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RESULTS OF A 
SOURCE EMISSION COMPLIANCE TEST 

ON A HOT-MIX ASPHALT PLANT PROCESS SCRUBBER 
OPERATED BY 

L.C. KRUSE & SONS, INC. 
WINDOM, MINNESOTA 

June 9,1993 

MMT Report Number 9993 
MMT Project Number 9374 
Report Issued June 18, 1993 

1 INTRODUCTION 

MMT Environmental Services, Inc. (MMT) was contracted by L.C. Kruse & Sons Inc. to perform a 
source emission compliance test on a single source at their hot-mix asphalt plant operating in 
Windom, Minnesota. The plant is a Portec, Inc., Pioneer Division, model DM with serial number 
113-36-DM-106. Emissions generated by the plant's aggregatdasphalt drum mix operation are 
controlled by a Barber-Greene model CC99X102 venturi scrubber. The scrubber exhaust was tested 
for particulate and visible emissions on June 9, 1993. This report presents the results of the test 
program along with all substantiating documentation. 

The MMT sampling team consisted of Messrs. Ted Gibbons and Bill Anderson. Mr. Daniel D. 
Schultz represented L.C. KNse & Sons, Inc. throughout the test period. The Minnesota Pollution 
Control Agency was inkited to witness the test proceedings but declined to do so. 

2 TESTRESULTS 

The results of the particulate emission test are presented in Table 2.1. The data indicates an average 
effluent particulate concentration of 0.136 grains per dry standard cubic foot and an average source 
particulate emission rate of 30.54 pounds per hour. , 

The visible emission test was performed concurrent with the third particulate test run. The observed 
plume opacity ranged from five (5) to twenty (20) percent with an overall average of 9.5 percent. 

The average process weight rate (aggregate + asphalt) during the test period was 285 tons per hour. 

Minnesota Air Emission Permit number 323-B-89-OT-1 states that the asphalt concrete plant shall 
not exhaust any gases ( I )  which contain particulate matter in excess of 0.04 grains per dry standard 
cubic foot or (2) which exhibit 20 percent or greater opacity. The test data indicates that the source 
emissions did not comply with either of these standards during the test period. 
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Table 2.1 
Summary of Particulate Emission Test Results 

L.C. Kruse & Sons, Inc. Asphalt Plant, Windom, Minnesota 
Aggregate/Asphalt Drum Mix Operation Scrubber Exhaust 

June 9, 1993 

- 

Parameter Run #I  Run #2 Run #3 Average 

Time of Test, hr 
start 1159 1330 1500 --- 
Finish 1311 1442 1612 --- 

Effluent Temperature, O F  182 184 180 182 

Effluent Moisture Content, % v/v 37.4 37.0 37.9 37.4 

Effluent Composition, % v/v dry: 
Carbon Dioxide Content 6.5 7.5 7.0 7.0 
Oxygen Content 11.4 10.0 10.5 10.6 

Effluent Volumetric Flow Rate: 
Actual Conditions, acfm 53,377 53,352 53,724 53,484 
Standard Conditions, scfm 41,149 41,048 41,663 41,287 
Dry Standard Conditions, dscfm 25,768 25,856 25,868 25,831 

Sampling Isokinetic Variation, % 103.0 101.8 102.8 102.5 

Effluent Particulate Concentration: 
Front Catch Only; 

Actual Conditions, gdacf 9.0633 0.0570 0.0589 0.0597 
Standard Conditions, gr/scf 0.0821 0.0741 0.0760 0.0774 
Dry Standard Conditions, gddscf 0.1310 0.1176 0.1224 0.1237 

Actual Conditions, gr/acf 0,0058 0.0054 0.0069 0.0060 
Standard Conditions, gr/scf 0.0075 0.0070 0.0089 0.0078 
Dry Standard Conditions, gddscf 0.0120 0.01 11 0.0143 0.0125 

Actual Conditions, gr/acf 0.0691 0.0624 0.0658 0.0658 
Standard Conditions, gr/scf 0.0896 0.081 1 0.0849 0.0852 
Dry Standard Conditions, gr/dscf 0.1431 0.1287 0.1367 0.1362 

Back Catch Only; . .  

Total Catch; 

Source Particulate Emission Rate: 
Classical Method, I b h  31.62 28.55 30.33 30.17 
Ratio of Areas Method, I b h  32.56 29.03 31.16 30.92 
Average of the Two Methods, I b h  32.09 28.79 30.75 30.54 

Standard Conditions: 68"F, 29.92 in. Hg 

2 
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3 PROCESS DATA 

During the test period the burner on the plant's aggregate/asphalt drum mix operation was fired with 
waste oil. A sample of the fuel was collected but not analyzed (per Darrin Kruse 6/16/93). 

Production data is presented in Appendix E and summarized in Table 3.1 

Table 3.1 
Summary of Process Data 

L.C. Kruse & Sons, Inc. Asphalt Plant, Windorn, Minnesota 
AggregatelAsphalt Drum Mix Operation Scrubber Exhaust 

June 9, 1993 

i 

I 

I 

I 

I 
I 
I 
I 
1 
I 
1 
i 

Parameter 

Time of Test, hr 
Start 
Finish 

Process Weight Rate; 
Aggregate Usage, ton/hr 
Asphalt Usage, ton/hr 
Total Process Weight Rate, ton/hr 

Aggregate Moisture Content, % 

~ 

Run #1 Run #2 Run #3 Average 

1159 1330 1500 --- 
1311 1442 1612 --- 

267.5 267.8 266.0 267.1 
17.6 17.6 17.4 17.5 

285.1 285.4 283.4 284.6 

6.0 5.6 5.6 5.1 

Burner Setting, YO 95 95 95 95 

Product Mix Temperature, O F  210 - 268 268 269 

Scrubber Operating Parameters; 
Pressure Drop, in WC I5  15 15 15 
Water Flow Rate, gpm 350 350 350 350 

3 
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4 TEST PROCEDURES 

In order to determine the pollutant emission rate from stationary sources, the Environmental 
Protection Agency (EPA) has established a series of reference methods which specify the manner in 
which tests must be performed. These reference methods are found in the Code of Federal 
Regulations (40 CFR 60) under Title 40 "Protection of the Environment"; Chapter 1 "Environmental 
Protection Agency"; Subchapter C "Air Programs"; Part 60 "Standards of Performance for New 
Stationary Sources"; Appendix A "Reference Methods". Unless otherwise noted, the tests presented 
in this report were performed according to the EPA Reference Methods as revised on July 1, 1993. 
A brief description of the test procedures used follows. 

- 

4.1 SAMPLING POINTS 

The number of sampling points and their location with in the source stacklduct was determined per 
EPA Method I which is entitled "Sample and velocity traverses for stationary sources". In this 
method the number of sampling points is based on the length of straight, undisturbed flow both 
before and after the sampling port location. Site specific data is presented in Figure 4.1. 

4.2 EFFLUENT VOLUMETRIC FLOW RATE 

The effluent volumetric flow rate was determined per EPA Method 2 which is entitled 
"Determination of stack gas velocity and volumetric flow rate (Type S pitot tube)". Gas velocity 
pressure (head) and temperature data were obtained during each EPA Method 5 particulate test run 
by traversing each of the sampling points defined by EPA Method 1 .  This data along with gas 
density (EPA Method 3) and moisture content (EPA Method 4) data was used to calculate the gas 
velocity at each sampling point. The source volumetric flow rate was calculated by multiplying the 
average gas velocity by the stacklduct cross-sectional area at the point of measurement. 

4.3 EFFLUENT COMPOSITION AND MOLECULAR WEIGHT 

The density of the effluent was determined per EPA Method 3 which is entitled "Gas.analysis for the 
determination of dry molecular weight". One grab sample was collected during each EPA Method 5 
particulate test run. The gas samples were analyzed for carbon dioxide and oxygen concentrations 
with a standard Orsat analyzer using commercially prepared solutions. For calculations ofgas 
density the balance of the gas was assumed to be nitrogen and carbon monoxide. 

4.4 EFFLUENT MOISTURE CONTENT 

The effluent moisture content was determined per EPA Method 4 which is entitled "Determination of 
moisture content in stack gases", Data for making the gas moisture content determinations was 
collected simultaneously with each EPA Method 5 particulate test run. The gas moisture content 
was calculated from the mass and/or volume of liquid collected in the Method 5 sampling train cold 
b o x  impingers and the volume of gas sampled. 

4 
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Figure 4.1 Site Description Form 
L.C. Kruse & Sons, Inc. Asphalt Plant, Windom, Minnesota 
AggregatdAsphalt Drum Mix Operation Scrubber Exhaust 

June 9, 1993 

SAMPLING LOCATION DATA 

I 
I 

Stack Cross-Sectional Dimension; 
Depth (traverse dimension), inches ... 47.0 
Width, inches ................................... 41.0 
Equivalent diameter, inches .............. 43.8 

Before ports, inches ......................... 96.0 
After ports, inches ........................... 36.0 
Before ports, stack diameters ........... 2.19 

Length of straight, undisturbed flow; 

After ports, stack diameters ............. 0.82 

Number of sampling points; 
Required by EPA Method 1 ................. 25 

Number of ports ............................... 4 
Number of points per port ................. 7 

Actually used ....................................... 28 

Particulate test sampling time; 
Minutes per point: .............................. 2.5 
Minutes per test run: ......................... 70.0 

SAMPLING POINT LOCATION WITHIN STACK CROSS-SECTION 

Point Percent Inches 
Number of Traverse from Wall 

I ............. 7.14 .............. 3.4 
2 21.43 10.1 
3 ............ 35.71 ............ 16.8 
4 ............ 50.00 ............ 23.5 
5 ............ 64.29 ............ 30.2 
6 ............ 78.57 ............ 36.9 
7 92.86 43.6 

............ ............ 

