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RESULTS OF A 
SOURCE EMISSION COMPLIANCE TEST 

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

July 6,1993 

MMT Report Number 9997 
MMT Project Number 9408 
Report Issued July 20, 1993 

ON A HOT-MIX ASPHALT PLANT PROCESS SCRUBBER 

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 July 6, 1993. This report presents the results ofthe test 
program along with all substantiating documentation. 

The MMT sampling team consisted of Messrs. Alan Trowbridge and Bill Anderson. Mr. Daniel D. 
Schultz represented L.C. Kruse & Sons, Inc. throughout the test period. Mr. Steve Sommer of the 
Minnesota Pollution Control Agency witnessed a portion of the test proceedings. 

2 TESTRESULTS 

The results of the particulate emission test are presented in Table 2.1. The data indicates an average 
effluent particulate concentration of 0.477 grains per dry standard cubic foot and an average source 
particulate emission rate of 70.84 pounds per hour. 

The visible emission test was performed concurrent with the first particulate test run. The observed 
plume opacity ranged from zero (0) to fifteen (15) percent. 

The average process weight rate (aggregate + asphalt) during the test period was 300 tons per hour. 

Minnesota Air Emission Permit number 323-B-89-OT-1 states that the asphalt concrete plant shall 
not exhaust any gases (1) 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 

July6, I993 

Run #3 Average Run #1 Run #2 Parameter 

Time of Test, hr 
Start 
Finish 

Effluent Temperature, O F  

EAluent Moisture Content, % v/v 

Effluent Composition, YO v/v dry: 
Carbon Dioxide Content 
Oxygen Content 

Effluent Volumetric Flow Rate: 
Actual Conditions, acfm 
Standard Conditions, scfm 
Dry Standard Conditions, dscfm 

Sampling Isokinetic Variation, % 

Effluent Particulate Concentration: 

Actual Conditions, gr/acf 
Standard Conditions, gr/scf 
Dry Standard Conditions, gr/dscf 

Actual Conditions, gr/acf 
Standard Conditions, gr/scf 
Dry Standard Conditions, gr/dscf 

Actual Conditions, gr/acf 
Standard Conditions, gr/scf 
Dry Standard Conditions, gddscf 

Front Catch Only; 

Back Catch Only; 

Total Catch; 

Source Particulate Emission Rate: 
Classical Method, Ib/hr 
Ratio of Areas Method, I b h  
Average of the Two Methods, I b h  

1323 
1429 

166 

44. I 

1516 
165 1 

1735 
1840 

195 

42.8 

* 
* 

8.5 
9.0 

* 
* 

8.5 
8.8 

8.5 
8.9 

40,763 
32,449 
18,154 

109.2 

* 
* 
* 

36,061 
27,478 
1572 1 

103.5 

38,412 
29,964 
16,938 

106.4 * 

.0.1633 
0.2052 
0.3667 

* 
* 
* 

0.2153 
0.2825 
0.4939 

0.1893 
0.2439 
0.4303 

0.0220 
0.0277 
0.0495 

* 
* 
* 

0.0196 
0.0258 
0.0450 

0.0208 
0.0268 
0.0473 

0.2102 
0.2709 
0.4776 

0.1854 
0.23.29 
0.41'63 

* 
* 
* 

0.2349 
0.3083 
0.5389 

64.82 
70.73 
67.78 

* 
* 
* 

72.67 
75.15 
73.91 

68.75 
72.94 
70.84 

Standard Conditions: 68°F. 29.92 in. Hg 
Run #2 was voided. During the test run a sample line connection inadvertantly opened. The 
volume of outside air drawn into the sample is unknown and no correction could be made. 

* 
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3 PROCESS DATA 

Duri>g the test period the burner on the plant's aggregatdasphalt drum mix operation was fired with 
waste oil. A sample of the fuel was collected but not analyzed. 

Production data is presented in Appendix E 

Table'3.1 
Summary of Process Data 

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

July 6, 1993 

I Time of Test, hr 
Start 
Finish 

Process Weight Rate; 
Aggregate Usage, tonkr 
Asphalt Usage, todhr 
Total Process Weight Rate, 

Parameter Run #1 Run #2 Run #3 Average 

1735 --- 
I840 -- 1323 1516 

1429 1651 

275.0 285.0 285.4 281.8 
17.7 18.3 18.4 18.1 

h r  292.7 303.3 303.8 299.9 

Aggregate Moisture Content, % 4.81 4.70 4.75 4.75 

Burner Setting, YO 65 70 70 68 

Product M i x  Temperature, "F 29 1 292 291 291 

Scrubber Operating Parameters; 
Pressure Drop, in WC 8.8 8.9 9.0 8.9 
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 statinaly 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, 1992. 
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 stacWduct was determined per 
EPA Method 1 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. Note that 
the stack cross-section was out-of-round. Sampling point locations were established separately for 
each port. The average diameter was used for calculating the stack cross-sectional area. 

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 stacWduct 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 of gas 
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 
box impingers and the volume of gas sampled. 

4 
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hack Cross-Sectional Dimension; 
Average diameter, inches ............... 59.63 
(out-of-round diameters: 57.25" & 62.0") 

Before ports, inches .......................... 134 
After ports, inches .............................. 36 
Before ports, stack diameters ........... 2.25 
After ports, stack diameters ............. 0.60 

,ength of straight, undisturbed flow; 

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

July 6, 1993 

Number of sampling points; 
Required by EPA Method 1 ................. 24 
Actually used ....................................... 24 

Number of ports ............................... 2 
Number of points per port ............... 12 

Minutes per point ............................... 2.5 
Minutes per test run .......................... 60.0 

Particulate test sampling time; 

Drum Mixer 

Point Percent Inches from 
Number of Traverse Inside Walls 

2.1 ............. 1.211.3 
6.7 ............. 3.814.2 
11.8 ............ 6.8173 

4 ............... 17.7 . 
5 ............... 25.0. o r t  B 

9 ............... 82.3 .......... 47.M1.0 
....... 88.2 .......... 50.5154.7 

1 1  .............. 93.3 .......... 53.4157.9 
12 .............. 97.9 . 56.0160.7 

I I  Stack Fan 
Venturi Scrubber 

SAMPLING SITE SCHEMATIC 

Sampling Ports- 

5 
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4.5 EFFLUENT PARTICULATE CONCENTRATION 

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 
(248i2SP). 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. 

I 
1 

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 stack/duct. 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. 

After 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 #1. 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 

sot Box Set-up and Operating Temperature; 
Cyclone used: ........................ No 
Filter Media: .......................... Glass Fiber Filter, Whatman GF/C, 11.0 cm diameter 
Filtration Temperature: .......... 248 * 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, = 250 grams silica gel, indicating type 

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

'robe Nozzle Used: ........ MMT #L6, 0.302 inch diameter, stainless steel 
Sampling Probe Used: _ _ _ .  MMT #75, 75 inch effective length with stainless steel liner 
'itot Tube Used: ............ MMT #67, S-type, 0.841 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 105°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). 

