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DEPARTMENT OF THE NAVY 
N A V A L  ENERGY A N D  E N V I R O N M E N T A L  SUPPORT ACTIV ITY 

PORT HUENEME.  CALIFORNIA 93043-5014 
IN REPLY R E C E I l  TO: 

4730 
Ser 1UCl/ 621 
3 May 1990 

U.S. Enviromktal Protection Agency 
m 1 3  
Attn: Andy Smith 
Research Triangle Park 
North Carolina 27711 

CHROMIUM EMISSION TEST RESULTS FROM CHROMIC ACID ANODIZING OPERATIONS 

As discussed in phone conversation between Drek Newton and Andy Smith of 
12 April 1990, we are forwarding recent hexavalent chromium emission test 
results from two Navy chromic acid anodizing facilities. 
(2) are results of chromium compliance emission test performed on chrome 
plating and chromic acid anodizing operations at Naval Aviation Depot, 
Alameda, California. 

Do not use the hard chrome plating tests results in enclosure (1) to develop 
emission factors. 
condition. 

Our contact is Drek Newton at (805) 982-3903. 

Enclosures (1) and 

The chrome plating ventilation systems are in poor 
Building 5 plating shop is scheduled for closure this year. 

9 R. hkh&%h 
BARR R. KICKENBOTTOM 
Director, Air/Facilities Division 
By direction of 
the Commanding Officer 

Encl : 
(1) NEESA 2-157A. Chromium Emissions from Chrome Plating and Chromic Acid 
Anodizing Operations at Building 5, Naval Aviation Depot, Naval Air Station, 
Alameda, California, March 1990 
End: 

Building 167, Naval Aviation Depot, Naval Air Station, Alameda, California, 
March 1990 

\ (2) NEESA 2-158A, Chromium Emissions from Chromic Acid Anodizing Operations at 

copy to: (w/o enclosures) 
Commander, Western Division, Naval Facilities Engineering Command, P.O. Box 727 
San Bruno, CA 94066, Code 1824 



NEESA 2-157A M C H  1990 

CHROMILIM EMISSIONS FROM CHROME PLATING 
AND CHROMIC ACID ANODIZING OPERATIONS 

AT 
BUILDING 5, NAVAL AVIATION DEPOT 

NAVAL AIR STATION, ALAMEDA, CALIFORNIA 

By : 

Drek A.  Newton 
James C .  ReFahle, P.E 

Naval Energy And Environmental Support Activity 
Port Hueneme, California 93043-5014 

AUTOVON 551-3903 or Commercial (805) 982-3903 



TEST NO. 

~ 

1 
~ ~~ 

MEASURED PROCESS CONDITIONS 
EMISSION RATE AIR FLOATING ANTI-MIST 
(mg/amp-hr) AGITATION POLYBALLS ADDITIVE 

5-242-1-OUT 
5-242-2-OUT 
5-242-3-OUT 

242 AVERAGE 

5-241-1-OUT 
5-241-2-OUT 
5-241-3-OUT 

241 AVERAGE 

0.080 
0.062 
0. 05ga 

0.071 YES YES YES 

0.096 
0.101 
0.086 

0.094 YES YES YES 

239 AVERAGE 0.037 YES YES YES 

EXECUTIVE SUMMARY 

The Naval Energy and Environmental Support Activity (NEESA) performed 
chromium emission tests on the ventilation exhaust from chrome plating and 
chromic acid anodizing operations at Building 5, Naval Aviation Depot, 
Alameda, California. We performed the tests during 23-26 February 1990. The 
Bay Area Air Quality Management District (BAAQMD) required the tests to 
demonstrate compliance with hexavalent chromium emission limits. BAAQMD 
requires hexavalent chromium emissions from Building 5 be less than 0.15 
milligrams per ampere-hour. BAAQMD also require stack exit velocities to 
exceed 10 meters per second. 

Building 5 contains one chromic acid anodize and four hard chrome 
plating tanks ventilated through three scrubbers. 
ventilated through scrubber 242. 
through scrubber 241. Tank 1 (anodize) is ventilated through scrubber 239. 

Tanks 14 and 15 (plate) are 
Tanks 10 and 11 (plate) are ventilated 

Results show the chromium emission rates from all chrome plating and 
chromic acid anodizing tanks comply with BAAQMD requirements when both 
floating polyballs and Fumetrol 101 anti-mist additive are used to minimize 
emissions from the plating or anodizing bath. 
from all three ventilation lines exceeds 10 meters per second. 

Average stack exit velocity 

r 

I 5-239-1-OUT 0.036 
5-239-2-OUT I 0.037 
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1.0 INTRODUCTION 

The Naval Energy and Environmental Support Activity (NEESA) performed 
(and contracted) source emission tests to measure hexavalent airborne chromium 
emissions from three chrome plating and/or chromic acid anodizing shops at 
Naval Aviation Depot (NAD), Alameda, California, during 20-28 February,-1990. 
This report describes results of emission tests on chrome plating and chromic 
acid anodizing operations at Building 5. 

2.0 BACKGROUND 

The Bay Area Air Quality Management District (BAAQMD) recently approved 

Appendix F, pages F-1 to F-4, 
Regulation 11 (Rule 8) limiting hexavalent chromium emissions from chrome 
plating and chromic acid anodizing operations. 
contains a copy of Rule 8 .  
compliance emission tests at Buildings 167, 5, and 360. 

NAD Alameda funded NEESA to perform chromium 

The BAAQMD rule expresses chromium emission limits in milligrams per 
ampere-hour of electrical current used during plating OK anodizing. 
specifies three limit values, depending on the total quantity of chromium 
emissions from the facility. Building 167 must comply with the 0.03 mg/amp-hr 
limit. Buildings 5 and 360, scheduled for closure when the new plating shop 
(Building 32) is operational, must comply with the 0.15 mg/amp-hr limit. 

The rule 

NAD Alameda originally planned to complete these test during the Summer 
of 1989. 
install new stacks on the exhaust lines at Buildings 5 and 360. The October 
1989 earthquake forced public works to delay manufacture of the stack 
extensions in order to repair quake damage. 

The test dates were delayed when we informed them of the need to 

1 
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3.0 SOURCE EMISSION TEST PROCEDURE 

We used recently revised California Air Resources Board (CARB) Method 
425 to determine chromium emissions. Appendix F, pages F-5 to F-22, contains 
a copy of this method. 
shop test experience, we assumed all chromium emissions are hexavalent. Our 
contracted laboratory analyzed all samples for total chromium according. to 
CARB Method 425. 

As recommended by BAAQMD and based on our past plating 

The CARB 425 sampling train is basically an EPA Method 5 train except 
for the following exceptions. Sodium hydroxide solution (0.1 Normal) is 
placed in the first and second impingers instead of water. A teflon coated 
filter (not heated) is placed between the third and fourth impingers. The 
transition between the probe and the first impinger is either glass cyclone 
and filter by-passes or flexible teflon tubing. 

We chose sample volumes (and corresponding sampling times) for each run 
based on the BAAQMD emission limit for the source and the quantitative 
analysis limit for CARB 425 analytical methods. 

Appendix E lists our Hewlett Packard 41-CX program "Nomokin" used 
instead of a nomograph to determine isokinetic sampling parameters during 
testing . 

Building 5 contains one chromic acid anodize and four hard chrome 
plating tanks ventilated through three scrubbers. Tank 1 (anodize) is 
ventilated through scrubber 239. 
through scrubber 241. 
242. 

Tanks 10 and 11 (plate) are ventilated 
Tanks 14 and 15 (plate) are ventilated through scrubber 

We verified amp-meter calibrations by measuring amperes through several 
bus bars with a DC clamp-on amp meter. All tanks checked at Building 5 show 
that the amp-meters are accurately calibrated and measure actual plating and 
anodizing current. 

During all emission tests chromic acid tanks contained floating plastic 
balls and Fumetrol 101 anti-mist suppressant to reduce chromium emissions. 

Figures 1 and 2 show the three test sites and traverse point locations. 

3 
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4.0  CHAIN OF CUSTODY 
I 

Control Box/Probe: Reichle, Perez, Egami 
Sample Recovery: Newton, Reichle 
Amp-hour Tank Data: Newton 
Sample Transport: Newton 

Sample Analysis: TMAflorcal 
2030 Wright Avenue 
Richmond, CA 94804-0040 
(415) 235-0438 
Attn: Nahid Mahani 

or Susan Smith 

! 
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5.0 RESULTS 

Table 1 summarizes chromium emission results from each test. Table 2 
shows average outlet emission rates results and process conditions during each 
test. Table 3 summarizes other relevant test data. 