............ ............ 

Points 

Ports A B C 0 

SAMPLING SITE SCHEMATIC 

I O O C  
36" 

96" 
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4.5 EFFLUENT PARTICULATE CONCENTRATION - 
I 

The effluent particulate concentration was determined per EPA Method 5 which is entitled 
"Determination of particulate emissions from stationary sources". For each test run, particulate 
matter was isokinetically withdrawn from the gas stream at each of the EPA Method 1 defined 
sampling points and collected on a glass fiber filter which was maintained at constant temperature 
(248i25'F). Water vapor, organic vapors and other matter in vapor form which passed through the 
filter was collected in an ice-cooled impinger trap who's exit temperature was maintained at less than 
68°F. 

The EPA Method 5 sampling train (Figure 4.2) consists of a heated sampling probe with attached 
nozzle, thermocouple and S-type pitot tube. The probe attaches to the front sample case (hot box) 
which houses a glass cyclone (optional) and an all-glass in-line filter holder in a temperature 
controlled environment. The front sample case is connected to the back sample case (cold box) 
which houses a series of glass impingers and a desiccant column in an ice bath. The back sample 
case is connected to the control unit which contains the sample vacuum pump, pressure and 
temperature indicators and all operating controls. 

A representative particulate sample was acquired by sampling for equal periods of time at the center 
of a number of equal area regions within the stacWduct. At each sampling point the gas velocity 
head and temperature were measured and the sampling rate rapidly adjusted to isokinetic conditions 
with the aid of a nomograph or programmable computing device. Sample gas drawn into the nozzle 
flowed through the probe to the glass fiber filter where the particulate matter was collected. The 
gases then passed through the ice-cooled condenser (impingers and desiccant column) which 
quantitatively sorbed all moisture from the gas stream. The gas then passed through the vacuum 
pump, the dry test meter and the calibrated orifice. 

Leak checks to detect any dilution air being pulled into the sampling line were performed at the 
beginning and end of each test run and also when and if any sample line connections were broken. 

M e r  completion of each test run, the sampling train was removed to the clean-up area for sample 
recovery. The filter was removed from the filter holder and placed in Container 81. Particulate 
matter collected in the nozzle, probe and all connecting glassware in front of the filter was 
quantitatively transferred to Container #2 by means of a distilled water wash followed by an acetone 
wash. A stiff brush was used in the probe cleaning step to help dislodge deposits. The water 
collected in each of the impingers (desiccant column excluded) was measured and transferred to 
Container #3. The impingers and all connecting pieces between the filter paper and the desiccant 
column were then rinsed with distilled water and these rinsings were added to Container #3. 

6 
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Figure 4.2 Sampling Train Description 
L.C. Kruse & Sons, Inc. Asphalt Plant, Windom, Minnesota 
AggregatdAsphalt Drum Mix Operation Scrubber Exhaust 

June 9, 1993 

PARTICULATE SAMPLING TRAIN IDENTIFICATION 

Sampling Train Manufacturer: _..,. MMT Environmental Services, Inc. 
Sampling Train Model: .._....._.___... Universal Stak Sampler 

Hot Box Set-up and Operating Temperature; 
Cyclone used: _._......__.......__.... No 
Filter Media: ........................... Glass Fiber Filter, Whatman GF/C, 11.0 cm diameter 
Filtration Temperature: ____....__ 248 5 25 degrees Fahrenheit 

Impinger #1: ._... Modified Greenburg-Smith design, 100 ml deionized, distilled water 
Impinger #2: ..__. Standard Greenburg-Smith design, 100 ml deionized, distilled water 
Impinger #3: .._., Modified Greenburg-Smith design, empty 
Impinger #4: ..... Modified Greenburg-Smith design, a 250 grams silica gel, indicating type 

:old Box Set-up; Impinger Type and Initial Contents 

'robe Nozzle Used: ......._ MMT #L10, 0.243 inch diameter, stainless steel 
Sampling Probe Used: .._. MMT #72, 72 inch effective length with stainless steel liner 
'itot Tube Used: __....._____ MMT #60, S-type, 0.835 coefficient 

PARTICULATE SAMPLING TRAIN SCHEMATIC 

7 
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The impingers and all connecting pieces between the filter paper and the desiccant column were then 
rinsed with acetone and these rinsings were placed in Container #4. The desiccant column was then 
weighed and its contents transferred to a waste desiccant container. 

Sample analysis was performed at MMT's laboratory. The filter was dried in a lO5'C oven for three 
hours and then desiccated to constant weight. The contents of Container #2 were transferred to a 
tared beaker, evaporated to near dryness and then desiccated to a constant weight. The contents of 
Container #3 were analyzed for condensable organic compounds using the chlorofodethyl ether 
extraction procedure described in Minnesota Rule 7005.0500. The collected extract was transferred 
to a tared beaker, evaporated to near dryness and then desiccated to a constant weight. The contents 
of Container #4 were also transferred to a tared beaker, evaporated to near dryness and then 
desiccated to a constant weight. 

The mass of particulate matter collected and the volume of gas sampled was used to calculate the 
effluent particulate concentration. The source particulate mass emission rate was calculated by 
multiplying the effluent particulate concentration by the source volumetric flow rate. Separate 
calculations were performed for total catch, front catch only (Containers 1 & 2) and back catch only 
(Containers 3 & 4). 

- 

4.6 SOURCE PLUME OPACITY 

The source visible emissions were determined by the visual observations of a certified visible 
emissions evaluator per EPA Method 9 which is entitled "Visual determination of the opacity of 
emissions from stationary sources". 

In this procedure, the observer positions himself at a distance sufficient to provide a clear view of the 
emissions with the sun oriented in the 140 degree sector to his back. Consistent with this 
requirement, the observer's line of site was, as much as possible, perpendicular to the plume's 
direction. 

Opacity observations were made at the point of greatest opacity in that portion of the plume where 
condensed water vapor was not present. Observations were made at 15-second intervals and 
recorded to the nearest 5 percent opacity. 

8 
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5 QUALITY ASSURANCE 

The project manager is responsible for implementation of the quality assurance program as applied to 
any specific project. 

5.1 SAMPLING QUALITY ASSURANCE 

Generally, implementation of quality assurance procedures for source measurement is designed SO 
the work is done: 

+ 

+ 

by competent, trained individuals experienced on the specific methodologies being used 
using properly calibrated equipment 
using approved procedures for sample handling and documentation 

Measuring devices, pitot tubes, dry gas meters, thermocouples and portable gas analyzers are 
uniquely identified and calibrated with documented procedures and acceptance criteria before and 
after each field effort. Records of all calibration data are maintained in the files. 

Prior to the test program, MMT provides the following: 
+ 
+ 

filter numbers and tare weights of all filters available for the test 
results of an acetone residue analysis on the acetone to be used during the test 
calibrations of all pitot tubes, dry gas meters, orifice meters, thermocouples and probes 

Specific details of MMT's QA program for stationary air pollution sources may be found in "Quality 
Assurance Handbook for Air Pollution Measurement Systems", Volume 111 
(EPA-600I4-7-027b). 

5.2 ANALYTICAL QUALITY CONTROL 

MMT maintains a vigorous quality control program for all samples analyzed. This program is based 
on the general guidelines given in "Handbook for Analytical Quality Control in Wat& and 
Wastewater Laboratories" (EPA-600/4-79-019); March 1979 . This program suggests guidelines in 
the areas of: 

Laboratory services 
Instrument selection 
Glassware 
Reagents 
Solvents 
Gases 
Analytical performance 
Laboratory safety 

Standards and curves are determined for each analysis using the appropriate standard. Least square 
linear regression calculations are used in determining "best fit" to the data. Correlation coefficients 
are also calculated. 

9 
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M F I N I T I O N  OF UNIT ABBREVIATIONS ............................................................ 

ACFM ........ ACTUAL CUBIC FEET PER PIINUTE 

DEG F ....... DEGREES FAHRENHEIT 

DCF ......... DRY CUBIC FEET 

DSCF ........ DRY STANDARD CUBIC FEET 

osa~ ....... DRY s T W r u R n  CUBIC FEET PER NINUTE 

Fp5 ...... .;. FEET PEA SECOND 

G ........... GRAMS 

GRIACF ...... GRAINS PER.ACTUAL CUBIC FOOT 

GR/DSCF ..... GRAINS PER DRY STANDARD CUBIC FOOT 

GRlSCF ...... GRAINS PER STANDARD CUBIC FOOT 

I N  .......... INCHES 

I N  HG ....... INCHES OF KRCURY 

I N  UC ....... INCHES OF UATER 

LBlHR ....... WMDS PER HOUR 

LBILB-MOLE .. POUND PER POUND-MOLE 

MIN ......... MINUTES 

ML .......... MILLIL ITERS 

SCF ......... STANDARD CUBIC FEET 

SCFM ........ STANDARD CUBIC FEET PER MINUTE 

SF .......... SOMRE FEET 

7. V I V  DRY ... PERCENT BY VOLURE, DRY BASIS ________________________________________-------------------- 

DEFINITION OF STANDARD CONPITIONS ________________________________________-------------------- 
STANDARD TEMPERATURE ..... 68 DE6REES FWREMHEIl 

