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REPORT
TRUESDAIL LABORATORIES, INC.

14201 FRANKLIN AVENUE
TUSTIN, CALIFORNIA 92680

CHEMISTS - MICROBIOLOGISTS - ENGINEERS

RESEARCH - DEVELOPMENT bd TESTING

Source tests for chromium on scrubber at Reid
Metal Finishing

INVESTIGATION

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 II 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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Page 2

Sampling trains were prepared by socaking all impingers for 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 distililed 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 48 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:
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TRAUESDAIL LABORATORIES,

INC.

C M AND E INTERNATIONAL
REID METAL FINISHING

12-12-88
Scrubber Scrubber

Flue Gas: Inlet gutlet
Temperature, ©F 80 78
Velocity, ft./sec” 26.9% 29.0%
Static Pressure, in H;0 ~0.32 +0.31
Duct Diameter, in. 6.0 6.0
Orifice Diameter, in. 3.44 3.44
Orifice Area, sq. ft. 0.065 0.065
Gas Volume: ACFM 105. 113.

SCFM 10z. 110.
DSCFM 99, 107.
Moisture, % by Vol. 2.5 2.7

* Through orifice.

Chromium: (10:53-17:02) {10:52-16:58)
Sample Volume, DSCF 207.80 243.71
Concentration, ppmv

Total Cr 7.1 0.00037

crté 1.8 0.00046
Concentration, mg/m3

Total Cr 15.6 0.00069

crté .9 0.00086
Emission Rate, mg/hr

Total Cr 2,625 660577 14, 0.13

crte (656 o004 Ih/k, 0.16
Removal Efficiency, %

Total Cr 99.995

crt® 99.98

Intregrated Sample:

Concentration, %
Hydrogen (H;)
Oxygen (Oj3)

Carbon Dioxide (CO5)

(15:00-15:35)

(14:48-15:18)

0.1 0.1
21.3 21.0
<0.1 <0.1

Respectfully submitted,

TRUESDATL LABORATORIES, INC.
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S. Hugh Brdﬁn, Supervisor
Air Pollution Testing




TRUEBDAIL LABORATORIESB, INC.

APPENDIX




TEST Date : 12-12-88
TEST Site : Reid Metal Finishing

SVS/MECA™
FIELD TEST DATA

TEST Supervisor : David Miller

Page 1

TEST No. : Source Test CME-2080A

TEST READINGS
TIME AT IT OoT TT ST SR pH SP RA RV
(B | CH | CH | CH | CO |[(GPM) (In) | (Amp)| (Vol)

10:52 72 71 73 90 17 27 7* 9.8 60 40.5

11:20 80 92

11:23 72 73 19 26 9.8 95 40

12:03 78 94

12:20 74 75 21 26 2.8 112 38.5

12:52 75 76 21 26 2.8 145 38.5

12:58 82 76 78 93 21 26 130 40

13:52 84 93 125 40

13:58 75 78 21 26 9.8

14:38 84 94 130 40.5
TEST READING NOTES
ot Tenpee S S e e h
3. MECA Outlet Temperature, °F =0T 8. Blower Static Pressure, inches W. G. =SP
5 Soubber Solution Temporature, °C SST 1o Rectfer Vorage volis ZRY
SUFPLEMENTAL DATA & NOTES
1. Start of Test Hour Meter Reading 10.7______ Hrs 6. Liquid Collected Inlet Exhaust Duct i Lbs
2. End of Test Hour Meter Reading 17.1 Hrs 7. Liquid Collected Mist Collection Undetected Gal
3. Blower Speed Control Setting 71 Hz 8. Liquid Collected Demist Section Undetected Gal
4. SVS/MECA™ Inlet Static Pressure 38 Inch 9. Scrubber Sofution Levei Change 0 Inch
5. Tank CrO3 Concentration 7 0z/Gal * pH recorded at Test start and end only

Notes: 1. Ambient Air Temp (AT) taken adjacent to process tank.
2. Note rectifers shut down for loading of each workload rack into the process tank for an aveage of 3 to 5 minutes.

3. Workload racks were placed in the process tank for a 40 minute process time.
4, pH of scrubber solution read by using litmus paper.




TEST Date : 12-12-88

SVS/MECA™
FIELD TEST DATA

TEST Supervisor : David Miller

TEST Site : Reid Metal Finishing

Page 2

TEST No. : Source Test MECA-2080A

TEST READINGS
TIME AT IT oT TT ST SR pH Sp RA RV
(F) | CF) | CH | CH | (O [(GPM) (In) | (Amp)| (Volt)
14:45 74 77 22 26 9.8 40
15:25 84 95 135 40
13:30 74 78 22 26 9.75
16:10 77 97 81 41
16:15 70.5 78 21 26 9.75
16:58 74 94 120 39
17:00 71 76 21 26 7" | 9.75
Note 5
TEST READING NOTES
b e e SHF G e G =
3. MECA Outlet Temperature, *F =0T 8. Blower Static Pressure, inches W. G. =SP
5 Serubber Sataton Temperature, °C ST 10 Recufer Vorage volis ZRV
SUPPLEMENTAL DATA & NOTES
1. Start of Test Hour Meter Reading Hrs 6. Liquid Collected Inlet Exhaust Duct Lbs
2. End of Test Hour Meter Reading Hrs 7. Liquid Collected Mist Collection Gal
3. Blower Speed Control Setting Hz 8. Liquid Collected Demist Section Gal
4. SVS/MECA™ Inlet Static Pressure Inch 9. Scrubber Solution Level Change Inch
5. Tank CrO3 Concentration 0z/Gal * pH recorded at Test start and end oniy

Notes : See Notes 1 thru 4 Pg 1

5. Summation of Amp-hrs for this source test 638.7 Amp-hr from a total of ¢ different workloads placed in the tank during the 6 hour

test.
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TRUESDAIL LABORATORIES, INC.