TABLE 1: EMISSION TEST RESULTS 
HARD CHROME PLATING AND CHROMIC ACID ANODIZING OPERATIONS 

BUILDING 5, NAD ALAMEDA 

r 

CHROMIUM CHROMIUM CHROMIUM CHROMIUM STACK 
SAMPLE EMISSION EMISSION AVERAGE EMISSION EXIT 
WEIGHT CONC . RATE AMPERES FACTOR VELOCITY 

TEST NO. (4 (mg/SCF) (mg/hr) (Amp) (mg/Amp-hr) ( m / s )  

5-242-1-OUT 0.0448 1.006E-03 191.801 2393.0 0.080 9.1 
5-242-2-OUT 0.0484 6.248E-04 148.160 2401.0 0.062 11.3 
5-242-3-OUT 0.0678 4.770E-04 142.590 2404.0 0 .  059a 14.2 

, 

5-241-1-OUT 0.0931 1.059E-03 397.858 4165.0 0.096 22.6 
5-241-2-OUT 0.0999 1.000E-03 432.399 4272.0 0.101 26.0 
5-241-3-OUT 0.0877 8.321E-04 379.351 4433.0 0.086 27.5 

5-239-1-OUT 0.0072 4.605E-05 15.383 ' 422.0 0.036 20.1 
5-239-2-OUT 0.0103 6.076E-05 21.002 562.0 0.037 20.8 

aNot used to calculate average emission rate. Refer to discussion. 

TABLE 2 :  RESULTS AND PROCESS CONDITIONS 
HARD CHROME PLATING AND CHROMIC ACID ANODIZING OPERATIONS 

BUILDING 5, NAD ALAMEDA 

AVERAGE AVERAGE PROCESS CONDITIONS 
SCRUBBER EMISSION RATE STACK EXIT AIR FLOATING ANTI -MIST 

NO. (&amp-hr) VELOCITY ( m / s )  AGITATION POLYBALLS ADDITIVE 
I 

242 (PLATE) 0.071 11.5 YES YES YES 
241 (PLATE) 0.094 25.4 YES YES YES 
239 (ANODIZE) 0.037 20.4 YES YES YES 

Appendix A, pages A-1 to A-4, contains chromium analysis results of all 
samples. Appendix A, page A-5, shows recent analysis results of chromic acid 
content in the plating and anodizing baths. 
hour calculation sheets and field tank load data sheets. Appendix C contains 
our field emission test data sheets. 
and contains sample calculations. Appendix E lists our HP-41C calculator 
program "Nornokin" used instead of a nomograph to determine isokinetic sampling 
parameters during testing. 
Appendix H contains resumes of NEESA test personnel. 

Appendix B contains all ampere 

Appendix D summarizes the test results 

Appendix G contains equipment calibration sheets. 

7 



TABLE 3: EMISSION TEST DATA 
HARD CHROME PLATING AND CHROMIC ACID ANODIZING OPERATIONS 

BUILDING 5, NAD ALAMEDA 

NOZZLE SAMPLE SAMPLE AIR SAMPLE STACK 
DIA. RATE TIME VOLUME X H20 FLOW RATE ISOKIN 

TEST NO. (in.) (CFM) (min.) (SCF) ( X )  (DSCFM) ( X )  

5-242-1-OUT 0.396 0.49 120 44.55 2.1 3179.17 102.1 
5-242-2-OUT 0.396 0.36 168 77.41 2.1 3951.96 101.9 
5-242-3-OUT 0.481 0.64 120 142.23 1.8 4982.09 140.9 

5-241-1-OLl'I 0.399 0.75 120 87.92 1.9 6261.36 100.7 
5-241-2-OUT 0.400 0.73 120 99.90 1.9 7205.80 99.0 
5-241-3-OUT 0.401 0.83 120 105.45 1.8 7598.71 98.6 

5-239-1-OUT 0.396 0.66 250 156.44 2 . 0  5567.65 98.2 
5-239-2-OUT 0.399 0.63 250 169.03 1.7 5761.37 101.0 

e 

0 
0 
e 
e 
e 
e, 
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6.0 DISCUSSION 

6.1 General 

The Bay Area Air Quality Management District (BAAQMD) requires hexava- 
lent chromium emissions from Building 5 be less than 0.15 milligrams per 
ampere-hour. Results show building 5 complies when both floating polyballs 
and Fumetrol 101 anti-mist additive are used to minimize emissions from the 
chrome plating and chromic acid anodizing baths. 

A l l  stack flow rates may be 9% high. The quartz nozzles we received 
from the vendor are wider than typical steel nozzles which reduces the 
distance between the pitot tube and the nozzle. Our post test pitot tube 
calibration with the quartz nozzle in place shows the pitot coefficient is 
0.75 instead of 0.82. A 9% decrease 'in the pitot coefficient reduces the 
actual stack flow rates by 9% and increases the isokinetic percentages by 9%. 
The average stack exit velocities probably range from 10.5 to 23.1 instead of 
11.5 to 25.4. 
111% instead of 98% to 102%. 

The outlet isokinetic percentages actually range from 107% to 

The pitot tube coefficient error does not change the results. 
5 chromium emissions are one to two-thirds of the 0.15 mg/Amp-hr emission 
limit. The error actually makes the outlet emission rates more conservative 
because the emission concentrations were multiplied by a higher stack flow 
rate value. 

Building 

6.2 Scrubber 242 

The isokinetic percentage of run 3 was about 150% due to an error 
measuring the nozzle diameter. 
calculate the average emission rate. 
void, the results are still shown in Table 1 because they are consistent with 
the first two runs. Increasing the 0.059 mg/Amp-hr emission rate by 150% to 
approximate the effect of the high sampling rate increases it to 0.089 
mg/Amp - hr . 

The emission rate from run 3 was not used to 
Although the test may be considered 

'She stack flow rate at the scrubber 242 outlet sampling site is very 

We performed a velocity traverse at the 
low, averaging 540 feet per minute. 
velocity measurement accuracy. 
scrubber inlet where the velocity is higher. 
traverse shows the scrubber inlet flow rate is 3300 SCFM. 

Low flow rates reduce S-type pitot tube 

The scrubber inlet velocity 

6.3 Scrubber 239 

We performed two semi-simultaneous 250 minute test runs at the outlet 
test site to compensate for both low expected emission concentrations and 
difficulty maintaining electrical power to the rectifier. The first 50 
minutes of run 1 was performed on 24FEB90 but was stopped because only 75 Amps 
could be maintained on the rectifier. 
We completed runs 1 and 2 on 26FEB90. 
train leak check on sampling train 1 before resuming the test. 