STANDARD PRESSURE ........ 29.92 INCHES OF MERCURY 

I 
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DEFINITION OF VARIAELES 

An .... CROSS-SECTIMIAI ARFA OF NOZZLE. SF .... ~ .-. .. .- ~ - .  . ~. ~ 

A s  .... CROSS-SEClIOhAI ARFA OF STACK3 Y 
hup ... EFFLUFNT MISlURf CONTEhI. PERCENT BY WklRlE 
Bus . . . EFFLl lEhI  MOISTURE COkTENTI PROWRTlOh BV WLC 
Cd* .. , EFFLUENT PARTICULATE CONCFhlRATlON AT ACTUAL 

CONDIIlOkS, GRIAU:  I=f.b,t: Cdt: FROhT CATCH ONLY: 
Cab: BACK CATCH ONLY: C a t :  TOTAL CATCH 

CD . . .. EFFLUENT CARBMi DIOXIDE CONCENTRATION, % V I V  DRY 
CM . . . . EFFLUENT CARBON MONOXIDE CONCENTRATION, Z V I V  DRY 
CP . . .. PITOT TVBE COEFFICIENT, DIMENSIONLESS 
Cs. ... EFFLUENT PARTICULATE CONCENTRATION AT DRY STANDARD 

CONDITIONS, GRIDSCF; .=f, b, t i  Csf : FRONT CATCH ONLY i 
Csb: EACK CATCH ONLY: Cst: TOTAL CATCH 

Cwt . . . EFFLUENT PARTICKATE CONCENTRATION AT STANDARD 
CONDITICIG. GRISCF: t=f.b.t: Cut: FRONT CATCH ONLY: 

on .... 
I ..... 
Ud .... 
ns .... 
N I  .... 
OX .... 
Pb .... 
Pg .... 
Po .... 
Ps .... 
Pv .... 
Pa .... 
as .... 
b d  ... 
Rc+ ... 

Rr* ... 
SI .... 
sw .... 
Ti .... 
Tm .... 
Ts .... 
V I  .... 
Vm .... 
vns ... 
vs .... 
vw .... 
Ub .... 
Uf .... 

Cub: EACK u\TCH-ONLY; C w t i  TOTAL CATCH 
NOZZLE DIAMETER, I N  
ISOKTNFTIC UARTATT(IN. '1 

BARONETRIC PRESSURE, I N  HG 
STACK STATIC PRESSURE. I N  UC 
AVERAGE PRESSURE DROP ACROSS THE METERING 
ORIFICF. I N  UC 

DRY BASIS, DSCFM 
SOURCE PARTICULATE M I S S I O N  RATE, CLASSICAL 
METHOD, LBIHR; *=f,b3t; R c f :  FRONT CATCH ONLY: 
Rcb: BACK CATCH ONLY: Rc t :  TOT& CATCH 

AREAS "QD, L E I H R i  t=f,b,t i  R r f :  FRONT CATCH ONLY; 
Rrb:  BACK CATCH ONLY; R r t :  TOTAL CATCH 
STACK DIWETER OR LENGTH. I N  
STACX UIDTH. I N  

SOURCE PARTICVLATE EnissioN RATE, RATIO OF 

TOTAL S G P L i N G  T I E ,  H I N  
AVERAGE DRY GAS RETER TEMPERATURE, DE6 F 
AVERAGE EFFLUENT TMPERATURE, BEG F 

VOLWE OF GAS SAMPLED AT METER CWJDITIOHS, DCF 
VOLUME OF GAS SMPLED AT STANDARD COHDITIONS, DSCF 
AVERAGE EFFLUENT VELOCITY, FPS 
VOLUnE OF UATER VAPOR COLLECTED AT STANDARD 
COHDITIONS, SCF 
MAS OF PARTICULATE UATTER COLLECTED IN THE 
BACK (NET) CATCH, G 
MASS OF PARTICULATE MATTER COLLECTED I N  THE 
FROHT (DRY) CATCH. G 

vnLunE OF LIQUID COLLECTED, nL 

ut . . . . TOTAL UASS OF PARTICULATE MATTER COLLECTED, G 
Y ..... DRY 6AS METER COEFFICIENT, DIMENSIONILESS 

12 



EQUATIONS USED TO CALCULATE PARTICUI ATE EnissIws ________________________________________--------------------------- 
An = 0.005454154 4 Dn I Do 

As = 8.005454154 I 51 SI (FOR ROUND STACKS1 

As = S1 t Su 1 144.0 (FOR RECTANGUAR STACKS1 

Ps = Pb + Pg113.6 

NI  = 100.0 - CD - OX - CR 
Ut = Uf + Ub 

Vns = (528129.921 t Vm t Y I (Pb + Po113.61 I IT. + 460.01 

Vw = 0.04707 t V1 

Bws = W 1 (Vw t Vmsl 

BplP = 100.0 Eu5 

Nd = 0.440 t CD t 0.320 t OX t 0.280 t ( N I  + Cnl 

fls = fld t (1.0 - BUS) + 18.0 t h s  

Vs = 85.49 t CP f Pv t SQRT( (Ts+460.0)/(NstPsl ) 

Qd = 60.0 Vs t As 

OS = Qd t (528129.921 PS 1 ( T S  t 460.0) 

Qsd = as t 11.0 - Bw5l 

I = 0.09458 t (Ts+460.81 t Vms 1 IPS t Vs t An t TI t (1.0-Bust I 

Csf = 15.42 Uf I Vu5 
Csb = 15.42 t Ub I Vws 
Cst = 15.42 t Ut 1 Vws 

Cwf = CSf 1 ( 1 . 0  - Bws) 
Cub = Csb 1 (1.0 - Bus) 
cwt = cst  I (1.0 - hsl 
Cdf = C w f  I (29.921528.81 t (Ts+460.01 1 I'S 
Cab = Cub I (29.92/528.01 (Tst460.01 1 Ps 
Cat = Cut t (29.921528.0) t (Tsi460.01. I Ps 

Rcf = 0.008578 t Csf t Qsd 
Rcb = 0.008578 t Csb t Qsd 
Rct = 0.008578 t Cst t Qsd 

Rrf = 0.008578 Csf t (VmslTil t (AsIAn) 
Rrb = 0.008578 t Csb t (VffilTil t (As1An) ..' 
Rrt = 0.808578 t Cst t IVmslTil t (As1Anl 
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VOCUETRIC FLOU RATE CALMATION 

PROJECT WEER: 9374 CMPANY: L.C. KRUISE 
TEST DATE: 6-9-93 SOURCE: SCRUBBER OUTLET 

Preliminary Flowrate Determination 

I 

WCT DIIIENSIONS; 
LENGTH. INMES ........................... 47.88 LN 
~~ 

YlDTH, . INCHES ............................ 41.03 UD 
CROSS-SECTIONAL AREA, scl FT .............. 13.382 AR 

EFFLUENT TEMPERATURE, DEG F ................ 165 TS 

MOISTURE CONTENT OETEMINATI:.':. 
EFFLUENT UET BULB TEMPERATURE, DEG F ..... 158 TU 
ETLVMT D€U POINT TEtIERATURE, DE6 F .... 158 TD 

D I N ,  % ............ 84.9 RH EFFLUENT RELATIVE wni 
EFFLMNT MOISTURE CONTENT, x v/v  ......... 32.5 nc 

DUCT PRESSURES; 
BAROIETRIC PRESSURE- I N  HG ............... 28.12 PB 
STATIC PRESSURE, IN UC ......... ; ......... -0.98 PS 
ARSOCUTE PRESSURE, IN UC ................. 28.85 PA 

EFFLUENT CMIPOSITION; 
CAREON DIOXIDE CONTENT- X V I V  DRY ........ 1.0 CD 
OXYEN CMTENT, Y. V I V  DRY ................ 10.5 OX 

EFFLVDiT KitECULAR EIGHT; 
IILB-MOCE .................... 29.54 I DRY BASIS, L1 

UET BASIS, LEILB-HOLE .................... 25.78 I 

PITOT TUBE COEFFICIENT ..................... 0.835 CP 

EFFLUENT VELOCITY PRESSURES, I N  UC; 
POINT PORT A PORT B PORT C PORT D 

1 8.468 0.558 0.588 0.610 
2 8.850 0.796 8.990 8.880 
3 8.870 1.158 1.380 1.158 
i 1.008 ' 1.380 1.388 0.950 .......... ~~~~~ 

5 1.180 1.200 1.280 0.958 
h 1.188 1.288 1.100 1.850 
7 1.100 1.150 1.858 1.850 

AVE. SQUARE-RM)T V E L O C I N  PRESSURE, I N  WC .. 0.99 PV 

E m w T  AVERAGE VELOCITY, n i s E c  .......... 65.828 vs 

ACTUAL, ACFR ............................. 52055 FA 
STANDARD, SCFM ........................... 41874 FW 
DRY STANMRD, DSCFH ...................... 28248 FD 

EFFLVWT W#Ut!€TRIC FLOU RATE; 

EQUATIONS USED TO CALCULATE THE W U E T R I C  FLOU RATE 

AR = LN t UD I 144.8 

PA = PB + PS113.6 

MD = 8.44tCD + 8.32tOX + 8.28t(lR0-CD-OX) 

ns 5 MDt(l-MCI1BBI + 0.18tMC 

VS = 85.48 t CP t PV t SORT( (460+TSll(MS*PA) ) 

FA = 60 t US t AA 

Fu = 17.65 t FA t PA I (TS+460) 

FD = N t (l-MCI108) 

