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I. INTRODUCTION 

The U.S. Environmental Protection Agency (EPA) 

retained Clayton Environmental Consultants, Inc. to 

perform a particulate and caprolactam emission study of the 

venturi scrubber at the Dow-Badische plant in Freeport, 

Texas. The objective of this study was to determine 

the mass loading rates and the mass control efficiency 

of the scrubber which controls emissions from the 

fluidized bed salt dryer. The results of this study 

will be used in research and development efforts for 

supporting national New Source Performance Standards. 

This study was commissioned as Project No. 78-NHF-1, 

Contract No. 68-02-2817, Work Assignments 5 and 6. 

The testing program,conducted on October 3 and 4, 

1978, included the following: 

1) triplicat k particulate samples acquired simultaneously 

at the inlet to and outlet of the venturi scrubber; 

2) a single determination of the particle size 

distribution of the gas stream at the scrubber 

inlet; 

3) moisture contents of six ammonium sulfate samples 

(three taken from the inlet and three from the 

outlet of the, salt dryer); 
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4) three scrubber water samples 

for percent ammonium sulfate 

to be analyzed 

; and, 

5) visible emission observations at the outlet 

of the venturi scrubber for the duration of 

each particulate sample run. 

Auxiliary data included exhaust gas velocities, temperatures, 

and flowrates, as determined from the traverses. 

Figures 1.1 and 1.2 present schematics of the process/ 

control system layout as tested. 

1 
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II. SUMMARY AND DISCUSSION OF RESULTS 

Particulate Emissions 

-Results of the particulate emission study are presented 

in Tables 2.1, 2.2,and 2.3. Tables 2.1 and 2.2 present the 

concentrations and emission rates for filterable and total 

particulate, respectively. Concentrations are expressed as 

grains per dry standard cubic foot (gr/DSCF) and metrically 

as milligrams per dry standard cubic meter (mg/DSM3). 

Emission rates are expressed as pounds per hour (Lb/hr) and 

metrically as kilograms per hour (kg/hr). Averages are pre- 

sented for each sampling location. Table 2.3 presents the 

particulate removal efficiency of the venturi scrubber based 

on the total particulate emission rate. Removal efficiencies 

are expressed as a percent. 

From Table 2.1, it is seen that the filterable concentra- 

tions at the inlet ranged from 16.5 to 17.7 gr/DSCF (37,700 to 

40,400 mg/DSM3) and averaged 17.2 gr/DSCF (39,400 mg/DSM3). 

Concentrations at the outlet ranged from 0.008 to 0.032 

gr/DSCF (19.1 to 74.1 mg/DSM3) and averaged 0.019 gr/DSCF 

(44.1 mg/DSM3). Emission rates at the inlet ranged 

from 5970 to 6440 lb/hr (2710 to 2920 kg/hr) and averaged 

6270 lb/hr (2850 kg/hr). Emission rates at the outlet 

ranged from 3.58 to 14.2 lblhr (1.63 to 6.42 kg/hr) and 

averaged 8.43 lb/hr (3.82 kg/hr). The data at both locations 

generally show good reproducibility. 
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Table 2.1. Summary of Filterable Particulate Concentrations and Emission Rates 

Sampling Sample 
Location No. 

Inlet 

P-l 43,000 182 17.5 

P-2 42,300 188 16.5 

P-3 42,300 188 17.7 

Average 

Outlet 

- 

P-l 

P-2 

P-3 

Average 

7 Stack Gas 
Conditions 

Flowrate 
(DSCFM) 

Temp. 
(OFI (gr/DSCF) (mg/DSM3) (lblhr) (kg/hr) 

42,500 186 17.2 

51,100 105 0.017 

50,200 110 0.008 

51,000 104 0.032 

50,800 106 0.019 

Concentration Einiss,ioqlRate 

40,000 

37,700 

40,400 

39,400 

39.2 

'19.1 

74.1 

44.1 

6440 2920 

5970 2710 

6410 2910 

6270 2850 

7.50 3.40 

3.58 1.63 

14.2 6.42 

8.43 . 3,82 

1 



Total particulate concentrations and emission rates 

at the inlet (Table 2.2) were identical to those for the 

filterable particulate fraction at the same 'Location. 

Concentrations averaged 17.2 gr/DSCF (39,400 mg/DSM3) 

and emission rates averaged 6270 lb/hr (2850 kg/hr). 

Total concentrations at the outlet ranged from 0.010 to 

0.036 gr/DSCF (22.0 to 82.4 mg/DSM3) and averaged 0.021 

gr/DSCF (48.7 mg/DSM3). Total emission rates at the 

outlet ranged from 4.13 to 15.7 lb/hr (1.87 to 7.14 

kg/hr) and averaged 9.26 lb/hr (4.21 kg/hr). 

Table 2.3 presents the particulate removal efficiencies. 

The removal efficiency averaged 99.9 percent for the 

three tests. 

Tables 2.4 and 2,5,respectively, present summaries of 

filterable and total Caprolactam concentrations and emission 

rates. Inlet filterable concentrations averaged 3.29 ppm 

(10,900 I.lg/DSM3), while filterable emission rates averaged 

2.46 lb/hr and 1.12 kg/hr. Outlet filterable concentrations 

averaged 0.201 ppm (948 pg/DSM3), while filterable emission 

rates averaged 0.181 lb/hr (0.082 kg/hr). 

Table 2.5 reveals that the majority of the Caprolactam 

in the gas stream was present in the vapor phase. Total 

concentrations at the inlet averaged 57.8 ppm (272,000 pg/DSM3) 

and emission rates averaged 43.3 lb/hr (19.6 kg/hr). At 

the outlet, total concentrations averaged 6.92 ppm (32,600 

pg/DSM3 and emission rates averaged 6.20 lb/hr(2.81 kg/hr). 
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Table 2.2. Summary of Total Particulate Concentrations and Emission Rates 

1 S t a c k G a s 
Conditions 

Concentration Emission Rate- 

(gr/DSCF) (mg/DSM3) <lb/hr) (kg/lzr) 

17.5 40,000 6440 2920 

16.5 37,700 5970 2710 

17.7 40,400 '6410 2910 

17.2 39,400 6270 2850 

0.018 41.6 7.96 3.61 

0.010 22.0 4.13 1.87 

0.036 82.4 15.7 7.14 

0.021 48.7 9.26 4.21 

Sampling Sample 
Locati0.n No. 

Flowrate 
(DSCFM) 

43,000 

42,300 

42,300 

42,500 
- 

51,100 

50,200 

51,000 

50,800 

Temp. 
(OFI 

-- 

182 

188 

188 

186 
~- 

105 

110 

104 

10G 

P-l 

Inlet P-2 I 
W 
I I P-3 

I 

Average 

P-l ---l-- Outlet P-2 

P-3 

Average 



Table 2.3 Particulate Removal Efficiency 

1978 Sample Percent 
Sampling No. Removal 

Date Efficiency 

10/3 P-l 99.9 

10/4 P-2 99.9 

10/4 P-3 99.8 

Average 99.9 
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Table 2.-i, Summary of Filterable Caprolactam Concentrations and Emission Rates 

stack Gas Concentration 
Sampling Sample Conditions 

Emissioq Rate 

Location No. 
Flowratc Temp. 

(DSCFM) ("F) Pw (~8 /DSM3) (lb/hr) (kg/hr) 
--- 

P-l 43,000 182 1.90 8,960 1.44 0.655 

Inlet P-2 42,300 188 4.67 22,000 3.48 1.58 

P-3 42,300 188 < 0.350 <1,650 < 0.261 < 0.118 

Average 42,500 18G 3.29 10; 900 2.46 1.12 
- .--c__ I -- 

P-l 51,100 105 0.201 948 0.181 0.082 

Outlet P-2 5'0, 200 110 < 0.257 <1,210 < 0.227 < 0.103 

P-3 51,000 104 < 0.277 <1,305 < 0.249 < 0.113 

Average 50,800 10G 0.201 948 0.181 0.082 . 



Table 2.5 Summary of Total Caprolactam Concentrations and Emission Rates 

Stack Gas Concentration E‘inissioq Rate- 
Sampling Sample Conditions 

Locatio'n No, 
Flowrate Temp. 

(DSCFM) (OF) wm (r&DSN3) (lb/hr) (lcg/hr) 

P-l 43,000 182 49.9 235,000 37.8 17.1 

Inlet P-2 42,300 188 60.3 284,000 45.0 20.4 

P-3 42,300 188 63.3 298,000 47.2 21.4 

Average 42,500 186 57.8 272,000 43.3 19.6 
~_ 

P-l 51,100 105 5.64 26,600 .5.09 2.31 

Outlet P-2 50,200 110 6.89 32,500 6.10 2.77 

P-3 51,000 104 8.23 38,800 7.4-o 3.36 

AVClTagC! 50,800 10G 6.92 32,600 6.20 2.81 , 



Therefore, approximately 94.3 percent of the Caprolactam 

was in the vapor phase at the inlet and 97.1 percent was 

vapor at the outlet. Detailed summaries of the Capro- 

lactam analyses (by GC methods) are presented in 

Appendix F. 

The single sample taken at the scrubber inlet to 

determine particle size dFstribution resulted in the 

size distribution by weight data presented in Table 2.6. 

Virtually all particles sized were greater than 2.74 pm 

with about 99.3 percent of the material greater than 8.04 

Fm . The analyses showed that no material was captured 

on impactor stages 2 through 5. 