FLUE GAS SAMPLING TRAIN

~ ' 3
. =4 l _
: = x &'\:/
Lo
M i
¥ -
® ® AR
1. Glass Sa:mpl:'-mg. Probe ' . ' _ S

2. Smith-Greenburgh Impingers in Ice Bath “‘?70.{ N NaOH
3. Thermometer . - o -

~

4. Back-up Filter, Gelman, Stainless Steel Filter Holder for 47 mm Filter i
: ' .o TEFWN + GLASS FiBeRk

5. Leakless Vacuum Pump - EILTER. - '

6., Dry Gas.Meter -

7. Thermometer

8. Orifice Flow Rate Gauge

9. Dry Gas Sampling Outlet

10. Tedlar Gas Sam.pling Bag (op‘tiona.l ) . ) - -




TRUESDAIL LABORATORIES, INC.

D. Total Sample Volume, Vm + C, cu. ft.

F. Concentration, 15.43 x A/E, grains/DSCF
G. Stack Gas Flow Rate, DSCFM

H. Emissions, 60 x G x F/7000, 1lbs/hr

Sample ‘Volume , D X

520

B.P + P/ 13.6

Date: 1915 8¢ }
Satpling Location: ¢ M+ &€ ~-TMNLe T Barometric Pressure; J€}<
Test No. Vit e s Nozzle Diameter: IR
Gas Meter
Impinger
Readigg f’ress. Tce)g}p. Tgn[;p. Sample
rime || e | T Ti Poans | &7 ™
Tho.ar bl e |73 | — \ ‘o
Theo 93] = — - - )
T (52 = T — - |
W.obhavyyol 26 |73 | HZ 2 6 O
21l 45 Be |7 | HE 1 & O
361201.881 36 | Ta | Yy 2 12,
51121075 36 | Yo | 45 A
12 .06 [3\2 0| 3¢ RO | 45 2 6O
A 226851 36 | %O | 45 ; £ O
3L 13851 3G | 79 Ho Z & O
oy 129696 3¢ |79 - b ) £ o
1D 06i{355.%5 ] %3¢ |79 H 7 ; Lo
HMlrew oas | 3L |73 IS l 4
3pFE73.90] 3G | 7% H 7 7 £ 0
S1E¥3,.68 —_— ] LA —
/
Weight Collected, grams' ME TeR - PP3
Len w  ehecle pre v
M. a5 pest v
A. Total Weight
B. Condensaste Volume, mi.
C. Condensate Vapor Volume, 0.00267 X 460 + Tm x B, cu. ft.

860 + Tm

29.9

X B.P. + Pm/13.6 x Moisture corr., DSCF
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TRUESDAIL LABORATORIES, INC.

Date: 12-12. 8¢

Sampling Location: CM e+ E Tuce™ Barometric Pressure: 20.a%
Test No. Csg =y Nozzle Dizmeter: {4720
Gas Meter
Impinger
Reading | Press. | Temp. Temp.
cu. ft. | in. Ho0| OF OF Sample
Time Vm Pm - Tm Ti Point
1422 2%9.6%) . 56 |75 | — | 2o
TRarge | L | 76 | HH A é o
=, Hop. 30l 3G | 76 | 45 ) X~
"l 60| ,36 | 761 HS Z leo
15 o8 pvl 2B T7¢L1 He 't 60
Lo TR ee |l 36 | T4 4y # e o
C2AM3e. PO .56 76 45 ’ /X
1 HIYes gol 3B | 76 4y 2 X
Jecrpsv el 2 | 76 Y ) &0
“MTlesee |26 173 | L1y < ¢ o
My el 36 | 72| M4 ! co
wIMsLec] (36 | To | BH 7 & &
17 029284 — | — 435 ! -
-
2id40l 26 |76 | 45 ]
- : Cds Dews
Weight Collected, grams M‘-3&‘5wu{ ‘ C
! 1.0
.1:;' :«J
1% 15 |
A. Total Weight AL
B. Condensate Volume, ml.
C. Condensate Vapor Volume, 0.00267 X 460 + Tm X B, cu. ft.
B.P + Pm/13.6
D. Total Sample Volume, Vm + C, cu. ft.
_ G715
E. Sample Volume, D x 520 x B.P. + Pm/13.6 x Moisture corr., DSC
480 + Tm 29.9 ' '
F. Concentration, 15.43 x A/E, grains/DSCF
G. Stack Gas Flow Rate, DSCFM
H. Emissions, 60 x G x F/7000, lbs/hr i
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34l 2501 %o (2656 | Csec 430512 126176 130022
Sil - ~ + [ ll?'-okl' : | .
-~ | l | - I | - P |
| 1 | | | \ ! T
) ‘ { b J
LZAR CEECX EOUI‘JMF"!'“ IDENTIFICATION '
PRE  POST v N MAG‘I:.‘!ELIC poun (e- 15" 14{'{>
MICROMITE 2 (et .
A. AVERAGE vnmc:::r (IBAVES:)f"’sec 26.76 (fb’ .10 DISC _p _
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D. FLUE FACTOR c/B
I. PITOT "113_. CORRECTION rucn:{ ___to
F. GAS DENSTTY comc:fmt SACTOR _ 1.ooH
G. CORGECTED VELOCTTY, AXEST, grsec. A2 (2.93)
-ox, AxXDXExT, £r/sec v o
. (RPsUS '
p:2 m_x F FLUE,. SQ. FT. — 0.065 l\Q_}Q)
3. AVERAGE FLUE mmwmm, ' %0
X. FLOW mzr:: G xH x 60, CRY | 105

L. n.ct-; m\:tr:, ¥ % 520 =3P+ Ps/13. 6, "SCT4 1)) -
. 46Q + J 29.9 —

- . ,°\'15 qa
M. FLOW RATE, 1. x MOISTURE CIRR., DSC X o




TRUESDAIL LABORATORIES, INC.