The rectifier was repaired on 25FEB90. 
We performed an additional sampling 

I 
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SAMPLE ANALYSIS RESULTS 
~~~ 

LAB 
ANALYSIS CHROMIUM CHROMIUM 

SAMPLE VOLUME ANALYSIS WEIGHT 
IDENTIFICATION (1) (%/I) (mg) 

5-242-1-OUT-PROBE 0.0660 
5-242-1-OUT-IMP1 0.1257 
5-242-1-OUT-IMP2 0.1239 

5-242-2-OUT-PROBE 0.0683 
5-242-2-OUT-IMP 0.2720 

5-242-3-OUT-PROBE 0.0370 
5-242-3-OUT-IMP1 0.1458 
5-242-3-OUT-IMP2 0.1169 

390 
130 
22 

310 
100 

600 
310 
4 

0.0257 
0.0163 
0.0027 
0.0448 TOTAL 

0.0212 
0.0272 
0.0484 TOTAL 

0.0222 
0.0452 
0.0005 
0.0678 TOTAL 

! 

5-241-1-OUT-PROBE 0.0854 270 0.0230 
5-241-1-OUT-IMP1 0.1171 560 0.0656 
5-241-1-OUT-IMP2 0.1320 34 0.0045 

0.0931 TOTAL 

5-241-2-OUT-PROBE 0,0877 260 0.0228 
5-241-2-OUT-IMP1 0.1500 480 0.0720 
5-241-2-OUT-IMP2 0.1081 47 0.0051 

0.0999 TOTAL 

5-241-3-OUT-PROBE 0.0435 510 0.0222 
5-241-3-OUT-IMP 0.2428 270 0.0656 

0.0877 TOTAL 

5-239-1-OUT-PROBE 0.0923 43 0.0040 
5-239-1-OUT-IMP1 0.1623 18 0.0029 
5-239-1-OUT-IMP2 0.1569 < 2 < 0.0003 

0.0072 TOTAL 

5-239-2-OUT-PROBE 0.1045 48 0.0050 
5-239-2-OUT-IMP1 0.1434 35 0.0050 
5-239-2-OUT-IMP2 0.1170 < 2 < 0.0002 

0.0103 TOTAL 

\ 

I 
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SAMPLE RECOVERY WEIGHTS/VOLUMES 

SAMPLE TARE FINAL NET FILTER 
IDENTIFICATION (gm) (gm) (gm or ml) NO. 

5-242-1-OUT-PROBE 55.61 121.59 65.98 
5-242-1-OUT-IMP1 55.90 181.56 125.66 
5-242-1-OUT-IMP2 55.69 179.62 123.93 006 

5-242-2-OUT-PROBE 55.91 124.22 68.31 
5-242-2-OUT-IMP 55.05 327.00 271.95 008 

5-242-3-OUT-PROBE 56.02 93.01 36.99 
5-242-3-OUT-IMP1 55.88 201.63 145.75 
5-242-3-OUT-IMP2 55.23 172.12 116.89 010 

5-241-1-OUT-PROBE 
5-241-1-OUT-IMP1 
5-241-1-OUT-IMP2 

5-241-2-OUT-PROBE 
5-241-2-OUT-IMP1 
5-241-2-OUT-IMP2 

5-241-3-OUT-PROBE 
5-241-3-OUT-IMP 

5-239-1-OUT-PROBE 
5-239-1-OUT-IMP1 
5-239-1-OUT-IMP2 

5-239-2-OUT-PROBE 
5-239-2-OUT-IMP1 
5-239-2-OUT-IMP2 

55.60 140.95 
55.58 172.68 
55.03 186.98 

55.12 142.86 
55.51 205.55 
55.62 163.71 

55.18 98.68 
55.04 297.82 

85.35 
117.10 
131.95 005 

87.74 
150.04 
108.09 007 

43.50 
242.78 009 

55.94 148.23 92.29 
55.55 217.87 162.32 
55.07 211.93 156.86 011 

55.74 160.28 104.54 
55.35 198.72 143.37 
55.98 172.94 116.96 012 

A-2 



Thenno Analyticallnc 

TMA/Norcal 
2030 Wrighr Avenue 
p.0. BOX 4040 
Richmond. CA 94804-0040 

14151 235-2633 Fan No. (4151 235-0438 

March 13, 1990 

NEESA - lllC 
Port Hueneme, CA 93043-5014 

' .  Attention: Drek Newton 

TMA/Norcal I.D.: 6993-1 

NEESA Reference: Chrome Plating Emissions NAD Alameda . - -  
1.. , .  . .  Dear Drek: . .  .. ,: .., ' 

Enclosed are the results of 33 water samples received on February 28. 1990, for 
analysis of Chromium. 

The samples were analyzed by CARB Method 425 using Heated Graphite Furnace Atomic 
Absorption for the low level samples and Atomic Absorption Flame for the high 
level samples. 

TMA/Norcal sample numbers 6993-1-(2,-3,-4,-5,-6,-8,-9,-10,-12,-13,-17,-23,-27, 
-28,-29,-30,-31,-32, and -33) were analyzed by Graphite Furnace and TMA/Norcal 
sample numbers 6993-1- (1, -7, -11, -14, -15, -16, - 18, -19, -20, -21, -22, -24, -25, and 
-26) were analyzed by Atomic Absorption Flame. The detection limit for Graphite 
Furnace is 0.002 mg/l and the detection limit for Atomic Absorption Flame is 
0.01 mg/l. 

. .  

Hand written results were faxed on March 12, 1990. 

The results are shown in Table 1 on the following page. 
questions please call. 

If you have SR;~ 

Data relyed by: 

Inorganics Department 
Supervisor 

Prepared by: 

lvdv:d ;~lddyyv 
Nahid Mahani 
I.H. Laboratory 
Director/Program Manager 

r 
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i 
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NEESA - IIIC 
P a g e  2 
March 26, 1990 

TMA/Norcal -a 

REVISED REPORT 
~, 

TABLE 1 

' T M A / N o r c a l  I . D .  Client I . D .  Chromium ( m g / l )  

._ 
6993-1-1 
6993-1-2 
6993-1-3 
6993-1-4 
6993-1-5 
6993-1-6 
6993-1-7 
6993-1-8 
6993-1-9 
6993-1-10 
6993-1-11 

-&993-1-12 
6993-1-13 

/ 6993-1-14 
6993-1-15 
6993-1-16 
6993-1-17 
6993-1-18 
6993-1-19 
6993-1-20 
6993-1-21 
6993-1-22 
6993-1-23 
6993-1-24 
6993-1-25 
6993-1-26 
6993-1-27 
6993 - 1- 28 
6993-1-29 
6993-1-30 
6993-1-31 
6993-1-32 
6993-1-33 

_. 

L.. 

167-1-IN - IMP 
167-1-OUT - IMP 
167-2-OUT - IMP 1 
167-2-OUT - IMP 2 
167-3-OUT - IMP 1 
167-3-OUT - IMP 2 
1 6 7 - 1 - I N  - PROBE 
167-1-OUT - PROBE 
167-2-OUT - PROBE 
167-3-OUT - PROBE 
5-241-1-OUT - IMP 1 
5-241-1-OUT - IMP 2 
5-241-2-OUT - IMP 2 
5-241-3-OUT - IMP 
5-241-1-OUT - PROBE 
5-241-2-OUT - PROBE 
5-241-3-OUT - PROBE 
5-242-1-OUT - IMP 1 
5-242-1-OUT - IMP 2 
5-241-2-OUT - IMP 1 
5-242-2-OUT - IMP 2 
5-242-3-OUT - I M P - 1  
5-242-3-OUT - IMP 2 
5-242-1-OUT - PROBE 
5-242-2-OUT - PROBE 
5-242-3-OUT - PROBE 
5-239-1-OUT - IMP 1 
5-239-1-OUT - IMP 2 
5-239-2-OUT - IMP 1 
5-239-2-OUT - IMP 2 
5-239-1-OUT - PROBE 
5-239-2-OUT - PROBE 
NaOH B U N K  

A-4 

. .. 

0.14 
<o .002 
0.002 

<o .002 
0.005 

<o .002 
1.7 
0.040 
0.012 

- 

0.023 
0.56 
0.034 
0.047 
0.27 
0.27 
0.26 
0.51 
0.13 
0.022 
0.48 
0.10 
0.31 
0.004 
0.39 
0.31 
0.60 
0.018 

<o. 002 
0.035 

<o. 002 
0.043 
0.048 

<o ,002 

i; . . 
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AMPERE-HOUR CALCULATION SHEET 
BUILDING 5 ,  SCRUBBER 242 (TANKS 14 & 15) 

HARD CHROME PLATING 

2/23/90 RECTIFIER 
DEL-T amperes AVG 242-1-OUT 2.42-2-OUT 242-3-OUT 

TIME MIN. #14 + #l5 AMPS AMP-HRS AMP-HRS AMP-HRS AMP-HRS 

1310 
1315 
1335 
1355 
1405 
1445 
1455 
1500 
1515 
1540 
1545 
1606 
1615 
1617 
1705 
1710 
1806 
1817 
1830 
1913 
1920 
1945 
2016 
2130 
2210 
2245 
2250 
2300 
2340 
2345 
0025 

2/24 0050 

5 
20 
20 
10 
40 
10 
5 
15 
25 
5 
21 
9 
2 
48 
5 

56 
11 
13 
43 
7 

25 
31 
74 