The ammonium sulfate drier resulted in an average 

91.8 percent reduction in moisture content of the ammonium 

sulfate material, from analyses of inlet and outlet samples 

(Appendix D). Analyses of the scrubber water samples (also 

presented in Appendix D) resulted in an average 356 gm/l 

concentration of ammonium sulfate. 



Table 2.6 Particle Size Distribution 

Brink 
Impactor 
Fraction 

Cyclone 

Stage 1 
I 

I stage 2 

Stage 3 

Stage 4 

Stage 5 

Back-Up Filter <0.36 0.06 <O.l <O.l 

TOTAL 291.4 100 

Characteristic 
Diameter 

of 
Particles 

(P> 

>8.04 

2.74-8.04 

1.62-2.74 

1.10-1.62 

0.58-1.10 

0.36-0.58 

Size Distribution 
by Weight 

Weight . 
(mg> Percent 

Cumulativ 
Percent 

I 289.2 , 99.3 100 

2.0 / 0.7 2.0 / 0.7 0.7 0.7 
I I 

<OS1 I 
<O.l i <O.l <O.l <O.l <O.l 

<O.l ' <O.l <O.l <O.l <O.l <O.l 

<O.l <O.l <O.l <O.l <O.l <O.l 

0.1 0.1 <O.l <O.l co.1 co.1 
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III. PROCESS DESCRIPTION AND OPERATION 

To be supplied by E.P.A. 

- 14 - 



IV. LCCATIC:: OF S.MPI,IPTG POil<TS 

The inlet sampling location was a 54 inch (137.2 cm) 

I.D. duct leading from the ammonium sulfate dryer to the 

venturi scrubber. Two three-inch ports, facing west and 

south and approximately 45 feet (13.7 meters) above ground 

level, were accessed for sampling. This sampling location 

was approximately 7.8 duct diameters downstream from the 

fan and two duct diameters upstream from a 180 degree bend. 

The duct is represented schematically in Figure 1.2. 

The scrubber outlet is a 54 inch (137.2 cm) duct 

with the sampling platform 45 feet (13.7 meters) above 

ground level. Two three-inch ports, facing west and south, 

were accessed for sampling. This sampling location 

was approximately two duct diameters downstream of the mist 

eliminator and approximately two duct diameters upstream 

from the outlet. This duct is also shown schematically in 

Figure 1.2. 

Velocity pressures and temperatures were measured at 

40 sampling points at both the inlet and outlet sampling 

locations. Figures 4.1 and 4.2 respectively, are diagrams of 

the inlet and outlet sampling locations showing each of the 

traverse points and their respective distances from the 

stack wall. 

The ammonium sulfate samples, acquired at the inlet 

and outlet of the ammonium sulfate dryer, were taken 

by plant process engineers. Samples of the scrubber water 

effluent were acquired in the same manner. 
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Ports 

To Wet Scrubber From Salt Drier 

U 
54" ID 

poJ 

4 5:2 13:2 
5 7.0 17.8 
6 8.9 22.6 
7 11.0 27.9 
8 13.5 34.3 
9 16.5 41.9 

10 21.0 53.3 
11 33.0 83.8 
12 37.5 95.2 
13 40.5 103. 
14 43.0 109. 
15 45.1 115. 
16 47.0 119. 
17 48.8 124. 
18 50.4 128. 
19 51.9 132. 
20 53.3 135. 

Figure 4.1. Scrubber inlet port and sampling point locations 
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Scrubber Mist 
Eliminator 

54" ID 

Points 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

Di tance 
(inches) (centimeters) 

0.7 
2.1 ? c 
;:", 
7.0 
8.9 

11.0 
13.5 
16.5 
21.0 
33.0 
37.5 
40.5 
43.0 
45.1 
47.0 
48.8 
50.4 
51.9 
53.3 

1.78 
5.33 
9.14 

13.2 
17.8 
22.6 
27.9 
34.3 
41.9 
53.3 
83.8 
95.2 

103. 
109. 
115. 
119. 
124. 
128. 
132. 
135. 

1 

Figure 4.2. Scrubber outlet port and sampling point locations 
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V. SAMPLIKG AMD AMALPTICAL PROCEDiJRES 

Particulate Emissions 

Triplicate two hour particulate samples were extracted 

simultaneously from the inlet and outlet of the venturi 

scrubber system. Exhaust gases were withdrawn isokineti- 

tally for three minutes at each of 40 sampling points. 

During each test, the probe, Pitot-tube, and impinger 

assembly were moved to each sampling point, the velocity 

pressure and temperature of the exhaust gas were measured, 

and isokinetic sampling flow rates were adjusted accordingly 

using an orifice-type meter to indicate instantaneous flow 

rates. All field data sheets are included in Appendix B. 

The sampling trains at both sites were checked for 

leaks before and after each test in accordance with the 

requirement that the initial leak rate shall not exceed 

0.02 ft3per minute at 15 inches of mercury vacuum 

and the final leak rate shall not exceed 0.02 ft3 per 

minute at the greatest vacuum occurring during the test. 

At both locations, an EPA Method 5 sampling train was 

used. The sampling train consi,sted of a sharp, tapered, 

stainless steel sampling nozzle, a heated glass-lined probe, 

a heated pre-weighed 110 mm Type A glass-fiber filter, a 

modified Greenburg-Smith impinger containing 100 ml of 

distilled water, a standard Greenburg-Smith impinger containing 

100 ml of distilled water, an empty modified Greenburg-Smith 

impinger, a modified Greenburg-Smith impinger containing 

approximately 300 grams of silica gel, a leakless pump with 

vacuum gauge, a calibrated dry gas meter equipped with 

- 15- 



bimetallic inlet and outlet thermometers, and a calibrated 

orifice-type flow meter that was connected to a zero to 

ten inch range inclined (water gauge)manometer. At the 

scrubber inlet sampling location, a cyclone was inserted 

into the sampling train between the probe and the glass- 

fiber filter. 

The impinger trains were immersed in an ice bath 

to maintain the temperature in the last impingersat 70°F 

or less. All of the sampling train glassware was connected 

by ground glass joints, sealed with stopcock grease, 

and clamped to prevent leakage. A calibrated S-type 

Pitot tube was connected to the sampling probe and velocity 

pressures were read on the inclined manometer. An iron- 

constantan (I/C) thermocouple, attached to the Pitot-probe 

assembly, was connected to a calibrated pyrometer. During 

the course of testing, the filter temperature was kept 

below 250°F, but greater than the stack temperature to 

prevent filter blinding. Schematic diagrams of the 

sampling trains used at the scrubber inlet and outlet 

locations are presented in Figures 5.1 and 5.2, respectively. 

At the end of each 120 minute test period, the 

sampling train was transferred to a dust free clean-up 

area. The volumes of the impinger solutions were measured 

and volume increases recorded. The solutions were placed 

in glass sample bottles and sealed with @ Teflon -lined caps. 

The silica gel was weighed to determine the weight gain 

- 19 - 
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(as condensate). The probe and nozzle assembly was 

thoroughly washed with water, and the rinsings were 

collected in a glass sample bottle with a Teflon @ -lined 

cap. Following the water wash, the probe and nozzle 

assembly was then rinsed with acetone, and the rinsings 

transferred to a glass sample bottle and sealed with a 

Teflo L-B -lined cap. The impinger assembly was thoroughly 

washed with water, and these water washings were placed 

with the impinger solutions. Following the water wash 

of the impingers, the entire impinger assembly was then 

rinsed with acetone and these rinsings were placed in 

a glass sample bottle and sealed with a T.eflo 43 -lined cap. 

After each particulate test, therefore, five sample 

fractions had been collected (summary presented in Appendix C): 

(1) water rinsings of probe and nozzle assembly; 

(2) acetonerinsings of probe and nozzle assembly; 

(3) 110 mm Type A glass-fiber filter; 

(4) impinger contents and distilled water rinsings; and, 

(5) acetone rinsings of impingers. 

In the laboratory, Fractions 1, 2, 4, and 5 were 

placed into beakers. Fraction 3 was vacuum dessicated and 

weighed on an analytical balance. 

Following the weight determination, Fraction 3 was 

placed in a known volume of water, stirred, and decanted. 

This leachate and aliquots of Fractions 1 and 4 were 

analyzed for caprolactam on a Hewlett-Packard Model 570 2A 



gas chromatograph equipped with a flame ionization 

detector. The column chosen for this analysis was a 5% 

Carbowax 20-TPA in Chromosorb W-AW, six feet x l/4 inches, 

maintained at 2OO'C. A Hewlett-Packard Model 3352B 

Laboratory Data System was employed to determine the 

areas under the peaks. A four-point calibration for 

linearity with caprolactam in water standards was 

performed in the laboratory. A summary of the GC data 

along with the calibration curve are presented in 

Appendix F. 

The remainders of Fractions 1 and 4 were evaporated 

to residues at 105°C and weighed. Fractions 2 and 5 were 

dried with circulating air at 22°C until reaching a 

constant weight, and weighed. All weight determinations 

were performed on an analytical balance having a sensitivity 

of 0,l milligrams. 

Particle Size Distribution 

A single particle size distribution sample was 

extracted from the scrubber inlet. Exhaust gases were 

withdrawn isokinetically for six minutes at the stack 

centerline. A Monsanto Brinks Cascade Impactor was used 

for the sampling of particulate for particle size distribution 

determination. 