1 

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 

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

5.1 SAMPLING QUALITY ASSURANCE 

Source sampling quality assurance procedures are implemented to ensure work is performed: 
+ 
+ using properly calibrated equipment 
+ 

by competent, trained individuals experienced on the specific methodologies being used 

using approved procedures for sample handling and documentation 

All measuring devices (pitot tubes, dry gas meters, thermocouples, portable gas analyzers, etc.) 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-600/4-7-02%). 

5.2 ANALYTICAL QUALITY CONTROL 

MMT maintains a vigorous quality control program for all sample analyses. This program is based 
on the general guidelines given in "Handbook for Analytical Quality Control in Water and Waste 
water 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. 

5.3 CALIBRATION GASES 

MMT uses either EPA Protocol 1 or Acublend Certified Master gases (Scott Specialty Gases) when 
performing all calibrations in order to ensure tolerances on gas concentrations have been verified and 
are negligible. Certifications of all calibration gas bottles used during testing are presented in each 
report. 

9 
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DEFINITION OF UNIT ABBREVIATIONS 

ACFM ........ ACTUAL CUBIC FEET PER MINUTE 
DE6 F ....... DEGREES FAHRENHEIT 
DCF ......... DRY CUBIC FEET 
DSCF ........ DRY STANDARD CUBIC FEET 
DSCFM ....... DRY STAYDARO CUBIC FEET PER MINUTE 

FPS ......... FEET PER SECOND 

G ........... GRAffi 
GRlACF ...... GRAINS PER ACTUAL CUBIC FOOT 

GRlDSCF ..... GRAINS PER DRY STANDARD CUBIC FOOT 

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

IN .......... INCHES 
IN HG ....... INCHES OF MERCURY 
I N  UC ....... INCHES OF UATER 
LBlHR ....... POUNDS PER HOUR 
LBILB-MOLE .. POUND PER POUND-MOLE 
MIN ......... iiINUTES 
It. .......... MILLILITERS 
SCF ......... STANWIRD CUBIC FEET 
SCFM ........ STANDARD CUP,IC FEET PER MINUTE 
SF .......... SQUARE FEET 
X V I V  O W  ... PERCENT EY VOLU?IE, DRY BASIS 

DEFINITION OF STANDARD CONDITIONS 

STANDARD TEMPERATURE ..... 68 MGREES FAHRFNHFIT 

STANDARD PRESSURE ........ 29.92 INCHES OF E R N R Y  
-------__----I----_------------" 

1 1  



DEFINITION OF VARIABILES 

! 

An .... 
As .... 
Ewp ... 
Bw ... 
Cat ... 
CD .... 
w .... 
CP .... 
cst ... 
cut ... 
Dn .... 
1 ..... 
Md .... 
Ms .... 
N I  .... 
ox .... 
Pb .... 
Pg .... 
Po .... 

NOZZLE DIMETER, IN 
ISI))(lNETIC VARIATION, Z 
EFFLUENT tDLECUU\R WEIGHT, LEILB-HOLE, DRY BASIS 
EFFLUENT MMECULAR WEIGHT, LBILE-MMEI WET BASIS 
EFFLUENT NITROGEN CONCENTRATION, X VIV DRY 
EFFLUENT OXYGEN CONCENTRATION, X VIV DRY 
BAROMETRIC PRESSURE, I N  ffi 
STACK STATIC PRESSURE, I N  UC 
AVERAGE PRESSURE DROP ACROSS THE METERING 
ORIFICE, I N  UC 

Ps .... STACK ABSOLUTE PRESSURE. I N  HG ~~~~~ ~ ~~ ~ ~. 
Pv i . . .  AVERAGF WARE-ROOT VELOCITY PRFSSUilE, IN JC 
Pa .... EFFLUENT F L W  RATE AT ACTUAL CONDITIOhS, ACFM 
Qs .... EFFLLENT FLOU RATE AT STANDARD CONDITIONS, SCFM 
as4 ... EFFLIENT nou RATE AT STANDARD CONDITIONS. 

DRY USIS. DSCFM 
A c i  ... 
Rrt ... 
SI .... 
sw .... 
T i  .... 
Tn .... 
Ts  .... 
v1 .... 
Vm .... 
vas ... 
vs .... 
vw .... 
Wb .... 
W f  .... 
U t  .... 
Y ..... 

~ ~ . ~ 

SOIJRCE PARTICIJLATE EMISSION RATE, UASSICAL 
METHOD, LBIHR; +=t,b,t; Rcf: FRONT CATCH ONLY; 
Rcb: EAM CATCH ONLY; Rct: TOTAL CATCH 
SOURCE PARTICULATE EMISSION RATE, RATIO OF 
AREAS METHOD, LBIHR; t=f,  b, t ; Rrt : FRONT CATCH O K !  
Arb: BACK CATCH ONCY; Rrt: TOTAL CATCH 

STACK UIDTH, I N  
TOTAL SMPLING T I E ,  MlN 
AVERAGE DRY GAS M E R  TEMPERATURE, DEG F 
AVERAGE EFFLUWT TWPERANREI DEG F 
V O L W  OF LIQUID C O L L E C T m s  M. 
VoClME OF 6AS SAnPLED AT METER CWIT IONS,  DCF 
VOLUME OF 61\5 YY(PLE0 AT STANDARD CONDITIONS, DSCF 
AVERAGE EFFLUWT VELOCITY. FPS 

STACK D I A n m R  OR LENGTH, . I N  .. . .  

. 

~ ~ . ~ 

SOIJRCE PARTICIJLATE EMISSION RATE, UASSICAL 
METHOD, LBIHR; +=t,b,t; Rcf: FRONT CATCH ONLY; 
Rcb: EAM CATCH ONLY; Rct: TOTAL CATCH 
SOURCE PARTICULATE EMISSION RATE, RATIO OF 
AREAS METHOD, LBIHR; t=f,  b, t ; Rrt : FRONT CATCH O K !  
Arb: BACK CATCH ONCY; Rrt: TOTAL CATCH 

STACK UIDTH, I N  
TOTAL SMPLING T I E ,  MlN 
AVERAGE DRY GAS M E R  TEMPERATURE, DEG F 
AVERAGE EFFLUWT TWPERANREI DEG F 
V O L W  OF LIQUID C O L L E C T m s  M. 
VoClME OF 6AS SAnPLED AT METER CWIT IONS,  DCF 
VOLUME OF 61\5 YY(PLE0 AT STANDARD CONDITIONS, DSCF 
AVERAGE EFFLUWT VELOCITY. FPS 

STACK D I A n m R  OR LENGTH, . I N  .. . .  