40 
35 
5 
10 
40 
5 
40 
25 

2400 
2390 

2380 2390 
2392 
2392 
2392 

2403 2392 
2401 

2398 2401 
2393 

2387 2393 
2394 

2400 2394 
2400 

2400 2400 
2400 
2400 
2400 

2400 2400 
2401 
2401 

2402 2401 
2403 

2404 2403 
2404 

2404 2404 
2404 
2404 
2404 
2404 
2404 

2404 2404 

199 
797 
797 
399 
1594 
399 
200 

997 
199 
838 
359 
80 

1920 
200 
2240 
440 
520 
1721 
280 
1000 
1242 
2964 
1603 
1402 

200 
401 
1603 
200 
1603 
1002 

600 

797 
797 

1594 

600 
997 

2240 

520 
1721 

1000 
1242 

1402 
200 

1603 

1603 

TOTAL AMP-HRS DURING TEST 
TEST SAMPLING TIME (MIN.) 
AVERAGE AMPS DURING TEST 

4785 6723 4808 
120 168 120 

2393 2401 2404 

B- 1 



AMPERE-HOUR CALCULATION SHEET 
BUILDING 5 ,  SCRUBBER 241 (TANKS 10 & 11) 

HARD CHROME PLATING 

2/23/90 RECTIFIER 
DEL-T amperes AVG 241-1-OUT 241-2-OUT 241-3-OUT 

TIME MIN. #lo + #ll AMPS AMP-HRS AMP-HRS AMP-HRS AMP-HRS 

1130 
1145 
1210 
1220 
1230 
1300 
1307 
1347 
1455 
1458 
1515 
1538 
1545 
1615 
1625 
1630 
1705 
1710 
1815 
1830 
1855 
1905 
1945 
1950 
2030 
2130 

15 
25 
10 
10 
30 
7 

40 
68 
3 

17 
23 
7 

30 
10 
5 

35 
5 

65 
15 
25 
10 
40 
5 

40 
60 

4146 4094 1024 
4153 1730 
4153 692 

4160 4153 692 
4174 4167 2084 

4200 490 
4200 2800 

4225 4200 4759 
4225 211 

4225 4225 1197 
4235 1623 

4245 4235 494 
4254 4250 2125 

4310 718 
4310 359 

4366 4310 2514 
4386 365 
4386 4751 

4405 4386 1096 
4425 1844 
4425 738 

4445 4425 2950 
4463 372 
4463 2975 

4481 4463 4463 

1024 
1730 

692 
2084 

2800 

1197 
1623 

2125 
718 

2514 
365 

1096 
1844 

2950 

2975 

TOTAL AMP-HRS DURING TEST 
TEST SAMPLING TIME (MIN.) 
AVERAGE AMPS DURING TEST 

8329 8543 8865 
120 120 120 

4165 4272 4433 

B-2 
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AMPERE-HOUR CALCULATION SHEET 
BUILDING 5 ,  SCRUBBER 239 (TANK 1) 

CHROMIC ACID ANODIZING 

2/24/90 RECTIFIER 
DEL-T amperes AVG 239-1-OUT 239-2-OUT 

TIME MIN. #l AMPS AMP-HRS AMP-HRS AMP-HRS 
~ ~~ ~ 

1300 90 
1304 4 83 6 
1315 11 75 83 15 15 
1345 30 75 75 38 38 
1345 0 0 0 0 0 
1354 9 0 0 0 0 

TEST STOPPED DUE TO RECTIFIER PROBLEMS . . .  CONTINUED 2/26/90 
2/26/90 

717 0 350 
719 2 3 2 5  338 
721 2 400 363 . ~~ ~ 

723 2 350 375 ~~ ~ 

727 4 350 350 
729 2 400 375 
737 8 400 400 
742 5 350 375 
745 3 250 300 
755 10 250 250 
800 5 225 238 
805 5 2 2 5  2 2 5  
807 2 218 
810 3 210 218 
817 7 205 
820 3 200 205 
837 17 200 200 

912 0 350 
913 1 375 
914 1 400 375 
916 2 400 400 
917 1 450 425 
920 3 450 450 
925 5 475 463 
930 5 475 475 
934 4 550 513 
936 2 550 550 
943 7 638 
948 5 638 
955 7 725 638 

1000 5 700 713 
1028 28 700 
1030 2 700 700 

TEST STOPPED TO RELOAD TANKS 

TEST STCPPED TO RELOAD TANKS 

11 
12 
13 
23 
13 
53 
31 
15 
42 
20 
19 
7 

11 
24 
10 
57 

6 
6 
13 
7 

23 
39 
40 
34 
18 
74 
53 
74 
59 
327 
23 

B-3 

11 
12 
13 
23 
13 
53 
31 
15 
42 
20 
19 
7 

10 
57 

6 
13 
7 

23 
39 
40 
34 
18 
74 

74 
59 

327 

11 
12 
13 
23 
13 
53 
31 
15 
42 
20 
19 
7 

10 
57 

6 
13 
7 

23 
39 
40 
34 
18 
74 

74 
59 
327 



AMPERE-HOUR CALCULATION SHEET 
BUILDING 5, SCRUBBER 239 (TANK 1) 

CHROMIC ACID ANODIZING 
(CONTINUED) 

2/26/90 RECTIFIER 
DEL-T amperes AVG 239-1-OUT 239-2-OUT 

TIME MIN. #1 AMPS AMP-HRS AMP-HRS AMP-HRS 

1107 450 
1108 1 538 
1110 2 625 538 
1112 2 600 613 
1118 6 613 
1124 6 613 
1130 6 625 613 
1135 5 650 638 
1137 2 700 675 
1140 3 675 688 
1150 10 700 688 
1214 24 700 700 

TEST STOPPED TO RELOAD TANKS 
1254 450 
1255 1 500 
1256 1 550 500 
1258 2 600 575 
1300 2 700 650 
1302 2 700 700 
1304 2 750 725 
1306 2 725 738 
1316 10 750 738 
1326 10 800 775 
1339 13 850 825 
1345 6 850 
1350 5 850 850 

9 
18 
20 
61 
61 
61 
53 
23 
34 

115 
280 

8 
8 
19 
22 
23 
24 
25 

123 
129 
179 
85 
71 

18 18 
20 20 
61 61 

61 61 
53 53 
23 23 
34 34 

115 115 
280 280 

8 
19 
22 
23 
24 
25 

123 
129 
179 
85 

TOTAL AMP-HRS DURING TEST 
TEST SAMPLING TIME (MIN.) 
AVERAGE AMPS DURING TEST 

1758 2343 
250 250 
422 562 

0 
0 
e 
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-TANK LOAD DATA SHEET 

DATE: 2,/23/5$ 
BUILDING NO: < EASE: L.lA/L 

. - 
RECTIFIER 



BASE: 

- TANK LOAD DATA SHEET 

RUN NO: 
.5-- 2 L /  1-2 
y-zq I -3 

RECTIFIER WORKPIECE DESCRIPTION 1 

. .. 



-TANK LOAD DATA SHEET 

9-1 T# 

TANK NO: / 
RUN NO: .q-2 3 

B-7 



. . .. 

I I 
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_. 

TANK LOAD DATA SHEET (CONTINLJED) 

DATE: z,h4/su 
RUN NO:* 

TANK NO 

5-2 3 9 a  

I 

RECTIFIER 

-. 

B-9 
I 



- 

TANK LOAD DATA SHEET (CONTINUED) 

B-10 



. .  

TANK LOAD DATA SHEET (CONTINUED) 

TANK NO: <hf,h L? DATE : 

RUN NO: 7 -239- 1 
4 -23 7 -2- 

I I I 1 I 

B-11 
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17 

18 
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21 

22 

.. 23 

24 

25 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 39 

43 44 

40 41 

42 

45 

46 

47 

48 

49 

50 
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i t  Length f r o m  upstream disturbance 
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49 

25 

29 

30 

31 
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38 
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48 

49 

50 

I I 
hPve s t a t i c  v 

I I I I 

I , 

I I 
I I I I 

I I I I 
I I I 

i: 
I I I I 
I I I 

. . . .  . .  0 
<.:; l i .  ... -."I . -'L..:,: .~ ,..._ ........... ..; ...... . . . . . .  ... . . . . . . . . . . . . . . .  .,... .- <-. --..,.:*v+~?:.. ' : 



1. 

. -  

- 
I’ 

_. 

IMF’INGER BOX SET UP FOR CHROMIUM EMISSION TEST- 
AND NOZZLE CALIBRATION SHEET 

DATE: L?/L3 

BUILDING NO: 

PREP BY: ,c,% 
CIRCLE 1: INL 

[ / ] 1. Wash all glassware with deeergem, ac&ew-, 
rinse with 0.1N NaOH solution. [J;’ 2 .  Add lOOml 0 . 1 N  NaOH solution in the first two impingers (standard 