. Date: 77722743
‘Sampling Locaticon: CMZ & FReim)

Barcmetric Pressure: 2o ;4

Test No. ~AoresT of <ic=Zi2  Pa,| Nozzle Diameter: 1f;-
Gas Meter
Impinger
Reading | Press. Temp. Temp.
cu. ft. | in. HoO| ©F OF Sample s Rex
Time Vm Pm T T4 Point | CFM [Teme’F
10S21039.33 1 .43 L7 — : b4 13
1107404353 ] /6 Ll /2 2z 10 13
pr 22 1pg9qy | .43 bt 92 \ L3 14
0 37 [ 0].9D Y > o7 Y 3 < L7 T
153 (o.sp | .Y/ ¢ ¥ s ) e 17
1007 L3320l 91 | 69 YL ¢ 1z 73
)222 | 09%.00] ) 69 /4 ! 74 1Y
237 |otsp! gV | 49 | 45 2 24 113
asx | 9ol 1 1 2 | ¢ 1 1Y 19
1307 | y29.%0| 5] 69 4, z Yy 79
1322 | 4930} S /(pj Y6 : Y 73
1337 (€)% ] .33 ﬁ-é:? 45 & L0 19
1253 | 1o 09|  — — v 79
we - .95
Weight Collected, grams J//
Lgpe crecy - Pec . e L
METERS F 79

A. Total Weight

B. Condensate Volume, ml.

C. Condensate Vapor Volume, 0.00267 X _ 460 + Tm X B, cu. ft.

B.P + Pm/13.6

D. Total Sample Volume, Vm + C, cu. ft.

520 x B.P. + Pm/13.6 x Moisture corr., DSCF

E. Sample Volume, D x

460 + Tm 29.9

F. Concentration, 15.43 x A/E, grains/DSCF

G. Stack Gas Flow Rate, DSCFM

1. Emissions, 60 x G x F/7000, lbs/hr
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TRUESDAIL LABORATORIES, INC.

Sampling Location: M € & (2:3)

Date: /2/1x/49
Barometric Pressure: 3o0.13%

Test No. DoricT #F scouifez P& 2 Nozzle Diameter: ;"
Gas Meter

Reading | Press Temp Ir'g;;inger'

cu. ft. | in. B0| OF | OF | Sample Rilane Lo
Time Vm Pm T Ti Point | EEB | s '
1269 | swoua | S | LY — / 7Y 79 ey |2
o2 L g8 | ed | yg 2 19 75 $3 | 1%
29 142,79 V| ¢ 4< ! 1Y ~9 <q 29
4Y3 170l 9 69 45 2 wici 79 /03 ' <
wsg lpozovl S | 43 4 / 725 79 o3 'O
4573 | 92,3.20] S2 | 673 eL” 2 1< 11 13 '
(538 | 524.5D LE | id / e 79 19 2
/573 oicea| Sy L L7 v 2 .16 19
)58 |avgd2 | LT} 6" 4¢ / 1Y 79
1613 lhet o | ST XA 5 a =L 79
188 lovreo| b Uy /4 ’ 1Y =277
693 12m9d | e Ve | v 2 ol Brke.
1uSE 13492 - - /4

21158 ,.49 68 |19

o SSE T NISHERE P N R S

Weight Collected, grams

4 pus. Ruw AT woe rs
M= BQSJM-QA
A. Total Weight
B. Condensate Volume, ml. Q2w
C. Condensate Vapor Volume, 0.00267 X 460 + Tm x B, cu. ft. H.3 Y
B.P + Pm/13.6
D. Total Sample Volume, Vm + C, cu. ft. 25 1.9+
, 873 3
E. Sample Volume, D x 520 X B.P. + Pm/13.6 x Moisture’corr., DSCF 242, 7’
460 + Tm 29.9 6.90 m3

F. Concentration, 15.43 x A/E, grains/DSCF

G. Stack Gas Flow Rate, DSCFM

H. Emissions, 60 x G x F/7000, lbs/hr
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Ta

Date: v,
l_/.“9 Sazpling Location: O é ‘Static P.ﬁ-iu::f;.
4+
Vel. Velo- Vel. | T\WmE & el Yelow
h Head | Tomp. [clzy ﬂmf' Head | Jemp. §city Head | Tepo | edey )
Poins; H,O" °F fe/seci 2adnt] H50" | 2 | fr/sec Point Ha0 | T ) £r/sen
E N a6 b A3 byy@ biois2d 12:81 .3 1 1 b3z} 79 {20.22
Atz b3 Va3 1ag. 4] iieT il 3t ) 2 | 32 |15 139,37
el | 26 1 Y 2 iz z gl a0 3179 129.37
2 b as 70 a6 4l27d 14:43F V1 2 ol 19 (23,37
b 24 bt 11 tag aninssed 4:581 @ ;b ozt 29 129,85
T ey T a9 128851 2:07 15231 0| o | a- )79 {3033
]l 2ol 92 129341 2923 (5:291 .vol + | 12142 |30.20
vz Lyl 99 129.34.2:371 15451 vol 2 | 30 {43 29,34
Ao .2 b 79 }129.05112:54 15:58 1 g | Ee A LINEYE Y,
bz |z | 29 129.¢313%7) i3l .30t 2> ) 2v | 77 f31.271
S zo | 1% 123498133 6284 10| ¢ 30 177 124 %0
2 4.t I 1132371 | 1643 > l ;
| I | I | i
} | | } | f | :
] ] { ] - ] { { - | {
l | | I | J | | | T
i ! A i i} | ] I i
LEAK CHECK EQUIEMENT IDENTIFICATION
PRE g POST MAGNEEELIC j’m 243 (c, “./,g)
MICROMITE ) :
~ (q 4 o§ -
A. AVESAGE VELOCTTI mvms:)f:/sac 2892 o £ - 9.9
B. rmcs rom:r mocnv ('*'v vms') stec
‘€. AVERAGE VELOCITY *-'--f'-"-'wc: . ) f:fsec. ' wa— |
D. FLUE FACTOR C/B .
E. PITOT "'UB“ CORRECTION F'-xc—u"l - 39
F. GiS DENSTTY CORRECTION FACTOR 1.coH ‘
G. CORSECTZD VELOCITY, AXEF, £r/sec_ }‘3-0"_, 94 e
or, AXDxExT, f£&/sec .
OLFNCE '

. FLOW rm, G xHx 60, CN

UESRAIL LABOQRATGRIES, INC,

z_m_\o*sm:,.sq. .

