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EMISSIONS TEST REPORT 

I N L E T  SAMPLING 

O U T L E T  S A M P L I N G  

E M I S S i 3 N  C C N T R O L  

U N I T  

SVS/MECA'" 
AT 

A CHROME ANODIZING FACILITY 
Santa Ana, California 

ON 
December 12, 1988 

BY 
TRUESDAIL LABORATORIES, INC. 

Tustin, California 
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TRUES D A I  L LABO R A T 0  R I E S, IN  C .  
~. 

I 4 2 0 1  F R A N K L I N  A V E N U E  
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C A B L E :  T R U E L A B S  
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C H E M I S T S  - M I C R O B I O L O G I S T S  - E N G I N E E R S  

Q E S E A R C W  - D E V E L O P M E N T  - T E S T I N G  

C M and E International 
CLIEs\'T 18011-D Skypark Circle 

Irvine, CA 9271.4 
Attention: Dave Miller 

DATE January 11, 1989 

RECEIVED Dec. 12, 1988 

S.4h.l P LE LABORATORY KO. 26163 
Source tests for chromium on scrubber at Reid 
Metal Finishing 

INVESTlGATIOh' 

Total and hexavalent chromium 

RESULTS 

On December 12, 1988 representatives of Truesdail Laboratories, 
Inc. conducted source tests for total and hexavalent chromium on 
the inlet and outlet of CM and E International VSV\MECA I1 scrub- 
ber serving a chrome plating tank at Reid Metal Finishing in 
Santa Ana, California. 

A 360-minute isokinetic sample of the flue gas was collected at 
each sampling location by the wet impingement method (SCAQMD 
method 5.1). The sampling train consisted of a glass probe con- 
nected with Teflon tubing to a set of Greenburg-Smith impingers 
charged with 200 mls of 0.1N NaOH and followed by a Teflon filter 
on a glass fiber backing filter, a vacuum pump, and a dry gas 
meter. The inlet sampling location was 6 inches in diameter and 
the sample was collected at 2 sampling points on each of two 
diameters 90° apart. The outlet sampling location was 6 inches in 
diameter and the sample was collected at 2 sampling points on each 
of the two diameters 90° apart. 

During the test period, a 30-minute integrated sample of the flue 
gas was collected at each sampling location simultaneously. The 
samples were collected with an evacuated 8-liter stainless steel 
cylinder and a stainless steel sampling line. 

The flue gas flow rate was determined from in-line 6-inch orifice 
tubes at each sampling location. The flow was monitored through- 
out the entire test period by recording the velocity head and 
temperature at 15-minute intervals. The average temperature at 
each location was measured with a chromel-alumel thermocouple 
connected to a Micromite potentiometer. 
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Sampling trains were prepared by soaking all impingers f o r  12 
hours in 50% nitric acid, then rinsing three times with distilled 
water and charging with 200 mls of 0.1N NaOH. All probes and Tef- 
lon tubing were rinsed on site with 50% nitric acid and washed 
three times with distilled water. Samples were recovered by 
measuring condensate gain and rinsing the probe, Teflon tubing, 
and impingers twice with 0.1N NaOH and once with 0.1N nitric acid. 
The Teflon filter was placed in the impinger catch and the sample 
refrigerated, and analyzed within 4 8  hours., A blank sampling 
train was taken to the job site, leak-checked, sealed and returned 
to the lab for analysis. 

The total chrome was determined by atomic absorption and the 
hexavalent chrome by the diphenylcarbazide colorimetric method. 
The analyses included glassware prepped as above, calibration 
curves, spike recovery, and a blank sampling train. 

The hydrogen, nitrogen, and oxygen content of the integrated 
samples was determined by gas chromatography utilizing thermal 
conductivity detection. 

The results are as follows: 



4 

N 3L > 

P - m  
- I &  

- \  f m  M 

E 

a z 

aJ 
u 
m 
n 

& 

S 

r j  

_I 

I 

'\ \. _I 
.I 

I . . .  

e n < >  " S C .  

I .  

n <  
. *  

Y 
4 I 

c 
1 e 
I 

I 
c . u 

,. . L 

I " 



TRUESOAIL LABORATORIES, INC. 

C M AND E INTERNATIONAL 
REID METAL FINISHING 

12-12-88 

Flue Gas: 

Temperature, O F  
Velocity, ft . /sec* 
Static Pressure, in n20 
Duct Diameter, in. 
Orifice Diameter, in. 
Orifice Area, sq. ft. 
Gas Volume: ACFM 

SCFM 
DSCFM 

Moisture, % by Vol. 

Scrubber 
Inlet 

80 
26.9* 
-0.32 
6.0 
3.44 
0.065 

105. 
102. 
99. 
2.5 

Scrubber 
Outlet 

78 
29.0* 
+0.31 
6.0 
3.44 
0.065 

113. 
110. 
107. 
2.7 

* Through orifice. 
Chromium: (10: 53-17: 02) (10:52-16:58) 

Sample Volume, DSCF 
Concentration, ppmv 
Total Cr 
Crf6 

Concentration, mg/m3 
Total Cr 
Crf6 

Emission Rate, mg/hr 

Removal Efficiencv. % 

Total Cr 
cr+6 

A 

Total Cr 
Crf6 

207.80 243.71 

7.1 
1.8 

15.6 
3.9 

0.00037 
0.00046 

0.00069 
0.00086 

Intreqrated Sample: (15:OO-15:35) (14:48-15:18) 

Concentration, % 
Hydrogen (H2) 0.1 

Carbon Dioxide (C02) 10.1 
Oxygen (02) 21.3 

0.1 
21.0 
<0.1 

Respectfully submitted, 

TRUESDAIL LABORATORIES, INC. 