The cascade impactor, which was held in-stack, has 

five in-line stages arranged in series, each of which has 

a jet incorporating a collection cup as an impaction 

plate. When the incoming gas stream is drawn through a 
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.jet, those particles with sufficient inertia impact 

and remain against a cup, Those particles with 

insufficient inertia will pass through annular slots 

surrounding the cup periphery and enter the next jet. 

The smallest particles which are not impacted on any 

plate are caught on a back-up Type A glass-fiber filter, 

The particle size distribution results may be found in 

Table 2.6. 
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B-2. Sampling Summary Data 
B-3. Particle Sizing Data Sheet 
B-4. Visible Emissions Data Sheets 
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PARTICULATE TEST DATA SHEETS 



I \ 
SAHPLINC TRAIN DATA VII . . , 

I 
Company: 
Source Designation: &/L&f s;y& h I,+;", 

-Date: IO- ?JdX Filter Heater Setting: 

I 
Test Number: P I Probe Heater Setting: 
Field Person* ** Nozzle Number: 

--d 
v ,Dia. (in.)://,247 

Filter Number: 
Barometric Pressure ("Hg): .)-y,gj 

Pitot Tube No.a,Corr.Factor: ~,,JJ 
Meter Box No.&fi&.?,Corr.Factot: 71;<J, 

I 
I 
I 

Stack Static Pressure ("H 0): 
q/y.. I/ ,-j+=!! 

Meter Isokinetic Factor: 
Stack Dimensions: Assumed Moisture(Z): if Lo" 
Plume Appearance: Condensate Volume(m1): 
Ambient Tcmpcrature("F): Silica Gel Weight Gain(g): 
Record all Data Every _'3 Minutes Leak Rate or p CFM at jGj "Hg 

3- / , 

-3 d 
v 

Dry Gas Meter&?'; Trmv- Time 
, 

erse Velc b&LJ hILab- 

PointSamp- 
l- Pres ~- 

ling Clock (")i2u1 

;s 
e FiltertastSamplFng 

- . c"", ye~-s-s u L' e Imp. Train , 
- Tyzn Gas Static 

3pPressure 

I 
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SAMPLING TRAIN DATA 
L 

Company: 

2,;:; - 
/g$$ 

/ 
Source Designation: 7 
Date: Fflter Heater Setting: 
Test Number: P-l PM? SL Probe Heater Setting: 
Field Person: T)L5 Nozzle Number: ,Dla.(in.): 
Filter Number: Pitot Tube No. ,Corr.Factor: ~ 
Barometric Pressure ("Hg): Meter Box No. - ',Corr.Factsrz 
Stack Static Pressure ("H20): Meter Isokinetic Factor: 
Stack Dimensions: Assumed Moisture(X): 
Plume Appearance: Condensate Volume(m1): 
Ambient Tcmpcrature('F): Silica Gel Weight Gain(g): 
Record all Data Every Minutes Leak Rate CFM at "Hg 

Trav- Time 

~orisnetSamp4-. . 

;I Dry Gas Meter 
urrxlc 

ack Pressuic 
Pressure Temp Volume Differ- " 

Nb. I 
ling Clock ("H20) (OF) 

.Temp("F) 

(m+.n) et31 ' InletoUtle t 
ential :tij ;E;;Pr;,:H",";'/ 
("H20) 

I 
I , 

ilter~astSamplW3 
,x Imp. Train 
mn Gas Static 

\ AVERAGE (TOTAL) ( > J 
,a. 

\ / 21 / 
Clavton Environmcntnl Consultants, . / 



SAMPLING TRAIN DATA 

Comp'ony: 
Source Designation: 
Date: Filter Heater Setting: 
Test Number: p- I pa& 3 Probe Heater Setting: 
Field Person: I / 

LL7 Nozzle Number: ,Dia.(in.): 
Filter Number: A- 3-.?LPI.2, Pitot Tub: No. ,Corr.Factor: 
Barometric Pressure ("Hg): Meter Box No. - ',Corr.Factorz 
Stack Static Pressure ("H20): Meter Isokinetic Factor: 
Stack Dimensions: Assumed Moisture(X): 
Plume Appearance: Condensate Volume(m1): h' . '7 d.4 
Ambient Tcmpcrsture("F): 
Record all Data Every Minutes 

Silica Gel Weight Gain(g): J&T 
Leak Rate CFM at "Hi 

Trav- Time 
Orifice 

-Velocity Stack Dry Gas Meter ' ree ' ' u ' e 
FilterLastSamplin~ 

(" F ) De=nftfierl- 
B o x 

Temp 
I;a.y &raatiinc 

OLltle t ( "H20) 
TempPressure 

(OF) (OF) ("Hg) 
/ I I I I 1 

lW 
u 
Clayton EnvLronmcntal Consultant 



SAMPLING TRAIN DATA 
+ '/ ] ", L bibI -7 

/ 
Company: <‘pi+ -7-&I: (- ;7 

Source Designation: 
.' 

/o/q 13-s 
Lp:" in ;' ,j , ;'.A'..~+ - / Ii ;c:.* 

Date: Filter Heater Setting: 
Test Number: ' p-. L Probe Heater Setting: 
Field Person: ‘(1 i / c/-i: Nozzle Number: ';'/ ,Dia. (in.): 
Filter Number: ' /Q-,21,~>-/~ Pitot Tube No 
Barometric Pres6ur.e ("Hg): p7. JG, 

:,u,Corr.Factor: -‘:“ 
Meter Box No.$L:-,3',Corr.Factor:l,r!s 

Stack Static Pressure ("H20): Meter Isokinetic Factor: 
Stack Dimensions: g ($" -=eY Assumed Moisture(X): 4% 
Plume Appearance: // 
Ambient-Tcmperature("F) 

Condensate Volume(m1): $57 3% )qL[ 
:L Silica Gel Weight Gain(g): 2 F7.3 

Record all Data Eve,ry I- Minutes,, Leak Rate ,o,c) 3 CFM at /5 "HE 
‘,‘I‘ 1’ - 
? / /ir qdypJ, ,/ q 0 

I WC’\ d 2 
Dry C?g$eter 

Orifice 
Velocity Stack PressureF 

ilterLastSamplinE 

;orisnetsla"Jg- Clockp~~~s~~e ~~~~ Volume 1 m---,~,-x -Differ- .,,?" 
Imp. 
Gas Sr:aa,iinc 

.ZL?, 
k 2 :essure 

I”HP ‘r 

-\... 
'. AVERAGE (TOTAL) ( > 

tq 
.- 

Ciayton Environmental Consultants, Inc. 



SANPLING TRAIN DATA 

Test Numbc!r':I “v-,X ;,I;, .-. T-J, c/cri$ Probe Heater Setting: 
--Field Person: yy (.‘ / ('r&J !] ,, ,_ - Nozzle Number: -' Dia.(in.): \;i 
Filter Number: I .p&(, + ! y 
Barometric Pressure ("Hg): ,7.q , x '7 

Pitot Tube No.s*,Corr.Factor: 
Meter Box No.!,,:;-+,Corr.Factor: 

Stack Static Pressure ("H20): Meter Isokinetic Factor: 
Stack Dimensions: 4-1 G 61 Assumed Moisture(Z): 
Plume Appearance: Condensate Volume(m1): 
Ambient Tcmpcrature("F): 'i-9 Silica Gel Weight Gain(g): 
Record all Data Every .a Minutes Leak Rate CFM at "Hg 

AVERAGE (TOTAL) 

LastSampling 
Cmp. Train -I-- Gas Static 
remp ressure (OFj( (“HF:) 

Clayton Environmental Consultants, Inc. 



. SAMPLING TRAIN DATA 

Company: j-($4 r 

Source Des fgnation: 3.~. j':,t,I :f.;s5,, - 1 !i,LAy~ 
Date: 1 (.J;l, "pg - Filter Heater Setting: 
Test Number:' L i;-,L 

.-; 
['I 5 ly.t4r. .'T/ Probe Heater Setting: 

Field Person : 71:. :' I,';,-& ' L' Nozzle Number: 9 D i a . ( i n . ) : '::.. 
Filter Number: 

'I $1 , -;7, I q .= ,' < 
Barometric Pressure ("Hg): ,/!q,$s 

Pitot Tube No..a,Corr.Factor: 
Meter Box No./k.:.- ;I.',Corr.Factor: 

Stack Static Pressure ("H20): -2,'$- Meter Isokinetic Factor: 
Stack Dimensions: $' ? 13 Assumed Moisture(Z): 
Plume Appearance: Condensate Vol.ume(ml): 
Ambient Tcmperature("F): ' /,: -j Silica Gel Weight Gain(g): 
Record all Data Every ? Minutes Leak Rate CFM at "H: . . 

I 

Trav- Time 
Ins2 c2 ce 

v 
;or;neti;;;g- clock~P~;~~~~’ 

cc "-1 -__ ilterLastSamPling 
Imp. Train 

No. (min) 
I .I r I I 

Ciovt0n Envfronmcntnl Cnnsitlltnnt9. fnc. 



. SAMPLING TRAIN DATA 3 0 c ’ 

Company: 
Source Designa-Zo! 

