
final 

l 8  .707 
2 3  .792 

Vw 
initial 

1 3.d4 7 

r 

A H  

.5 

1 .O 

Orif ice $&zing " 

2.0 b . 7 ~  h . a s s  
4.0 & . a n  b.63.C 

6.0 7 # ~ 3 5  1 ~ 9 0 ~ 0  

1.0 ! , /g707 

A H  - 
13.6 

.OX8 

.0737 

Mc / Y l  
Vw Pb ( td  + 460) 

Vd (Pb + AH/13.6) Itw + 460) 

. 4 8 Y  

Volume of Gas of Wet TM Mner 
Volume of Gas of Dry Gas Mner 
Presnrre of Wet Ten Mner 

-.- ..= Temperacure of fluid in Wet Test Mner 
lnlct Temperature of Dry Gas Meter 
Outlet Ttmperature of Dry Gas Mner 

Vw 
kJ 

f4 1 0  

A Ha (For Smll Orif ics Only) 

0.0317AH . [In;~18]~ 
Pb ttd + 460) 

1,?08 

Aumge Temperature of Dry Gas Merer 

2.0 1 -147 

rtmt required to poll specified cubic fcet 

o I 7  
O 15- 

3 9 4  I 1,760 

4.0 

6.0 . 

Dry GM Meter C o r n i o n  Faaor - 

1 

14 
7 

~~c7@.774+13.4~8 
.S376/113.qa8&q.003 

1.000 

/,o O  1, ,294 

.441 

Orifice terting that k u l d  pull -75 d m  of air 
randard conditions 

in.kOEmin. 
Rr 

0 
0 

70 
70 

S.GSY 

5.575 

1.819 
/,?a 

Average 

- 

Vd 
inittal 

99g.wg 

* , 0 6  ( 7 ~ ~  

1 ° C l , , ~ 2 g y  

5.5's @?.003 p a 6 8 8  

- 

Vd 
it.' 

S. ~ c ( 6  

Vd 
final 

w. 53q 

70 S.6b.I 

0 . 9 9  '3 
.9% 

6 0 8 2 1 0 0 ~ ~ 3 / / " ; ! 7 7 ~ ~ ~ ~  

/ ,76 /  
1 8 3 0  

O F  

6 9 

"a;,c wgp 1 O I 9 

OF O F  
di I 

@%G =?75 

7 5  78  70 18'48 



Dry Gas Meter Calibration Sheet 

Client Run By TOM S C C / & ~ E ~ J  

Projtct No. Date 7/a9 
Module 

- Barometric Pres d 9 , ~ o  
~ r i f  ice z l 7 G  

Average I o ,995 I I , 8 1 /  I 

Time 
8 min. 

18 

1 0  

A H  

.5 

1 .o 

A H  = 
vw = 
Vd - 
Pw = 

tw = 
tdi = 
tdo = 

td - 
8 = 
Mc = 
A* = 

PW 
in.hO 

0 

0 

Orifice Setting - 
Volume of Gas of Wet Tm Mnn 
Volume of Gas of Dry Gas M n ~ r  
Pressure of W n  Test Meter 

f r m p e m u m ~ f  Eluid in Wet Tat ~ n e r  - 

Inlet Temperature of Dry Gas M a r  
Outlet Temperature of Dry Gas Mncr 

bdo 
O F  

9%lqq 

A H  - 
13.6 

.0368 

.0737 

Avenge Temperature of Dry Gns Mcter 
Time required to pull specified cubic feet 

0 17 

1 
0 1 Y 

.tdi 
O F  

v0.3 
"%2"b03 

Dry Gas Meter Correction Faaor 
Orifice setting that would pull .7S dm of air 
n ltandard mnditions 

'VO? 
* 

Mc / Y )  
Vw Pb (td +460) 

Vd (Pb + AH/13.6) (tw + 460) 
O - q p  
0.998 

2.0 

4.0 

tX4d7t02a 

3 7  

Vd 
final 

~/f./61,917.&+6.083 

k 

A Ha (For Small Orifiw Only) 

0.0317AH [ l t ~ ; ~ ~ ~  

Pb (td + 460) 

1.879 
/.70.5 

o. 998 
!.o"d 
/ , o O s  

..I 47 

-294 

Vw 
ft.' 