S. Hugh Brawn, Supemisor 
Air Pollution Testing 
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SVSIMECA'" 
FIELD TEST DATA 

TEST Date : 12-12-58 

TEST Site : Reid Metal Finishing 

TEST Supervisor : David Miller 

TEST No. : Source Test CME-20SOA 

TEST READING NOTES 

1. Ambient Air Temperature, 'F = AT 6. Scrubber Solution Flow Rate, GPM = SR 
2. MECA Inlet Temperature, 'F = IT 7. Scrubber Solution pH = If 
3. MECA Outlet Temperature, 'F = OT 8. Blower Static Pressure, inches W. G. = !IJ 
4. Tank Solution Tem rature, F =Tr 9. Rectifier Amperage, amps = RA 
5 .  Scrubber Solution Kmperature, 'C = ST IO. Rectifier Voltage, volU = RV 

SUPPLEMENTAL DATA & NOTES 

1. Start of Test Hour Meter Reading 10.7 Hrs 6. Liquid Collected Inlet Exhaust Duct 

2. End of Test Hour Meter Reading 17.1 HIS 7. Liquid Collected Mist Collection 

3. Blower Speed Control Setting 71 Hz 8. Liquid Collected Demist Section 

J. SVS/MECA" Inlet Static Pressure 3.8 Inch 9. Scrubber Solution Level Change 

5. Tank CrO3 Concentration 1 OdGal pH recorded at Test start and end only 

1- Lbs 

Undetected Gal 

Undetected Gal 

0- Inch 

N m s .  I .  Ambient A r  Teem ( A q  taken a d j x ~ n t  to process tank. 
2. Sole rcctifcnshut down i r  loading of each workload r x k  into the process tank for an a v e q c  of 3 to 5 minutes. 
3 WOrkloJd racks were placed in the process tank for a 40 minute process time. 
4. p l l  of scrubber solution read by using litmus paper. 
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SVS/MECA'" 
FIELD TEST DATA 

TEST Date : 12-12-88 

TEST Site : Reid Metal Finishing 

TEST Supervisor : David Miller 

TEST No. : Source Test MECA-2080A 

I 74 1 78 I I 22 1 26 1 1 9.75 1 
1610 I I1 I I 97 I I 81 I 41 

I I 94 I I I I I 120 I 39 I 
1615 

TEST READING NOTES 

I 70.5 1 18 I 1 21 I 26 1 I 9.75 1 

1. Ambient Air Temperature, 'F 
2. MECA Inlet Temperature, 'F 
3. MECA Oullet Temwrature. 'F 
1. lank  Solution Temknture, '  1: 
5 .  Scrubbcr Solution Temperature, 'C 

SUPPLEMENTAL DATA & NOTES 

1. Start of Test Hour Meter Reading 

2. End of Test Hour Meter Reading 

3. Blower Speed Control Setting 

J. SVSblECA" Inlet Static Pressure 

5.  Tank CrO3 Concentration 

= AT 6.  Scrubber Solution FlW Rate, GPM 
= IT 
= O T  

7. Scrubber Solution pH 
8. Blower Swtic Prwure,  inches W. G. 

=TI- 9. Rectifier Amperage, amps 
= ST 10. Rectifier Voltage, volts 

= SR 
= pH 
= SP 
= R A  
= RV 

HI3 6.  Liquid Collected Inlet Exhaust Duct Lbs 

HIS 7. Liquid Collected Mist Collection Gal 

Hz 8. Liquid Collected Demist Section Gal 

Inch 9. Scrubber Solution Level Change Inch 

Oz/Gal pH recorded at Test start and end only 

Notes :See Notes 1 thru 4 Pg 1 
5.  summation of Amp-hrs for this source test 638.1 Amp-br from a total of 9 different workloads placed in the tank during the 6 hour 
test. 
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T R U E S D A I L  LABORATORIES. INC.  

FLUE GAS SAMPLING TRALN 

. .  . .  . .  . . .  . . .  
-. 

1. Glass Sampling Probe 

2. 

3. .Thermometer : -. ' .  -. 

. .  

Seth-Greenburgh Impingerp i n  Ice Bath Gy%* I hl hja0i-t 
. .  . 

5. Leakless Vacuum Pump 

6. Dry Gas Meter 

.7. Thennometer 

. .  

8. Orifice Flow Rate Gauge 

9.' D r y  Gas Samp.hg.Out1et . .. 
10. Tedlar Gas S a p l i n g  Bag [Optional ) 

4 .  Back-up Fi l ter ,  Gelman, Stainless Steel F i l t er  Bolder for 47 mm' Filter 
. .  - TEFLON + Ft&R 

flLTEl2 - 



Date: 12 .  I >  -$  
TRUESOAIL LAEOUATORIES, INC. 

Sampling Location: C M * C - L r - 4  LE T Barmetr ic  F'ressure: ' ,c,lq* 
Test No. l J . < : , : ' . . - * >  . .  . Nozzle Diameter: .Lq 7 > \:* 

r ' l  

Weight Collected, grams' 

A. 

B. 

C. 

D. 

E. 

F. 

G. 

H. 

Total Weight 

Condensate Volume, m l .  

Condensate Vapor Volume, 0.00267 X 460 + h 
B.P + W13.6 

x B ,  CU. f t .  

Total Sample Volume, Vm + C ,  cu. f t .  

Sample Volume, D x 520 x B.P. + W 1 3 . 6  x Moisture corr. ,  DSCF m 29.9 

Concentration, 15.43 x A/E, grains/DSCF 

Stack Gas Flow Rate, DSCFM 

Emissions, 60 x C x F/7000, lbs/hr 



c Weight Collected, grams k 385 yyld '\ 
\ 1 5 : o o  
: ! <  ,:3 

1 4 ' . , i  : 
lr  I5 \ 
5 ; c  - ~ .  . A.  Total Weight 

B. Condensate Volume, m l .  

C. 
. . .  

Condensate Vapor Volume, 0.00267 X 

Total sampk Volume, Vm + C ,  cu. f t .  