STANDARD CTUIDITION5: 68 DEG F, 29.92 W H G  
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TRAVERSE POINT DATA SUnUARV AND VELOCITY PROFILE 

PROJECT NUUEEA: 0374 COUPANV: L.C. KRUISE 
TEST WEER: 1 SOURCE: SCRUBBER WTLET 
RUN NUUEER: 1 TIUE: 6 /  9/93 1159-1311 

1 

A 
A 
A 
A 
A 
A 
A 

B 
E 
B 
B 
B 
E 
E 

C 
C 
C 
C 
C 
C 
C 

D 
D 
D 
D 
D 
D 
D 

1 
2 
3 
4 
5 
6 
7 

1 
2 
3 
4 
5 
6 
7 

I 
2 
3 
4 
5 
6 
7 

1 
2 
3 
4 
5 
b 
7 

TRAVERSE POINT DATA VELOCITY PROFILE 

VELOCITY ORIFICE TEMPERATURE, DEG.F SPRT GAS 
PRESSURE PAESSURE STACK WTER METER M L O C l T V  VELOCITY 

I N  UC I N  WC GAS INLET WTLET PRESSURE FTlSEC 

0.460 
0.7E0 
1.050 
0.960 
0.050 
1.050 
1.200 

1.350 
1.050 
0.950 
0.970 
0.010 

0.758 

0.610 
1 * 000 
1.250 
1.300 
1.150 
1.166 
l.rmpi 

0.590 
0.048 
1.266 
1.150 
1.050 
1.000 
8.930 

0. 7m0 

0.788 
1.328 
1.770 
1.628 
1.240 
1.530 
1.750 

1.970 
1.530 
1.390 
1.478 
1.108 
1.020 
I. 098 

0.890 
1.460 

I. 900 
1.6m 
1.618 
1.460 

0.060 
1.230 
1.750 
1.688 
1.530 
1.460 
1.568 

1. a30 

169 
174 
179 
184 
185 
I 80 
107 

179 
188 
184 
101 
1% 
185 
100 

I92 
104 
101 
183 
185 
107 
182 

184 
171 
165 
106 
188 
107 
107 

01 
82 
83 
84 
84 
06 
05 

05 
E5 
85 
E5 
05 
E5 
05 

06 
07 
07 
06 
06 
86 
86 

E5 
06 
85 
85 
E5 
85 
04 

E3 
82 
81 
01 
El 
02 
03 

E3 
83 
03 
R3 
83 
83 
83 

94 
04 
85 
85 
E5 
85 
85 

04 

05 
E5 

E5 
85 

m 

0.670 
0.803 
1.025 
0.900 
0.922 
1.025 
1.095 

1.162 
I .  025 
0.975 
8.945 
0.900 
0.037 
0.866 

0.701 
1.00e 
1.110 
1.140 
1.072 
1.049 
1.0~0 

0.768 
8.917 
1.095 
1.072 
1.025 
1.660 
0.964 

45.67 
59.71 
69.54 
66.76 
62.07 
70.03 
74.81 

70.06 
69.60 
66.41 
6b.95 
61.42 
57.05 
50.19 

53.13 
60.13 
76.00 
77.62 
73. I? 
71.63 
60.03 

52.33 
61.81 

73.18 
70.03 
h0.29 
65.06 

73.53 

AVERAGE 0.968 . 1.440 182 0 5 .  04 8.977 66.48 
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PARTICULATE EMISSION TEST CALCULATIONS 

PROJECT WEER: 9374 COMPANY: L.C. KRUISE 
TEST MRIBER: 1 SOURCE: SCRUBBER OUTLET 
RUN NUMBER: I TINE: b l  9/93 1159-1311 

TEST DATA 

GAS K T E R  C W F I C I E N T  

PITOT TUBE COEFFICIENT 

NOZZLE DIfENSIONS: . .._~ 
DIAMETER, I N  
AREA, SF 

STACK D I E N S I O N S I  
DIAIQTERILFNGTHl I N  
UIDTH, I N  
AREA,  SF 

BARMETRIC PRESSURE, I N  

0.9916 

0.835 

0.243 
0.000322 

47.00 
41.00 

13.382 

HG 28.12 

Y 

CP 

Dn  
An 

SI 
sr 
AS 

Pb 

VOLWE OF L l W l D  
COLLECTED, ML 564.8 V I  

GAS COMPOSITION, X V I V  DRY; 
CARBON DlOYlM b.50 CD 
OXYGEN 11.40 OX 
CARBON HONOXIDE 0.00 CM 
NITROGEN (BY DIFFERENCE) 82.10 N I  

AVE. TRAVERSE POINT DATA; 
STAW TERP.. DEG F 182 Ts 
METER TEMP., DEG F 84 Tm 
ORIFICE PRESSURE, I N  UC 1.440 P o  
SQRT VELOCITY P., I N  UC 0.977 Pv  

STACK PRESSURES; W S  OF PARTICVCATE HATTER 
STATIC, I N  UC -0.91 Pg COLLECTED, G; 
ABSOLUTE, I N  H6 28.05 Ps FRONT CATCH ( 91.621 0.3798 U f  