. 

WLW OF UATER VAPOR COLLECTED AT STANDARD 
CONDlTlMlS, SCF 
MSS OF PARTICVLATE RATTER COLLECTED I N  THE 
BACK (WET) CATUI, G 
MASS OF PARTICULATE RATTER COLLECTED I N  THE 
FRONT (DRY) CATCH, G 
TOTAL MASS OF PARTINLATE RATTER COLLECTED, G 
DRY GAS KTER COEFFICIENT, DIHENSIONLESS - 

12 
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EWATIONS USED TO CALCULATE PARTICVLATE EnIssiws 

An = 0.805454154 t Dn f On 

.4s 0.005454154 t SI t SI (FOR ROUND STACKS1 

As = S1 t Sw I 144.0 (FOR RECTANGULAR STACKS) 

Ps = Pb + Pq113.6 

N I  = 100.0 - CD - OX - CM 

Ut = Uf + Ub 

Vas = (528I29.92) t VR t Y t (Pb + Pa113.6) I (la + 468.01 

Vu = 0.04707 t V I  

Bus = vu I (vu t Vns) 

Bmp = 100.0 t h S  

Md = 0.448 t CD + 8.320 t OX + 0.280 t ( N I  t C t l l  

fis Md (1.0 - k) t 18.0 t Bus 

Vs = K5.49 t Cp t PV t SQRT( (Ts+460.0)/0(stPs) 1 

Qa = M.8 t Vs t As 

Os = Pa t (528129.91) t Ps I (Ts + 460.01 

clsd = Qs 1, (1.0 - Bws) 
I = 0.09450 t LTs+460.01 1, Vms 1 (Ps t Vs + An Ti t ( 1 . 0 - h ~ )  ) 

Csf = 15.42 t Uf I Vpls 
Csb = 15.42 t Ub 1 Vus 
Cst = 15.42 t U t  I Vws 

Cwf = Csf I (1.0 - B f f i )  
Cwb Csb I (1.0 - Bus) 
Cut Cst 1 (1.0 - Bo51 
Cat = (bf t (29.921528.6) t (Tst460.0) I Ps 
Cab = Cwb t (29.921528.0) t (Ts+460.0) I PI 
Cat = Cmt t 129.921528.0) t (Tst460.0) 1 Ps 

Rcf = 0.008578 + Csf t Qsd 
Rcb = B.BB8570 t Csb t Qsd 
Rct = 8.008578 + Cst t Qsd 

Rrf = 0.688578 t Csf t (VnsITI) t (AsIAn) 
Rrb = 0.008578 t Csb t (VaslTi l  t (AsIAn) 
Rrt = 0.008578 1, Cst 1, (VmslTi)  t (AsIAn) 
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TRAVERSE P O I N l  DATA SWIF(ARY AND VELOCITY PROFILE 

QUO 9 .. ~ 

PROJECT NWIBER: 93j+ COMPANY: L.C. KW?E 
TEST NUUBER: 2 SOURCE: SCRUBBER OUTLET 
RUN NUPIEER: 1 TIME: 71 6193 1323-1429 

SAUPLING 
LOCATION 

PORT WIN1 -- -- 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

B 
B 
B 
B 
B 
R 
B 
E 
B 
B 
E 
B 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

VELOCITY PROFILE 
-_I_- 

TRAVERSE POINT DATA ___ -- 
VELOCITY ORIFICE TEtlPERATUB, M6.F SPRT K4S 
PREWJRE PRESSURE STACK METER PETER VELOCITY K L O C l T Y  

I N  UC I N  WC GAS l M l T  OUTLET PRESSURE F T l S C  ___ ____ __ -- __ __-- 
0.200 
0.162 
0.270 
0.310 
O.m 
0.470 
0.430 
0.288 
0.250 
0.250 
0.228 
0.180 

0.128 
0.170 
0. 198 
0.140 
0.190 
0.250 
0.360 
0.370 
0.396 
8.398 
0.270 
8.258 

0.770 
0.696 
1.0m 
1.m0 
1.400 
1.800 
1.700 
1.100 

0.950 
0.Rm 
0.690 

0.450 
0.640 
0.710 
0.530 
0.720 
0.950 
1.400 
1.400 
1.500 
1.500 
1.088 
0.958 

8.950 

162 
164 
166 
166 
lbb 
1 67 
154 
163 
162 
162 
161 
161 

164 
lbb 
158 
168 
169 
170 
170 
1 69 
170 
168 
166 
165 

76 

78 
78 
79 
79 
80 

88 

n 

ern 

80 

80 80 

78 
78 
79 
79 
m 
80 8n 

ea 81 

81 81 

82 

76 
76 
76 
76 76 

76 
77 
77 
77 
77 78 

78 

70 
78 
78 
78 
78 
78 7a 

78 
78 
78 
79 
88 

0.U7 
0.424 
8.528 
0.557 
0.616 
0.686 
0.656 
0 . m  
0.580 
0.500 
0.469 
0.424 

0.346 
0.412 
0.436 
0.374 
0.436 
0.500 
0.600 
0.688 
0.624 
0.624 
8.520 
0.500 

30.G 
28.94 
35.50 
38.04 
42.12 
46.88 
44.73 
36.07 
34.05 
34.05 
31.92 
28.87 

23.63 
28.17 
29.83 
25.61 
29.85 
34.27 
41.13 
41.66 
42.81 
42.74 
35.50 
34.14 

AVERAGE 0.271 1.033 166 79 77 0.513 35.04 

, 
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PARTICULATE EMISSION TEST CALCULATIONS 

9*f 
P W E C T  NWlBER: W#- COMPANY: L.C. KRVSE 
TEST NUflBER: 2 SOURCE: SCRUBBER OUTLET 
AVN NUNBER: 1 TINE: 71 6/93 1323-1429 

GAS M E R  COEFFICIENT 0.9699 Y VOLUnE OF LIQUID 

PITOT TUBE COEFFICIENT 0.941 CP 
COLLECTED, PI. 510.1 V I  

GAS COnfQSITION. X V I V  DRY; 
NOZZLE DIKENSIONS; & E O N  DIOXIDE 8.50 CD 

AREA, SF 0.~3?+3497 An CARBON llONOXIoE 0.00 CN 
NITROGM (BY DIFFERENCE1 82.50 N I  

D I M E R .  I N  0 .32  Dn OXYEN 9.08 ox 

STACK DINENSlMIS; 
DIAfiETERILE)IGTHI I N  59.63 SI AM. TRmm mim o m ;  
UIDTH, I N  0.00 su STAW TEMP., DEG F 166 Ts 
AREA, SF 19.398 as lFITER TEMP.* DE6 F 78 Tn 