460 + Tm 
B.P + W 1 3 - 6  

X 6, CU. ft.- 

D. 

E. Sample Volume, D x 520 TitJo+Tm 29.9 

. 5 7  5 
x B.P. + Pm113.6 x Moisture C0rr.1 DSC 

F. 

G. Stack Gas Flow Rate, DSCFM - 

H. 

Concentration, 15.43 x A/€ ,  grains/DSCF 

- ., Emissions, 60 x G X F/7000, lbslhr  





TRUESOAIL LABORATORIES, INC.  

Sampling Location.:. C-N; E 
Test No. cC-~:-  2 ,  =:c.--?.~? ? > , I  

Impinger 

ime Vm h T i  

I I I I I 
I I 
Weight Collected, grams / 

A. 

B. 

C.  

D.  

E .  

F. 

G. 

'1. 

Date: / ? / / J / < 3  
I ,  Barmetr ic  Pressure: 7-0 I Y 

Nozzle Diameter: I / ~ -  

I I 

I 
I I 

Total Weight 

Condensate Volume, m l .  

Condensate Vapor Volume, 0.00267 X 460 + lh X B ,  CU. f t .  
B.P + W 1 3 - 6  

Total Sample Volume, Vm + C, cu. f t .  

Sample Volume, D x 520 x B.P. + Fd13.6  x Moisture cor r . ,  DSCF n 29.9 

Concentration, 15.43 x A/E, grains/DSCF 

Stack Gas Flow Rate, DSCFM 

Emissions, 60 x G x F/7000, lbs/hr  



A. 

B. 

C .  

D. 

E. 

F. 

G. 

H. 

Total Weight 

Condensate Volume, m l .  9. tYd 

Condensate Vapor Volume, 0.00267 X 460 + Tm x B, cu. f t .  w . 3  4 

Total Sample Volume, Vu + C ,  cu. f t .  a 5  1 . 5 9  

B.P + W13.6 

7.\3;. 71 , 4 7 3  
Sample Volume, D x 520 x B.P. + Fd13.6 x Moisture corr., DSCF - 29.9 6-90 m3 
Concentration, 15.43 x A/E, grains/DSCF 

Stack Gas Flow Rate, DSCFM 

missions, 60 x G x F/7000, lbs/hr 
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Date : 12-12-88 
Client : CM&E INTERNATIONAL 
Sampling Station : Scrubber Inlet and outlet 

A. Gas pressure at meter, in. Hg ( absolute ) 

C. Volume of metered gas, cu.ft. 
B. Vapor pressure of water at impinger temp., in. Hg. 

D. Volume of water vapor metered, B*C/A. m.ft 
E. Volume of water vapor condensed, cu.ft. 
F. Total volume ofwater vapor in gas sample, D+E, cu.ft 
G. Total volume of gas sample, C+E, cu.ft 
H. Percent water vapor in sampled gas, 1OO'FiG 
I. Densiw of gas referred to air' 

WATER VAPOR AND GAS DENSITY CALCULATIONS 

SCRUBBER SCRUBBER 
INLET OUTLET 

30.18 30.19 
0.3004 0.3004 
214.40 247.58 

2.13 2.46 
3.27 4.34 
5.40 6.80 

217.67 251.92 
2.5 2.7 

0.992 0.9914 
~I 1 J. Gas density correction factor** I ' 1.004 I 1.004 

GAS DENSITY CORRECTION FACTOR : 

Component Volume fraction Moisture Mol. Wt. 
correction 

SCRUBBER Imm 

Omen 
Water 

Nitrogen & inerts 

0.025 
0.209 
0.791 

1.0 
0.975 
0.975 

18.0 
32.0 
28.2 

Average Molecular Weight 

SCRUBBERO- 
Water 0.027 1.0 18.0 
Wgen 0.210 0.973 32.0 
Nitrogen & inerts 0.790 0.973 28.2 

Average Molecular Weight 

WtJmole 
(Wet basis) 

0.450 
6.521 

21.749 

28.720 

0.486 
6.539 

21.676 

28.701 

Note: 
Density of gas referred to air = Average Mol. Wt.RS.95 
Gas density correction factor = SQRT (1.00 /density of gas) t t  



METHODS FOR DETERMINATION OF VELOCITY, 
VOLUME, DUST AND MIST CONTENT OF GASES 

BULLETIN WP-50 
SEVENTH EDITION 

P R E F A C E  

In order to determine the performance of an existing gas handling or 
gas cleaning system, to evaluate the necessity. of installing a cleaning 
system, or  to obtain information for the design of a cleaning system, it is 

necessary or desirable to obtain a measure of the concentration and char- 
acter of the  dust in the gas stream. and accurate data regarding the 
temperature, velocity, and volume of the gas stream itself. 

The purpose of this bulletin is to outline a standard method of pro- 
cedure for the  study of gas  streams contained in industrial flue systems, 

and of &e suspended matter carried by these gases. In addition, various 
other methods a re  mentioned, as no one process is applicable to all situa- 

tions. Many industrial processes are of such a specialized nature that  it is 
necessary to start with some such standard procedure as described herein, 
and alter i t  t o  develop a procedure to suit the individual conditions. 

- 
HAROLD H. HAALAND 

EDITOR 

COPY RIGHT 
1936,1948,1951, 
1956,1958,1968 

. .  

3 



- 

FORMULAS 

(1) BASIC FLOW EQUATION 

v,- lJw 
(2) GAS VELQCITY IN FLUE-Using standard Pitot tube 

Assume gas density equivalent to air, and flue pressure equal to one atmosphere. 
For temperature in "F absolute For temperature in "C absolute 1' 

a 
v.-2.90 a V.-3.90 

(3) GAS VELOCITY IN FLUE-Using standard Pitot tube 
I )  For temperature in "F absoiute For temperature in "C absolute 

29.92 100 v.-2.90 -x-xHT. 
p, =, 

(4) GAS VELOCITY IN FLUE-Using Type "S" Pitot tube 
Assume gas specific gravity equivalent to air. and flue pressure equal to one atmosphere 
For temperature in "F absolute For temperature in "C absolute 

V,-2.90 F. m, V,-3.90 F. 