BAW CATCH ( 8.4X1 0.0349 Ub 
SAnPLlNG T I E ,  R I N  70.08 Ti TOTAL CATCH 0.4147 Ut 

VOLWE OF GAS SAMPLED 
AT METER, DCF 49.756 Vm 

~~~~~~~~ 

CALCULATED RESULTS 

VOLURE OF GAS SMPLED 
AT E T E R ,  DSCF 44.696 Vrns DRY BASIS, LBILB-MOLE 29.50 H d  

UET BASIS, L B I L B - W E  25.20 Ms 
EQUIVALENT WLUME O F  UATER 
VAWR COLLECTED, SCF 26.67'? V u  AVERAGE GAS VELOCITY, FPS 64.48 V s  

GAS ROCECVLAR WEIGHT; 

GAS MOISTURE CONTENT; GAS W L W E T R I C  FLOU RATE; 
VOLUtE FRACTION 8.3738 Bos . ACTUAL, ACFR 53377 Pa 
PERCENT BY VOLUM 37.38 BWP STANDARD, SCFM 41149 Ps 

DRY STANMRD, DSCFH 25768 Qsd 

ISOKINETIC VARIATION, Z 103.02 I 

FRONT CATCH BACK CATCH TOTAL CATCH ___________ PARTINLATE EMISSION PARAMETER 

PART I N L A T E  CONCENTRAT1 ON 
ACTWV, GRlACF 0.0633 C a t  0.0058 Cab 8.0691 Cat  

DRY STANDARD, GRIDSCF 0.1310 Csf  0.0120 Csb 0.1431 Cst  
STANDARD, GRISCF 0.0821 cut 0.0075 cub 0.0m6 Cwt 

PARTIflIILATF FUISSfoll RATF. I P J H R  . . .. . . _ _  . . - -. . . _ _  . . . . . .. . . -, __  . . . . 
CLASSICAL NETHOD 28.96 R c t  2.66 Rcb  31.62 Rct 
RATIO OF AREAS METHOD 29.02 Rrt 2.14 Rrb 32.56 Rrt 

STANDARD CONDITIONS: b6 DEG F, 29.92 I N  HG + NON-APPLICABCE DATA 

I 
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TRAVERSE POINT DATA SWMRY AND VELOClTV PROFILE 

1 
I 
I 
D 
! 
I 
I 
I 
1 
I 
1 
1 
1 
1 

PRWECT NIRBER: 9374 -COnPAEiY: L.C. KRUISE 
TEST NIKIEER: 1 SOURCE: SCRUEEER OUTLET 
RW NIREER: 2 TIME: b l  9/93 138-1442 

A 
A 
A 
A 
A 
A 
A 

B 
E 
B 
B 
B 
E 
E 

C 
C 
C 
C 
C 
C 
C 

D 
D 
D 
D 
D 
D 
0 

1 
2 
3 
4 
5 
6 
7 

1 
2 
3 
4 
5 
6 
7 

1 
2 
3 
4 
5 
6 
7 

1 
2 
3 
4 
5 
6 
7 

TRAVERSE POINT DATA VELOClTY PROFILE 

VELOCITY ORIFICE TEHPERATUREt DEG.F 
PRESSURE PRESSURE STACK METER METER 
IN UC IN UC GAS INLET OUTLET - . .  
0.520 
0.810 
0.940 
0.988 
1.050 
1.050 
1.200 

0.540 
0.690 
0.948 
1.200 
1.350 
1.380 
1.250 

0.600 
0.810 
1.000 
1.050 
1.288 
1.288 
1.10e 

0.490 
0.740 
0.960 
1.050 
1.100 
1.10a 
1.000 

0.768 
1.198 
1.388 
1.448 
1.548 
1.540 
1.760 

0.798 
1.010 
1.330 
1.768 
1.988 
1.910 
1.840 

0.8BB 
1.198 
1.470 
1.540 
1.760 
1.768 
1.620 

0.720 
1.080 
1.410 
1.540 
1.628 
1.628 
1.470 

1BB 
184 
183 
184 
185 
182 
181 

182 
183 
181 
187 
185 
186 
186 

185 
184 
186 
185 
185 
186 
184 

186 
187 
I 85 
186 
188 
181 
184 

__-. 
85 
85 
85 
85 
85 
85 
85 

85 
85 
86 
85 
65 
86 
87 

87 
86 
86 
86 
86 
86 
86 

86 
86 
86 
86 
86 
86 
86 

.----_ 
85 
R5 
85 
85 
85 
85 
85 

85 
86 
86 
85 
85 
86 
86 

86 
86 
86 
86 
86 
86 
86 

86 
86 
86 
86 
86 
86 
86 

AVERAGE 0.972 1.427 184 86 86 

SQRT GAS 
W.LOC I TY VELOCITY 
PRESSURE FTlSEC 

0.721 
0.980 
0.978 
0.998 
1.025 
1.025 
1.095 

0.735 
0.831 
0.970 
1.095 
1.162 
1.140 
1.118 

0.775 
0.988 
1.m0 
1.025 
1.095 
1.095 
1.049 

0.700 
0.860 
0 . m  
1.025 
1.049 
1.049 
1.000 

48.84 
61.15 
65.82 ' 
67.26 
69.67 
69.51 
74.25 

49.85 
56.39 
65.72 
74.68 
79.00 
77.59 
76,W 

52.67 
61.15 
68.05 
b9. 67 
74.49 
74.54 
71.26 

47.63 
58.58 
66.62 
69.73 
71.48 
71.09 
67.94 

0.978 66.45 
i 
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PARTICULATE EMISSION TEST CALCULATIONS 

PROJECT N W . R :  9374 CMPANY: L.C. KRUISE 
TEST NUREER: 1 SWRCE: SCMJBBER OUTLET 
RUN MK(P.ER: 2 TIM: 6 /  9/93 1330-1442 

TEST M T A  

GAS RETER COEFFICIENT 8.9816 Y 

PITOT TUBE C W F l C l W T  0.R35 CP 

NOZZLE DIMENSIONS; 
DIAMETER, I N  8.243 On 
A E A ,  SF 0.688322 An 

STACK DIMENSIONS; 
DIMETERILENGTH, I N  47.00 SI 
UIDTH, I N  41.00 SW 
AREA, SF 13.382 As 

W U t E  OF L IQUID 
COLLECTED, K 553.0 V I  

!3S COMPOSITION, 'I VIV DRY; 
CARBON DIOXIDE 7.50 CD 
OXYEN 10.00 ox 
CARBON W O X I D E  0.00 cn 
NITROGEN (BY DIFFERENCE) 82.50 N I  

BARnnETRlC PRESSUR€, I N  HG 28.16 Pb 

STACK PRESSURES; MSS OF P A R T I M A T E  MATTER 
STATIC, I N  UC .-0.94 Pg COCLECTED, G; 
ABSOLUTE, I N  HG 28.09 Ps FRONT CATCH ( 91.421 0.3319 U t  

BACK C4TCH ( 8.6%) 0.0319 Ub 
SAMPLING TIME, MIN 70.00 Ti TOTAL CATCH 0.3698 U t  

VOLUE OF GAS SAMPLED 
AT METER, DCF 49.375 Vn 
_____________-____--______________I_____--------------------- 

CALCULATED RESULTS 

VOLURE OF GAS SnRPLED 
AT METER, DSCF 44.364 Vms DRY BASIS, LEILB-FJXE 29.60 Rd 

EQUIVALENT V O L W  OF UATER 
VAWR COLLECTED, SM 26.03 Vu AVERAGE 6(\5 VELOCITY, FPS tb .45  Vs 

a s  ROISTURE CONTENT; 

6AS WLECULAR UEIGHT; 

WET BASIS, LWLB-ROLE 25.31 ns 

6AS VOLUiETRIC FLW RATE; 
VOLUME FRACTION 0.3701 Bss , ACTUAL, A E M  53352 
PERCENT BY VOLWIE 37.01 BUP STANDARD, san 41048 Qs 

DRY STANDARD, DSCFM 25856 Qsd 

ISOKINETIC VARIATION, Z 101.77 I 

PARTICKATE EMISSION PARAMETER FRONT CATCH BACK CATCH TOTAL CATCH 
--------_-----____--____I 

PARTIPIU ATF CONPFNTRATION 
0.8570 bf 8.0054 Cab 0.0624 Cat  
0.0741 Cut 0.0070 Cub 0.0811 Cnt 
0.1176 Csf 8.0111 Csb 0.1287 Cst 

PARTICULATE EMISSION RATE, LEIHR 
CLASSICAL E T W D  26.08 Rcf 2.46 Rcb 28.55 Rct 
RATIO OF AREAS E W D  26.53 A r f  2.50 Rrb 29.03 Rrt 

STANDARD CONDITIOHS: 68 LEG F, 29.92 I N  HG * WN-APRICABLE DATA 
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TRAVERSE POlNl 

PROJECT NUPIEEEA: 9374 
TEST NUMEER: 1 
RUN NWBER: 3 

DATA SUMMARY AND VELOCITY PROFILE 

COMPANY: L.C. KRUISE 
SOURCE: SCRUEEER OUTLET 
TINE: b /  9/93 1500-1612 

S A n P L l f f i  
LOCATION 

PORT POIN1 

A 
A 
A 
A 
A 
A 
A 

B 
B 
B 
B 
E 
e 
e 
C 
C 
C 
C 
C 
C 
C 

D 
D 
D 
D 
D 
D 
D 

1 
2 
3 
4 
5 
6 
7 

1 

3 
4 
5 
6 
7 

1 
2 
3 
4 
5 
6 
7 

1 
2 
3 
4 
5 
6 
7 

- 

VELOCITY ORIFICE TEMPERATURE3 OE6.F SPRT GAS 
PRESSURE PRESSURE STACK NETER METER VELOCITY VELOCITY 
IN UC I N  WC GAS INLET CUTLET PRESSURE FT/SEC 

0.550 
0.768 
0.920 
0.970 
0.980 
1.280 
1.280 

0.w 
0.840 
1.100 
1.200 
1.300 
1.200 
1.150 

0.650 
0.%0 
1.100 
1.380 
1.250 
1. I00 
I. 050 

0.610 
0.020 
1.058 
I .  000 
1.0a0 
0.990 
0.960 

0.810 
1.120 
1.350 
1.430 
1.440 
1.760 
1.760 

0.710 
1.230 
1.620 
1.760 
1.910 
1.760 
I. 690 

0.968 
1.260 
1.620 
1.910 
I. 848 
1.620 
1.540 

0.900 
1.210 
1.540 
1.470 
1.470 
1.468 
1.410 

187 
183 
I80 
178 
181 
177 
176 

178 
177 
179 
180 
181 
I03 
185 

184 
186 
1% 
185 
IRB 
193 
189 

182 
177 
174 
171 
170 
1 62 
160 

87 
87 
87 
87 
07 
87 
86 

86 
86 
86 
86 
86 
86 
86 

85 
85 
85 
86 
86 
85 
85 85 

85 
85 
05 
85 
85 
85 

87 
07 
87 
86 
86 
E6 
86 

85 
85 
85 
m 
m 
85 
05 

85 
85 
85 
85 
85 

85 

85 

84 
84 
84 
84 
84 

m 

m 

0.742 
0.872 
0.959 
0.785 
0.w0 
1.095 
1.095 

0.693 
0.917 
1.049 
1.895 
1.140 
1.095 
1.072 

0.806 
0.927 
1.049 
1.140 
1.110 
1.049 
i.m 
0.781 
0.906 
1.025 
1,000 
1.080 
0.995 
0.980 

50.63 
59.33 
65.12 
66.77 
67.27 
74.20 
74,14 

46.97 
62.08 
71.15 
74.38 
77.47 
74.55 
73.09 

54.91 
63.26 
71.54 
77.72 
76.38 
71.93 
70.86 

53.11 
61.34 
09.25 
67.42 
67.36 
66.a 
65.48 . .  

AVERAGE 8.985 . 1.449 1BB 8 6 .  85 6.986 66.91 
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PARTICULATE EMISSION TEST CALCULATIWS 

PROJECT NUHEER: 9374 CMPANY: L.C. KRJISE 
TEST NUMBER: I SOURCE: SCRUEEER OUTLET 
RVN NUMEER: 3 TINE: b l  9/93 1500-1612 

I 

I 

~~~~ ~~ 

TEST DATA 

GAS llETER CDEFFICIENT 0.9816 Y 

PITOT TUBE COEFFICIENT 0.835 CP 

NOZZLE DIKENSlM; 
DIAMETER, I N  0.243 Dn 
AREA, SF 0.888322 An 

STACK DIltMSIMi 
DIMTERILENGTH, I N  47.00 S I  
UIDTH, I N  41.00 Stl 

13.382 A 5  AREA, K 

BAROMETRIC PRESSURE, I N  ffi 28. I8 Pb 

STACK PRESSURES; 
STATIC, I N  UC -0.92 Pg 
ABSOLUTE, I N  HG 28.11 P r  

SMPLING T I E E l  MIN 70.80 Ti 

VOLIRE OF LIQUID 
COLLECTED, ML 580.9 v1 

GAS COHPOSITION, Z VIV DRY; 
CARBON DIOXIDE 7.00 CD 
OXYGEN 10.50 OX 
CARBON MNOXIDE 0.00 w 
NITROGEN (BY DIFFERENCE) 62.50 N I  

AVE. TRAVERSE POINT DATA; 
STACK TEMP., E G  F 188 1s 
METER TEMP., DEG F 85 Ta 
ORIFICE PRESSURE, I N  UC 1.449 Po 
SORT KLOCITY P., 1N UC 0.986 P v  

NASS OF PARTICULATE W T I E R  
COLLECTED, G; 