Greenburg-Smith impingers). Record initial weights. [d 3 .  The third impinger (modified Greenburg-Smith) is dry. Record initial 
weight. 

[& 4. The fourth impinger (modified Greenburg-Smith) contains about 1 liter 
of indicating type silica gel. [d 5. Place teflon coated filter into filter holder and install between the 

-- third and fourth impingers. Record filter number. Do not weigh. 
ssemble impinger bottles and glass elbows (180s) so that air flows [>6. A 

[r / :  7.  Calibrate nozzle by measuring four IDS with a micrometer. 

, and 

Record initial weight. 

from a smaller to larger holes (if applicable). 

Impinger No. 

% * 1. 2 .  

3 .  

4. 

Contents 

lOOml 0.1N 

lOOml 0.1N 

Empty 

1 1 silica 

NaOH 

NaOH 

gel I2b&o I Net Weight Gain 
~ 

Filter No: L’d6 
Silica gel condition after test: /(7 

/ 

c-3 
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IMPINGER BOX SET UP FOR CHROMIUM EMISSION TEST 
AND NOZZLE CALIBRATION SHEET 

DATE: L7hTh@ 
BASE: ,A4?irLDd 
BUILDING NO: 5 
PREP BY: 

LINE NO: -%y2 

CIRCLE 1: INLET 

. .  [d 1. Wash all glassware with -nt, -- ter, and 
rinse with 0.1N NaOH solution. 

[bf 2.  Add l O O m l  0.1N NaOH solution in the first two impingers (standard 
Greenburg-Smith impingers). Record initial weights. 

[/f 3 .  The third impinger (modified Greenburg-Smith) is dry. Record initial 
weight. 

[Vf 4 .  The fourth impinger (modified Greenburg-Smith) contains about 1 liter 
of indicating type silica gel. Record initial weight. 

[vf 5 .  Place teflon coated filter into filter holder and' install between the - third and fourth impingers. Record filter number. Do not weigh. 
[Jf 6. Assemble impinger bottles and glass elbows (180s) so that air flows 

P I  7.  Calibrate nozzle by measuring four IDS with a micrometer. 

. 
from a smaller to larger holes (if applicable). 

Impinger No. Contents J-' 1. l O O m l  0.1N NaOH 

2 .  l 0 O d  O.1N NaOH 2-2 

2-3 3 .  Empty 
2-4 4. 1 1 silica gel 

Net Weight Gain 

Filter No: /?ox 
Silica gel condition after test: //3 

C-7 
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IMPINGER BOX SET UP FOR CHROMIUM EMISSION TEST 
AND NOZZLE CALIBRATION SHEET 

.. . 

-- 

DATE : 2,/6 ?/$& 
BASE : .4L f /dc/J? 
BUILDING NO: s 
PREP BY:&@// 

,LINE NO: z y z  
RUN NO : 5-ZL/2-3 -6'lfT 

CIRCLE 1: INLET 

[ r / i  1. Wash all glassware with detergent, acetone, deionized water, and 
rinse with 0.1N NaOH solution. 

Greenburg-Smith impingers). Record initial weights. 
2 .  Add l O O m l  0.1N NaOH solution in the first two impingers (standard 

[d 3 .  The third impinger (modified Greenburg-Smith) is dry. Record initial 
/ weight. - [4 4. The fourth impinger (modified Greenburg-Smith) contains about 1 liter 

[d 5 .  Place teflon coated filter into filter holder and install between the - third and fourth impingers. Record filter number. Do not weigh. 
6 .  Assemble impinger bottles and glass elbows (180s) so that air flows 

[ /  7.  Calibrate nozzle by measuring four IDS with a micrometer. 

of indicating type silica gel. Record initial weight. 
_ _  

' I 
from a smaller to larger holes (if applicable). 

Impinger No. 

Ll-I 
Ljl-2 

1. 

2.  

3 .  

4. 

Contents 

l O O m l  0.1N 

l O O m l  0.1N 

Empty 

1 1 silica 

NaOH 

NaOH 

gel 

- 
Net Weight Gain 

c-11 
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M & L I W  
TRAVERSE DATA SHEET . I  

(REV 8/86) ' 

! 

1 

2 

3 

4 

-.5 

6 

' 7  

8 

9 

10 

11 

12 

13 

.'14 

15 

16 

17 

18 

19 

20 

21 

22 

- -  23 

24 

25 

,. , 

26 

27 

28 

29 

30 

31 

32 

33 

34 35 

40 39 

36 

37 

38 

41 

42 43 

44 

45 

46 

47 

48 

49 

50 



-e 
e 

&dG.jO e 
DATE: ?h</&O LINE NO: 241 6 / /  

e 

I! ., 

- 
IMPINGER BOX SET UP FOR CHROMIUM EMISSION TEST 

AND NOZZLE CALIBRATION SHEET 

BASE:r\fdn RLA//YEH RUN NO:<-ZL//- I 
BUILDING NO: L= CIRCLE 1:JiLET 

PREP BY: @' 
e 
e 

' 0  
e 

, and 
rinse with 0.1N NaOH solution. 

Greenburg-Smith impingers). Record initial weights. 

weight. 

of indicating type silica gel. 

[ J ] 1. Wash all glassware with dtMgeRt, aee-tane, 

[h 2 .  Add l O O m l  0.1N NaOH solution in the first two impingers (standard 

[h 3 .  The third impinger (modified Greenburg-Smith) is dry. Record initial 

[ I / ]  4 .  The fourth impinger (modified Greenburg-Smith) contains about 1 liter 

[./i 5. Place teflon coated filter into filter holder and install between the - third and fourth impingers. Record filter number. Do not weigh. 
ssemble impinger bottles and glass elbows (180s) so that air flows [J  6 .  A 

p/] 7.  

Record initial weight. 

..- 

from a smaller to larger holes (if applicable). 
Calibrate nozzle by measuring four IDS with a micrometer. 

Impinger No. Contents Tare I Initial 1 Final ICondensatel 

3-2 2 .  l O O m l  0.1N NaOH 

33 3 .  Empty 

4 .  1 1 silica gel 

1. l O O m l  0.1N NaOH 

m Net Weight Gain 

Filter No: /7flL< 

Silica gel condition after test: 5 0 % 5 f E A n  

C-16 
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IMPINGER BOX SET UP FOR CHROMIUM EMISSION TEST 
AND NOZZLE CALIBRATION SHEET 

Impinger No. Contents Tare 

S/ZC5- 1. lOOml 0.1N NaOH . /- / 
’-2 2 .  l O O m l  0.1N NaOH 5/s,52 
1- 3 3 .  Empty 5G3,L j3  

BUILDING NO: 5 
. .  PREP BY:-/ - 

Initial Final Condensate 

C;/329 &29.2/ /5 /92  
LIZ00 L197L 2 I 76 
7 9w- gtL.3 

CIRCLE 1: 

)- L/ 4. 1 1 silica gel c76lSg g Z a / O  9@23 
Net Weight Gain 

[/.f 1. 

[Vf 2.  

[/( 3 .  

[4 4. 
[4 5. 

6 .  

[ d - 7 .  

Wash all glassware with -, aeetorre, d-, and 
rinse with 0.1N NaOH solution. 

Add lOOml 0.1N NaOH solution in the first two impingers (standard 
Greenburg-Smith impingers). Record initial weights. 

The third impinger (modified Greenburg-Smith) is dry. Record initial 