For Pitot tube as shown in Figure 5 .  T.-0.83 

(5) GAS VELOCITYIN FLUE-Using orifice disc meter 
Assume gas specific gravity equivalenr to air, and flue pressure equal to one.atmosphere. 
For temperature in "F absolute 

-. 

For temperature in 'C absolute 

V.-2.90 F d  V.-3.90 F d  
For orifice as described in Figure 6, values of F, can be obtained from Figure 7. 

(6) GAS VOLUME IN FLUE 
V.-V. ..,.XAX6O 

- 
(7) CONVERSION OF FLUE GAS VOLUME TO STANDARD COKDITIONS O F  29.92 INCHES 

MERCLTRY PRESSURE AND 0" CENTIGRADE (32' FAHRENHEIT) 
For temperature in " F  absolute For temperature in 'C absolute 

P. 273 
V std-V.X- X- 29.92 . T. 

P. 492 
29.92 xT 

(8) METER RATE-Dry gas-Isokinetic sampling 

V std-V.X- 

(9) CONVERTING CONDENSATE TO VAPOR VOLUME-Meter conditions 
For temperature in "F absolute 



- 
N 0 MEN C L ATU R E 

a 

A 

CF  -Cubicfeet. 

CF?J-Cubic feet per minute. 

D 

d 

F, -Orifice disc factor. 

F. -Pitot tube correction factor. 

g 

G, 
h 

H 

Hg -Mercury 

M. -Meter rate correction factor. 

& -Volume of moisture remaining in metered gas at meter conditions in cubic feet. 

P. -Absolute pressure in inches mercury. 

-Area of nozzle in square inches. 

-Effective area of flue in square feet. 

I 
-Diameter of flue in inches. 

-Diameter of sampling nozzle in inches. 

-Acceleration due to graviry in feet per second per second. 

-Specific gravity of gas referred to that of air. 
-Velocity head in equivalent feet of gas column in the flue. 

-Velocity head draf t  gauge reading in equivalent inches of water. 

P. 
P. 
P. 

R, 

-Barometric pressure in inches merwry. 

-Suction at meter in inches mercury. 

-Absolute pressure in flue in inches mercury. 

-Meter rate in CFM (dependent on gas velocity, nozzle size, and moisture content of gas). 

T -Duration of test in hours. 

T. -Temperature at meter in degrees absolute 

T. -Flue gas temperature in degrees absolute. 

W, -Weight of dust separated from gas sample in grams. 

V. -Volume of gas sample as measured by the gas meter in CF  at meter conditions. 

V. -Volume of flue gas in CFM at flue conditions. 

V.P. -Vapor pressure of water in inches of mercury. 

v. -Flue gas velocity at  some given point in feet per second. 

V, -Total gas sampled converted to flue conditions in CF. 

V, -Volume of water vapor condensed in cubic feet converted to meter conditions (vapor state). 

V, -Volume of water condensed in cubic centimeters (liquid state). 



.... -. ... -. . . .  . . . . . . . .  . . . . . . . . .  .... 

....... .- - .... 

............ -. ... .... - .. . .  .... ......... - .............. . . . . . . . . . . . . . . . . . . . . . . .  - ... 

.~ . . . .  -... . = 0 . 6 2  ..... ACFM -~ .. . . .  -~ . . . . . . . . . . . . . . . .  __  . 

.- . . . . . . . .  . .  .. 

.... 

........ . . . . .  ........ ......... . . . .  .- . . . . . . . . . . . . . . . . . . . .  .. 



. 

DATE 
SUMMARY OF RESULTS: 

- 
HRS. 

TRUESOAIL LABORATORIES, INC. - 
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14201 F R A N K L I N  A V E N U E  
T U S T I N .  C A L I F O R N I A  92680 
AREA CODE 714 730-6239 
AREA CODE 213 225-1564 
C A B L E :  T R U F L A B B  

TRUES DAI L LABORATOR I ES,  IN C .  

CHEMISTS - M I C R O B I O L O G I S T S  - E N G I N E E R S  

DATE: 11/1/88 

I C E  WATER AMBIENT A I R  B O I L I N G  WATER 

CALIBRATED WITH: THERMOMETERS #280-7 and #TL03146 
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TRUESOAIL LABORATORIES, INC. 

DATE: 11/01/88 

MAGY. # 

1/4" - GW92 
_______ --_---- 

1/2" - AM78 
1/2" - AG44 
1" - "125 
1" - PM2 8 3 
1" - AM112 
2 11 - PM9 
2 I1 - PM2 8 

(CALIBRATED WITH DWYER MICROTECTOR) 



1 4 2 0 1  F R A N K L I N  A V E N U E  
T U S T I N .  C A L I F O R N I A  92680 
AREA CODE 714 730-6239 
AREA CODE 213 225-1564 
C A B L E :  T R U E L A B B  

T R , U E S D A I L  LABORATORIES, I N C .  