ORIFICE PRESSURE, I N  UC 1.033 PO 
BARCNETRIC PRESSURE, I N  HG 28.21 Pb SQRT VELOCITY P . 7  I N  UC 0.513 Pv 

STACK PRESSURES; llAss OF PARTICULATE HATTER 
STATIC, I N  UC 0.20 Pg COLLECTED, 6; 
AESOLUTE, I N  HG 28.22 Ps FRONT CATCH ( 98.111 0.7252 Uf 

BAM CATCH ( 11.9'11 0.6979 Ub 
WPLING T I E ,  NIN 60.00 T i  i O l A L  CATCH 0.8231 U t  

W U N E  OF GAS SMPLED 
AT RETER, DCF 33.911 Vn 

VOLUME OF GAS S(WIPLED 
AT RETER, DSCF 30.491 Vms DRY BASIS, LB/LB-HOLE 29.72 lid 

UET BASIS, LBILB-WLE 24.56 RS 

EQUIVALENT WLw(E OF WATER 
VAPOR COCLECTED, SCF 24.010 Vu AVERAGE- GAS VELOCITY, FPS 35.04 Vs 

GAS MOLECULAR UEIGHT; 

GAS ROISTURE CONTENT; GAS WURETRIC FLW RATE; 
VOLW. FRACTION 0.4405 Ews ACTUAL ACFR 40163 Qa 
PERCENT BY VOLUlE 44.05 hwp STANDARD, SCFR 32449 as 

DRY STANO(\RD, DSWR 18154 Qsd 

ISOKINETIC VARIATION, X 109.18 I 

P a R T i m a T E  CONCENTRATION 
ACTUAL, GRIACF 0.lb33 Caf 0.8226 Cab 0.1854 Cat  
STANDARD, SRISCF 0.2052 Cuf 0.0277 Dlb 0.2329 Cwt 
DRY STANDARD, GRIDSCF 0.3667 Csf 8.0495 'Csb 0.4163 Cst 

PARTICUI-ATE M I S S I O N  RATE, LBlHR 
n a s s n u  NETHOD 57.11 Rcf 7.71 Rcb 64.92 R c t  
RATIO OF AREAS KTHOD 62.32 R r f  8.41 Rrb 10.73 Rrt 

__--I- -_----- 
STANDARD CONDITIONS: 68 DEG Ft 29.92 I N  ffi + N Q N - A P P L I W E  DATA 
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TRAVERSE POlNT DATA SUMMARY AND VELOClTY PROFlLE 

4 W  
PROJECT NIMBER: F3i+ 
TEST NUMBER: 2 WRE: SCRUBBER OUTLET 
RUN NIRIBER: 2 TlME: 71 6193 1516-1651 

CMIPANY: L.C. KRUSE 

%RPLlNG 
LOCATION 

m u  wrm 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 

B 
B 
E 
B 
B 
B 
B 
B 
B 
B 
B 
B 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 ___ 

AVERAGE 

TRAVERSE mim DATA VELOClTY PROFILE 
L_ -__-- - 

MLOCITV ORIFICE TEMPERATURE, W6.F SQRT SAS 
PRESSURE PRESSURE STACK R T E R  METER VELOCITY VELOCITY 

I N  WC I N  UC GAS I M E T  W n E T  PRESSURE FT/SEC - _- -_I 

0.110 
0.128 
0.288 
0.288 
e. 280 
0.210 
0.388 
0.398 
0.180 
0.240 
0.388 
0.530 

0.130 
0.170 
0.198 
0.230 
0.270 
0.270 
0.250 
0.210 
0.1m 
0.170 
0.168 
0.140 

0.410 
0.450 
1.880 
0.110 
0.710 
0.750 
1.188 
I .  400 
0 .  b40 
0.860 
1.480 
1.W 

0.460 
0. b l0  
0.670 
0.828 
0.960 
0.960 
0.898 
0.750 
0. b80 
0.610 
0.570 
0.500 

188 
188 
198 
198 
191 
198 
192 
192 
192 
193 
189 
109 

179 
190 
191 
192 
I 93 
193 
194 
194 
194 
195 
195 
194 

79 79 0.332 22.06 
79 79 0.346 23.05 
79 79 0.529 35.26 
79 19 0.447 29.80 
00 79 0.441 29.82 
80 19 0.458 30.53 
81 79 0.548 36.55 
81 79 0.624 41.67 
81 79 0.424 28.31 
82 79 0.490 32.72 
82 79 0.61b 41.04 
a2 79 0.128 48.43 

82 80 0.361 23.82 ~ . . ~ ~  ~~~ ~ .~ 
82 80 0.412 27.47 
a2 80 0.43 29.07 
82 80 0.400 32.00 
82 88 0.520 34.70 
83 80 0.528 34.70 
83 80 0.500 33.42 
83 80 0.458 30.63 ~~ .~~~ 
83 80 0.436 29.13 
84 80 0.412 27.58 
84 80 0.400 26.75 
84 81 0.374 25.01 

0.230 8.815 191 82 80 0.471 31.40 
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PARTICULATE EHISSION TEST CALCULATIONS 

i ?Vu9 
PROJECT NUMRER: 4sit COMPANY: L.C. KRVSE 1 

TEST NUPIBER: 2 SOURCE: SCRUBBER wnET 
RUN NlUiRER: 2 TIME: 7/ 6/93 1516-1651 

TEST DATA 

6AS RETER COEFFICIENT 0.9699 Y WW!€ OF LIQUID 
COLLECTED. rL 286.4 V I  ~ 

PITOT TUBE COEFFICIENT 0.841 CP 
M'' Cl?UwSlTlON. X V I V  DRY: _. - -. . .. . -. . . . . . , .. . . . . 