7 . / / 3  

1,807 
1,903 
I , 7 ~ 4  i I 6.0 .441 

Vd 
ft.3 

7,377 

Vd 
initial 

903T7py9//,161 

2 0  +94,SaX 

5.67 / 
s76/ 

t, 

OF 

R/! 
- 8 8  

2552 

S,w 
5527 

60978 

Vw 
f i t u l  

W d 7 O /  

s t . saSS ,Bay  

A H  
in. HtO 

.5 

1 .O 

87 
8 7  
pf 

Vw 
hitiat 

r#/.S88 
Y8.70/ 

9dl o 57 4.0 

' 6.0 

? t ~ d ~ ~ ? ~ ~ . S 7 5 , 8 / 3  

928,7) 60,078 k s d  7 

u , s . ~ J ~ P ( . ~ ~ v  Ja238 bfirw 



AEROHET ENGINEERING 

ANEROID BAROMETER CALIBRATION 

@ r q - 6 0  Instrument Number 

Calibrated By -re. .S<~-IFP~'ZU 

Date 

Aneroid Mercury 
barometer Barometer 
Reading Reading Deviation 

Date ('Hs) ( 'Hp)  ( "Hp )  



Nozzle Calibration 

Sized By  OM SCHEPP~RJ 

All Dimensions are in inches. 

Dare 

7/aof94 

7 / a 1 / ~  

7/ac/9+ 
I 

. Nozzle 

A 3 7 5  

a a r ~  

ga7rpo,a~a 

A 

0,373 

o,as3 

-- 

D~fference 

0,ool 

0 . 0 0 1  

o . o 0 o 

D~mension 

6 

0.373 

0 . 2 ~ 2  

o . n d  

Avg. 
D~ame~er 

0,373 

0.- 

0,272 

C 

0.379 

o.asa 

0.272 

-- -- 

.- - 

A 

;-@ B 

C 
- 

. 

-- 

-- 
- 

--  



Pitot Calibration Form 

Run By 
TOM TCHEPPERS 

Client 

Projecr No. Date 51 r/w 
Tesr Location Pi tot No. P3 

Calculations: 

/ii P (standard) 

Deviation = Cp(r) = (A or 8)  

1 
Average Deviation = a(A or a) = 3 

"B" Side Calibration 1 1 
I I h P std I A P (s) I I I IF IC:A- A \ - I = - I C : ~ P  R\ I = -- 

- 

- - -- 

- - -- - 
Average 

Run No. 

I 

500 Nozzle size used for Calibrations (inches) - 
Intercomponent Spacings During Calibrations: 
-. .. .~ \ 3L, l' 

cm H 2 0  
(in. H201  

* Pitot - Thermocouple: - d -' uc- 

Pitot - Probe Sheath: 
7 3 '/ 

* or two inches from end of thermocouple to center line 
n f  ~ i t o t  tube. 

cm H 2 0  
(in. H 2 0 )  

1.0 I 4 IBY o 
Cp(s) 

Deviation 
- E p ( ~ )  

lup\.ab-- - 1  "P'--- -" 



Therhocouple Caiibrations 
(Oven, Probe) 

Client ~ R O M E T -  
- i Project No. 

I 
I 

0 
?i - 
7 
m 

g 
5 

h 

7 - 
3 

, 7  
5 
f 

- 9 

i 

i 
m 
a 
K 

N I S T - c  la-q-q3 
N I S T - C  12-9-?3 

, 

0-1 D G I * O ~ T I  67 . . 67.q 

Date 

2-7-93 
a - 7 - q ~  

-. I - 
1 I I I 

D-I w e - I  67  

Thermometer 
Number 

M I S T - c  

N I S T - c  

6 7 . Y  

- --. 

I 

Thermocouple 
ldentfficatlon 

TH 7-  Y - 7 8 0  
1 7 H T - 4 - 7 8 0  

Trendlcator 1 .  Thermometer 

a l a  I 4 1r.o 
67 1 67.9 

f 
1 - .  

67 

~ , I S T - L  la-?-y~ 
NIST-C 2-7 - 9 3 ' 2  

~ H T -  4 - 7 3 0  
~ l . r r - C f . - 7 % 0  

, - -. 
- I 
- 

- 
-- 

I -. 
- .. 

a 

- + 

67. 