-TL& (0 
: 

Date: Filter Heater Setting: 
Test Number: Probe Heater Setting: 
Field Person: lx-5 _s Nozzle Number- . y+ ,Dia.(in.):fj,aqS 
Filter Number: 
Barometric Pressure ("Hg): 
Stack Static Pressure (w: 
Stack Dimensions: 

Pitot Tube No.&,Corr.Factor: 
Meter Box No.f,d&3,Corr.Factor:fi9~ 
Eleter Isokinetic Factor: 
Assumed Moisture(%): $&YD 

Plume Appearance: Condensate Volume(m1): Go.0 
Ambient Temperature("F): Silica Gel Weight Gain(g): '-J/,1 
Record all Data Every 4 Minutes Leak Rate 0, 5 / CFM at "H 



I 

I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
1 

SAMPLING TRAIN DATA 

Company: m? T&i k (. 
Source Designation: .-/&q/f& [ &/I L&& 
Date: f,T- q* ‘/ 5 Filter Heater Setting: 
Test Number: P- 3 (JLP,? 3 Probe Heater Setting: 
Field Person: a~/? I ij - Nozzle Number: ,Dia.(in.): 
Filter,Number:, 
Barometric Pressure ("Hg): 
Stack Static Pressure ("H20): 
Stack Dimensions: 

Pitot Tube No. ,Corr.Factor: 
Meter Box No. - ,Corr.Factor: 
Meter Isokinetic Factor: 
Assumed Moisture(%): 

Plume Appearance: Condensate Volume(m1): 
Ambient Temperature("F): Silica Gel Weight Gain(g): .- 
Record all Data Every 3 Minutes Leak Rate CFM at I,-- fi 

elocity Stack Dry Gas Meter 

AVERAGE (TOTAL) ( 



. SAMPLING TRAIN DATA 

Company: 
Source Designation: re&yj 
Date: M 4 Filter Heater Setting: 
Test Number: -a ,.i ' P Probe Heater Setting: 
Field Person: -&S I i- Nozzle Number: -' Dia.(in.): 
Filter Number:- Pitot Tube No. ,Corr.Factor: 
Barometric Pressure ("Hg): Meter Box No. ,Corr.FactorT- 
Stack Static Pressure ("H20): Meter Isokinetic Factor: 
Stack Dimensions: Assumed Moisture(%): 
Plume Appearance: Condensate Volume(m1): 
Ambient Temperature("F): /f 

s,"/ Silica Gel Weight Gain(g): '- 
Record all Data Every Minutes Leak Rate CFM at "H 

elocity Stack 

AVERAGE (TOTAL) 
( i'!;;,pz 

) 

I I 

I 



4 \ 
/ \ 

j . 

ii, SAHPLINC TRAIN DATA Aq J . Lay5 /+ 
T5 . 

Company: 
Source Designation: p, u f (SC- ,~;,&.'J 
Date: ii>-- 3 -7k' Filter Heater Setting: 67 0 

Test Number: P- I Probe Heater Settfng: p 

Field Person: (?ft/( / m//1/; Nozzle Number: au,Dia.(in.):,0,/k75 
t 

Filter Number: / - ,I Pitot Tube No.a,Corr.Factor: '.?-<L 
Baromctrfc Pressure ("Hg): '7 P ) /7! \, 1 Meter Bojc No l fwfl, Corr.Factorz i.2:: 

Stack Static Pressure ("H20):;~',7~7'~3U Meter Is&kinetic Factor: I SE- 
Stack DFmensions: & 3 4 Assumed Moisture(%): s' d)d 
Plume Appearance: / Condensate Volume(m1): 
Ambient Tcmpcrature("F): Silica Gel Weight Gain(g): 
Record all Data Every 3 Minutes Leak Rate ,&Cl CFH at 20 "Hg 

. / 
I- - 

rrav- Time 
IOrificeF,,,,bJLas 

Velocity Stack Dry Gas 1' - -- lecer tPressureP AA.LSL 

peO;risZts~~~[ ClockP;~~S~;e ::Fp 
Box 

Temp 
No. 2 

Im(nJ ("F) 

AVEKAGE (TOTAL) 



SAMPLING TRAIN DATA 

ComDonv: 
Source Designation: C~L,ii.-fT~ ( si-p. c ,yyp 
Date: Filter Heater Setting: 
Test Number: p-l ((;_&.A \ Probe Heater Setting: 
Field Person: (?nn.j S /-j-I..,/'fl// Nozzle Number:3/;G-,Dia.(in.): ~>,f~)( 
Filter Number: 1 Pitot Tube No, ??,Corr.Factor: 
Barometric Pressure ("fig): 'z<q , A i Meter Box No. 'rs 
Stack Static Pressure ("H20): t,>C q 

Corr.Facto?z 
Meter Isokinetic actor: /.I-a-- 

Stack Dimensions: 4x-/ ci; Assumed Moisture(Z): 94, 
Plume Appearance: / Condensate Volume(m1): 
Ambient Temperature ("F): Silica Gel Weight Gain(g): 
Record all Data Every 33 Minutes Leak Rate & c;iJ CFM at 7" "HE 

"-Clayton Environmental Consultants, Inc. 



, --, 
b& SAMPLING TRAIN DATA 

I 
Company: 
Source Designation: $*~~~$~?6r /oij-!! ;?\ L 
Date: 'Filter Heater Setting: ,; 2 
Test Number: P - ! j:!c.+T-1 Probe Heater Settfng: 3-x 
FFe&.d Person: (k/y ( ; ‘/ Tl-/'j-y7 Nozzle Number::,'/,. ,DFa. (in.)gU,j'TT 

Filter Number: I Pitot Tube No.zCorr.Factor: 
Barometric Pressure ("Hg): 7.'f,,f=f Meter Box No .{k.+$Corr.Factorm 
Stack Static Pressure ("H20): 
Stack Dimensions: 
Plume Appearance: 

$7' y: 
Meter Isokinetic Factor: /\m 
Assumed Moisture(Z): 9 (3/ 
Condensate Volume(m1): gf 

Ambient Tempcrature("F): Silica Gel Weight Gain(g): $-I,0 
Record all Data Every -9 ‘, Minutes Leak Rate 0.G CFM at 7& “HE 
r 
1 

I 

- 
:rtv- Time Velocity Stack Dry Gas Meter 

Orifice ,iltertastSampling 

Gas Static 
TempPressure 

Inletoutlet ("H20) (OF) (OF) (llHg) 

-_ 

r 
AVERAGE (TOTAL) (OS ( - ) _ : -' - r-- 

71 -1 
-,I 

Clayton Environmental Consultnnts. Inc. 



SAMPLING TRAIN DATA 
1 lC( 

. / 

Company: 
Source Designation: SC (CL' 17 !--\ tl ia (c: -) c-2-R CT, 
Date: f C? - q- -?,P Filter Heater Setting: (.,3- 

, 
Test Number: li i -? 

Field Person: rr.$k / T(..m 
Probe Heater Setting: >Z? 
Nozzle Number: sc--,Dia.(in.):&,/?)< 

Filter Number: I Pitot Tube No.- 2,?,Corr.Factor: &f.;? 
Barometrtc Pressure ("Hg): / 29.s7 
Stack Static Pressure ("H20): 0,7’5 

Meter Box No,F~ic~~f,Corr.Factor:;;.C~; 
Meter Isokinetic Factor: Lry,j 

Stack DLmensions: 4,s /d Assumed Moisture(Z): :7> 
/ 

Plume Appearance: Condensate Volume(m1): 
Ambient Tcmpcrature(OF): Silica Gel Weight Gain(g): $.+ 
Record all Data Every 3-, Minutes Leak Rate [TIC/ 1 CFM at -70 "Hg 

7 i’ i\” 
r I 

rL - 
Trav- Time 7nlnr-i t--r ctcI.-lz Dry Gas Meter rbCf..Fe 

Fl h ,-~le---?e.-- terLasL3ampLlng 

;or&yyl..Ig- Clock "f;~;g; 
Imp. 

Volume TBeozp Gas 

No. 2 
(min 1 et31 

Temp (" F) Deinftf:ar< 
Inledoutlet ("H20) (OF) (OF) I 

Train 
Static 

Temp ressure 
("Hg) -.-- 

OJ- a D pJ;T; \ > t 75 4 3/,yi: -76 ?& / 47 /f6 Ly /, fl ! , 
7 , -1 . . I 7- ,77 .A27’> .QP, G\ , I t+, I ,?P ./ Gm / I r, 

36 
Clavton F.nvtrnnm~ntal Pnnsr,ltnn+0 TnC- 



SAMPLING TRAIN DATA 

Company: 
Source Designation: j'L/LL~fl:/; r'J ( ,‘,gLq- 
Date: /P - /5! -7P Filter Heater Setting: 6. (( 
Test Number: fl' -?d (ii',.q J Probe Heater Setting: TL! 
Field Person:- & 1fi I‘ / ‘/i ,/I ,f:q Nozzle Number:x-':: ,Dia.(in.):/:,Cr/7; 
Filter Number: I/ 
Barometric Pressure ("Hg): 

Pitot Tube No. ,Corr.Factor: " - 
Meter Box No.[z&*lCorr.Factor~ 

Stack Static Pressure ("~~0): Meter Isokinetic Factor: /$K 
Stack Dimensions: +5 2 Assumed Moisture(Z): g2; 
Plume Appearance: Condensate Volume(m1): 
Ambient Tempcrature('F): Silica Gel Weight Gain(g): ~ 

Record all Data Every 3 Minutes Leak Rate (3,6{ CFM at 2i/ "HE 

Time 
Orifice 

Velocity Stack Dry Gas Meter 
-Samp- Pressure Temp 

Pr.essure 
FilterLastSampling 

("F) 
Temp (" F) DelnftfTarl- 

Box Imp. Train 
Volume 

-1ing Clock ("H20) 
et31 

Temp Gas Static 

(mln 1 InletOutlet ("H20) 
TempPressure 

(OF) (OF) ("Hg) 
r/-- 
<-> i 

\ 

' Clayton Environmcntol Consultants, Inc. 