NOZZLE DIflENSIONSi CARBON DIOXIDE 8.50 CD 
DIAMETER, I N  0.302 Dn OXYGEN 8.70 OX 

NITROGEN (BY DIFFERENCE) 82.88 N I  
AREA, SF 0.000497 An CARBON IlGtwXIDE 0.00 cn 

STACK DIENSIONS; 
DIAETERILENGTH, I N  59.63 SI AVE. TRAVERSE W I N T  DATA; 
UIDTH, I N  0.00 su STACK TEMP., DEG F 191 Ts 
AREA, SF 19.390 As METER TEMP.. DEG F 81 Tn 

ORIFICE PRESSURE, I N  UC 0.825 Po 
BAROHETRIC PRESSURE, I N  HG 28.26 Pb SORT VELOCITY P. ,  I N  UC 0.471 Pv 

STACK PRESSURES; PASS OF PARTICULATE MTTER 
STATIC, I N  UC 0.28 Pg COLLECTEDI 6; 
ABSOLUTE, I N  HG 28.27 Ps FRONT CATCH ( 90.9%) 0.1639 Ut 

BACK CATCH ( 9.1X) 0.0104 Ub 
SAMPLING TINE. MIN 60.00 T i  TOTAL CATCH 0.1143 Ut 

AT METER, DCF 31.358 Vn 

__________________________________I_____------------ 

CALCULATED RESULTS 

VOLUHE OF GAS SAMPLED 
AT METERI DSCF 28.118 Vns DRY MSIS, LBILB-WILE 29.71 Ud 

CAS MMECULAR UEIGHT; 

YET BASIS. LBILB-MOLE 26.77 ns ~ 

EQUIVALENT VOLUME OF UATER 
VAPOR COLLECTED, SCF 9.433 Vu AVERAGE GAS VELOCITY, FPS 31.48 Vs 

ISM(IMT1C VARIATION, Z 87.21 I 

FRONT CATCH BACK CATCH TOTAL CATW --- PARTICKATE EMISSION PAMETER ---- 
PARTICULATE CONCENTRATION 

ACTW.  GRlACF 8.0327 Caf 8.0833 Cab 8.0368 Cat 
STANDARD, GRlSCF 0.8427 Cut 0.0043 Cub 0.0469 Cut 
DRY STANDARD, GAlDSCF 0.0570 Csf 8.0657 Csb 8.6627 C5t 

PARTICULATE EMISSION RATE, LWHR 
CLASSICAL METHOD 18.24 Rcf 1.83 Rcb 11.27 R C t  
RATIO OF AREAS NETHOD 8.93 Rt 0.89 Rrb 9.82 Rrt 
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TRAVERSE WIN1 DATA VELOCITY PROFlLE 

TRAVERSE POINT DATA SUMMRY AND VELOCITY PROFILE 

w o a  . .  . 
PROJECT NUMBER: 93W 

RVN M B E R r  3 TIHE: 71 6193 173-1848 

CMIPANY: L.C. KRUSE 
TEST NUMBER: 2 SOURCE: SCRUBBER oumi 

.. 

~~ ~~~~~ 

SMPLlN6 V E L O C I N  ORIFICE TEMPERATURE, DE6.F 
LOCATION 
PORT WIN I N  UC I N  UC 6AS M E T  W E T  

PRESSURE PRESSURE STACK K T E R  PEER 

__ __ 
A 
A I A 
A 
A 
A 
A 
A 
A 
A 
A 

Il 
81 A 

R 
B 
B I B 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

0.130 
0.170 
8.190 
0.220 
0.250 
0.288 
0.270 
O.m 
0.190 
0.190 
0.170 
a. 140 

0.110 
0.130 
8.148 
0.170 
0.200 
0.270 
8.310 
0.300 
8.228 
0.270 
0.210 
0.120 

0.410 
0.530 
0.590 
8. 690 
0.788 
8.870 
0.840 
8.690 
0.598 
0.568 
0.530 
0.440 

0.340 
0.410 
0.448 
0.533 
0.628 
0.846 
8.970 
0.948 
0.846 
0.848 
0.660 
0.370 

195 
196 
197 
196 
196 
196 
1 96 
195 
I 95 
194 
194 
193 

188 
190 
196 
197 
195 
198 
196 
195 
193 
194 
193 
192 

78 
79 
79 
79 
88 
88 
81 
81 
81 
81 
82 
82 

81 
91 
81 
82 
82 
82 
82 
82 
81 
E l  
81 
81 

78 78 

78 78 

79 79 

78 
78 

79 
79 
79 
79 

80 
80 
80 
80 
80 
RE 
80 
BB 
80 
79 
80 RE 

A V E W  0.283 8.630 195 81 79 

0.361 
0.412 
0.436 
8.469 
0.500 
8.529 
0.520 
0.469 
8.436 
0.424 
8.412 
8.374 

0.332 
0.361 
0.374 
0.412 
0.447 
0.520 
0.557 
0.548 
0.469 
0.528 
0.458 
0.346 

25.11 
28.74 
38.40 
32.69 
34.85 
56.88 
36.21 
32.66 
30.36 
29.52 
28.69 
26.02 

22.97 
25.01 
26.88 
28.76 
31.14 
36.27 
36.88 
38.14 
32.61 
36.16 
31.86 
24.07 

0.445 31.00 

. .  

i 
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PARTICULATE EMISSION TEST CALCVLATIONS 

WOY 
PROJECT W B E R :  COMPANY: L.C. KWSE 
TEST NWIBER: 2 SOURCE: SCRUBBER WTLET 
RV"UWR: 3 TIME: 7 /  6 /93  1735-1840 

I 

1 -  
1 
1 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
1 

TEST DATA 

6AS METER COEFFICIENT 

PITOT TUBE COEFFIClRiT 

STACK DIi4€NSIONS: 
D I A W E R I L E M H I  I N  
WIDTH. I N  
A&A,.SF 

B A W T R I C  PRESSIRE, I N  

0.9699 Y 

0.841 CP 

0.392 Dn 
0.000497 An 

59.63 SI 

19.390 A5 

tE 28.25 Pb 

0.80 s11 

WLW OF LIQUID 
COLLECTED, M. 397.6 V I  

6AS CMWSITIONI Z V I V  DRY: 
CARBON DIOXIDE 8.50 CD 
nWRN R.RB ox "I. "-. -. - - . .. 
CARBON M O X I D E  0.00 cn 
NITR06EN ( B Y  DIFFERENCE) 82.70 NI 

AVE. TRAVERSE WIM DATA: 
STACK TEMP., DE6 F I95 Ts  
E E R  TEMP., DE6 F 60 Tm 
ORIFICE PRESSURF, I N  UC 0.638 Po 
SQRT VELOCITY P., I N  UC 0.445 Pv 

STACK PRESSVAES; MSS OF PARTICVLATE MTTER 
STATIC, I N  UC 0.20 Pg COLLECTED, 6: 
ABSOCUTE, I N  HG 28.26 PS FRONT CATW 1 91.6%) 0.6014 Uf 

PAM CATW I R.I.Z) R.am ub . -. -. - . -. . . - 
SAMRING TIME, H l N  60.00 T i  TOTAL CATM 0.8745 U t  

VOCUME OF GAS SAMRED 
AT METER, DCF 27.960 Vm 

CALCULATED RESULTS 

WLUM OF 6AS SAMPLED 
AT PETER, DSCF 25.023 Ves DRY BASISq LBILB-HOLE 29.71 Md 

WET BASIS, LBILB-MOCE 24.78 Ms 
EQUIVALENT VOLUnE OF WATER 
VAWR CMLECTED, SCF 18.715'Vw AVERAGE WS VELOCIN, FPS 31.00 Vs 