N I S T - c  

g 

-* 

I - 

I 157 157.3 

. 
2-9-y3 

N I S T - c  I a - 9 - y 3  

I 

T F J ~  -4 - 740 
mT -7-  7 Y O  . 

d-9-93 
a - q - ~ ~ g  

6 8 4  1 67 1 6 7 . Y  1 M I S T - c  

I I c7 /ST 3 

ar 1 I ~ ? I I . O  

I 

G Q A  I a 1 1  al l ,+  1 ~ 1 5 t - c  
4 - 9 - 9 3  
2 - 9 - 7 3  

2 - 9  - 4 2  

N 1 S T - c  

A l l S t - ~  

~ - I T - Y - ~ J o ,  

G.88 67 I 67. Y 
~ 8 1 3  I arr a1r.a 

L-1 CGEZIh 
- 1  OGW OUT 

L - 1  I ~ P  o m  

D - I  O V E N  

NIST- C 
N / 5 T - c  

N 1 S T - C  

r 

L - 1 aue- 

6 7  
6 8 

d - q - q 3  
~ 

~ q - 9 3  

4 - 9 - 7 3  

2.50 1 - 2 v8 

67. V 
67.V 

I 
T J -  7x0 1 4- 9 -93 

6 7  1 c7,Ck 
I 

3 ~ 2  I a s 3  







TESTING EQUIPMENT - EPA METHOD 5 SAMPLING TRAIN 

A RAC Corporation Stack Sampler was used at the sampling location ( s 1. 
The particulate sampling train consisted basically of a glass or 
stainless steel probe; a variable-heat-controlled filter oven with a 
calibrated thernvlmeter located at the impinger outlet; a 1/2-hp shaft 
sealed carbon vane vacuum pump assembly with a vacuum gauge; a control 
unit with an elapse time indicator, a temperature indicator 
f potentimeter , tgnperature controllers, gauges, a calibrated dry gas 
meter, and an umbilical and various interconnecting hoses, fitting and 
valves. An appropriately sized glass or stainless-steel nozzle, a 
calibrated Type K temperature sensor, a static pressure tube, a 
calibrated S type pitot tube and a variable-heat-controlled stainless- 
steel liner are integral parts of the probe assembly. 

The vacuum pump was used to control gas sampling rates. The control 
unit was used to control probe and oven temperatures. The control unit 
was also used to monitor elapsed sampling times, temperatures, 
velocities, static pressure, gas sampling rates and sampled gas volume. 

Analyzer (Orsat) 

Flue gas concentrations were determined with a Gas Analyzer (Orsat) 
which measures the percentage of carbon dioxide, percentage of oxygen 
and percentage of carbon monoxide to the nearest tenth of a percent. 

Programmable Calculator 

A Hewlett Packard, Model HP41CX, progrmble calculator was used to 
determine the isokinetic sampling rate at each saqling point, 

Prior to the field testing, the following procedures were performed: 
All instruments were checked and calibrated. Gelmn Spectro Grade, 
glass-fiber-net filters with 99.95 percent retention of 0.3-micron 
particles were individually numbered, placed in similarly numbered 
glass petri dishes, desiccated for 24 hours and weighed on a Sartorious 
analytical balance to the nearest 0.1-milligram, and weighed a minimum 
of every six hours until t w o  consecutive weights within +0.5 milligram 
were obtained, or heated for two to three hours at 220 degrees F, 
cooled in a desiccator and weighed. Several 250 milliliter crucibles 
were desiccated for a minimum of 24 hours and weighed in the same 
manner as the filters and petri dishes. Also, several 200-gram 
quantities of Type 6-16 mesh indicating silica gel were weighed on an 
beam balance and placed into separate airtight storage containers. 



Tne nunber of sampling points and positions of the pints in the flue 
at the sanpling location ( s 1 , and the saipling time at each point were 
determined prior to the particulate testing. The sampling procedures 
were performed in accordance with the Environmental protection Agency's 
Reference Method 5, "Determination of Particulate Emissions from 
Stationary Sources" in the July 1, 1989 Federal Register, "Standards of 
Perf o m c e  for New Stationary Sources" and subsequent revis ions. 

Before each test run a particulate sampling train was prepared inpart 
at the sampling location(s) in the following mnner: An appropriately 
sized sampling nozzle -was installed onto the inlet of the sampling 
probe and capped. The probe was then dimensioned and marked at 
increments that corresponded with the predetermined sampling positions 
in the flue. A standard impinger assembly was prepared by adding 100 
milliliters of distilled water to each of the first two impingers. The 
third impinger was left dry and the fourth was filled with 
approximately 200 grams of type 6-16 mesh indicating silica gel. The 
entire impinger assembly was then placed in an ice bath. A disc filter 
was removed from its petri dish and placed inside of a filter holder. 
The filter holder was then placed inside of a filter oven and assembled 
to the sampling probe outlet and the impinger unit inlet. Next, an 
umbilical and sampling hoses were connected to the sampling probe, 
filter oven, impinger unit, a vacuum pump and the control unit, 
accordingly. The probe and oven were then heated to and held at 248 
degrees plus or minus 25 degrees. 