C H E M I S T S  - M I C R O B I O L O G I S T S  - E N G I N E E R S  

11/01 I88 

CBP : 
T i n  F: 

29.96 
74 

METER e003 RUN 1 

WET : 
DRY : 
d Y :  

11.943 
11.971 
0.998 

0.000 * * * * ~ * * * * * * * * * * * * *  
1 .ooo 0.35 73.0 
2.000 0.35 72.5 
3.000 0.35 72.5 
4.000 0.34 72.5 
4.000 * * * * * * * * * * * * * * * * * *  
5.000 0.93 72.5 
6.000 0.92 72.5 
7.000 0.92 72.5 
8.000 0.94 72.5 
8.000 * * * * * * * * * * * * * * * * * *  
9.000 1.65 72.5 
10.000 1.65 72.5 
11.000 1.65 72.5 
12.000 1.65 72.5 
0.000 * * * * * * * * * * * * * * * * * *  

0.30 : 

0.50 I 

0.70 : 

90.53 
91.52 
92.50 

. 93.48 
94.47 
94.47 
95.45 
96.43 
97.42 
98.41 
98.41 
99.40 
100.40 
101.40 
102.40 

0.06 * * * * * * * * *  
0.06 64.0 
0.06 64.0 
0.06 64.0 
0.06 64.0 
0.24 t** t***** 
0.24 64.0 
0.24 65.0 
0.24 65.0 
0.24 65.0 
0.51 * * * * * * * * *  
0.51 65.0 
0.51 65.0 
0.51 65.0 
0.51 65.0 

$* t t t****** t*u t***  

12.000 0.97 

CALCULATION: 

WET, SCF: 12.000 

72.5 

528 

11.870 0.27 

29.96 + 0.97 / 13.6 
- - - - - - - * 
532.5 29.92 

528 29.96 + 0.27 / 13.6 

= 1 .943 



1 4 2 0 1  F R A N K L I N  A V E N U E  
T U S T I N .  C A L I F O R N I A  9 2 6 S O  
AREA CODE 714 750-6259 
AREA CODE PI3 . 225-lB64 
C A B L E :  T R U E L A B S  

TRUESDAIL LABORATORIES, INC.  

C H E M I S T S  - MlCROBlOLOGlSTS - E N G I N E E R S  
I 

11/01 / 8 8  

CBP : 29.92 
T in F: 74 

METER #003 

WET : 
DRY: 
dY: 

RUN 2 

11.961 
12.025 
0.995 

0.000 
1.000 
2.000 
3.000 
4.000 
4.000 
5.000 
6.000 
7.000 
8.000 
8. 000 
9.000 

**ttt*t:*ia***t**t 
0.38 71.5 
0.42 71.5 
0.38 71.5' 
0.38 71.5 

0.98 71.0 
0.98 71.0 
0.98 71 .O 
0.98 71.0 

1.75 71.0 

:***************** 

t * t ~ t * t t * * a u ~ t t * t *  

0.30 

0.50 

0.70 

102.40 
103.39 
104.37 
105.36 
106.34 
106.34 
107.34 
108.32 
109.32 
110.30 
110.30 
111.30 

0.06 ******I** 
0.06 62.0 
0.06 62.0 
0.06 62.0 
0.06 62.0 
0.24 * t t t * * t * S  
0.24 62.0 
0.24 62.0 
0.24 62.0 
0.24 62.0 
0.51 t t t * * S % l t  
0.51 62.0 

CALCULATION:  

528 29.92 + 1.04 / 13.6 
) = 11.961 WET,  SCF:  12.003 * _ _ _ _ _ _ _  * (------------------------ 

531.2 29.92 

528 29.92 + 0.27 / 13.6 

530 29.92 
) = 12.025 DRY, SCF:  11-88 * ------- * (------------------------ 



T R U E S  DAI L LABO RATOR I ES, f NC. A 
C H E M I S T S  - MICROBIOLOGISTS - E N G I N E E R S  

11 / o  1 188 

CBP : 29.86 
T in F: 74 

WET TEST #1 

VOL dP T i n  F 

14201 F R A N K L I N  A V E N U E  
T U S T I N .  C A L I F O R N I A  9 2 6 8 0  
AREA CODE 714 730-6239  
AREA CODE 213 225-1664 
C A B L E :  T R U E L A B B  

METER e009 RUN 1 

WET, SCF: 11.915 
DRY,  SCF: 11.666 
d Y :  1.021 

DRY TEST #1 

CFM VOL dP T in F 

0.000 *:::::::::::::*::: : 0.30 
1.000 0.54 72.0 : 
2.000 0.48 72.0 : 
3.000 0.48 72.0 
4.000 0.48 72.0 
4.000 ***::*::*:::::*:** 
5.000 0.08 72.0 
6.000 0.88 72.0 
7.000 0 . 8 8  72.0 
8.000 0.88 72.0 
8.000 :::**:*::*:::::::: 
9.000 1.50 72.0 
10.000 1.50 72.0 
11.000 1.55 72.0 
12.000 1.55 72.0 
0.001 ***::::::::::::*:: 

0.50 

0.70 

381.36 0.11 :*::::::: 
I 382.33 0.10 65.0 

383.30 0.10 66.0 
384.27 0.10 66.0 
385.21 66.0 
385.21 0.23 * t * l t * I L 1 :  
386.19 0.23 66.0 
387.16 0.23 66.0 
388.14 0.23 66.0 
389.10 66.0 
389.10 0.46 I t $ S * l t f t  
390.07 0.46 66.5 
391 .OS 0.46 66.5 
392.03 0.46 66.5 
393.00 67.0 :::::*:*::*::*:*:: 

CALCULATION: 

528 29.86 + 0.97 / 13.6 

528 29.86 + 0.26 / 13.6 



14201 F R A N K L I N  A V E N U E  
T U 8 T I N .  C A L I F O R N I A  92680  
AREA CODE 714 730-6239 
AREA C O D E  PI3 22E-Ic)64 

T R U E S  DAI L LABOR AT OR I ES. INC a 

C H E M I S T S  - MICROBIOLOGISTS - E N G I N E E R S  

11/01/88 

CBP : 29.92 
74 T in F:  

WET TEST #2 

WET, SCF: 
DRY, SCF: 
dY:  