GAS MOLECULAR WEIGHT: 

6AS MOISTURE CONTENT: GAS W W l E T R I C  FLW RATE; 
V O L W  FRACTION 0.4279 Bus A C T U A L  ACFH 36861 Qa 
PERCDlT BY VOLUlE 42.79 EWP STANDARD, SCFM 27478 as 

DRY STANDARD, DSCFM , 15721 Psd 

ISOKINETIC VARIATION, % 103.47 I 

FRoElT CATCH BACK CATCH TOTAL CATM ___- PARTICULATE EMISSION PARAIETER --__----- 
PARTICULATE CONCENTRATION 

ACTUAL, 6RJACF 0.2153 Cat 0.0196 Cab 8.2349 Cat 
STANDARD, 6RISCF 0.2825 Cuf 0.02% Cub 0.3683 Cut 
DRY STANDARD, GRIDSCF 0.4939 Csf 0.0450 Csb 0.5389 Cst  

PARTICULATE EMISSION RATE, LBlHR 
CLASSICAL PETHOD 66.M Rcf 6.87 Rcb 72.67 R c t  
RATIO OF AREAS ETtOD 68.87 Rrf 6.20 Rrb 75.15 R r t  

- -I_ 

NON-APRICABLE DATA -- - STANDARD CONDITIONS: 6E DEG F, 29.92 I N  ffi 
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TABLE SUNMRY OF PARTICULATE EIIISSION TEST RESULTS 

9 Y d  
PR&JECT,NUIIBER: 93% COWANY: L.C. KRJSE 
TEST NUMBER: 2 SOURCE: SCRUBBER OUTLET 

RUN 1 RUN 2 RUN 3 
__ TEST PARAMETER -__ 

TEST DATE 11 6 /93  

T I E  OF TEST, HR; 
START 
FINISH 

1323 
1429 

E F F L U M  TEMPERATURE9 DEGREES F 166 

BAROETRIC PRESSURE, I N  HG 28.21 

EFFLUENT HOISTURE CONTENTI X V I V  44. 1 

EFFLUENT COMPOSITION, 1 V/V  DRY; 
CARBON DIOXIDE 8.5 
OXYGEN 9.0 
CARBON NONOXIDE 0.0 

EFFLUENT VOLUMETRIC FLW RATE; 
ACNAL CONDITIONS, ACFM 40163 
STANDARD CONDITIONS, SCFN 32449 
DRY STANDARD CONUITIONS, DSCFN 18154 

I S M I N E T I C  VARIATION, 1 
EFFLUENT PARTICULATE CONCENTRATION; 

169.2 

EFFLUENT FRONT HALF PARTICULATE CONMNTRATIONi 
ACTMI. CONDITIONS, GRIACF 0.1633 
STANDARD CONDITIONS, GRlSCF 0.2052 
DRY STANDARD CONDITIONS, GRIDSCF 0.3667 

EFFLVMT BACK HALF PARTICULATE CONCENTRATION; 
ACTUAL CoNnITIoNs, G R ~ A C F  0.0228 
STANDARD CMSDITIMIS~ GRlSCF 0.0217 
DRY STANDARD CONDITIONS, GRlDSCF 0.0495 

EFFLUENT TOTAL PARTICULATE CONffATRATION; 
ACTUAL CONDITIONS, GRlACF 8.1854 
STANDARD CONDITIONS. GRlSCF 0.2329 
DRY STANDARD CONDITIONS, GRIDSCF 8.4163 

11 6 /93  71 6/93 

1516 1135 
1651 1R40 

PARTICULATE CONCENTRATION AND Ul ISSION RATES BASED ON ANALYSIS OF 
THE SANpClNG TRAIN FRONT AND BACK CATCHES. 

STANDARD CONDITIONS: 68 DEGREES FAHRMHEIT, 29.92 INCHES OF MERCURY. 

, 
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TABLE ANALYSIS OF VlSlBCE EMISSION TEST DATA 

? Y O 5  
PROJECT " E E R :  9376 COMPANY: L.C. KRUSE 
DATE TESTED: 7-6-93 TURCE: SCRUBBER OUTLET 

' T I E  OF TEST: 1320 OESERVER: B I L L  ANOERSON 
RE-CERTIFICATION DATE: 10-2-93 

HlN- I* SECONDS ++ HlN- t i  SECONDS t+ MlN- t+ SECONDS It 
UTE 00 15 30 45 UTE 00 15 30 45 UTE 00 15 30 45 _-- 

20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 

_ _  __ -- - 
5 5 1 0  0 
5 5 1 0  5 
0 1 0  5 5 
5 5 0 5  
5 5 1 0  5 
5 5 5 1 0  

10 10 10 0 
0 5 1 8  0 
0 5 0 8  
0 0 1 0  5 

I0 5 5 10 
5 10 10 5 
5 1 0  8 5 

10 15 10 10 
5 10 I0 0 
0 5 5 0  
5 5 5 s  
5 5 0 5  
5 5 1 0  5 
5 5 10 10 

-- -- - -- -- 
40 I0 10 10 10 
41 I0 5 5 10 
42 5 10 5 5 
43 10 5 15 10 
44 10 B 8 a 
45 5 10 5 0 
46 5 0 0 5  
47 5 5 5 5  
48 0 5 5 0  
49 10 5 5 5 
50 5 5 5 5  
51 5 0 0 5  
52 5 5 10 5 
53 10 5 15 10 
54 I0 10 10 15 
55 5 5 10 10 
56 18 5 10 10 
57 5 5 10 0 
58 5 5 I0 5 
59 5 5 5 5  

S I A W R Y  OF TEST M T A  

PFRWNT . -. . . 
PLUME PERCENT OF TIME 

OPACITY OF T I E  OPACITY OPACITY TIME OPACITY I N  RANGE 
Z AT OPACITY EXCEEDED RAN(~E,Z- ..x OF..TIIE H I N l H R  

_I----- --__-- 
0 20.83 79.17 0 - 20 100.00 60.00 
5 52.50 26.67 25 - 40 0.00 0.00 

10 25.00 1.67 45 - ha 0.00 0.00 
15 1.67 0.00 > 60 E. 00 . 8.00 
20 0.00 0.00 
25 0.00 0.00 
30 0.00 0.00 
35 
40 
45 
50 
55 
&a 
65 
70 
75 
BB 
85 
98 
95 

100 

0.00 
0.00 
0.00 
0.00 
0.00 
O.m 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.08 
0.00 
0.08 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

MAXllWn OBSERVED OPACITY, X :  15 
M I N I M  0BSER)ED OPPICITY, Z: 0 
A R I T W T I C  W.Ah OPACITY, '1: 5.4 

SIX-MINUTE AWR.4GF OPAClNt  1 
HAXIIIW(: 8.3 (51 :45-57:301 
2nd LARGEST: 8.1 (38:15-44:001 
3rd LARGEST: 7.1 (29:30-35:151 
4th LARGEST: 6.5 (11:45-17:30) 
5th LARGEST: 5.8 (21:00-26:451 
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FIELI) DATA SHEET Page 1 of 2 I 
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T ANALYSIS 1 

I Reading Volume Rcnding Volume Reading Volume Cc 

C 0 7  

co 

n Dioxide I 
I 

07 c Oxygen 
Carbon Pionoxide 

Tot. i ; . .S:~oi~line T i m e .  m i n .  : - 6 i -  



....... 