As soon as the probe and oven termperatures had stabilized the entire 
sampling train assembly was leak-checked at a minimum of 15 inches of 
mercury vacuum for one minute and the leakage rate recorded. A leakage 
rate of less than .02 cfm and no vacuum loss was considered acceptable. 

After the particulate sampling train had been assembled, the probe and 
oven heated, and the entire systei leak-checked, as previously 
described, the particulate sampling was performed. 

Three test runs were performed at the sampling location(s). The 
sampling data for each test run was recorded on a field test form 
during each of the sampling periods. 

After the completion of a test run, the following procedures were 
performed: A final leak-check was performed at maximum vacuum or 
greater incurred during the test for one minute and the leakage rate 
recorded. The flue gas misture collected in the first three impingers 
was measured and recorded. The moisture laden silica gel in the fourth 
bpinger was weighed on site. The weight gain of the silica gel 



misture collection was added to the measured misture condensed for 
that test run. The sample nozzle, probe and filter hol&r were capped 
and taken to a clean area for sample recovery. At the recovery area, 
the disc filter was carefully rosnoved from the filter holder and 
transferred to its petri dish for later weighing. 

The sampling nozzle, probe and filter holder were washed with nanogra& 
acetone, glass components were washed three times, stainless steel 
components were washed six times and visually inspected for 
cleanliness. The acetone washing and acetone blank were collected and 
labeled polypropylene sample bottles and retained for later 
evaporation, desiccation and weighing. 

Flue gas concentrations (percentage of C02, percentage of 02, and 
percentage of CO) were determined by taking several Orsat samples of 
the gas collected, simultaneously with the particulate sampling, 
throughout the test run, by an integrated gas sampling train. The 
integrated gas sample was collected from the discharge of the 
particulate control unit. The sampling train was set at a 
predetermined constant flow rate to obtain an adequate sample or by 
taking direct readings £ram the sampling points. The concentrations 
for each test run were recorded on a field test form. 







Visible Emission Observetron Form 
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- i&No1NEERIN01 

1325 AEROTEC DRIVE 
JEFFERSON CITY, MO 651 09 
(31 4) 636-6393 
(31 4) 636-9767 FAX 

July 29, 1994 

Mr. Jeff Broker 
AeroMet Engineering, Inc. 
1325 Aerotec Drive 
Jefferson City, MO 65 109 

Dear Mr. Broker: 

AeroMet Engneering, Inc. hereby informs you that you have successfully 
completed Visible Emissions Observer Training held in Jefferson City on July 18, 
1994. This qualifies you for certification by the State of Missouri as a Visible 
Emissions Observer. 

Sincerely, 

AEROMET ENGINEERING, INC. 

Thomas Scheppers, P.E. 
President 











AP- - L 

SAMPLE CaCCULATEaNS 



ac f 

acf m 

A 

acm 

acmm 

An 

0% 

%c 
%CO 

so2 
c, 
Dl 

D1 ' 

&c f 

dscf h 

dscm 

dscmh 

- 
= actual cubic feet 

= actual cubic f n t  per minute 

= effectiu area of flue in square feet 

= actual cubic meters 

= actual cubic meters per minute 

= inside area of vmpiing nozzle in square feet 

= w u r  Mpor in gas stream, proportion by 
volume 

= percent urbon by wight, dry basis 

= percent urbon monoxide by volume, dry basis 

= percent urbon dioxide by volum, dry h s i s  

= pitot tube coefficient 
= dust loading per heat input in pounds (grams) 

per million Btu (calories) per Fr constant 
= dust loading per heat input in pounds (grams) 

per million Btu (uloriet) per Fr ulculated 

= dry sundard cubic feet 

dry sundard cubic feet per hour 

= dry sundard cubic meters 

= dry standard cubic metas per hour 

fps = feet per second 

Fr = ratio factor of dry flue gas volume to heat value 
of combusted fuel in dry standard cubic feet 
(meters) per million Btu (calories) 

gms = grams -- - 

gm-mole = gram-mole - - 
grs = grains 
AH = .orifice pressure drop in inches watcr,avtnge :: . r - -  . 
%H = pcrcenl hydrogen by might, dry basis 