11.953 
11.710 
1.021 

RUN 2 

DRY TEST #2 

VOL d T in F CFM VQL dP T I F  ..................................................................... __--_____--_____________________________----------------------------- 
0.000 **********:***t*t:  I 0.30 I 86.98 0.10 * * * * * * * * *  
1 .ooo 0.48 71.5 I 87.96 0.10 67.0 
2.000 0.48 71.5 : 88.95 0.10 67.0 
3.000 0.50 71.5 : 89.93 0.10 67.0 
4.000 0.50 71.5 I 90.91 0.10 67.0 
4.000 ***:*******:***:** I 0.50 : 90.91 0.23 *:******* 
5.000 0.90 71.5 I 91.89 0.23 67.0 
6.000 0.90 71.5 I 92.88 0.23 67.0 
7.000 0.89 71.5 I 93.86 0.23 67.0 
8.000 0.90 71.5 I 94.84 0.23 67.0 
8.000 :********t*****:*: : 0.70 , I  94.84 0.51 :*****:** 
9.000 1.65 71.5 I 95.83 0.51 67.0 
10.000 1.70 71.5 I 96.82 0.51 67.0 
11 .ooo 1.65 71.5 : 97. 81 0.51 67.0 
12.000 1.70 71.5 1 98. 80 0.51 67.0 
0.002 *************:**** : ****:****:******** ________________________________________----------------------------- 
12.002 1.02 71.5 11.68 0.28 67.0 

, 



Date: 12-12-88 
Client : CM&E INTERNATIONAL 

CALCULATION OF CONCENTRATION 

SCRUBBER I m  : 

1. Concentration (ppm) 

P 9  (a) Cr ( t o t a l )  c o n c e n t r a t i o n  = 239- 
rnl 

V 9  l p r n  2 3 . 7 ~ 1  lDSCF I 
= 239- . 385ml . - . 

r n l  5 2 w  1 vrn 28.31 207.80DSCF 

= 7.1 ppm 

P9 ( b )  Cr* '  c o n c e n t r a t i o n  = b0- 
ml 

= 1.8 p p m  

2. Concentration (mglm') 

P9 1 (a) Cr ( t o t a l )  c o n c e n t r a t i o n  = 239- . 385rnl . 
rnl 5.89rn3 

P9 1 ( b )  Cr.' c o n c e n t r a t i o n  - 60- * 385rnl . 
rnl 5.89rn3 

rng -3.9, 
m 

3. Emission rate 

60min  . -  15.brng 99DSCF I r n 3  
(a) Cr ( total)  emiss ion  r a t e  = 

m 3  min 35.3 f t ?  1 hr - 2.625 mg/hr 

6Omin . -  3.9mg 99DSCF I rn3 ( b )  C r - 6  emiss ion  r a t e  =- . 
rn3 m i n  35.3ft3 I hr 

= 656 mg/hr 



Date: 9-15-88 
Client : CM&E INTERNATIONAL 

SCRUBBER OWLEX : 

1. Concentration (ppm) 

11g ( a )  Cr  ( t o t a l )  c o n c e n t r a t i o n  = 0.012- r n l  

P g  1 vm 
= 0.012- . 395ml . - 

r n l  52119 

= 0.00037 ppm 

119 ( b )  C r - 6  concent ra t ion  = 0.015- 
ml 

P g  1 w 
ml 52119 

= 0.015- . 395rnl . - 

= 0.00046 ppm 

2. Concentration (mg/m3) 

(a) 119 Cr ( t o t a l )  Concent ra t ion  = 0.012- 
ml 

1 DS, 
28.: 
- 

I DSCF 
28.31 

F - 

1 
6.90m3 

1 
207.80 DSCF 

1 
207.80 DSC F 

m g  
= 0 . 0 0 0 6 9 7  

rn 

119 I 
( b )  Cr" Concent ra t ion  = 0.015- . 395ml . 

rnl 6.90m3 

3. Emission rate 

6 0 m i n  . -  0.00069mg 107DSCF I m3 
(a) Cr  ( t o t a l )  emiss ion  r a t e  = rn' m i n  35.3ft3 1 hr 

= 0.13 mg/hr 

60rnin  . -  0.00086rng 107DSCF 1 m3 
( b )  Cr'6 emiss ion  r a t e  = m3 m i n  35.3ft3 1 hr 

= 0.16 mg/hr 



Date: 9-15-88 
Client: CM&E INTERNATIONAL 

EFFICIENCY: 

Cr (total)  = 
2,625? - 0.13T 

2,625T 
. 100 

= 99.995 % 

6 5 6 z  - 0 .16y  
Cr-6  = . 100 

656 

= 99.98 % 



TRUESOAIL ~ADORATORlDB, INC. 

CHAIN OF CUSTODY 

/a / / d i d  
- 

SAMPLING EQUIPMENT PREP- BY: 
DATE 

DATE NAME 

DATE NAME 

FIELD CREW: 

SAMPLE ECOVERY: 

ANALYSIS: 

RELINQUISHED BY: 

DATE NAME 

DATE NAME 

DATE NAME 

FOR (ANALYSIS) 
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Fig. 4 ORIFICE DISC M m R  
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In  the dlbcuuion ab&. It has been assumed that the Sbndard Pitot hrbe or one of tlmllar construe 
(lon. w a i  tmployed. When the rases &re nearly u t u n t t d  6 t h  coondenaable mnrtituent or carry 
heavy durt h d r .  this tube tcnda to rtop up. Hen.  the Spccbl Pilot Tube Qypc S)  pay be used. (Fig. 6) 

ThL Typ~ s Pitot tub d w  not five the t rue r l r t ic  p ~ s s u n .  and 1 cormtion-must them 
i o n  be added to the fonnuh (2). which then k c o m o  

(0 V.-290 F. m. (for temperatures in 'F abrolub) 
V,-S.W F. m. (for temperatures In 'C rbsoluk) 

The value of the factor F. must be determined from e o m p h n  rith a Slrndard Rtot tube. For the 
type Pitot t u k  illustrated. F. avenpcs 0.83 for velocjtie? up to 60 f.nt per becond. For accurate work 
the individud Pitot tube ahould be ulibrakd at the vcloclty n n -  klng measured. 