J. AVERAGEFIE"MIPEPATURE 'I‘

= B? + Ps/13.6, ST
29.9

520
480 4 J

1. FLOW RATE, ¥ X

M. FLOW RATE, L x MOISZYKE CORR., DSCFM




Date : 12-12-88

Client: CM&E INTERNATIONAL
Sampling Station : Scrubber Inlet and outlet

WATER VAPOR AND GAS DENSITY CALCULATIONS

PERCENT WATER VAPOR IN GASES:

SCRUBBER | SCRUBBER
INLET OUTLET
A. Gas pressure at meter, in. Hg ( absolute ) 30.18 30.19
B. Vapor pressure of water at impinger temp., in. Hg. 0.3004 0.3004
C. Volume of metered gas, cu.ft. 214.40 247.58
D. Volume of water vapor metered, B*C/A. cu.ft 2.13 2.46-
E. Volume of water vapor condensed, cu.ft. 327 4.34
F. Total volume of water vapor in gas sampie, D+E, cu.ft 5.40 6.80
G. Total volume of gas sample, C+E, cu.ft 217.67 251.92
H. Percent water vapor in sampled gas, 100*F/G 2.5 2.7
I. Density of gas referred o air” 0.992 0.9914
J. Gas density correction factor”” 1.004 1.004
GAS DENSITY CORRECTION FACTOR:
Component Yolume fraction Moisture Mol. Wt. Wt./mole
correction (Wet basis)
SCRUBBER INLET
Water 0.025 1.0 18.0 0.450
Oxygen 0.209 0.975 320 6.521
Nitrogen & inerts 0.791 0.975 28.2 21.749
Average Molecular Weight 28.720
SCRUBBER OUTLET
Water - 0.027 1.0 18.0 0.486
Oxygen 0.210 0.973 320 6.539
Nitrogen & inerts 0.790 0.973 28.2 21.676
Average Molecular Weight 28.701
Note: :

" Density of gas referred to air = Average Mol. Wt.228.95
** Gas density correction factor = SQRT (1.00/ density of gas)




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

BULLETIN WP-50
SEVENTH EDITION

PREFACE

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 the suspended matter carried by these gases. In addition, various
other methods are mentioned, as no one process is applicable to all sitna-
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 it to develop a procedure to suit the individual conditions.

HAROLD H. HAALAND
EDITOR

COPYRIGHT
1934, 1748, 1951,
1956, 1958, 1968
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FORMULAS

BASIC FLOW EQUATION
V:_ \/ '-'gH

GAS VELOCITY 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
V,.=2.90 \/ HT, V.=3.90 v/ HT,
GAS VELOCITY IN FLUE—Using standard Pitot tube
For temperature in °F absoclute For temperature in °C absolute
29.92 _ 1.00 ' 17992 1.00

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, v/ HT, V,—3.90 F, v/ HT.

For Pitot tube as shown in Figure 5, F,—=0.83

GAS VELOCITY IN FLUE-—Using orifice disc meter
Assume gas specific gravity equivalen: to air, and flue pressure equal to one atmosphere.
For temperature in °F absolute For temperature in °C absolute

V.—2.90 F.l \/ III. N V.—3.90 F¢ m

For orifice as described in Figure 6, values of F, can be obtained from Figure 7.

GAS VOLUME IN FLUE
Vo—v-.m—cXAXGO

CONVERSION OF I':_LUE GAS VOLUME TO STANDARD CONDITIONS OF 29.92 INCHES
MERCURY PRESSURE AND 0° CENTIGRADE (32° FAHRENHEIT)

For temperature in °F absolute For temperature in °C absolute
P, _ 492 P, 273
Vstd=V. X356 X T, Vstd=VoX55 55 X1,

METER RATE—Dry gas—Isokinetic sampling

T P
=0. XV XX 55—
R.=0.33x T, KV, Xd*X P—p.

CONVERTING CONDENSATE TO VAPOR VOLUME—DMeter conditions
For temperature in °F absolute

V.XTn

V,=-0.00267>(P P
Y im




NOMENCLATURE

&  =—Areaof nozzle in square inches.
A =Effective area of flue in square feet.
CF =Cubic feet.
CFM=_Cubic feet per minute.
D  ==Diameter of flue in inches.
d  =Diameter of sampling nozzie in inches.
F, =Orifice disc factor.
F, =—=Pitot tube correction factor.
= Acceleration due to gravity in feet per second per second.
Gs =Specific gravity of gas referred to that of air.
h  =Velocity head in equivalent feet of gas column in the flue.
H =Velocity head draft gauge reading in equivalent inches of water.
Hg ==Mercury
M. =Meter rate correction factor.
M. =Volume of moisture remaining in metered gas at meter conditions in cubic feet.

P. =—=Absolute pressure in inches mercury.

P, =—=Barometric pressure in inches mercury.