SAMPLING TRAIN DATA 

I 
1 
I 
I 
1 
1 
1 
B 
1 
I 
I 
I 
1 
I 
I 
1 
I 
1 

Company: 
Source Designation: .TL/cti, p/T $,- (c-q&T \ 
Date: @ -4 -12 Filter Heater Setting: Lx 
Test Number: FL i f$‘.l-.$ \ Probe Heater Setting: 
Field Person: s c- qq 5 /-p‘qz? j Nozzle Number:T'?L,Dia.(in.):Lj, /p’ 

Filter Number: J.p-'~&) - 13 Pitot Tube No.jCorr.Factor: 
Barometric Pressure ("Hg): i Meter Box No .pizy, c - orr.Factor: 
Stack Static Pressure Meter Isokinetic Factor: I n5- 
Stack Dimensions: Assumed Moisture(%): -q 3,? 
Plume Appearance: ! Condensate Volume(m1): 30 
Ambient Tempcrature("F): Silica Gel Weig,pt Gain(g): /. c 
Record all Data Every "H! .,2 Minutes Leak Rate o,d)/ CFM at T,," 

I ici 144 I 

AVERAGE (TOTAL) 

Dry Gas Meter 
Orifice, 

Stack Pressure tilter LastjSamplini 

,0o, Differ- Box 
l-r....- 

P . Clayto 

I 1 1 I 

I 1 

n Environmental Consultants, Inc. 



SAMPLING TRAIN DATA 

Company: 
Source Designation: <,l. i7_~~,/>_~~ ([:;T-;;-r 1, 
Date: 1 i", .- 't - 7, c . Filter Heater Setting: (.( (7 
Test Number: g-3 Probe Heater Setting: r;:i 

Field Person: ' (- y-P 7 :; 1-i. I,,, ,'.y-l Nozzle Number:T4; ,Dia.(in.): /,j,< 
Filter Number: Barometric Pressurf i - -;?_-&3 Y l-, 7 Pitot Tube No.x,Corr.Factor: ,‘& 

("Hg): ---J- 9, r-..F Meter Box No./?&v,Corr.Factor: /,?,: 
u - 

Stack Static Pressure ("H20): 6::s Meter Isokinetic Factor: ,/r$'- 
Stack Dimensions: Assumed Moisture(%): 9':; 
Plume Appearance: Condensate Volume(m1): 67 
Ambient Temperature("F): 7 (y-4 Silica Gel Weight Gain(g): gj'.b 
Record all Data Every Minutes Leak Rate /,,c: / CFM at /L "H 

r 
Trav- Time 

Ori 
Velocity Stack Dry Gas Meter Pres 

Peorisnetsla~~~ Clocl.P~~sHS~;e TziT Volume Differ-1 Tym*n IGas 1 Static 
I Temp("F) 

NO. 2 (ft3> Ir 
ent 

(min) 



l’ ,r-j 

L 
L! ,’ SAMPLING TRAIN DATA 

Company: 
Source Designation: CT </- ;f- L ,:‘: p L / 1 

I 
(/ I' ,J-L- / \ 

Date: / l --- .L'k - ')y Filter Heater Setting: ,/-I 
Test Number: 1 I' - 3 / "p: -.,:/ ,J Probe Heater Setting: q-7-y 
Field Person: Nozzle Number: J!L 3 .&,Dia. (in.): (-j,/ ; 
Filter Number:- 'I I .- -, .' 

c-c-'? -13 Pitot Tube No,&,Corr.Factor: 
Barometric Pressure '("Hg): _I ' Meter 
Stack Static Pressure ("H20]: 

Box No./&$5Y,Corr.Factor: 
Meter Isokinetic Factor: 

Stack Dimensions: /I , \‘ 0: Assumed Moisture(%): q ‘2,. 
Plume Appearance: Condensate Volume(m1): 
Ambient Temperature('F): 1 (-6 / Silica Gel Weight Gain(g): '- 
Record all Data Every 3 Minutes Leak Rate fiG CA/ CFM at //I "H 

Trav. 
erse 

Poini 
No. 

Time Velocity Stack Dry Gas Meter Pressure 
Samp- 
ling Clock 
(min) 

al I :r":';' /T.emp/?ressur 

AVERAGE (TOTAL) ( > 
+L 



SAMPLING TRAIN DATA 

Company: 
Source Designation: '!LI?~[?;?L~ (it-?-~7 \ 
Date: / li -- +- -,; 3 Filter Heater Setting: 7 ,': c 
Test Number:' $7 ((&y ) Probe Heater Setting: Y--CL 
Field Person: ci-q \ / -q/L] Nozzle Number: ,$'/: ,Dia. (in.):F, /qr 
Filter Number:, g - l(-',-[ Pitot Tube No.x,Corr.Factor: 
Barometric Pressure ("Hg): 7 -&1 ';< Meter Box No Corr.Factoc 

- 
l w 

Stack Static Pressure ("H20): Meter Isokinetic Factor: 
Stack Dimensions: +/s (0 

I nY--- 
Assumed Moisture(%): “ t_ 

t ? LI L. 
Plume Appearance: Condensate Volume(m1): 
Ambient Temperature("F): 7 ci Silica Gel Weight Gain(g): .- 
Record all Data Every -7 ', Minutes Leak Rate o,(T/ CFM at //r "H , 



APPENDIX B-2 

SAMPLING SUMMARY DATA 
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~mn~nnmmmnnmmmmmn-~ 
SAMPLING SUMMARY SHEET 

Plant Doti-Badische Location Freeport, Texas 

Sampled Source Ammonium Sulfate - Inlet 

P-2 10-4-78 40 2.65 29185 108.387 102 102.272 84.3 3.97 3.7 0.963 

P-3 10-4-78 40 2.68 29.85 110.737 104 104.126 91.1 4.29 4.0 0.960 

V- Voluw of Orv css ct tktrr . r.wdll!oni. OCF 

1 14 Avrrafpz f!ctor Temprrcturr, 
'F 

V 
“atd 

Yol;lJmgl Dry CJS tt STP, 

i/i vu 
lotrl'll 0 Collccttd In Ir 

gers'rnd Slllcr Gel, I 

V 
"QIS 

Voluaa of tJ4te6 Vapor Collectad 
ct SIP, SCF 

LH I Mot#turc by V61w 

'd Hole Frrctlon of Dry 0, 

): cot Volw x Dry 

I 02' Volum I Dry 

x co Volw I Dry 

I( P, ! Volw 1 OIy 

'*d Holcculrr Uslght of Slick 01~. 
Dry OarIS 

dn- 
I tfu 'Holtculrr Uclpht of Stack 

GJS, vet IlJllS 

P It st1ttc Prclcurs or strct 
c4s. In. WJ 

t’ 
P 

Pltot Tube Crtlllclcnt, 

", flJC4 cm1 vcloclty 4t st,ct 
Condllloos, fpr. 

f ‘ hrr~gu Stick 1cmptrtt.u~ 
“I 

ft N,l llrrr or Ttrt, Rln. 

D” . . S4mpllfq ltorllr Olmatrr, 11, 

I 1 hrctnt luklnotle- 

‘ Dry stmdrrd cubic feel rt&<T, 29.92 In. 119. 

' Standard condltlon& at&F, 29.92 In. llg. 

h / 4, I [T, + 4ca) Is dctamlned by owrcgtng tho \qurrs taut rt th 
nnduct 01 the wloclty Itccrd (bfs) rnd the tbroluto 



I SAMPLING SUMMARY SHEET 

Plant Dow-Uadische Location Freeport, Texas 

Sampled Source Ammonium Sulfate - Outlet 

I c,, '0.W7l' V" n,-103 -I I! PL BIrometrIc Prcssurc. ln. tm. 

“” 
w 

Volw of u'te6 v1por collrctrd 
rt SIP, SCF 

IH I Molrturc by Vdluw 

'd Hole Frrctlon of Ory QS 

d m . . . - . 

. 
cP 

PItot lube Crcfflctrnt, 

V” Volum? Of Dry &I¶ Jt &tar 
?r\*dltlons, OCF s 02 Volum I Dry 

t Avr;;gc Hctar Temprrrturc, I co vollJw I Dry 
I4 

Condlllons, fp--a. 

's Averlpa Stack lcmpcrrtvn 
-r 

IN l w 1 Hd 4 18 (1 - $1 5 V- Volum ft Ntt llcr of Ttrt, Nln. 

, 
sb2 : vo1L.m I Dry 

"rtd OSCF 
ff ory Gs rt STP, 

wd tblI!CUlJr Yalght Of StJCk OIB, 

Toirl'll 0 Collected fn Ia,ln- 
Dry Oasis 

l/i yu gers'and Slllcr 121, 11 
-- . 

tnf 'tblkJlrr Uslght of Stack 
CJB, Yet atllr I I hrctnt luklr*tlc' 

' Dry standard cubtc feal &t&fr. 19.92 tn. llg. 

' StJndArd condltlonr rt(,&'F, 29.92 tn. tlg. 