FRONT CATCH ( 89.SL) 0.3554 Uf 
BACK CATCH ( 10.5%) 0.0415 Ub 
TOTAL CATCH 8.3969 Ut 

VOLUME OF GAS SAMPLED 
AT METER. DCF 49.851 Vn 

CALCULATED RESULTS 

VOLUnE OF GAS SAMPLED 
AT HETER, DSCF 44.780 Vns 

EQUIVALENT WLME OF UATER 
VAWR COLLECTED, SCF 27.343 Vw 

GAS NOISNRE CONTENT; 
W L M E  FRACTION 0.3791 Bws 
PERENT BY VOLIME 37.91 BWP 

PARTICULATE M I S S I O N  PARAMETER 

P A R T I M A T E  CONCENTRATION 
ACTUAL, GRIACF 
STANDARD, GRISCF 
DRY STANMAD, SRIDSCF 

PARTICUL.ATE EHISSION RATE, 1.BIHR 
CLASSICAL WHO0 
RATIO OF AREAS NETHOD 

GAS MOLECULAR WEIGHT; 
DRY BASIS, LBILB-MOLE B.54 Md 
UET EASlS, LBILB-MOLE 25.16 M5 

AVERAGE GAS VELOCITY, F f f i  bb.91 V5 

GAS VOLUNETRIC FLOW RATE; 
ACTUAL, ACFH 53724 Pa 
STANDARD, SCFM 41663 0s 
DRY STANDARD, DSCFM 25860 Qsd 

ISOKINETIC VARIATION, 1 102.81 I 

6.0589 Caf 0.0069 Cab 0.06% Cat  
0.0768 Cuf 0.0089 Cub 0.8849 Cut 
0.1224 C5f 0.0143 C5b 0.1367 Cst 

27.16 Rcf 3.17 Rcb 30.33 Rct 
27.90 Rrf 3.26 R r b  31.16 Rrt 

STANDARD CONDITIONS: b8 OEG FI 29.92 I N  ffi * NON-APPLICABLE DATA 

I 
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TAKE ANALYSIS OF VISIBLE EHISSION TEST DATb 

I 

Test-Run # 1-3 

PLUWE OPACIlY OBSERVATIONS ~ - ~ _ _  
MIN- +* SECWDS ++ MIN- +I SECONDS +t MIN- ++ SECONDS *I 
UTE 00 15 30 45 UTE 00 15 30 45 UTE BB 15 38 45 

6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
16 
I9 

10 5 15 5 
5 20 5 10 
5 5 10 15 

10 10 10 5 
10 5 5 I5 
5 5 10 10 

15 10 5 I0 
10 5 10 5 
5 15 I0 5 

___ __  -- -- -- 
20 15 10 5 5 
21 5 10 10 15 
22 5 10 15 5 
23 10 5 5 15 
24 10 10 I0 15 
25 20 15 15 I0 
26 10 15 10 10 
27 5 10 10 10 
28 10 10 15 15 
29 5 10 5 15 
30 I0 15 15 15 
31 10 5 I0 10 
32 10 5 10 5 
33 5 5 1 0  5 
34 5 5 10 5 
35 10 I0 10 I0 
36 10 15 15 10 
37 10 10 15 10 
38 20 15 15 10 
39 10 10 5 5 

40 5 5 10 5 
41 I0 10 15 10 
42 10 10 10 5 
43 10 15 15 10 
44 is 5 5 15 
45 5 5 I0 10 
46 15 15 2a 10 
47 10 10 10 5 
48 5 10 10 10 
49 I5 15 10 5 
50 10 15 10 15 
51 I5 10 10 10 
52 5 10 10 10 
53 5 5 5 10 
54 5 18 15 15 
55 15 10 10 15 
56 10 10 I0 5 
57 10 15 15 5 
5E 5 I0 10 5 
59 I0 5 5 10 

SWWARY OF TEST DATA 

PLME ' PERCENT 
OPACITY OF TIME 

7. AT OPACITY 

25 0.00 
30 0.00 
35 0.00 
40 0.00 
45 0.00 
50 0 . m  
55 0.00 
60 0.m 
65 0.00 
70 0.m 

PERCENl 
OF TIME 
OPACITY OPACITY T I E  OPACITY IN RANGE 

RANGE,% Z OF TIHE MINIHR EXCEEDED - 
100.00 0 -22 1m.m 60.00 
-67.92 n - a  0.80 0.00 
21.25 45 - 60 0.88 0.00 

1.67 > t Q  0.00 0.00 
0.00 
0.00 
0.00 
0.00 
0.m MXIM OBSERMD OPACITY, 5: 20 
0. e3 I ( I N I M  OBSERWD OPACITY, Z: 5 
0.00 A R I T M I C  MEN OPACITY, 5: 9.5 
0.00 
O.m 
0.00 
0.00 .. . -. ~. 

75 0.00 0.00 SIX-MINUTE AMRAGE OPACITY, % 
R0 O.m 0.00 MxItwtl: 1 I. 7 (?5:00-30:45) 
65 0.00 0.00 2nd LARGEST: 11.3 (46:00-51:451 

95 0.00 0.00 4th LARGEST: 9.E (54:86-59:451 
98 O.m 0.00 3rd IARGEST: 10.6 (36:15-42:00) 
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, . : .  

SOURCE EMISSION TEST 
SITE DESCRIPTION DATA SHEET 

T r a v e r s e  
P o i n t  

I 

P o r t  Len<t l l :  
I n c h e s  I I n c h e s  

9 .  

Number 
.. 1 

2 
3 
4 
5 
6 
7 
8 
Q 

From Wall From P o r t  
7. 36 

I&.-?< 
2 3.+i 
310, ;lo. 

3G.S I  
43. lo& 

10.07 

, I 

1 0  I I 

23 I I 
24 1 
PRELIMINARY TRAVERSE DATA 

Ave. V e l o c i t y  P r e s s u r e ,  I N  WC: 

&DIT J o b  

Company 
A d d r e s s  : h / h d a m ,  M /d  

S o u r c e :  

S o u r c e  C r o s s - s e c t i o n a l  Dimensions 
I 

Round Duct ;  d i a m e t e r :  iYP 
R e c t a n g u l a r  D u c t ;  

Width: qqitL 71'' 
E q u i v a l e n t  d i a m e t e r :  

De = 2LW/(L+IJ) 

B e f o r e  P o r t s :  

Number of Sampl ing  P o i n t s ;  

R e q u i r e d  by EPA Method 1: w d <  
. A c t u a l l y  Used: 

I f  
Number of p o r t s  

P o i n t s  p e r  p o r t  - 
Sampl ing  Time; 

Y 
7 

M i n u t e s  p e r  P o i n t :  ?, 5 
M i n u t e s  p e r  T e s t  Run: 70 

I . 
SITE SKETCH AND COMMENTS u -34 

i "  - I 
I 

' I FORM: S-FD-,lc 
23 



EPA METHOD 2 :  VOLUMETRIC FLOW RATE DETERMINATION 

F i e l d  Data S h e e t  

WIT Job  Number: Ambient Temperacure ,  OF: 77 
D a t e :  

Source :  5'lJb D> +L+ Dry Bu lb  Temp.,  O F :  

Wet B u l b  Temp., OF: 

R e l a t i v e  Humidi ty ,  %: 

Dimens ions ,  i n c h e s :  

Tes t ,  Team Members: 

B a r o m e t r i c  P r e s s u r e ,  i n .  Hg. : 2 8, /A 
Company: L . C .  L r ~ i j e  + G n S .  S t a t i c  P r e s s u r e ,  i n .  - 0.70 

\ $ 9  

: i / , , T e s p .  :- 0 Run No. : ~ * ~ h I f k ?  7 M o i s t u r e  C o n t e n t ,  Z: 3\ 9. -32 .q1  
~ ,', ' ..: . 

VELOdIp TRAVERSE: T ime :  1 1  31 P i t o t  Tube No:&?' C o e f f i c i e n t :  A5-S ' 
b-' 1 

C 1 PORT D 
-. 

T r a v e r s e  
Po i n  t 
Number 

I 

O L .  
3 

b .  
3 

v Temp. 

I 

.% . , . .  . . .  e ?. ..: : :.*: :,.,.. 
. !.> . ,. . ., ., . 

.a 





I 

TEST IDENTIFICATION - FDlT Job Number: w'77'/ 

Compiinv: L. C. Et-d;rc c gens 
S o u r c e :  +J.bC, &&kt 
S o u r c e  Dimensions:  71 -q( 
T e s t -  Team: gl'r[ 4- TeL(  '. 
T e s t  P r o c e d u r e :  Ct'h 1-5 

Date: G.LJ 1'94-3 

I I I NOEIOGIUPH EQUIPNENT 
IDENTIFICATION PARANETERS 

AH@ 1.83 Cont ro l .  U n i t  No.: 5 
nl 8T (:as bleter C o e f f i c i e n t :  .5Y3 

Sample Box No. : 5- MC >d 

P r o b e  NO.  : % Leng th :  7%& PS/L'M 1.J 
P i t o t  N O . :  b v  C o e f f i c i e n t :  f l - . S F  C .Wj 
N o z z l e  No.: Llo Diameter: ,I$> * g r i  TS / h $  
F i l t e r  No.: n ' 9 g  R 

_____ 

SYSTEM LEAK CHECKS 
Time  Rate (cfm) Vac. ( in .Hg) 



MOISTURE DETERMINATION SYSTEM LEAK CHECKS 
Vac. (in.Hgj 

2. 3 4 5 Rate (cfm) I 
\ /  . / ?ZC 

Time " 4  IEPINGER 1 
Final 
Initla1 f S  
Difference 

27 '00 3 $7L .Y  A rvr< . o a  
Total Moisture Collected: - 



J 
1 
I I 

i 

7 

! 