P, ~—Suction at meter in inches mercury.
P, «=Absolute pressure in flue in inches mercury.
Ra =—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 ﬂhe conditions.
V.P. =Vapor pressure of waterrin inches of mercury.
V, =Flue gas velocity at some given point in feet per second.
A —T;’tal gas sampled converted to flue conditions in CF.
V., ==Volume of water vapor conde:nsed in cubic feet converted to meter conditions (vapor state).
VvV, ==Volume of water condensed in cubic centimeters (liquid state).
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TRUESDAIL LABORATORIES, INC. -
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TRUESDAIL LABQRATORIES, INC.

CHEMISTS - MICROBIOLOGISTS - ENGINEERS

MICROMITE CALIBRATION

—— e T ——— — — —— T T = T TS T
—3—8-%-5 4 3 L 2 % 3+ 3 3 4 &+ % %

DATE: 11/1/88

;: LOW i MED i
MICRO i MICRO | THERM | MICRO | THERM i
A it S1Fi 32F: 73F i 73SF 4
B i 32 ¢ 32 & 75 1 75 i
c it 32 i 32 i 76 & 75 1
D i 32 i 32 i 75 i 75 i
ICE WATER AMBIENT AIR

CALIBRATED WITH: THERMOMETERS #280-7

Kjt—i/ 14201 FRANKLIN AVENUE

® TUSTIN, CALIFORNIA 92680
AREA CODE 714 ¢ 730-6239
AREA CODE 213 e 225-1584

CABLE: TRUELABS
T wen
MICRG :  THERM | i:
212 F 1 212 F i1
211 1 212 ¥
212 & 212 ¥
212 & 212 %

BOILING WATER

and #TLO3146




TRUESDAIL LABORATORIES, INC.

DATE: 11/01/88
MAGY. #
1/a" - Gwoz
1/2" - AM78
1/2" - AG44
1" - NH125
1" - PM283
i - AM112

2" - PM9
2" - PM28

MAGNEHELIC CALIBRATION

LOW [ MED | HIGH
MAGY. | MICRO. MAGY. | MICRO. MAGY. | MICRO.
0.045 | o0.04a | 0.133 | ©0.134 | 0.233 | o0.232
" 0.050 | 0.050 | 0.250 | 0.250 | 0.450 | 0.450
0.050 | 0.048 | 0.250 | ©0.248 | 0.450 | o0.442
“0.120 | 0.108 | 0.410 | 0.418 | 0.910 | 0.906
" 0.100 | 0.100 | 0.400 | 0.402 | 0.500 | 0.986
" 0.100 | 0.100 | 0.410 | 0.410 | 0.460 | 0.460
“0.250 | ©0.250 | 0.%00 | 0.900 | 1.800 | 1.800
" 0.250 | o0.254 | 0.900 | 0.894 | 1.800 | 1.800

(CALIBRATED WITH

DWYER MICROTECTOR)




TRUESDAIL LABORATORIES, INC.

CHEMISTS - MICROBIGQOLOGISTS - ENGINEERS

S
|J

14201 FRANKLIN AVENUE
TUSTIN, CALIFORNIA 92680
AREA CODE 714 e 730-6239
AREA CODE 213 e 225-|544

CABLE: TRUELABB
METER CALIBRATION
11/01/88 METER #0QO03 RUN 1
CBP: 29.96 WET: 11.943
T in F: 74 DRY : 11.971
dy: 0.998
WET TEST #1 DRY TEST
voL dP T in F CFM voL dP T in F
O0.000 XXXXEXKKKEKXEKKKNKE | 0.30 ?0.53 0.06 XEXEXXKAX
1.000 0.35 73.0 | ' $1.52 0.06 6£4.0
2.000 0.35 72.5 | ! 92.50 0.06 &4.0
3.000 0.35 72.5 | : 93.48 0.06 64.0
4.000 0.34 72.5 | ! 94,47 0.06 64,0
4,000 KXRXXKEXKKRERKRREN | 0.50 ! 94,47 0.28 XXFXKXXAX
5.000 0.93 72.5 ! ! 95.45 0.24 54,0
&.000 0.92 72.5 | ! 96.43 0.24 65.0
7.000 0.92 72.5 | : 97.42 0.24 65.0
g8.000 0.94 72.5 ! : 98.41 0.24 65.0
8.000 KXXXKKXKKEKKKXKKXR | 0.70 98.41 0.51 EAXXXEKEX
$.000 1.65 72.5 ' 99,40 0.51 65.0
10.000 1.65 72.5 ' 100.40 0.51 65.0
11.000 1.65 72.5 ! ! 101.490 0.51 65.0
12.000 1.65 72.5 ' 102.40 0.51 £5.0
0.000 EXXXXXXKKKAKRKKKAKK ! : EXXXXEENRMKE K KK KK
12.000 0.97 72.5 11.870 0.27 64,6
CALCULATION:
: 528 29.96 + 0.97 / 13.6
WET, SCF: 12.000 ¥ ——————o X (m————— e } = 11.943
532.5 29.92
528 29.96 + 0.27 /7 13.6
DRY, SCF: 11.B7 % ——————m X (———m———mmmm e — ) = 11.971




TRUESDAIL LABORATORIES, INC.