weight. 

The fourth impinger (modified Greenburg-Smith) contains about 1 liter 
of indicating type silica gel. Record initial weight. 

Place teflon coated filter into filter holder and install between the 

Assemble impinger bottles and glass elbows (180s) so that air flows 

c alibrate nozzle by measuring four IDS with a micrometer. 

~ - . third and fourth impingers. Record filter number. Do not weigh. 

from a smaller to larger holes (if applicable). ,,’ 

. 

,Z2,/3 
Wdt’ 

c-20 
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IMPINGER BOX SET UP FOR CHROMIUM EMISSION TEST 
AND NOZZLE CALIBRATION SHEET 

BUILDING NO: 5 
PREP B Y g %  

LINE NO: z f /  
RUN NO: 5 - 2 Y  I -3-GL7- 

CIRCLE 1:- e 
r, and . .  

rinse with 0.1N NaOH solution. 

Greenburg-Smith impingers). Record initial weights. 

[ / ] 1. Wash all glassware with d-, a w -  

Add lOOml 0.1N NaOH solution in the first two impingers (standard 

The third impinger (modified Greenburg-Smith) is dry. Record initial 

Impinge 

weight. 
The fourth impinger (modified Greenburg-Smith) contains about 1 liter 
of indicating type silica gel. 

Place teflon coated filter into filter holder and install between the 
third and fourth impingers. Record filter number. Do not weigh. 

Assemble impinger bottles and glass elbows (180s) so that air flows 
from a smaller to larger holes (if applicable). 

Calibrate nozzle by measuring four IDS with a micrometer. 

Record initial weight. 

No. Contents 

k 1. l O O m l  0.1N NaOH 

3-2 2 .  l O O m l  0.1N NaOH 

3-3 
2:  Y Z i l i c a  gel 

Filter No : 4709 
Silica gel condition after test: 60 -707, m f  

Nozzle No? / R * @ b H m  calibrated by: A?-:.. 6 4  Averaae 
ID Before Test: d Y @ &  a.vm.2 d.VdY p’-376 0-. VB/ 

d.34 5 d39.s pl. Y07. Y. 3?6 ID After Test: d-vf l i  

C-24 
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TRAVERSE DATA SHEET 

1 

- 2  

3 

4 

.-.5. 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

. 23 

24 

25 

,, 

.. 
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40 

41 

42 

43 

44 

45 

46 

47 

48 
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IMPINCER BOX SET UP FOR CHROMIUM MISSION TEST 
AND NOZZLE CALIBRATION SHEET 

f i  BUILDING NO: 

'f PREP BY:-- 

/ 

. .. ...i 

/ 

LINE NO: 237 

CIRCLE 1: INLET 

[d 1. Wash all glassware with d- , a- . d- water, and 
rinse with 0.1N NaOH solution. 

Creenburg-Smith impingers). Record initial weights. 

weight. 

of indicating type silica gel. 

third and fourth impingers. Record filter number. Do not weigh. 
[ ] 6 .  Assemble impinger bottles and glass elbows (180s) so that air flows 

from a smaller to larger holes (if applicable). 

[ / ] 

[ J ] 4 .  The fourth impinger (modified Greenburg-Smith) contains about 1 liter 

[ / 1. 5 .  Place teflon coated filter into filter holder and install between the 

[ / ] 7 .  Calibrate nozzle by measuring four IDS with a micrometer. 

2 .  Add lOOml 0.1N NaOH solution in the first two impingers (standard 

3 .  The third impinger (modified Greenburg-Smith) is dry. Record initial 

Record initial weight. 

- -7 

Impinger No. Contents 

& 1. lOOml 0.1N NaOH 
/-2 2 .  l O O m l  0.1N NaOH a 3. Empty 

4 .  1 1 silica gel 

3 E & E  3@% 5fCW Filter No: 0) I 
Silica gel condition after test: 70% G f E j  

c-29 

! 



. . . . . .  . .  . . I  i .... 

-. 



. .  





I 

i 



1 

TRAVERSE DATA SHEET 

1 

2 

3 

* 4  

6 

' 7  

6 

9 

10 

11 

12 

13 

' 14 

15 

16 

17 

18 

19 

20  

21 

22 

23 

24 

25 

,. ,. 

.. 

(REV 8/86) 

26 

27 

2.3 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

4.3 

49 

50 



IMPINGER BOX SET UP FOR CHROMIUM EMISSION TEST 
AND NOZZLE CALIBRATION SHEET 

Tare Initial 
4786 5’74.q 

DATE: 2 gL 

Final Condensate 
602.6 25,‘z 

BUILDING NO: 4- 

.LINE NO: 2 3 9  

CIRCLE 1: INLET 

PREP BY: 6/CUkC 

[d 1. Wash all glassware with deTeTg&t, 
rinse with 0.1N NaOH solution. [d 2.  Add 100 ml 0.1N NaOH solution in the first two impingers (standard 
Greenburg-Smith impingers). Record initial weights. [d 3 .  
weight. 

[!/ 4. 
of indicating type silica gel. 

third and fourth impingers. Record filter number. Do not weigh. 
ssemble impinger bottles and glass elbows (180s) so that air flows 
from a smaller to larger holes (if applicable). 

:>6. A 

[ ] 7.  Calibrate nozzle by measuring four IDS with a micrometer. 

- 

, and . .  

The third impinger (modified Greenburg-Smith) is dry. Record initial 

The fourth impinger (modified Greenburg-Smith) contains about 1 liter 

d 5 .  Place teflon coated filter into filter holder and install between the 
Record initial weight. 

Impinger No. 
3 -1 
3 -2 

3 -3 

3 -7 

1. 

2 .  

3 .  

4 .  

Contents 

loom1 0.1N 

l O O m l  0.1N 

Empty 

1 1 silica 

NaOH 

NaOH 

gel 
Ldoj3/  J Net Weight Gain 

Filter No: 012 

Silica gel condition after test: PO2 5” c , , t  

Nozzle No: %m Calibrated by: /’I) 6 Averaee 

ID Before Test: 0..3% G . 3 8  G. 3C;ci 0-903 G-s?@I 

ID After Test: 0,433 o,?r?/ fl.46’2- d ) * B r  f i !  qofiyg? 
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HARD CHROME PLATING AND CHROMIC ACID ANODIZING OPERATIONS 
BUILDING 5, NAD ALAMEDA 

TABLE 1: EMISSION TEST RESULTS 

CHROMIUM CHROMIUM CHROMIUM CHROMIUM STACK 
SAMPLE EMISSION EMISSION AVERAGE EMISSION EXIT 
WEIGHT CONC. RATE AMPERES FACTOR VELOCITY 

TEST NO. (mg) (mg/SCF) (mg/hr) (Amp) (mg/Amp-hr) ( m / s )  

5-242-1-OUT 0.0448 1.006E-03 191.801 2393.0 0.080 9.1 
5-242-2-OUT 0.0484 6.248E-04 148.160 2401.0 0.062 11.3 
5-242-3-OUT 0.0678 4.770E-04 142.590 2404.0 0.059 14.2 

~~ ~~~ 

5-241-1-OUT 0.0931 1.059E-03 397.858 4165.0 0.096 22.6 
5-241-2-OUT 0.0999 1.000E-03 432.399 4272.0 0.101 26.0 
5-241-3-OUT 0.0877 8.321E-04 379.351 4433.0 0.086 27.5 