- 

ORIFICE DISC M6ETER 
When determining the velocity of gas flowing through relntivelg small p i p s  or ducts, an orifice dix 

m y  be more convenient than the Pitot tube for 0b-g the V c l o c i t Y  pmsum.  Such an unngement  i s  
outlined in Figure 6. 

excess of 1/50 of the pipe dhn- 
etcr having an accurately cut central. circular opening md ~ O Y  eonvaently be located in an uisting 
dnnged joint. The gauge connections should be louted SO that the. d i s e c e  from the orifice disc on the 
upstream aide ia 2% times the pipe diameter I) m d  8 times the PIP dmmeter on the downstream ride. 
For other typa nee the  strndard references on the subjcet 

The orifice diameter should be such as to give a suitnble gauge rcoding. They shall not be used with a . 
diameter ratio neater  than 0.7. The throat diameter shall not be ius than 0.75 inches. 

The basic formula expressing the relation between gas velocity through the orifice and the pressure 
differential k the same as with the Pitot tube 

With ori6ce discs, however. a factor must be introduced. the value of which depends only on the ratio of 
the pipe or duct diameter I) to the orifice diameter d: hence where t h e  g;u pressure is at standard atmos- 
pheric pressure. or 29.92 inches of mercury, and the gas density IS equal to that of air. then the formulae 
for temperatures in 'F and "C become 

(for temperatures in 'F absolute) 
(for temperatures in "C a b l u t e )  

One urnngement of an orifice disc would be a phte of thickness not 

(1) v.-- 

(5) V~2.90 F, a 
V.3.90 F, 

Here. as with the Pitot tube. H is the gauge reading in inches of water. 
n e  numerical constants 2.90 and 3.90 may be eomted for other pressures and densities as in q u a -  

Values of the factor 'T," for gauge connections located u indicated above, and for the different ratios 
d/D of the orifice and pipe diameters are given in Figure 7.' 

- tion (3). 

USE OF TFE ANEMOMETER 
Where the gas velocity is much less than 10 feet per sffond. the differential gauge reading resulting 

from the Pitot tube pressures is ordinarily too small to pemt accurate measurement. In such eases. an 
memometer can be used to advantage. The instrument is usually calibrated to read directly in feet per 
minute of gas flow. It is. therefore, only necessary to insert the anemometer in the proper position at the 
point for measurement for some definite time (preferably pleasured by a stop watch). The difference in 
the anemometer reading for one minute represents the velocity Of the gas at that point in feet per minute. 

M o r e  each ose. It should not be used in hot, dirty, or corrwive gas. 
, The instrument is hard to keep in adjustment under field conditions and should be carefully calibrated 



~ 

f R U E S O A l L  LASORATORIES.  INC. 

SCAQMD 
12-1-88 

The s a m p l i n g  t r a i n s  w i l l  b e  p r e p a r e d  b e f o r e h a n d  by s o a k i n g  a l l  
i m p i n g e r s  o v e r n i g h t  i n  50% n i t r i c  a c i d ,  t h e n  r i n s i n g  t h r e e  t i m e s  
w i t h  d i s t i l l e d  water and  c h a r g i n g  w i t h  2 0 0  m l s  o f  0 . 1 N  NaOH. A l l  
p r o b e s  and  T e f l o n  t u b i n g  w i l l  be r i n s e d  on s i t e  w i t h  50% n i t r i c  
a c i d  and  washed t h r e e  times w i t h  d i s t i l l e d  water.  Samples  w i l l  be 
r e c o v e r e d  by m e a s u r i n g  c o n d e n s a t e  g a i n  a n d  r i n s i n g  t h e  p r o b e ,  T e f -  
l o n  t u b i n g ,  and  i m p i n g e r s  twice w i t h  0.1N NaOH and  once w i t h  0.1N 
n i t r i c  a c i d .  The T e f l o n  f i l t e r  w i l l  be placed i n  t h e  imp inge r  
c o l l e c t i o n .  

The f l u e  g a s  f l o w  r a t e  w i l l  be  d e t e r m i n e d  by  t h e  i n l i n e  o r i f i c e  
t u b e s  on  t h e  i n l e t  and  o u t l e t  tes t  l o c a t i o n s .  The f l o w  w i l l  be 
monitored t h r o u g h o u t  t h e  e n t i r e  tes t  p e r i o d  b y  r e c o r d i n g  t h e  
v e l o c i t y  h e a d  and  t e m p e r a t u r e  a t  30-minute  i n t e r v a l s .  The a v e r a g e  
t e m p e r a t u r e  a t  e a c h  l o c a t i o n  w i l l  be m e a s u r e d  w i t h  a chromel-  
a l u m e l  the rmocoup le  c o n n e c t e d  t o  a Micromite p o t e n t i o m e t e r .  The 
sampl ing  t r e i n s  a n d  f l o w  measurement e q u i p m e n t  w i l l  be l e a k -  
checked  b e f o r e  and  a f t e r  u s e .  

The t o t a l  chrome w i l l  be determined by  atomic a b s o r p t i o n  spectros- 
copy and  t h e  h e x a v a l e n t  chrome by t h e  d i p h e n y l c a r b a z i d e  color- 
metric method. 
s p i k e  r e c o v e r y ,  a n d  a b l a n k  sampl ing  t r a i n .  

The hydrogen .  n i t r o g e n  and  oxygen c o n t e n t  of t h e  i n t e g r a t e d  sam- 
ples  w i l l  b e  d e t e r m i n e d  by cas ch romatography  u t i l i z i n g  t h e r m a l  
c o n d u c t i v i t y  d e t e c t i o n .  