CHEMISTS - MICROBIDLOGISTS - ENGINEERS

CABLE:
METER CALIBRATION
11/01/88 METER #003J RUN 2
CBP: 29.92 WET: 11.961
T in F: 74 DRY: 12.025
dy: 0.995
WET TEST #2 DRY TEST #2
VoL dP T in F CFM vOoL darP T in F
Q.000 REXXEXEKEINAXNEARNREN | 0.30 ] 102.40 0.06 EXXXXXXXEX
1.000 0.38 71.5 ' : 103.39 0.0& &£2.0
2.000 0.42 71.5 ' ! 104.37 0.0& &2.0
3.000 Q.38 71.9 | : 105.36 Q.06 2.0
4,000 0.38 71.5 : H 106.34 Q.06 &2.0
4,000 ¥XKEXEXKERXEXKKAXREK ! Q.50 ' 106.34 0.2 XXXKXXXXX
5.000 .98 71.0 i ; 107 .34 0.24 &2.0
&.000 0.98 71.90 i ) 108.32 Q.24 2.0
7.000 0.98 71.0 i : 109,32 .24 &6£2.0
8.000 .98 71.0 4 i 110.30 0.24 6£2.0
B.000 XXXXXXXERXEEAXNKKRK | 0.70 ' 110.30 Q.51 ¥XXXXRENX
%.000 1.75 71.0 : H 111.30 0.51 62,0
10.000 1.75 71.0 : ! 112,29 0.91 62.0
11.000 1.735 71.0 ' ' 113.2% 0.51 &2.0
12.000 1.75 71.0 L ) 114.28 0.51 62.0
Q.003 XXXXXXEEXXKKKKKAKKK | H FXXXXEXEXXXXKXREXXXX
12.003 1.04 71.2 11.880 Q.27 &2.0
CALCULATION:
528 29.92 + 1.04 /7 13.6
WET, SCF: 12.003 % ~——~——~ (- ————————— } = 11.9461
°31.2 29.92
528 29.92 + 0.27 / 13.6
DRY, SCF: 11.88 % ———ue—- (- —— ) = 12.0295

14201 FRANKLIN

AREA CODE 213

TUSTIN, CALIFORNIA 92680
AREA CODE 714 o 730-64239

TRUELABS



TRUESDAIL LABORATORIES, INC.

CHEMISTS - MICROBIOLOGISTS - ENGINEERS

£

14201 FRANKLIN

AREA CODE 714 o
AREA CODE 213 e

11/01/88
CBP: 29.86
T in F: 74
WET TEST #1
0.000 XXXKXXEKXXKXXXEKNKXX
1.000 .54 72.0
2.000 0.48 72.0
3.000 0.48 72.0
4,000 0.48 72.0
4.000 XXEXKXKXKXKEEEX XK KX
5.000 0.88 72.0
&.000 0.88 72.0
7 .000 0.88 72.0
8.000 ©.88 72.0
8.000 XXEXNXKKXXXREXXKX KX
Z.000 1.50 72.0
10.000 1.50 72.0
11.000 1.55 72.0
12.000 1.55 72.0
Q.001 X¥EXXXXAXXXAFERLXNK
12.001 .97 72.0
CALCULATION:
528
WET, SCF: 12.001 x ——————-—
532
528
DRY, SCF: 11.640 ®* ———————

CABLE:
METER CALIBRATION
METER #00% ‘RUN 1L
WET, SCF: 11.915
DRY, SCF: 11.666
dvy: 1.021
DRY TEST #1
CFM VoL dP T in F
4 0.30 ! 381.36 O.11 KXXAXKKXXK
: ' 382.33 0.10 £5.0
: : 383.30 0.10 65.0
: ! 384.27 0.10 66.0
: ' 385.21 &6.0
! 0.50 ! 385.21 Q.23 XXXAXXNKN
! ! 386.19 0.23 6&6.0
! ' 387.16 0.23 66.0
! ' 388.14 0.23 66,0
: : 389.10 66.0
! 0.70 | 389.10 0.46 FAXXXXENX
; : 390.07 Q.44 66.5
! ! 391.05 0.44 66.5
: H 392.03 0.46 66.5
! ! 3IF3.00 67.0
: ; ' 3388322322225
11.640 0.26 66,1
29 .88 + 0.97 / 13.6
KR (———mmmmm—m y = 11.91%
29.92
29.86 + Q.26 / 13.6
A (mmmm—m— ) = 11,666

TUSTIN, CALIFORNIA 92880
730-6239

TRUELABS



TRUESDAIL LABORATORIES, INC.

CHEMISTS - MICROBIOLOGISTS - ENGINEERS

METER CALIBRATION

METER #00%

/:\
NG~

14201 FRANKLIN

- AREA CODE 714 o
AREA CODE 213 o

e et 3 e e R e  aha e

——— —— i — o —— T —————— . ol e B T o ok S — T —— — by { " T o o ok Sl g e e} e e e S D e e e e W D W My o e

11701/88
CBP: 29.92
T in F: 74
WET TEST #2
voL dP T in F
0.000 XXXEXXXXXKXEXAXNKEER
1.000 0.48 71.5
2,000 C.48 71.5
3.000 0.50 71.5
4,000 0.50 71.95
4,000 XXXKXKXREXRKXKRXXKX
5.000 0.90 71.95
6,000 0.%0 71.5
7.000 0.89 71.95
8.000 0.90 71.5
8.000 XXAXXEAXRXERERRKKXX
g.000 1.65 71.5
10,000 1.70 71.95
11.000 1.65 71.5
12.000 1.70 71.5
O0.002 XXXRXXXEXEXEKNEXERX
12.002 1.02 71.95
CALCULATION:
528
WET, SCF: 12.002 x —————~
531.5
528
PDRY, SCF: 11.680 x ——————

WET, SCF: 1
DRY, SCF: 1
d¥:
DRY
CFmM
: 0.30 H
' 0.50 }
: 0.70 !
29.92 +
- %
29
29.92 +
- % {
29.