;o,' 4, I (1, t 466j Is dctemlned by twrrglng tho tquarw root mf Ih 
n*A~ort nl (hr urlorOv I1~cl.4 fePr\ and the rbtnlutr 

, 



APPENDIX B-3 

PARTICLE SIZING DATA SHEET 



Company: &I% LA-c G. 
Source Designation: T,Lt - 5,r~^6+- 
Date: .‘I O/Y/3 c- 

/ Ps-I 

Filter Heater Setting:7 ,&,c~ 

Test Number: Probe Heater Setting: 
Field Person: PM Nozzle Number: ,DLa.. (in.):d 

Fiiter Number: SSE BEuLCI Pitot Tube No.23 ,Corr.Factor: 
Barometric Pressure ("Hg): 2% 

Stack Statit Pressure (&%+I: t t) 7 
Stack Dimensions: 4 I L” -“‘G 

Meter Box NO. r ,.Corr.Factorr 
Meter Isokfnetic Factor:226 94 
Assumed Moisture(%): 

, 
Y 

Potentiometer No. ' Condensate Volume(ml.): . 

Ambient Temperature("F): '$Y Silica Gel Weight Gain(g): 
Record all Data Every ID Minutes Leak Rate CFM at 

ilterLaStSamF 
Imp. Tr, 

TBeocp Gas Sta 
,Pres 

I AVERAGE (TOTAL) . . - I. ., --. ( -' . .. - . ) :; '< 1 J- - 4 \ ' /; 5 
-.. - - ._. 

/ AFP- - 

2 AFP- - 
3 p,FP- - 

t 

7 AFP- - 

UP A- - 



APPENDIX B-4 

VISIBLE EMISSIONS DATA SHEETS 



Date .- 

Hours Of ObServation 

. 

. Detxhed: Yes . . _ 
1. 

. _. . 
. Color: Black. 

Other 

w 

1 

Plurr.2 . Looping Coning Fanning . . . 

1 
lmmry of O’bsersa ti ens : 

55.. . 
60 
65 
70 3- 

.& 
ccl 
93 
9s 

‘- 

.__‘. 
.:: 
. . . 



RECORf) OF VISISL 

Company Name 

Plant Address 

.Stack location Observer's 

I!eather Conditfons ,@jAfJfj [&' - DCCLLs:&~ 
Location 

4, I i ' 7. / 

trm XCMENT;' 

4s 



I 1 ’ 

1 
I 

1 
1. 
1 
II I 
I 
I 
1 
I 
I 
1 
1 
I 
I 
I 

I 

1 

RECORO OF VISIBLE EHISSIONS 

Company flame Date 

Plant Address Observer 

so . 



1, 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 

RtCOPJl OF USISLE EHISSIW 

Ccxnpany Nme 

Plant Address 

-Stack Location 

l!eather Condi tfons 

Date 

_ Observer 

Observer's 
Location 



I 
I 

I 
1 
I 
1 
1. 
I 
1 
I 
I 
I 
1 
I 
I 
1 
I 
I 
1 
I 

Company Name 

plant Address 

Stack Location 

Ueathet Conditions 

RECORD OF VISISLE EHISSIOX 

Ddte 

Observer 

ObseNer's 
Location 



I 
I 
1 
I 
I 
1 
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APPENDIX C 

SUMMARY OF PARTICULATE WEIGHT 
BY FRACTION 

AND 
CAPROLACTAM DETERMINATIONS 

BY FRACTION 



Sampling Sample 
Locatioll No. 

Inlet 

P-l 

P-2 

P-3 

Outlet 

P-l 

P-2 

P-3 

Table C.l Summary of Particulate Weight b;r Fraction, Grains 

110 mm 
Type A 

Glass-Fiber 
Filter 

(sm) 

0.2223 0.0121 110.81 111.04 

0.2900 0.0129 108.57 108.87 

0. 2542 0.0080 118.87 119.13 

0.0089 0.0099 0.0701 0.0889 

0.0281 0.0434 

0.1486 0.1675 

0.0097 0.0056 

0.0096 0.0093 

Front 
Acetone 

Wash 
(sm) 

Front 
Water 
Wash 

(sm) 

Filterable 
Particulate 

(ml> 

Back 
Acetone 

Wash 
(sm) 

0.0083 

0.0069 

0.0233 

0.0015 

0.0049 

0.0078 

Back 
Water 
Wash 
(snl> 

0.0035 

0.0121 

0.0113 

0.0040 

0.0017 

0.0109 

Total 
Particulate 

(gm> 

111.06 

108.89 

119.17 

0.0944 

0.0500 

0.1862 



Table C.2 Summary of Caprolactam Determinations by Fraction, Milligrams 

Sampling 
Location 

Inlet 

Outlet 

Sampling 
No. 

P-l 

P-2 

P-3 

P-l 

P-2 

r-3 

Front 
Water 
Rinse 

Filter 
Filterable 

Portion. 

Back 
Half 

Water 
Total 

24.9 <0.25 24.9 627 

63.5 <0.25 63.5 756 

<4.60 <0.25 <4.85 877 

652 

820 

877 

2.15 <0.25 2.15 58.1 60.3 

<2.50 <0.25 <2.75 e 73.9 73.9 

<2.70 <0.25 <2.95 87.6 87.6 



APPENDIX D 

AKMONIUM SULFATE DETERMIKATIOKS 
AND PERCENT HOISTURES 



Table D.l Summary of Ammonium Sulfate in Scrubber Water 

Sample No. Date 

10-3-78 

10-4-78 

10-4-78 

Average 

(NH4>2 SO4 
(g/l) 

320 

367 

380 

356 



1 
I 
I 

Table ‘D.2 Percent Moisture in Ammonium Sulfate 

Sample Percent Moisture Percent 
No. Date Dryer Dryer Moisture 

Inlet Outlet Reduction 

1 10-3-78 0.96 0.09 90.6 

2 10-4-78 1.02 O.O? 91.2 

3 10-4-78 1.10 0.07 93.6 
4 

Average 1.03 0.08 91.8 



I 

I 

I 
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APPENDIX E 

SUMMARY OF VISIBLE EMISSIONS 



SUMMARY OF VISIBLE EMISSIONS 

Sample No. 

Da 
TY 
He 
W i 
co 
Ob 
Di 
Di 
He 
De 

te: 10-3-78 Type of Plant: Ammonium Sulfate 
pe of Discharge: Particulate Location of Discharge: Scrubber Exhaust 
ight of Point of Discharge: 55' Description of Sky: Overcast 
nd Direction: SE c; NW Wind Velocity: O-5 mph 
lOr Of Plume: white Detached Plume: No 
server No.: Dusanka Lazarevic Duration of Observation: 3 hr , 2 min. 
stance from Observer to Discharge Point: 2.50' 
rection of Observer from Discharge Point: East 
ight of Observation Point: Ground 
scription of Background: green elevat or shaft 

I S UMMARY OF AVERAGE OPACITY I 
T Time Opacity 

Start 

Time Time Opacity Opacity 

End End SUlTl SUlTl Average Average 

1716 
1722 
1728 
1800 
1806 
1812 
1818 
1824 
1830 
1836 
1842 

1721 
1727 
1731 
1805 
1811 
1817 
1823 
1829 
1835 
1841 
1847 

1721 240 240 10 
1727 240 240 10 
1731 240 240 10 
1805 240 240 10 
1811 240 240 10 
1817 255 255 11 
1823 360 360 15 
1829 360 360 15 
1835 360 360 15 
1841 360 360 15 
1847 360 360 15 

End Sum Average 

1516 1521 
1522 1527 
1528 1533 
1534 1539 
1540 1545 
1546 1551 
1552 1557 
1558 1603 
1604 1609 
1610 1615 
1616 1621 
1622 1627 
1628 1633 
1634 1639 
1640 1645 
1646 1651 
1652 1657 
1658 1703 
1704 1709 
1710 1715 

b 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 
240 

I 

I 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

Set 
Number 
- ‘ 

1 
2 
3 
4 
5 
6 
7‘ 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

Set 
?umber 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 

z; 
36 
37 
38 
39 
40 

Start 

L 

Sketch Showing How Opacity Varied With Time: 

I 
20 

0 
1516 1800 

Time, hours 

I 
15 

10 



I 
Sketch Showing How Opacity Varied With Time: 

Dat 
TYP 
Hei 
W in 
co1 
Obs 
Dis 
Dir 
Hei 
Des 

SUMMARY OF VISIBLE EMISSIONS 
Sample No. 2 

e: 10-4-78 Type of Plant: Ammonium Sulfate 
e of Discharge: Particulate Location of Discharge: Scrubber Exhaust 
ght of Point of Discharge: 55' Description of Sky: Hazy 
d Direction: NE Wind Velocity: 10 mph-- 
or of Plume: White Detached Plume: No 
e.e--#.- .+..I- - - - ._ . 
I 
:l. vei. I”“.: Donna SchicK Duration of Observation: L ~L~OLJ m: 

tance from Observer to Discharge Point: 60' 
ection of Observer from Discharge Point: SE 
ght of Observation Point: 55' 
cription of Background: Building 

S UMMA RY OF AVERAGE OPACITY 

I 
\ I h 

0 1' 
0840 0904 Time, hours 73 

3 
1058 



Date: 
Type 
Heigh 
Wind 
Color 
Obser 
Dista 
Direc 
Heigh 
Descr 

I SUMMARY OF AVERAGE OPACITY 

SUMMARY OF VISIBLE EMISSIONS 
Sample No. 3 

10-4-78 
of Discharge: Particulate 

.t of Point‘of Discharge: 21' 
Direction: NE 

of Plume: White 
ver No.: Dusanka Lazarevic 
nce from Observer to Discharge 
tion of Observer from Discharge 

.t of Observation Point: Groind level 
iption of Background: green elevator shaft 

Type of Plant: Ammonium Sulfate 
Location of Discharge: Scrubber Exha 
Description of Sky: Partly Cloudy/Ha 
Wind Velocity: 5-10 mph 
Detached Plume: No 
Duration of Observation: 2 hr. 45 mi 

Point: 250' 
Point: East 

set 
Number 

1 
2 
3 
4 
5 
6 
7 
8 
3 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

Time 

Start End 

1415 1420 
1421 1426 
1427 1432 
1433 1438 
1439 1444 
1445 1450 
1451 1453 
1526 1531 
1532 1537 
1538 1543 
1544 1549 
1550 1555 
1556 1601 
1602 1607 
1608 1613 
1614 1619 
1620 1625 
1626 1631 
1632 1637 
1638 1643 

T Opacitv . 