5-239-1-OUT 0.0072 4.605E-05 15.383 422.0 0.036 20.1 
5-239-2-OUT 0.0103 6.076E-05 21.002 562.0 0.037 20.8 

TABLE 2: RESULTS AND PROCESS CONDITIONS 
~ ~~ ~~ 

AVERAGE PROCESS CONDITIONS 
SCRUBBER EMISSION RATE AIR FLOATING ANTI-MIST 

NO. (mg/amp-hr) AGITATION POLYBALLS ADDITIVE 

242 (PLATE) 0.067 YES YES YES 
241 (PLATE) 0,094 YES YES YES 
239 (ANODIZE) 0.037 YES YES YES 

TABLE 3: EMISSION TEST DATA 
~ 

NOZZLE SAMPLE SAMPLE AIR SAMPLE STACK 
DIA. RATE TIME VOLUME % H20 FLOW RATE ISOKIN 

TEST NO, (in.) (CFM) (min.) (SCF) (%)  (DSCFM) (%)  

5-242-1-OUT 0.396 0.49 120 44.55 2.1 3179.17 102.1 
5-242-2-OUT 0.396 0.36 168 77.41 2.1 3951.96 101.9 
5-242-3-OUT 0.481 0.64 120 142.23 1.8 4982.09 140.9 

5-241-1-OUT 0.399 0.75 120 87.92 1.9 6261.36 100.7 
5-241-2-OUT 0.400 0.73 120 99.90 1.9 7205.80 99.0 
5-241-3-OUT 0.401 0.83 120 105.45 1.8 7598.71 98.6 

~ 

5-239-1-OUT 0.396 0.66 250 156.44 2.0 5567.65 98.2 
5-239-2-OUT 0.399 0.63 250 169.03 1.7 5761.37 101.0 

D-I 
I 
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EMISSION RESULTS 
SAMPLE CALCULATIONS 

TEST 239-1-OUT (TOTAL CHROMIUM) 

CHROMIUM WEIGHT - [analysis volume (1) * lab analysis. (mg/l)] 
Where: n = probe, impinger 1, and impinger 2 

Example : 
Emission Weight - 10.0932 (1) * 0.043 (mg/l)] + [0.1623 (1) * 0.018 (mg/l)] 

+ [0.1569 (1) * < 0.002 (mg/l)] = 0.0072 ( , g  

EMISSION CONCENTRATION - chromium weight (mg) / air sample volume (SCF) 
Example : 
Emission Concentration - 0.0072 (mg) / 156.44 (SCF) - 4.605E-5 (me/S CFl 
EMISSION RATE = emission concentration (mg/SCF) * stack flow rate (SCFM) 

* 60 (min/hr) / average amperes (Amp) 
Example : 
Emission Rate - 4.605E-5 (mg/SCF) * 5567.65 (SCFM) 

* 60 (min/hr) / 422.0 (Amp) - 0 . 0 3 6  (mv/AmD-hr) 

STACK EXIT VELOCITY - stack flow rate (SCFM) * 0.305 (m/ft) / 
[stack exit area (ft’) * 60 (s/min)] 

Example : 
s tack Exit Velocity - 5567.65 (SCFM) * 0.305 (m/ft) / (1 .406 (ft’) * 60 (s/min] - 20.1 ( m / s )  

Note: Stack Exit Area is 27 x 7.5 inches. 

D- 2 
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E P A METHOD 5 H P / 4 1 C X  CALCULATOR PROGRAM 
i 

BltLEL 'NOI(0KIH- 
e2 CLRC 
e3 FIX e 
e5 AVIEW 

e8 RVIEH 

i e  RVIEW 
11 RDV 

12 'TEST HO.=?' 
13 PROHPT 

14 'RUN HO.=?' 

16 'FILTER NO.=?' 

e4 -METHOD 5 H o w  
86 ADV 

67 'ENTER.DRTA' 

e9 THEH PUSH RIS* 

15 PRONPT 

17 PRONPT 
18 FIX 3 

19 -1HlTIRL HETER' 

21 'VOLUHE FT3=?' 
2e RVIEU 

22 PROHPT 
23 STO 22 

25 PROHPT 
26 STO 12 

28 PROHPT 
29 STO 13 

30 'STACK AREA' 
31 R V I E Y  

33 PROIIPT 
34 STO 25 

35 'STACK STATIC: 
36 RVIEU 

37 'P IH H20=?' 

39 13.6 
48 I 

41 'PEAR IN HG=?' 

.... ' 24 'DELTA-HtAT = ?- .- 

. .  
27 m m  cannA = 7- 

32 'IN. SQ. = ?' 

38 m o m  . .  

42 PEonPi 
43 STO 27 
44 t 
45 STO 26 
46 1 

47 '2 H20=?.. 
48 PRonPi 
49 i e e  
58 I 
51 - 
52 STO 28 

53 'STACK GRS UET' 
'54 RVIEY 

55 -noL UT, ns,- 
56 RVIEU 

57 'LWLB fOL=?' 
58 PROHPT 
59 STO es 

68 W G  STACK' 
I ' . 61  R V I E Y  

62 -iEnP DEC F=?. 
63 PROIIPT 
64 468 
65 + 
66 STO 86 

67 'AVG DELTA-P- 
68 RVIEY 

69..'IN. .H20=?' 

71 STO 24 
72 'RHBIMT' 

73 AVIEW 

' 7 5  PROIIPT 

77 + 

78 PROMPT 

74 m P  F=?- 

76 468 

7e STO e8 
79 'PITOT T u w  

ee a v w  
e2 PRanPi 

e5 -RVG STACK- 

e7 VELOCITY FPR=- 

81 'CSUBP-?' 

' .  83 STO 89 
84 ADV 

86 AVIEY 

88 AVIEU 

98 RCL 24 
91 * 
92 RCL 26 
93 I 

95 I 
96 SQRT 
97 5123.2 
96 
99 * 

e9 RCL 66 

94 RCL es 

l ee  STO i e  
l e i  VIEH x 

182 TOR 8.75 CFW 
103 A V I E Y  

184 'IDEAL NOZZLE' 

186 'DIA IHCHES= - 10; RYIEU 

187 432 

189 * 
108 RCL 06 

I l B  RCL 27 
111 * 
112 P I  
113 RCL 28 
114 4 

116 * 
118 t 
119 RCL 26 

115 RCL i e  

117 RCL e8 

120 * 
121 I 
122 SQRT 
123 ARCL X 
124 A V I E U  
125 RDY 
126 X t ?  

126 RVlEW 

138 PROHPT 
131 STO 11 
132 X t 2  
133 I 
134 1IX 
135 .75 
136 * 
137 ADV 

138 'SAHPLE CFH = - 
139 RRCL X 
148 RVIEU 
141 1/X 

143 * 
144 ADV 

127 -ACTUAL NOZZLE- 

129 'DIA INCHES-?' 

142 3e 

,145 w i t n u n  RUN- 
.. 146 AVIEH 

14i, 'TIHE, MIH. = . 
: 148 ARCL X 

149 AVIEW 
158 RDV 
151 -******- 
15? RVIEW 

153 '--BEGIN RUN--' 
. 154 AVIEW 

156 'ENTER DATA AS:' 
155 RDV 

157 R V I E Y  
158 RDV 

159 -STO R = DELTA-P' 

161 'STO B = T-STACK' 

163 'STO C = T-HETER' 

168 AVIEY 

162 AVIEU 

164 RVlEW 
165 A D Y  

166 'TO CORRECT' 
167 A V l E l l  .~ 

168 'ERROR, RE-EHTER' 
169 RVIEW 

178 'ALL VALUES AS' 
171 R V I E Y  

172 'HEGATIYES' 
173 A V l E H  
174 RDV 

175 'TO CHECK- 
176 RYIEU 

177 ' ISOKINn H I T -  
178 R V I E Y  

1 179 m, RIV 

188 R Y I E Y  
IS1 RDY 

162 'TO END RUN.' 
I63 AVIEY 

164 'HIT 8,  RJS' 
1% RYlEU 
186 ADV 
187 '******' 
IS!: RYIEY 

~ L E L  el 
198 aav 
191 RCL e7 

194 FIX e 

192 I 
193 t 

195 'POINT HO. - 
196 ARCL X 
197 RYIEU 
198 FIX 2 
199 STOP 

281 x=Y? 

203 RDH 

2ee 580 

282 CTO 48 

2e4 A 
285 X)Y? 
286 CTO 39 
287 XOY 

289 CTO e? 
z ie  i 
211 ST* 8: 
212 ECL e? 

296 X=R' 

213 468 
214 + 
215 S T t  28 
216 STO 16 
217 RCL 83 
216 ST+ 17 
21P 469 
228 t 
221 STO 18 
222 RCL 61 
223 SRRT 
224 S T t  19 
225 RCL 81 
226 RCL 16 
22: * 
2 2  SQRT 
229 ST+ 23 

23WL6L 31 
231 -DELTA H=' 

232 A V I E Y  
233 'IN. "XI...' 

234 AYIEY 
235 S51 
236 RCL (9 
237 RCL 25 

r 

I 
f 



238 * 
239 Xt2 
249 * 
241 RCL 12 
242 * 
243 RCL 26 
244 * 
245 RCL 27 
246 I - 
247 RCL 16 
248 * 
249 RCL 16 
259 / 
251 RCL 11 
252 4 
253 Y t X  
254 * 
255 RCL E l  
256 * 
257 ST* 15 
258 VIEW X 

259 -bi***t$. 

268 AVIEW 
261 CTO e1 

- -_ - 262tLEL 3E 

I 264 RVlEU 
263 'CORRECTIHC' 

265 I 
266 ST- E7 

268 CHS 
269 468 

271 ST- 28 
272 STO 16 
273 RCL E3 
274 CHS 
275 ST- 17 
276 460 
277 + 
278 STO 18 
279 RCL E1 
288 CHS 
261 SQRT 
2S2 ST- 19 
263 RCL E l  
284 CHS 
285 RCL 16 
286 * 
2S7 SQRT 
288 ST- 23 
289 CTO 31 

267 RCL e2 

278 + 

29ErLBL 49 
291 'LRST HTR VOL 7. 