FIELD DATA SllEET / I 

.. / 

1 .  ! 

a .  

1 
I 

I 

i 

1 
1 
1 
I 
1 
i- 
i 



. .  

.I Total  Noisture Collected:  I 

FOREI: s-1:11-5 



29 
, ... . r - 

~~ 

. . .  . .  
~ 



July 20, 1993 

I 
t . 

I 
B 
il 
P 
11 
I 
1 
I 
1 
I 
t 
S 
I! 
1 
u 
t 

I I.. 

MMT Report #9997 

APPENDIX C: LABORATORY REPORTS 

30 



I 
I 

SUnMARV OF PARTICULATE EMISSION TEST LAEORATORY DATA 

PROJECT MHEER: 9374 COPIPANY: L.C. KRUSE 
TEST NWBER: 2 SOURCE: SCRUBBER OUTLEl 

MASS OF PARTICULATE HATTER COLLECTED, 6 R M  
1 

FRONT CATCH BACK CATCH TOTAL 
PARTICUIATE 

Rtu FAONT CYCLONE FILTER FRONT IMPINGER IMPINGER BAM MSS 
MER UA91 CATCH CATCH TOTAL CATCH t i  UPSH TOTAL COLLECTED 

I 0.1241 0 . 0 ~ 0  0.6811 0 .7z i2  0.0484 0.0495 0 . m  0.8231 

2 0.8464 0 . W 0  0.0575 0.1039 0.0014 0.0890 0.0104 8.1143 

3 0.1514 0.0BRB 0.6500 0.8014 0.0262 0.0467 0.8731 0.8745 

________ ________ ________ ________ ________ 
I 
1 
1 

+ NOT APPLIUELE tt CHLOROFORMlETHYL ETHER EXTRACTION I 
I 
I 
I 
I 
i 
I 
R 
I 
tl 
! 
I 
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Fuel Input BTU/GAL Heat Input 
I G d h r I  (as racsivadl (BTUR(R1 

est No.- 

I I 

N 1' b 

Asphalt Plant Operating Conditions During Stack T e s t i n g  
flevffYH193 

7--6-7 3 Test Datebl  
I 

Plant Mfr. & Model L. c. Kc*, c +sa*, Conventional 
Other II~SII: 

' POflUtiOn Control Eouioment: E m h w a e m  1 0 1  scmbbsr cyclona multiclme 

%Moisture (as racsivad in ag~rsaata l  

I I 
VWn I recycle 1 combinad 

_ .  ~ 

, (circle onel If wet scfubbinp:/CR7% ScniDbsr water recycled 
List model: 

Air flow throuah control equipment: 
Date 6. procedure* of last maintsnancdclearino of control splipmont 

Normd prarsura drop ~CIO.. control equipmaM: d n c h o s  wn1c-r 

was contrd squipnwnt opsrstina normally dunw testin07 _c_ scfm at 2 

. .  Run 1 

Run 2 

Run 3 

Is the above fuel substantially the highest sulfur,containing fuel normally burned? 
Production specific fuel usage: (circle one) measured or calculated: 

No. of Burners: Burner(s1 rating: MMBTUMR = 100% setting 

cubic foot l  ton hot mix 
gal/ton hot mix 

Jperation: 

the  required information will result in w incomplete performance test report. 
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Fuel Input BTUlGAL Heat Input 
1.8 racdvedl (BTUMRI Test No.- 

Run 1 

Run 2 

Run 3 

( G d h r l  

. .. , 

RsvNH193 
Asphalt Plant Operating Conditions During Stack Testing 

Test Datelsl 7-4- y 3  
Plant Mfr. & Model 

Pollution Ctinlrol 

L. C. kr<>* +5*-> 
Other ( l i ~ t ) :  

cyclone multiclone 

lcirde onel It wet scrubbing.&% scmbbsr waler recyclod 

GPt model: Normal pressure drop ecroen contlol aqu+ment: i n c h o e  water 

Air flow lhrouph conrrd equipment:, Wao contrd eplipmanl operatino n m a l l y  during toatiinp7 __ 
Date & procedures of lest m a i n t a n a n c & a r i n p  of control opliprnant 

aclm at  F 

%Moisture (as received in o ~ r s ~ a t s l  

Virgin recycle combined 

rims burner aggrepsts recycle asphall Drum Mix  dust C O U D C ~ M  

15 mi". isttinp tow per how tom par hour . IOW par h t  tamp. pressure drop 

I I I 1 I I I I I 

, Phone: 1- 1 

Position: 

the rewired information will result in an incomplete pedormance test report. 

scrubber water Other (lis11 

flow :ate 
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July 7 ,  1993 

Hr. Alan L. Trovbridge 
HHT Environmental Services, Inc. 
4610 North Churchill Street 
St. Paul, Hinnesota 55126-5892 

Dear Hr. Trovbridge: 

RE: June 30, 1993, Fax Notification Of Retest 

The Air Quality Division (AQD) has received the retest notification submitted 
June 30, 1993, for the LC Kruse 6 Sons, Inc. asphalt plant. 

The port locations submitted are acceptable. 
since the retest shall follov the same testplan and protocol agreed to for the 
initial test. 

The scheduled test date is July 6, 1993. Notify Hr. Steve Sommer, at the 
Harshall Regional Office, of vhere you will be located during the retest. 
Hr. Sommer may be reached at (507)537-7146. 

Sincerely, 

No pretest meeting is necessary 

Yolanda Hernandez 
Compliance Determination Unit 
Comnl.imce and Enforcement Section 
Air’ Quality Division 

I YH: mlp4757 

cc: Hr. Darrin Kruse, L.C. Kruse 6 Sons, Inc. 
Steve Sommer, Harshall Regional Office 
Greg Siems, AQD 
AQD File No. 323B 

1 

” 
Printed on recycled paper containing at least 10% fibers from paper recycled by 
consumers. TDD (for hearing and speech impaired only): (612)297-5353. 