Sum 
c 

230 
215 
240 
240 
240 
205 
115 
120 
155 
120 
120 
120 
120 
120 
120 
120 
120 
120 
120 
120 

Average 

9.6 
9.0 

10.0 
10.0 
10.0 

8.5 
9.6 
5.0 
6.5 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 

Set 
qumber 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 

2 
36 
37 
38 
39 
40 

Ti e Opacitv 

Start End Sum 

1644 1649 120 
1650 1655 120 
1656 1700 100 

Averag 

Sketch Showing How Opacity Varied With Time: 

I 0 1 1526 
1415 Time, hours 7f 

3 



APPENDIX F 

GAS CHROMATOGRAPH DATA SUMMARY 
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APPENDIX G 

EXAMPLE CALCULATIONS 



Nomenclature 

As 

cf 

cP 

Ct 

CMf 

CMt 

%I 

ERf 

ERt 

ERMf 

ERMt 

pld 

MILT 

MQ 

'b 

'rn 

Ps 

P st 

Qa 

Q am 

Q m 

QS 

SWf 

STJt 

Trn 

= Stack area, inches2 

= Front half (probe & filter) particulate concentration, 
gr/DSCF 

= Pitot tube correction factor, dimensionless 

= Total particulate concentration, gr/DSCF 

= Front half (probe & filter) particulate concentration, 
mg/DSm3 

= Total particulate concentration, mg/DSm3 

= Sampling nozzle diameter, inches 

= Emission rate of front half particulate, lb/hr 

= Emission rate of total particulate, lb/hr 

= Emission rate of front half particulate, kg/hr 

= Emission rate of total particulate, kg/hr 

= Mole fraction of dry gas, g/g-mole 

= Molecular weight of wet stack gas 

= Ilolecular weight of dry stack gas 

= Barometric pressure, inches mercury 

= Average orifice pressure drop, inches water 

= Absolute stack gas pressure, inches mercury 

= Static pressure of stack gas, inches mercury 

= Actual stack gas flowrate at stack conditions, ACFM 

= Actual stack gas flowrate at stack conditions, Am3/min 

= Dry stack gas flowrate at standard conditions, DSmJ/min 

= Dry stack gas flowrate at standard conditions, DSCFM 

= Front half sample weight, mg 

= Total sample weight, mg 

= Average meter temperature, OF 

-l- 



TS = Stack temperature, "F 

Tt = Net time of test, minutes 

v m = Volume of dry gas at meter conditions, ft3 

V 
mstd 

= Volume of dry gas at standard conditions, DSCF 

vS 
= Stack gas velocity at stack conditions, fpm 

VW = Total condensate collected in sampling train, ml 

v 
Wgas 

= Volume of water vapor at standard conditions, SCF 

ApS 
= Velocity pressure, inches water 

% I = Percent of isokinetic variation, dimensionless 

%M = Percent moisture, dimensionless 

C. 7 /> .-. = Percent Of removal efficiency, dimensionless 

Calculation of Particulate Emissions 

The dry volume of sampled gas corrected to standard condi- 

tions of 20°C and 760 mm He (29.92 in. He) is calcIllatPd aa fnl- c), -- ---------- -- ___ 

lows: 

v- = 17.65 0 V, * P, 
U'std - 

__. 
Id.“, . 

Tm -!- 46; 

The dry stack gas flowrate corrected to standard conditions is 

calculated using the following set of equations sequentially: 
I 

VW gas 
= 0.0471 * v, 

100 * VW 
%M = ~, I T,gas I 

'rn -r v 
std Wgas 

Md = 100 - %M 
100 

- 
M\dd = (%CO2 * 44/100) + (%02 * 32/100) + [(%CO + %N2)*28/10d I 



MW = (M\?d J,- Md) +18(1 - Md) 

. 

vs = 5120.8 .* Cp *,,A& * (Ts + 460) 

9s = 
0.1225 * Vs * A, * bfd * Ps 

T, + 460 
. 

Stack gas flowrate may be expressed metrically as dry normal 

cubic meters per minute (DNm /min) and in terms 3 of actual cubic 

feet per minute (ACFM) and metrically as actual cubic meters per 

minute (Am3/min) with use of the following equations: 

Q, = Qs * 0.02832 

Qa = 0.05667 *pzz * (T, + 460) 

Md 

Q am = Qa * 0.02832. 

The equation employed to determine percent of isokinetic 

variation is: 

1032 * (Ts + 460) 2 Vmstd 
%I = v, ;',- Tt e p, * Md * 

(W2 l 

” 

To determine the concentration of particulate matter in 

grains per dry standard cubic foot (gr/DSCF), one of the fol- 

lowing equations is used: 

Cf = 0.01543 + 
SW f 

v and 
mstd 

Ct = 0.01543 ::- 
s w t 

v . 
mstd 



ER 
%R =- -t inlet - ERt outlet 

ER t inlet 

Example Calculation --- 

Using the data from particulate Test 3 at the inlet 

location an example of the calculation of sampled volume 

in dry standard cubic feet (DSCF) is as follows: 

Given: 

Pb = 29.85 in. Hg 

pm = 2.68 in. H20 

Tm = 104°F 

vm = 110.737 ft3 

VW = 91.1 ml 

and using the first two equations on page 2: 

VW = 4.29 SCF 
gas 

V mstd = 104 DSCF 

With the following additional information from the data 

sheet one can determine the flowrate in dry standard cubic 

feet per minute (DSCFM). 

7/Ps * (Ts + 460) 

cP = 0.828 

TS = 88°F 

AS = 2290 sq.in. 

P st = 0.7 in. Hg 

= 23.17 

Since no Orsat was run, and using the equations on page 2, 

we can determine the following information: 

- 5 - 
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I 

I 

I 

I 

I 

I 

I 

I 

1 

I 

1 

I 

1 

I 

1 

I 

I 

1 

When metric units are desired, the concentration is ca 

lated in milligrams per dry standard cubic meter 

lows: 

lcu- 

(mg/DSm3) as fol- 

SW f 
CMf = 

(0.02832) (Vmstd) 
and 

SWt 
CMt = (O.O2832)(V ) . 

mstd 

Front half particulate concentrations are obtained by summing the 

weight of particulate matter collected on the filter and all por- 

tions of the train preceding it. Total particulate concentration 

includes, in addition, any particulate matter collected in the 

impingers. 

The emission rate of particulate matter can be calculated 

from the filterable or total particulate concentration using one 

of the following equations: 

E R f = 0.00857 * Cf +: Qs and 

ERt = 0.00857 * C, * Qs . 

For metric units, 

ERMf = (1.70 * 10-6) * CMf -?; Qs and 

ERMt = (1.70 * lo.+ * CPlt * Qs . 

To avoid rounding errors it is preferable to carry out the calcu- 

lation of concentration and emission rate in one operation. 

Removal efficiency is caiculated using the pounds per hour 

emission rate in the following equation: 

-4- 



MWd = 28.96 

Then using the equations on pages 2 and 3, the flowrate 

in dry standard cubic feet per minute can be calculated. 

%M = 4.0 

Md = 0.960 

MW = 28.51 

PS = 30.55 in. Hg 

VS = 3330 fpm 

Qs = 42300 DSCFM. 

Then using the equations on page 3, flowrate can be expr 

as follows: 

Qm = 1200 DNm3/min 

Qa = 52900 ACFM 

Qam = 1500 Am3/min. 

Having determined sampled volume to be 104 DSCF an 

flowrate to be 42300 DSCFM, the percent of isokinetic 

variation can be determined. 

Given: 

v 
"std 

= 104 DSCF 

QS = 42300 

Tt = 120 min. 