RUN 2
1.953
1.710
1.021
TEST #2
vor dP T in F
86.98 Q.10 XXXXXEXXX
87.96 0.10 67.0
88.95 0.10 &7.0
89.93 0.10 67.0
?0.91 c.10 67.0
90.%1 0.23 XXXAXAXXKX
71.8%9 0.23 &7.0
72.88 0.23 &7.0
93.86 0.23 &7.0
Z74.84 0.23 &67.0
?4.84 0.51 XXXXXRXXX
25.83 0.51 657.0
96.82 0.51 &67.0
97.81 .51 67.0
F8.80 0.5t &7.0

EXEEEEXRANRKRERRK KX
11.68 0.28 &£7.0
1.02 7 13.6

) = 11.953
.92
0.28 /7 13.48
) = 11.710

TUBTIN, CALIFORNIA 92680
730-46239



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

CALCULATION OF CONCENTRATION

SCRUBBER INLET:

L. Concentration (ppm)

(a) Cr (total) concentration = 239%1%
Hg lpm 23.7 1l 1DSCF 1
= 239— - 385m! . . '
ml Sm S2ng Lpm 28.31 207.80DSCF
=7.1 ppm
(b) Cr”° concentration = 602
m!
Lg lpm 23.7ul 1 DSCF 1
= 60—= . 385m! - : - -
mi T S2ng Tum 28.31  207.80DSCF
= 1.8 ppm
2. Concentration (mg/m?)
. Hg 1
(a) Cr (total) concentration = 239— - 385mli - —
ml 5.89m
=15.6 2
m
. 1
(b) Cr’® concentration = 6022 . 385m1 - -
i 5.89m
m
=3.924
m
3. Emission rate
. 99DSCF 1m? 6 i
(a) Cr (total) emission rate = 15.6mg - . dh . 80min
m? min 35.37¢° 1hr
= 2,625 mg/hr
. . . 9Ds 3 60 mi
(b) Cr’° emission rate 2omg 9 : cF . _1m . m'n
m? min 35.37¢8° Lhr

= 656 mg/hr




Date: 9-15.88
Client : CM&E INTERNATIONAL

SCRUBBER OUTLET:
1. Concentration (ppm)

{a) Cr (total) concentration = O.OlZil—n—Q;

lpm  23.7pl  1DSCF 1
52ug lum 28.31  207.B0DSCF

0.012%2 . 395m1
ml

0.00037 ppm

{(b) Cr’® concentration = 0.015%

lpm 23.7p1 1 DSCF 1

g
S2ug lpm 28.31¢ 207.80DSCF

= 0.015—= -+ 395m!
mi

= 0.00046 ppm

2. Concentration (mg/m?)

(a) Cr (total) Concentration = 0.012-'"52 ¢ 395mi - ;3
ml 6.90m
=0.00069 °Z
m
+6 . kg 1
(b) Cr”’ Concentration = 0.015— - 39om! + —
ml 6.90m
-0.00086 24
m
3. Emission rate
0.00069 107 DSCF 1m? 60 mi
(a) Cr (total) emission rate = 3 g - . m . mln
m min 35.3f¢° 1hr
= (0,13 mg/hr
. . 0.00086 107 DSCF 1m? 60min
(b) Cr ® emission rate = 9 . - : ik 3 =
m? min 35.3ft 1 hr

= 0.16 mg/hr




Date: 9-15-88

Client: CM&E INTERNATIONAL
EFFICIENCY:
2,6252 - 0.132
Cr (total) = oy 100
= 99.995 %
6562 - 0.1622
Cr-¢ = hr 2 . 100

65622

= 99.98 %
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TRUESBDAIL LABORATORIES, INC.
CMEE  # U

CHAIN OF CUSTODY
SAMPLING EQUIPMENT PREPARED BY: /&/ .ﬁb’i m

DATE
DATE NAME
DATE NAME

FIELD CREW: 12/13/% . L

DATE / NAME
/2/3/3% Z{%ﬁ\
7 NMME

DATE

DATE NAME
DATE T NAME
SAMPLE RECOVERY: ' /2//3/ 111 a% aL&) 7/47
DATE
DATE NAME
ANALYSIS:
RELINQUISHED BY: FOR (ANALYSIS) RECEIVED BY:

,-/’(7

1233 (%«QLLA) Qo O o 12388 daie:

DATE DATE
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In the discussion above, it has been assumed that the Standard Pitot Tube or one of similar construc.
tion, was employed. Where the gases are nearly saturated with some condensable constituent or earry
heavy dust loads, this tube tends to stop up. Here, the Special Pitot Tube (Type S) may be used. (Fig. §)

This Type S Pitot tube does not give the true static pressure, and & correction facior F, must there-
fore be added to the formula (2), which then becomes

(4) V,=290 F, Vv HT, (for temperatures in *F absolute)
V,=3.9 F, v HT, (for temperatures in *C sbsolute)

The value of the factor F. must be determined from comparison with a Standard Pitot tube. For the
type Pitot tube illustrated. F. averages 0.83 for velocities up to 50 feet per second. For accurate work
the individual Pitot tube should be calibrated at the velocity range being measured.

ORIFICE DISC METER

When determining the velocity of gas flowing through relatively small pipes or ducts, an orifice dise
may be more convenient than the Pitot tube for obtaining the velocity pressure. Such an arrangement is
outlined in Figure 6.

One arrangement of an orifice disc would be a plate of thickness not in excess of 1/60 of the pipe diam-
eter having an accurately cut central, circular opening and may conveniently be located in an existing
fianged joint. The gauge connections should be located so that the distance from the orifice disc on the
upstream aide is 214 times the pipe diameter D and 8 times the pipe diameter on the downstream side.
For other types see the standard references on the subject.

The orifice diameter should be such as to give a suitable gauge resding. They shall not be used with a
diameter ratio greater than 0.7. The throat diameter shall pot be iess than 0.75 inches.