The t e s t  report  w i l l  i n c l u d e  a copy of t h i s  t e s t  p l a n ,  t h e  f i e l d  
d a t a ,  c h a i n  of c u s t o d y ,  c a l c u l a t i o n s ,  a n d  r e c e n t  c a l i b r a t i o n s  of 
t h e  f l o w  m e a s u r i n g  d e v i c e s .  

The t es t  i s  c u r r e n t l y  s c h e d u l e d  f o r  December 12, 1988 a t  8:OO AM. 

P l e a s e  c o n t a c t  m e  a t  ( 7 1 4 )  730-6239 i f  you  need  more i n f o r m a t i o n .  

The a n a l y s e s  w i l l  i n c l u d e  c a l i b r a t i o n  curves ,  - 

S i n c e r e l y ,  

TRUESDAIL LABORATORIES, I N C .  

S. Eilgh B r o w n ,  S u p e r v i s o r  
A i r  P o l l u t i o n  T e s t i n g  

C C :  Dave Miller - CM and E 



'..C.\..! L L L . .  ' C  TRU ESDAIL LABORATORIES,  INC. 

l a 2 0 1  F U A N S L I N  A V E N U E  

C H E M I S T S  - MICR0810LOGIST5 - E N G I N E E R S  r u s r i N .  C A L I F .  9 2 6 8 0  

A R E A  c o o 6  7 1 4  . 730.6239 m C 5 E I 9 C -  C E \ .  E L C  E *  c " i -  - T E E - i l N S  - 
A R E A  C O O €  2 1 3  - 225.1564 

F A X  7 1 4  . 7 3 0 - 5 4 6 2  
€ 5 T , 4 ~ I L I 5 ~ l E I P  l P j l  

SCAQMD 
9150 F l a i r  Drive 
~1 Monte, CA 9 1 7 3 1  
A t t e n t i o n :  Andrew L e e  

Dear Andrew: 

Th i s  l e t t e r  i s  t o  s e r v e  as o u r  t e s t  p l a n  f o r  conduc t ing  s o u r c e  
t e s t s  f o r  t o t a l  and hexava len t  chromium on a VSV/MECA I1 cont ro l  
d e v i c e  i n s t a l l e d  on t h e  p l a t i n g  o p e r a t i o n  a t  Reid Metal  F i n i s h i n g  
i n  Santa  Ana, C a l i f o r n i a .  The c o n t r o l  dev ice  w i l l  be  t e s t e d  f o r  a 
6-hour p e r i o d  a t  t h e  i n l e t  and o u t l e t  s imul taneous ly .  

l o n g  and i n s t a l l e d  i n - l i n e  on the  c o n t r o l  device.  

The chromium w i l l  be  de te rmined  by a modi f ied  v e r s i o n  of t h e  w e t  
impingement method (SCAQMD method 5 . 1 ) .  The sampling t r a i n  w i l l  
c o n s i s t  of a g l a s s  probe connec ted  w i t h  Tef lon  t u b i n g  t o  a set  of 
Greenburg-Smith impingers  cha rged  w i t h  2 0 0  m l s  of 0.1N NaOH and 
fol lowed by a Teflon f i l t e r  o n  a g l a s s  f i b e r  backing f i l t e r ,  a 
vacuui; pump, and a d r y  gas  meter. 
i s o k i n e t i c a l l y  a t  4 p o i n t s  on each o f  two d iame te r s ,  900 a p a r t .  
The i s o k i n e t i c  sampling rates w i l l  b e  determined e i t h e r  from a 
p re l imina ry  t r a v e r s e  w i l l  a mini-Standard P i t o t  t u b e  and Mag- 
n e h e l i c  d i f f e r e n t i a l  p r e s s u r e  gage,  or by back c a l c u l a t i o n  from 
t h e  observed or i f ice  v e l o c i t y  du r ing  t h e  t e s t  pe r iod .  Near t h e  
end of t h e  t e s t  a 60-minute i n t e g r a t e d  sample of t h e  f l u e  g a s  w i l l  
be taken a t  each l o c a t i o n  w i t h  an evacuated  7 - l i t e r  aluminum 
c y l i n d e r .  

Each sam- 
piing l o c a t i o n  w i l l  consis: of a 6-inch o r i f i c e  d i s c  t u b e  11 feet - 

Each sample w i l l  be c o l l e c t e d  

BRANCH omc= 



Dote: 12-12-88 
Client : CM&E INTERNATIONAL 

SUMMARY OF REPORT 

F FLUE GAS : 

Temperature, 'F 
Velocity, Wsec (Thro orifice) 
Static pressure, in. H20 
Duct diameter, in. 
Orifice diameter, in. 
Orifice area, sq.ft 
Gas volume: ACFM 

SCFM 
DSCFM 

Moisture, %by volume 

CHROMIUM: 

Sample volume, DSCF 
Concentration, ppmv: 

Total Cr 
CK+6 

cr+6 

Total Cr 
Cr +6 

Total Cr 

Concentration, mum3: 
Total Cr 

Emission rate, m a r :  

Removal Efficiency, %: 

INTEGRATED SAMPLE : 
Concentration, % 

Hydrogen (H2) 

- 
SCRUBBER INLET 

80 
26.9 

-0.32 
6.0 

3.44 
0.065 

105 
1M 
99 
2.5 

207.80 

7.1 
1.8 

15.6 
3.9 

2,625 
656 

0.1 
21.3 
<0.1 

XRURHER 0IITI.ET 

78 
29.0 

+0.31 
6.0 

3.44 
0.065 

113 
110 
107 
2.7 

243.71 

0.W37 
O . w o 4 6  

o.Ooo69 
O.ooo86 

0.13 
0.16 

99.995 
99.98 

0.1 
21.0 

<0.1 - 
Respectfully submitted, 

TRUESDAIL LABORATORIES, INC. 

S. Hugh Brown, Supelvisor 
Air Pollution Testing 