Dn = 0.249 in. 

then using the equation on page 3 

%I = 95.9 

-6- 



The concentration and emission rate can now be 

h calculated for this particulate test as follows: 

Given: 

SWf = 119.13 g 

SWt = 119.17 g 

Using equations on page 3 the concentration of filterable 

particulate and total particulate, both in grains per dry 

standard cubic foot (gr/DSCF), are as follows: 

Cf = 17.5 gr/DSCF 

Ct = 17.5 gr/DSCF 

Concentrations may be expressed metrically as follows: 

CMf = 40,400 mg/DSm3 

C"t = 40,500 mg/DSm3 

The emission rates in pounds per hour (lb/hr), and metrically 

as kilograms per hour (kg/hr) are as follows: 

ERf = 6410 lb/hr 

ERt = 6410 lb/hr 

ERMf = 2910 kg/hr 

ERM 
t = 2910 kg/hr 

Removal efficiency can be determined using the pounds per 

hour value previously calculated together with the pounds 

per hour value calculated for the simultaneous test at 

the outlet location and the equation on page 4. 



then: 

Given: 

ERt 
= 15.7 

outlet 

%R = 99.8% 

- 8 - 
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APPENDIX H 

CALIBRATION DATA 



Pitot Tube Type S 
C 

Pitot Tube No.>- 

ptcot 

I 

Standard Pitot Tube 140. - 

$ : Calibrator: -?-VA Date: 8-2-7ti Client: 

Anticipated 
A pstd 

---_____e-- 

0.02 

0.04 

0.06 

0.08 

0.10 

0.12 

0.16 

0.20 

0.30 

0.50 

0.70 

0.80 

apstd 

0. 

0. 

0, 

0. 

0. 

0. 

0 : 

0. 

0. 

T A 

AP test 
--- 

0. 

0. 

0. 

0. 

0.154 
0. 158 

ovQf-- 
0 : 
0. 

0. 

0. 

0. 

AC Ptcst 

0. 

0. 

0. 

0. 

O/837 

0. 83Q 
0. 836 
0. -- 

0. 

0. ‘. 

0. 

0. . 

-. 

B 

A Pttst 
-- 

0. 
. 

0. 

0. 

b. 

0. 158 

O.k. 
0. I58 
0. 

0. -- 
0. -- 
0. 

0. 

AC ptcst 
- 

0. 

0. 

0.. 

0. 

0.8% 

0. 825 

0. 82-L 

0. 

0. 
. 

0. 

0. 

0. 



- 1 h 
C = 0.93 Ptcat 

I 

. 
Pitot Tube Type Pitot Tube No. zj . . 
Standard Pitot Tube No. 

. 

.I 

Anticipated 
A pstd 

0.02 

0.04 

0.06 

0.08 

0.20 

0.30 

0.50 

0.70 

0.80 

0.9 

0.8 

‘0. 8 

0.8 

0.8 

0.8 

0.8 

0.8 

0.8 

0.8 

0.8 

APstd 

0. 

0. . 

0. 

0. 

0. 

A 

A Ptest 
--- 

0. 

0. * 

O./L;LjQ. 

oJ.3 PO 

o./3t3’@ 

0. . 
0. - 
0 : 
0. 

0. 

0. 

0. 

AC Ptest 

0. 

0. 

0. 

0. 

0. -: 

0. 

0. - 

A Ptest 
--- 

0. 

0. 

0. /380 

h38A 

0.40 8 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

- 
p :r;: ;yy.: $I: --:* 
i:Ii ti:i ;::; :::. :::: i ,;! 
-- -..-- A!! xi: -: 
i.4. :;;. -.: ,. . . . . .i(, .:.. . . , , 
: i;; ii:! .tii jii Z:i I; it 
- -.m .- - ;;;, ,1-. . . . . . . . . , . . . . ; . 
,?!I !;I: :::f ‘:I’.-*. 
--. 

. *,., “1.. -.:. . . . . ‘li1 
L-- __ L c-1 ! . 

ifi i !::: ::;: 1:;: :::: :-;r 
. , . . . . , . . : . . . . , . 1 . . . . . . . . . . . . . . : 1.. : 

- --.--- - -___ . ..! a.*: ..:. . . . . .:.. . . . . :... *... ..I. . . . . . . . . .(., Ii;: ,).. *.-- . . . . .:. :.,. 
.___ Lf:. 1::: ,... . . . . 1.1. -. . _. _. .- - 
-:iI il:l :;I: l::: 1::: :::: !: I,: 1::: ‘::: ::I: 1:‘: ;!!; 
---- ---.. - - .__- . . . . . . . . . . . . . . 1 . . . . . . 

.‘. ‘... : ; !: 
*. . . ,‘, 1::: .:!: :::: , . . . a.. .T.. . . . . . . . . . I .; _ _-. A+ --. ._- - , . . . - . . . . . I... :..a .‘I. .,._ .._ 

. . . . . . . , . . . :;i; ;!i. .,” :;;! 

.L 

. , . . . . . . .,.. . . . . . . . . :I:; --- .- -_ --- ii’,;;;: .I.. .I.. . . . !iir 

1: 
. ii;: 2;; ;;I; ;r; * 

:: 
jjj jiij i?j $j Zi ii; 

0.3 0.4. 0.5 0.02 0.03 o:or+ 0.06 0.1 : 0 .2 

A ptcot W201 /D 

-. 

B 

AC ptcst 

0. 

0. - 

0. &?d- 

o.,g a3 

0. 

0. 

0. 

0. 
. 

0. 

0. . 

0. 

_ 

0, 8’25 ._ 
- -__ 

......... .+. ..... 
-.-A ._-. .... .-. _ 
..:. ... . .., ..... _ 
.... ..... 
-:-- 

!.A‘ .., 
- _-- - 

:;i! ;I:: :I;: .::’ 
:,-; ., ........ .......... 

---; 
;~TxTr 

........ 
.., . ..I. ........ - 
. ( .. I ........... 

!;I 

-.- ..- - - -_. - 
ii’! 1”’ ........ *,:, ,,:. .., .. ............ .... .!.’ ..r. ..... ---- - y .............. ................ .I .. .: .. ..i. .... ... ., .. ..;. ... I --. .e. m-w -_ _ ............... . , .............. .......... , ..... . I ............ .-.- __ 
... I ...... , ..... .. , ............. ............. --., --__ .__ ___ t , ............ .,.a ........... 
:!;: .................... 
-, -m-w_ ... . _ I ............... .............. . ... . . ..I. .. ....... .:!. -.- 
- -, . ... ::: _ 
..I. ............ 
“;I 
:I,. .., 

ii;‘; ::I: 1::: 
..... . 1’. 



-* I 
Pitot Tube Type s Pitot Tube No.35 . - 

I 
APs td 
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Standard Pitot Tube 210. ,;' /5 
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Pitot Tube Type S Pitot Tube No.~ 

Standard Pitot Tube No. 
Calibrator: 
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Date +jJ(q Client Meter Box Number x/x-3 
Barometric Pressure Pb ("tug) c-24,+5 Calibrator hF/z Gas Meter Number 

I 

-c 

5 
i 

Vacuum 
Wet Test 

'Meter 
PW 

(in. H20) 

Temperature 
Dry Gas Meter I Orifice Gas Volume Gas Volume 

Wet Test Dry Gas 
Meter Meter 

Time 

(,ein) 

* . I Manometer 
Setting, Am K, Cnlet Outlet Average 

tdi tdo 
("F) (OF) (EC) 

19 

0) 

cf”t 1 4 I (in- H20) 

0, 05 /0?‘3 0 
.!i!Ja 

L 
iverage J9ALj 
stop ll.0 

Start I 

stop I 2.0 

Start I D, 
cw1 +5 iE!2 

. . 
I -. Iverage JY.IpO 

Stop 3.0 
Start 0,135 

c29.cf5 
I 

Iverage l... .J9.6/ 
stop 14.0 

05 n. 
&99,4’-5 

‘tart- I 
. . 

Iverage h 9.74 
I 

stop I 5.0 

AVERAGE 
PW 

p w - Pb - __I 
13.6 pd = pb +-s 

VW P, (td -t 460) 
Factor' in isoki'netic equation ti 27.40 p 27.40 = 

Y - vd Pd ('w + 460) (iT,)2 n I d/9b 



rate Ii) -7-79 Client Meter Box Number 
,aronetric Pressure Pb ("'Hg) ,yl 1 ..p, Calibrator -)--f/,'!\ Gas Meter Number 

orifice Gas Volume Gas Volume 

Manometer Wet Test Dry Gas 

Settirg, Am Meter Meter 

(in. QO 1 %I (ft 1 

Vacuum 
Wet Test 

Meter 
PW 

I in. H20) 

Temperature 

Dry Gas Meter 

;top 

itart 
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;tOD 

;tart 
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;tart 

Lvera5ze 
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;tart 
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;top 
itart 

8: 39,:‘) ,verage 

itop 

C? ;tart 

,veragc 

9 
AVERAGE &p+ pw 

i Tw Am 
> 
w =, pb - & Pd =Pb+hm 

. 13.6 

, = v, p, (td + 460) 
vd Pd (tW -k h60) 

Factor in isokihetic equation = 27.40 = 27.40 

(KIJ2 -i---Y 
= pp;# 
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METER AND C,.IFICE CALIBRATION 
h 

Meter Box Number fr: t'\ c ,, /I. 

Gas Meter Number arometric Pressure pb 

Temperature Vacuum -I 
Wet Test 

Meter I 

Gas Volume 

Y 

Orifice Gas Volume 

>lanometer Wet Test 

Settirg, Am Meter 

(in. H20) 53 (ft > 

ry Gas Meter 
I 

Outlet 
tdo 
("F) 

Time 

(min) 

tart 1 1 &?3-7, ooc 
-- 

_.- 

_- 

-L- 

verage -c L /, LJv (5) LLOOQ 
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verage 29. -I5 (5) \3mo 

,133 as. I5 
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tart MA3q I 000 
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+ 

W= pb - & pd . 
AVERAGE PW 

TwAm 

= VW P” (td + 460) 
Vd Pd (tw -k 460) 

Factor in f.solci'netic equation = 27.40 = 27.40 
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