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

With orifice discs, however, a factor must be introduced, the value of which depends only on the ratio of
the pipe or duct diameter D to the orifice diameter d; hence, where the gas 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

(5) V,=2.90 F, / HT, (for temperatures in °F absolute)
V,—=3.90 F, \/ HT, (for temperatures in °C absolute)
Here, as with the Pitot tube, H is the gauge reading in inches of water.
Ehe ?g;nerical constants 2.90 and 3.90 may be corrected for other pressures and densities as in equa-
on (3).
Values of the factor “F,” for gauge connections located as indicated above, and for the different ratios
d/D of the orifice and pipe diameters are given in Figure 7.* ‘

USE OF THE ANEMOMETER

Where the gas velocity is much less than 10 feet per second, the differential gauge reading resulting
{rom the Pitot tube pressures is ordinarily too small to permit accurate measurement. In such cases, an
anemometer ¢an be used to advantage. The instrument is vsually 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 measured 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.
The instrument is hard to keep in adjustment under field conditions and should be carefully calibrated
before each use. It should not be used in bot, dirty, or corrosive gas.

eNO'TE: For extreme accuracy, all orifice meters should be carefully ullbnlm‘t
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TRUESDAIL LABORATORIES, INC,

SCAQMD
12-1-88

The sampling trains will be prepared beforehand by scaking all
impingers overnight in 50% nitric acid, then rinsing three times
with distilled water and charging with 200 mls of 0.1N NaOH. All
probes and Teflon tubing will be rinsed on site with 50% nitric
acid and washed three times with distilled water. Samples will be
recovered by measuring condensate gain and rinsing the probe, Tef-
lon tubing, and impingers twice with 0.1N NaOH and once with 0.1N
nitric acid. The Teflon filter will be placed in the impinger
collection. :

The flue gas flow rate will be determined by the inline orifice
tubes on the inlet and outlet test locations. The flow will be
monitored throughout the entire test period by recording the
velocity head and temperature at 30-minute intervals. The average
temperature at each location will be measured with a chromel-
alumel thermocouple connected to a Micromite potentiometer. The
sampling trzins and flow measurement equipment will be leak-
checked before and after use.

The total chrome will be determined by atomic absorption spectros-
copy and the hexavalent chrome by the diphenylcarbazide color-
metric method. The analyses will include calibration curves,
spike recovery, and a blank sampling train.

The hydrogen, nitrogen and oxygen content of the integrated sam-
ples will be determined by c¢as chromatography utilizing thermal
conductivity detection.

The test report will include a copy of this test plan, the field
data, chain of custody, calculations, and recent calibrations of
the flow measuring devices.

The test is currently scheduled for December 12, 1988 at 8:00 AM.
Please contact me at (714) 730-6239 if you need more information.

Sincerely,

TRUESDAIL LABORATORIES, INC.

S. Hugh Brown, Supervisor
Air Pollution Testing

cc: Dave Miller - CM and E




TRUESDAIL LABORATORIES, INC.

CHEMISTS - MICROBIDLOGISTS - ENGINEERS

RESEARC K~ - CEVELDEMOENT - TEETING

ESTARLISHED 1951

14207 FRANKLIN AVENUE
TUSTIN, CALIF, 92680
4REA CODE 714 « 730.623%9
AREA CTODE 213 « 225-1564

FaX 714 « 730-54B2

December 1, 1988

O~

‘ﬁu?':if5«"
SCAQMD )
9150 Flair Drive

El Monte, CA 91731
Attention: Andrew Lee

Dear Andrew:

This ietter is to serve as our test plan for conducting source
tests for total and hexavalent chromium on a VSV/MECA II control
device installed on the plating operation at Reid Metal Finishing
in Santa Ana, California. The control device will be tested for a
§-hour period at the inlet and outlet simultaneously. Each sam-
pling location will consist of a 6-inch orifice disc tube 11 feet
long and installed in-line on the control device.

The chromium will be determined by a modified version of the wet
impingement method (SCAQMD method 5.1). The sampling train will
consist of a glass probe connected 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
vacuur pump, and a dry gas meter. Each sample will be collected
isokinetically at 4 points on each of two diameters, 909 apart.
The isokinetic sampling rates will be determined either from a
preliminary traverse will a mini-Standard Pitot tube and Mag-
nehelic differential pressure gage, or by back calculation from
the observed orifice velocity during the test period. Near the
end of the test a 60-minute integrated sample of the flue gas will
be taken at each location with an evacuated 7-liter aluminum
cylinder.

BRANCH QFFICES

137 NO, SAM GAES-EL BLVD. SUVTE 222, sagaliva LA 9117 - ig-g; Aa05.501¢

1984 FOAT STREET MALL +2%E. HCONJULULZ HAN 2.1 98813 . {BSE) 5£%.54%C

665 GAEENWICH DRIVE SuiTe 243, San DIEIT. ZA 2212k . 1£°9] S4€-T74F
MEMBERSHIPS

Corpecratien and Sta® Memberships in over shiny Profasgi=nal, Sciemtific and Technical Socetes anc

Organizanons including Charter Membership in the Amencan Counglof incependen: Latoraicres




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

SUMMARY OF REPORT

SCRUBBER INLET SCRUBBER OUTLET
FLUE GAS:
Temperature, °F 80 78
Velocity, fi/sec (Thro orifice) 26.9 290
Static pressure, in. H>O -0.32 +0.31
Duct diameter, in. 6.0 6.0
Orifice diameter, in. 3.4 3.44
Orifice area, sq.ft 0.065 0.065
Gas volume: ACFM 105 113
SCFM 102 110
DSCFM 99 107
Moisture, % by volume 2.5 2.7
CHROMIUM :
Sample volume, DSCF 207.80 243.71
Concentration, pprav:
Total Cr 7.1 0.00037
Cr+6 1.8 0.00046
Concentration, mg/m?3:
Total Cr 15.6 0.00069
crt6 3.9 0.00086
Emission rate, mg/hr: ‘
Total Cr 2,625 0.13
Crt+6 656 . 016
Removal Efficiency, %:
Total Cr - 99.995
Crt6 - 99.98
INTEGRATED SAMPLE:
Concentration, %
Hydrogen (H3) 0.1 0.1
Oxygen, (O2) 213 21.0
Carbon dioxide (CO2) <0.1 <0.1
Respectfully submitted,

TRUESDAIL LABORATORIES, INC.

S. Hugh Brown, Supervisor
Air Pollution Testing