T 

i 

I 
1 

t 
!I 

EQU TPEIEN'I' 
'TEST IDENTIFICATION 1 I)ENTIFICATlON 

Control  U n i t  No.: <- 
Sample Box No.: 

f 
klNT .lob Number: q 3 7 ' f  

Companv: Lac. L,;= e rp, 
S o u r c e  Dimeas ions :  -11 C C f I  P i t o t  No.: 60 C c e f f i c i e n t :  A:.- 
T e s t  Team: g,'// cxA Nozz le  No.: ' ( 0  Diamcter: . .?~3 av3-/  

1)ate:  bd L-7.93 .Gas Meter C o c f f i c i e n L L  d q x  3- 

Sol l rce :  j;dL O+ld P r o b e  No. :%a I.ength: 7k" 7 2  " 

T e s t  P r o c e d u r e :  f Y e  1-5  F i l t e r  No.: mJ 7 

5 

NOMOGRAPH 
PARAMETERS 
AH@ /,% 3 
111 
h1C 
PS/PP( c L C  
C z . 7 7 3  

TS 
R 

I 

I 
I 

I 
I I I I I 
I I I I 1 

I m p i n g e r  Catch D e s c r i p t i o n :  

DETERMINATION OF GAS COMPOSITION BY ORSAT ANALYSIS 
Sample I d :  I R e p l i c a t e  1 I R e p l i c a t e  2 I R e p l i c a t e  3 L Average  

I Buret I P e r c e n t  I B u r e t  I P e r c e n t  I B u r e t  I P e r c e n t  1 1 P e r c e n t  

SYSTEN LEAK CHECKS 
Time Rate (c fm)  Vac. ( in .Hg) 

n.7 
Jf + 

: 

L a  . Voliiiiic o t  G A S  S a m p l e d ,  i)<:l:: 
,, ,I- 

.. FORN:. . s-;I,-5 
.... . . . -  -. A . . . .  ...... ... . . . . .. . . . .. . 



; ., 11 , 



I 
,' 

/ 

, :., EQUIPMENT 
. ~I TEST IDENTIFICATION IDENTIFICATION 

. .  

MNT Job Noxber  : C o n t r o l  U n i t  No.:  5 

Companv: L.C. t j . i L  t<af*>  S a i n p l e  Box No. : 5- 
S o u r c e :  j c , J d b V  &lot 
T e s t  Team: g;lI + 
Tes t  I ' r o c e d u r e :  f!/t 

.? 3 7 y 
Date: CrJ 6 \ 4 8 ?  ~ 3 s  Meter C o e f f i c i e n t :  . ~ x T  .I_ 

source ~ i ~ ~ ~ ~ i ~ ~ ~ :  q-+Cln&itk P i t o t  N O . :  b o  C o e f f i c i e n t :  A = . W  
7%- '( P r o b e  No. : ' ; W 7 U 2 e n g t h :  72 " 

N o z z l e  No.: C I -  Diameter: , 3 f 3  lGr 
I- ; F i l t e r  No. : 8710 

NOEIOCRAPII 
PAIWIETERS 

gl"r 7 . - 
- biC c. 7L 

1's / PM 
c ,583 

-2 1. = 

TS /r7 
K 

I m p i n g e r  C a t c h  D e s c r i p t i o n :  :$*ypI. 

S a m p l e  I d :  R e p l i c a t e ' %  R e p l i c a t e  2 Repl i ca t e  3 A v e r  a g e  
DETERMINAT'l0N;OF GAS COMPOSITION BY ORSAT ANALYSIS 

I I '  I I 
n 1 B u r e t  I P e r c e n t  I B u r e t  I P e r c e n t  I B u r e t  I P e r c e n t  I 



I 
I 
i 
i 

! 
! 

I 
I 

1 
I 
1 
1 
I 
I 
il 
I 

\ 



- 1  
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i 
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SUflNAAY OF PARTICULATE EUlSSlOhl TEST LABORATORY DATA 

PROJECT NUHER: 9374 COMPANY: L.C. K R U I Y  
TEST NMiBEA: 1 SIWRCE: SCRUEBEA OVTLET 

HAS OF PARTICULATE MATTER COLLECTED3 GRAHS 

FRONT CATCH BACK CATCH TOTAL 
PART I ClhATE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

RUN FMNT CVUONE FILTER FRONT IMPlffiER I t l P I N E R  BACK MASS 
NWIBER UASH CATCH CATCH TOTAL CATCH *+ UASH TOTAL COLLECTED ________ ________ ________ ________ ________ ________ ________ _______---_ 

1 0.0859 0.0000 0.2939 0.3798 0.0169 0.0188 0.0349 0.4147 - 0.3698 

3 0.0637 0.0000 0.2917 0.3554 0.0163 0.0252 0.0415 0.3969 

0.0655 0.0000 0.2724 0.3379 0.0147 0.0172 0.0319 

+ NOT RPRICABCE I*  CHLOROFORfllETHYL ETMR EXTRACTION 

34 
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i 

/ '  

d' 

i 
I 

I 
'\ 
! 

CONI'UTER PRINTOUT 
1 

_- 
ma C Vd . Td . Q H VU Tu 

8.5 2,451 73 2.487 70.8 6.8 0.9881 1.7921 
1.0 5.114 n 5.224 73'5 9.0 0 . ~ 1 3  1.8428 
2.0 8.772 n 9.019 82.8 11.8 0.9853 1.8394 

______-- - -  ---- 
3.0 6,805 73 6.999 Bb.O 7.0 8.9883 1.8455 

I - 



I D  , 

COfE'UTER PRINTOUT 

H vu TU Vd Td P C Ha ____ ________ 
0.5 2.882 lk 2.908 69.5 7.0 8.9815 1.7364 
1.8 9.130 74 9.328 74.3 16.0 8.9716 1.7918 
2.8 18.363 74 10.686 81.8 13.0 8.9789 t.8189 
3.0 10.663 74 l1.8OB 87.8 11.0 0.9832 1.8168 

AMRAGE CORRECTION FACTOR: C = 0.9803 
A V E R A W  ORIFICE CONSTANT: Ha = 1.7890 

EWAT IONS: 
Vm = V r f  - hi 
Vd = Vdf - V d i  
Td E ( T i i  + T i f  + T a i  + Taf I I 4 .  
C = Vu t Pb t (Td+468l I ( Vd t IPbtH/13.61 ( T m * 4 b E l  ) 
Ha = 0.0317 t H i ( I T U + ~ ~ ~ I + Q I V U I A ~  I ( Pb + (TWk.01 I 



C A L I  I3 IbiT I ON 

s-TYPE PI'ro'r 'I 'UUI:  I I  

-P l?J> S I k q A h  10' 
Dace: S-Type P i t o t  T u b e  IU No.: bo I '  hdz "dv 
Ambi.ei i t  T e m p e r a t u r e .  OF: 66 S t a n d a r d  P i t o t  Tube I D  No.: / % ' "  

0 3 9  s' ~ 

B a r o m e t r i c  P r e s s u r e ,  in. Hg.: 29,  S t a n t i a r d  P i t o t  Tube C o e f f i c i e n t :  

7 ( 3 2 <  50 

- R < 1 / 3 2  i n .  

-/ q c u a  i n .  

1 

p- 
p l a n e  ( P A ) :  

p l a n e  (PB) :  
Base t o  S i d e  B o p e n i n g  

DESIRED CALIBRATION POINT SIDE A CALIBRATION 

1 

SIDE B CALIBRATION 

PITOT TUBE EXANINATION #&f A&,fd ddy C r & c b  

A l i g n m e n t  Check I P i t o t  Tube D i m e n s i o n s  I P i t o t  Assembly I n t e r c o m p o n e n t  S p a c i n g s  - - 
'q 1 < 100 
/. 2<100 =P Al< 50 

I ,  
E x t e r n a l  t u b i n g  

Base t o  S i d e  A 
d i a m e t e r  (Dt): 

COMPUTER PRINTOUT 

SIM B CALIBRATION 
___________.________------------ SIDE R CALIBRATION 

.____________.______------------ 
* = , A  e. T o  Co-ColA I  Pstd Ps cp cp-cp(e.I ______ _ _ _ _ _ _  ___.__ _--..---- -, .. .. I 1 I Y  I *  

____._ _ _ _ _ _ _  _____- -------- 
0.120 8 .164  0.851 0.016 0.120 0.170 0.836 -0.006 
0.368 0.510 0.836 0.001 Z.340 0.460 0.855 0.013 

1.510 2.240 0.817 -0.018 1.410 2 . 0 3  0.831 - 8 . 8 l l  
0.830 1.180 0.831 -0.000 0.790 1.098 0.847 0.005 

I 

FOitY:  SSOA-7  



NOZZLE DT.AblETF:l< 

Nozzle* - Nozzle Namind .  M C ~ S L I K C ~  Diameter .  in. 
D l  D2 u3 D i a m e t e r ,  i n .  Number Diamete r ,  i n .  

i- I 

L- 7, , 

L- Li 

L -  8 
L-7  

L - / [  

L. -15 

. / '7  i' 
.3 rf 

,197 
, 3 - 7 q  

* Nozzle d i a m e t e r  = ( D 1  + D2 + D 3 ) / 3  

C a l i b r a t i o n  Per formed by: I 
i 



thermometer, O F  

44 



45 



i 

EQU 1PblENT CALI !%RATION 

R e f e r e n c e  t e m p e r a t u r e  T e m p e r a t u r e  i n d i c a t e d  
by  n l c r c u r y - i n - g l J t : S  
t h e r m o m e t e r ,  O F  c e m p c r a c u r c  m e t e r ,  O F  

by  t h e r m o c o u p l e  a n d  D e v i a t i o n .  