520 Lafayetle Rd.; SI. Paul, MN 551554194; (612) 296-6300; Regional Offices: Duluth * Brainerd - Detroit Lakes * Marshall Rochestel 
I 

Equal OppDnuOity Employci -6r?nted an Recycled Paper 
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From: Alan L. Trowbridge 
MMT Environmental Services, Inc. 
Phone: 483-9595 
F ~ K :  403-2699 
Date: June 30, 1993 

To: Ms. Yolanda Hernandez 
Compliance and Enforcement Section 
Air Quality Division 
Minnesota Pollution Control Agency 
Fax: 297-7109 

Re: Intent-to-Test Notification - L.C. Kruse & Sons, Inc. 

Dear Yolanda: 

On June 9, 1993, MMT Environmental, Inc. (MMT) conducted a source emission compliance tcst on the 
portable hot-mix asphalt plant operated by L.C. Kruse & Sons, Inc. near  Windom, Minnesota. The test 
results were not favorable and the plant would like to schedule a rc-test for Tuesday, July 6, 1993. 

Since the initial test, the plant has gone through the scrubbing system and has installed a new, lower 
velocity exhaust stack which is shown on the atrached sketch. Except for the change in exhaust stack 
configuration, thc test plan remains unchanged. 

If you have any questions or comments, please call Darrin Kruse (507-662-5205) or myself (483-YS9S) as 
soon as possible. 

Sincerely, 

Alan L. Trowbridge 
Director of Technical Services 

enclosure 
cc: Damn Kruse, L.C. Kruse & Sons, Inc. 

4610 N. Churchill SI. SI. Paul, MN 55126-5892 612 / 483-9595 FAX 612 1483-2699 - 
4 3  
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Minnesota Pollution Control Agency 
Division of Air Quality 

, Stack Testing Protocol 

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 iirm must conduct the fio;r pattern evaiuation ana testing according 
t o  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 
zeamrement concurrently vith each test run for pol1u:ant. 

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 Exhi6it C and Minn. Rules 7005.0500 for the 
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 
dscflmin). Report the results as'dry catch'only; and wet and dry cstch 
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 cbmpliance. /A- 

&u*L-.?. 6- 
AQD File No.: 3238 

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

Please note the new Asphalt 



TEST PLAN FOl< ASPHALT I'LANTS 

1. GENERAL INFORMATION 

Perinittcc: 
Contxt pcrson: 
Telephone number: 
Mailing address: 

AQD File No. 

MPCA permitting engineer: 

Applicable regulations for 
each source tested (bc spccific): 

L C Krusc and Sons, Inc. 
Darrin KNSC 

Box 899, Lakcficld, Minnesota 
5071662-5205 

3 2 3 8  

GGS 

Reason for testing: Pemiit requirement 

Is this test for initial 
compliance demonstration: 

Drawings showing location 
of sampling ports included: 

No 

Shall be submitted to Tom Kosevich, 
Compliance Determination Unit 

Location of die plant at the tiiiic of the tcst: 

Date when test pian was discussed and 
agreed upon with the Pemittcc, or 
Pretest meeting nccdcd: 

11. NOTIFICATION REQUIREMENTS: 

The Permittee must C O I I ~ C ~  the Agency at .least two weeks before the scheduled test to .have a pre-test 
meeting and obtain all neccssa.ry approvals. 

It is very important to allow at least two weeks before the test to review the testing requirements in order to 
avoid last niinutc cancellations due to inadequate testing conditions. 

Among the potcntial problcnis that may necd to be solved before the test are: 

I .  Unsuitable location of sniiipling ports. The s t x k  may nccd to be extended andlor straigfitcning vanes be 
installed. 

To be provided at pre-test meeting 

?re-test meeting is scheduled for 21 May, I993 

. .  

2. Pemiittce must schedule thc tcst at a tiiiic when the plant wn be operated at 100% of ratcd capacity, and 
at iiiaximuin rccycle rate if applicable. 

3.  Pennittcc iiiust bc rcady to btim spccificd fiiel. &.-"e 
4 .  Pcrinirtcc iiiny have to iiistnll prcssurc drop t rps and gaugcs, as wcll as water flow ratc mcasoring 
dcviccs 

3 .  Pcrlliittcc may linvc to iiistnll saiipliiis inps on llic fucl fccding liiic to tlic buriicr 



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

111. TEST PLAN 

Tlic following is the test plan devclopcd for 

.. 

A. Emission point(s) to be tested: (spccify plant maker and nicdcl) 

B. Parameters to be tcstcd at each emission point: 

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

This is part of the compliance demonstration requirements. P l w e  note that die test report Will not be 
acceptcd 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 d e n  as close 
possible to the burner,(somewhere in feeding line) to be representative of the fuel burned at die 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 aggregate. 

1.  Take two samples ofeach: the virgin and recycle aggregate per test run of particulatcs. S.uliple must be 
taken as close as possible to the feeding conveyor and during the corresponding run. Mix samples of virgin 
aggrczntc with t!e 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 recycldvirgin aggegate 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 aarcgate 

I .  Take two samples the virgin aggregate per test run of particulates. Sample must be tlkcn as close as 
possible to the feeding conveyor and during the corresponding run. Mix the two samples of virgin 
aggregte, this will give one coniposite sample per test run. 

2. Perform one analysis of nioisture content in each cgmposite sample as per ASTM or other rccognizcd 
methodologies. A total of three analysis shall be performed. one per test run  for particulates. 

E. Operating Conditions during &e Test 

1. Operation niust 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 niust include copies of the manufacturer’s spccitications that dcfine die design 
capacity of the plant as a function of the moisture content of the a g y c y t e .  

2.  Must burn 100% of the higlicst emitting fuel to be listed in ‘and allowed by the pcrniit: Uscd oil (waste 
oil, crank oil), No, 6 fitel oil, No. 5 fuel oil, No. 4 fuel oil, No, 3 fuel oil (sonictimcs dcscribcd as clarificd 
or industrial fiiel oil), No. 2 fuel oil, No. I fuel oil, LPG and natural gas. 



TEST PLAN FOR ASPHALT PLANTS 

?'  -, JL 

17 May, 1993 
I'age 3 of 3 

- 
3. The permit is to authorize recycling, then testing must be conducted \\ .... J recycling and at die niaxiniuni 
ratio of recycle to virgin aggregate to be allowed by tlie pemiit: 

4. Normal operation of the plant will bc recycling of scrubbcr water. the test must bc donc under the sanic 
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. 

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 w i l l  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 aggegate input (ton per hour) as well as asphalt input (ton per hour). Provide the 
manufacturer's rating of the asphakplqt at different . . .  moisture contents in die agregate. 

d) Moisture content of the aggrcgate, 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 
F i n :  MMT 

H. Permitting engineer to witness the test: No 

48 
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