Hc = heat of combustion in Btu per pound, dry basis 

hr = hour - 

%I = percenl isokinetic 

in. Hg = inches mercury 

Ibs = pounds 

lb-mole = pound-mole 

%M = percent moisture by volum 

mmBw = million Btu 

mmol = million alories 

mm Hg = millimttrs mercury 

mps = metenperxcond 

MS = molecular might in pound (gram) per pound 
(gram) mole ( m i  basis) 

96N = percent nitrogen by wight, dry basis 

%N2 = percmf nivogtn by difference, dry basis 

%O = percent oxygen by difference, dry &sir 

9C02 = percent oxygen by volume, dry basis 

Pb = barometric pressure in inches mercury 

- Pstd = sundard absolute pressure (29.92 in Hg) 

Ps = absolute pressure in flue in inches (millimeters) 
mercury 

= static pmwre in flue in inches water, average 

= square root of velocity head in inches water, 
average 

= percent sulfur by wight, dry basis 

= standard cubic feet 

= sundard cubic meters 

= absolute temperature of air in degrees 
Rankinc at sundard conditions (528 degrees) 

= absolute temperature of flue gas in degrees 
Rankinc, avenge 

= absolute temperature at meter in degrees 
Ran kine, average 

= velocity of flue gas in feet (meters) per second 
= volume of condennte through the impingers in 

milliliters 
= volume of liquid collec~ed in condenser in 

millilirers plus weight of liquid absorbed in 
silica gel in gums indicated as milliliters 

= volume of metered gas measured at meter 
conditions in cubic feet 

= volume of melered gas corrected to dry 
standard conditions in cubic feet (meters) 

= volume of flue gas at actual conditions in cubic 
feet (meters) per minute 

= volume of flue p s  corrected to dry standard 
conditions in cubic feet (mc?ns) per hour 

= toul  volume of flue p s  nmpic;: 21 a~:21;11 
conditions in cubic f t t r  (metersj 

= volume of water vapor in mc:rred corrected 
to standard conditions in cub~c la1 :mc~ers). . 

= volume of water condensed in impingers 
corrected to standard conditions 

= volume of water collected in s i l i u  pl corrected 
to standard conditions 

= total weigh1 of dust collected per unit v0lume 
in grains (grams) per actual cubic feet (meters) 

= total weight of dust collected per unit volume 
in pounds (grams) per dry standard cubic feet 
(meters] 

= total weight of dust coilecud in grams 

= total wtizht of dun collected per unit volume 
in pounds (grams) per hour, dry basis 

= ton1 weight of dusl collected in pounds 

= total weigh1 of dust collected per unit volume 7 
in grains (grams) per dry sundard cubic feet 
(meters\ 

impinger silica gel weight p i n  in grams 

= metered gas volume correction factor 
= total elapsed sampling time in minutes 



OCgf LOADING FORMUUS 

(1) ABSOLUTE FLUE PRESSURE (in. b) 
?, = ( 2 ?f + 13.6) ?b 

(2) W A ~  ER VAPOR VOLUME IN METERED GAS CORRECTED 70  STANDARD CONDITIONS (uf) 

VWL t .04707aV1 Vw .CU715aWy 

v w  = VW' 

(3) METERED GAS VOLUME CORRECTED TO STANDARD CONDITIONS (scf) 

(4) PERCENT MOISTURE IN FLUE GAS 

(5) AVERAGE RESULTS OF FLUE GAS ANALYSIS 

W j  dry = 100 - (-go2* WI1 4 9bCO) 

(6) APPROXIMATE MOLECULAR WEIGH7 OF FLUE GAS (WET BAS~SI (lb/lb-mole) 

Ms = (1 8 a 8,s) + (fiCO2) -320 (W2) + -280 (SiNz + 

(7) GAS VELOCITY IN FLUE (fps) 

I vs = 85.49 x Cp x ( fi avg. 

(8) FLUE GAS VOLUME AT ACTUAL CONDITIONS (acfm) 

I (9) FLUE GAS VOLUME CORRECTED TO DRY STANDARD CONDITlONS ldscfhl 

(lo) TOTAL FLUE GAS VOLUME SAMPLED AT ACTUAL CONDITIONS (rco 



€PA OUST LOADING FORMULAS (Continwd) 

(11) DUST CONCENTRATION FOR INDlREff HEATING UNIT AT ACIUAL CONDlTlONS AND STANDARD 
CONDlT IONS 

@ = 9820 t0.9 Wd ub/mrnBtu with constant 9820 Fr) 
w.9 - W2) 

D( = 20-9 Wd Fr (Ib/mmBtu with calculated Fr) 
(20.9 - W 2 )  

612) PERCENT OF ISOKlNETlC SAMPLING 