4 6  



i2 3 

4 7  

/'yo / 

q :L .  7 3  
I):, I . < ,  : ............ - .  .... . . . . . . . . . . .  



R e E e r c n c c  temperature T e m p e r a t u r e  i n d i c a t e d  
by mir rc > I  c y  - in - g 1 a s s 
cherinomctcr. OF 

by c h e r m o c o u p l e  and 
cemperacure mecer, O F  

Ta Ti 

Y o  Y /  

b5- b6 

48 

Deviacion. 
O F  

'Ti - 'Ta 

i 

i 
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HOT-NIX ASPHALT PLANT IDENTIFICATION .4XU OPERAI'ING DATA 

... __ ______ . .  ~ .~ ... ........... 

Prscfss  O p e r a t i n g  Data: 

I n s t a n t a n e o u s  R e a d i n g s  

, ... .."-' ' ... 
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APPENDIX F: TEST PLAN & PROTOCOL 
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Minnesota Pollution-Control Agency 
-. Division of Air Ouality 
-. Stack Testing Protocol 

.- 

, I  The following is a summary of the testing requirements for the 
facility owned by L.C. Kruse and Sons: 

I. Test Methods 

A. EPA Method 1 for the location of sampling ports and points. Location of the 
sampling ports must be approved before the test. 

Check for cyclonic flow must be done whenever there is a cyclonic type of . 
device directly upstream of the sampling location. Correction of cyclonic 
flow by straightening vanes must also be verified by checking the cyclonic 
flow before the test. 

If the location does not meet the minimum requirements in Method 1, the 
testing firm must conduct the flow pattern evaluation and testing according 
to the alternative procedures in part 2.5 of EPA Method 1 (Three-dimensional 

? 

, directional probe). 

B. EPA Method 2 for velocity and volumetric flow rate. Three determinations: one 
measurement concurrently with each test run for pollutant. 

C. EPA Method 3 for gas analysis. Three determinations: one measurement on an 
integrated sample taken concurrently with each test run for pollutant. 

, [ D. EPA Method 4 for the determination of moisture in the flue gases. Three 
determinations: one measurement concurrently with each test for pollutant. 

E. EPA Method 5 as amended in Exhibit C and Minn. Rules 7005.0500 for the 
I determination of particulate matter emissions. Three one- 

hour determinations are required. 
least 60 minutes and the sampling rate must be at least 0.9 dscm/hr.(0.53 
dscf/min). Report the results as'dry catch'only; and wet and dry catch 
separately. 

The sampling time for each run must be at 

F. EPA Method 9 for the determination of visible emissions as amended in 
Minn. Rules part 7005.1860. Three hours of opacity readings are 
required for initial compliance. 0- 

AQD File No.: 323B 

NOTE: The protocol, testplan, and information required in Exhibit C shall be 
submitted as part of the performance test report. Please note the new Asphalt 
Plant Operating Conditions During Stack Testing Sheet. 

I 
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TEST PLAN FOR ASPHALT PLANTS 
... . 

: 

I. GENERAL INFORMATION 

Permittcc: 
Contact person: 
Telephone nunibcr: 
Mailing address: 

AQD File No. 

MPCA permitting engineer: 

Applicable regulations for 
each source tested (be specific): 

Reason for testing: 

Is this test for initial 
compliance demonstration: 

Drawings showing location 
of sampling ports included: 

Location of the plant at the time of the test: 

Date when test plan was discussed and 
agreed upon with the Permittee, or 
Pre-test meeting needed: 

11. NOTIFICATION REQUIREMENTS: 

- 
L C KNse and Sons,-he. 
Damn Kruse 

Box 899, Lakefield, Minnesota 

3238 

5071662-5205 

GGS 

Permit requirement 

N O  

17 May, 1993 
Page 1 of 3 

Shall be submitted to Tom Koscvich, 
Compliance Determination Unit 

To be provided at pre-test meeting 

Pre-test meeting is scheduled for 2 I May, I993 

The Permittee must contact the Agency at.least two weeks before the scheduled test tohave a pre-test 
meeting and obtain all necessary approvals. 

It is very i n i p o m t  to allow at least two weeks before the test to review the testing requirements in order to 
avoid last minute cancellations due to inadequate testing conditions. 

Among the potential problems that may need to be solved before the test are: 

1. Unsuitable location of sampling ports. The stack may need to be extended and/or straightening vanes be 
installed. 

2.  Permittee must schcdule the test at a time when the plant can bc operated at 100% of rated capacity, and 
at maximum recycle rate if applicable. 

3. Pemiittee must be ready to bum specified fuel. &A 
4. Pemiittce may have to install pressure drop taps and gauges, as \vel1 as water flow rate measuring 
devices. 

5 .  Permittee may have to install sanipling tips on the fuel feeding line to the burner. 

54 



TEST PLAN FOR ASPHALT PLANTS 17 May, 1993 
Page 2 of 3 

- 
111. TEST PLAN 

The following is the test plan developed for 

A. Emission point(s) to be tested: (specify plant maker and model) 

B. Parameters to be tested at each emission point: 

C. Fuel sampling and analysis. (Fuel oils and used oil) 

This is part of the compliance demonstration requirements. Please note that the test report will not be 
accepted without complete submittal of fuel analysis results of samples taken at the time of the test. 

1. Sampling. One tap sample per particulate test run must be taken. The sample must be taken as close as 
possible to the bumer,(somewhere in feeding line) to be representative of the fuel burned at the time of the 
test. The sample may be taken in a pint-size clean container, and according to the procedures in ASTM 
Method D 270-2546. Mix the three samples taken into a composite. 

2. Analysis. The composite shall be analyzed in accordance with Exhibit D (dated 8 April, 1993). 

D. Moisture content in the virgin and recycle agregate 

I .  Take two samples of each: the virgin and recycle aBregate per test run of particulatcs. Sample must be 
taken as close as possible to the feeding conveyor and during the corresponding run. Mix sanlples of virgin 
aggregate with the samples of recycle material in the same proportion as they enter the dryer, this Will give 
one composite recycldvirgin sample per test run. 

2. Perform one analysis of moisture content in each composite recyclehirgin aggregate sample as per 
ASTM or other recognized methodologies. A total of three analysis shall be performed, one per test run for 
particulates. 

D. Moisture content in the virgin aggregate 

i 

i 
1. Take hvo samples the virgin aggregate per test run of particulates. Sample niust be taken as close as 
possible to the feeding conveyor and during the corresponding run. Mix the two samples of virgin 
aggregate, this will give one composite sample per test run. 

2. Perform one analysis of moisture content in each composite sample as per ASTM or other recognized 
methcdologics. A total of three analysis shall be performed, one per test run for particulates. 

E. Operating Conditions during the Test 

1. Operation must be at 100% of design capacity at the existing aggregate moisture content - no deliberate 
reduction of feed rate or fan speed during testing, except for nominal damper adjustment for proper 
combustion. -The test report must include copies of the manufacturer's specifications that define the design 
capacity of the plant as a function of the moisture content of the aggregate. 

2. Must bum 100% of the highest emitting fuel to be listed in and allowed by the perniit: Used oil (waste 
oil, crank oil), No. 6 fuel oil, No. 5 fuel oil, No. 4 fuel oil, No. 3 fuel oil (sometimes described as clarified 
or industrial fuel oil), No. 2 fuel oil, No. 1 fuel oil, LPG and natural gas. 

; 

1 

I 

; 

I 

5 5  



TEST PLAN FOR ASPHALT PLANTS - _  
- -- - I 

17 May,.1993 
Page 3 of 3 

- - 
3. The permit is to authorize rccyc!ing, thcn testing must be conducted whilc recycling and at the maximum 
ratio of recycle to virgin aggregate to be%llowed by the permit: 

4. Normal operation of the plant will bc recycling of scrubber watcr, the test must be done under the same 
conditions: 

5 .  Normal operation of the plant will be with recycling of collected ashes from the baghouse into the dryer, 
the test must be conducted under the same conditions. 

i 
- - 1 

.. - 

F. Operating Data to Be Recorded during the Test 

Operating data must be recorded during the test in its entirety i.e., particulates and visible emission 
observations. Operating data must be recorded every fifteen minutes. Please use the attached data sheet or 
equivalent. 

Note: No test report will be accepted without a complete data sheet included 

1. During testing the following measurements must be made: 

a) Pressure drop across the baghouse or venturi scrubber throat 

b) Scrubber water flow rate. If the measurement is done indirectly from a pump pressure gauge, the test 
report must include calculations, nomograms or calibration data used to compute gallons per minute of 
water. 

c) Virgin and recycle aggregate input (ton per hour) as well as asphalt input (ton per hour). Provide the 
manufacturer's rating of the asphalt plant at different moisture contents in the aggregate. 
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d) Moisture content of the aggregate, and if applicable, the recycling material, 

2. Please provide the following data: 

a) Average fuel consumption rate (calculated or measured) 

b) Quality of the scrubber water: recycling percent 

c) Cleaning cycles of the baghouse 

d) Operating data sheet enclosed 

G. Testing schedules and testing firm: 
Schedule: 6/9/93 
Firm: MMT 

H. Permitting engineer to witness the test: No 
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