292 PEOHPT 
293 RCL 22 
294 - 
295 RCL 13 

296 * 
297 RCL 17 
298 RCL 67 
299 1 

381 + 
302 I 
383 'TIRE ?' 
384 PROHPT 

3ee 468 

385 
386 RCL 2e 
387 
3E8 RCL 28 
383 / 
318 RCL 11 
311 Xt2 
312 / 
313 RCL 23 
314 / 
315 RCL E9 
316 
317 RCL 85 ' 

318 RCL 26 
319 t 
328 SQRT 
321 * 
322 3.579 
323 * 
324 RDV 

326 RRCL X 
327 RVIEY 
328 RDY 

339 RVIEW 

332 -$tt*$*- 
333 RSIEY 
334 GTO 81 

325 TRESEHT ISOKIH=' 

329 'CONTINUE RUH . . ' 
' 331 RDV 

3 3 5 r ~ ~ ~  i z  
336 -=E====. 
337 AVlEY 
338 RDV 
339 'ISOKIH- 
348 RYIEU 

341 'AVC VRLUES- 
342 RVIELl 
343 FIX 3 
344 RCL 23 
345 RCL E7 
346 / 
347 STO 23 
348 -KV=' 

358 RVIEU 
351 RCL 17 
352 RCL 97 
353 I 

354 'THETER F=' 

349 aRcL x 

355 RRCL X 
356 RYIEU 
357 468 
358 + 
359 STO 17 
368 RCL 15 
361 RCL E7 
362 I . 
363 STO 94 

364 'DELTR-H=- 
365 RKL x 

, 366 RVIEW 
367 RCL 19 
368 RCL E7 
369 

371 STO 19 
372 'DELTR P-' 

373 RRCL x 
374 RVIEW 

376 RVIEU 

378 PROHPT 
379 STO 21 

360 'INITIAL=' 
381 ARCL 22 
382 WIEY 

384 RVlEU 

386 PROHPT 
367 STO I 4  

389 RVIEY 

391 RRCL 26 
392 RVIEY 
393 RCL 28 
394 RCL E7 
395 

378 x t z  

375 'FIHRL HETER' 

377 'YOLUHE FT3=?' 

363 'SRIIPLE TIME' 

385 'IIIH. =?' 

38s 'PSTRCK RES- 

398 -1H HC=' 

396 STO 28 
397 468 

488 RRCL x 
396 - 

399 'TSTRCK F=' 

481 RVIEU 
482 ADY 
483 -====;=- 

485 RDV 
496 'SOURCE TYPE?' 

497 RVIEY 

499 RYIEU 
41e '1-BOILER' 

411 PRORPT 
412 STO E6 

414 PROMPT 

4e4 RVW 

488 -E=OTHER- 

413 -% caz =?- 

.2 

415 STO 81 
416 '% 02 =I' 

417 PROIlPT 
418 STO e? 

428 AVIEY 
119 'H2O GRIN KHOUX?' 

421 'I=YES 6=HO' 
422 PROMPT 
423 ST0 E8 
424 X=@? 
425 CTO C 

426 WAITING' 
427 AYIEW 

429 A V I E Y  
438 RUV 

431 'HIT RIS' 
432 RVIEU 

433 -10 COHIINUE...' 
434 RVIEY 
435 RDV ' 

436 STOP 
437 'H20 CRIH=?' 

438 PROHPT 
439 STO 29 

44WLBL C 

426 'RECOVERY DRTR. ' 

441 'HE1 HETER ' 
442 WIEY 

443 'VOL. FT3=' 
444 RVIEY 
445 ECL 21 
446 RCL 22 
447 - 
446 RCL 13 
449 * 
458 VIEL! X 

452 RVlEU 

454 RVIEU 

456 R V l E U  
457 RCL 26 
456 RCL 17 
459 I 
468 17.641 
461 * 
462 * 
463 STO 22 
464 VlELl x 

466 AVIEY 

466 RVIEY 
469 RCL 68 

471 CTO E3 
472 RCL 29 
473 RCL 22 

451 'CORRECTED- 

453 'SRIIPLE YOL: 

455 'VMSTD SCF:' 

465 -HOLE FRACT. DRY- 

467 ' C I S  (l-@YS) =. 

478 x-e? 



474 .E471 
475 I 
476 RCL 29 
477 t 
478 I 
479 CHS 
488 I 
481 + 
462 STO 28 
483 V l E H  X 

~. 

~ S ~ ~ L R L  e4 
435 - 2  H?O = - 
486 AVIEU 
487 1 
488 - 
489 CHS 
498 199 
491 * 
492 FIX 1 
493 VIEW X 
494 F I X  3 
495 GTO I 1  

4 9 6 t L 8 L  83 
497 RCL 28 
498 VIEU X 
499 GTO 84 

588tLEL I 1  

582 RVlEU 

584 AVlEW 

581 'STRCK GAS UET- 

583 -HOL. UT. HS,. 

585 - w e  I!OL=- 
586 RVIEW 
587 RCL 81 

589 t 
518 RCL 02 

588 .44 

511 .32 
512 * 
513 t 
514 I R R  
515 RCL 01 
5 1 6  RCL 82 
517 + 
513 - 
519 .22 
528 * 
521 + 
522 RCL 28 
523 * 
524 I 
525 RCL 23 
526 - 
527 18 
528 * 
529 t 
538 VlEH X 

531 'RVG VELOCITY 
532 AVIEH 
533 'FPH =. 
534 AVIEY 
535 RCL 26 
536 * 
537 V X  
538 SQRT 
539 RCL 23 
548 * 
541 RCL 99 
542 * 
543 5123.2 
544 * 
545 STO IO 
546 V I E 1  X 

548 AVIEU 

558 RVIEU 
551 RCL 18 
552 .I225 
553 * 
554 RCL 25 
555 * 
5% RCL 28 
551 * 
558 RCL 26 
559 * 
561 / 
562 VIEH X 
563 'RCFtl =. 
564 AVIEH 
565 RCL 18' 
566 RCL 25 
567 * 
568 144 
569 I 

571 RCL e6 
572 X=R? 
573 GTO RS 

575 AVlEW 
576 I88 
577 RCL 82 
57; - 
579 RCL 81 
588 - 
531 .264 
582 * 
583 RCL O? 
584 - 

547 'STRCK DRY GAS' 

549 'FLOW QS SCFH=' 

568 RCL 29 

578 VIEW x 

574 'EXCESS A I R  % =. 

585 IIX 
566 RCL e2 
537 * 
568 le9 
589 * 
SBBBIEU X 

5914LRL 88 
592 RDV 

593 -**********- 
594 RDV 
595 RVlEU 
596 RCL 21 
597 RCL 28 
598 * 
599 1 8 3  
688 * 
691 RCL 26 

683 RCL 26 
684 I 

682 I 

688 I 
689 RCL I 1  

611 I 
612 FIX I 
613 RDV 

615 ARCL X 
616 AYIEY 

618 x t2  

614 ' ISOKINETIC %I = -  

617 auv 
618 Vtt t t t l t t '  

619 RVlEH 
628 .END. 

! 



MEMORY REGISTER ASSIGNMENTS 
FOR NOMOKIN CALCULATOR PROGRAM 

I I I I I 1 1 2ND I I I 
I I I A S S l C N E O  I I @  I I ASSIGNED I I @  I 

I .I H20 CAIN I I'PES 1 I I I 1 I I 
I I 00 I KNOWN? I O-NO 1 423 I I I I 
I I I I 

I I I I 

I I I CONTROL BOX .XTER I 

I 
I I I I 1Vlb I I I I 1 I WET STACK CAS I 

I I I AVERAGE STACK I I 
I I I I I I I I 

I 1 0 7 1  I n  1 I 207 I I I I I COUNTER I 
I 

I I I 1 M B l E N T  A I R  I I 
I 1 I I I I I I I I 

1 1 0 9 1  C P  I I a3 I I I I 
I V* I 

I I I I 
I I I I NOZZLE D U H E T E R  I 

I .I 
I I I I I I I I I I 

' I  I I I I I I 
I 29 I I I I \  I I 
I I I I I ORY CAS METER I 1 

I I I I I I I I I I I 
I 1 1 5  I Z A H  I I 253 I I I I 
I I I I I I 

I I 

I I . I I 18 I ( t m ) n  I O n  I 217 I I I I I I 
I I I I I I I 

I I 

vn I I 
I VI( I I I 

I I 

_ I  I I I PRESSURE DROP I 

. I  I I I 1 STACK CROSS- I 
I 

I I I I I ABSOLUTE I I 
I I 26 I Ps I "HC I 45 I I I I I STACK PRESSURE I 
I I I I I I 

I I HOLE I 

I I I WATER CAIN I : I 1 29 I H20 Kain 1 KrarnS I 439  I I I I I O F  1 n P l l i G E R S  I 

I I STO I VAR1ABl.E I U N I T S  I L I N E  NO. I CHANGE I VARIABLE 1 U N I T S  I L I N E  NO. I 

I P R f f i m  L m i c  ;ATE I 

1 f 0 3  I ( t d n  I OF I 195 I I I I I TEMPERATURE I 

I I 06 I CS(.VK) I O R  I 66 I I I I I TEMPERATURE I 

1 I on I C a n b  I O R  I 7 8  I I I I 1 TEMPERATURE I 

I 01 I ( A P ) n  I "YC I 195 I * I X COZ f I 414 I VELOCITY PRESSURE I 

I 417 I STACK TEHPERATURE I I ! 0 2  I ( t s ) n  I O F  ! 195 I * I X 02 I 
I I I I I I PRESSURE DROP ACROSS I 

I I 0 4  I A H a w  I "WC 1 360 I I I I I HETER BOX O R I F I C E  I 

I I os I M* I Dole I 5 9  I I I I I HOLECULAR MICHT I 

I P I T O T  TUBE COEFF. I 

I I 10 I Vdaw) I f p m  I 100 I * I (actual) I f p m  I 545 I STACK GAS VELOCITY 1 

I- I 11 I D n  I in.  1 131 I 

,- I I 1 2  ! AH@ I "WC 1 26 1 

-_ . 

I *  I I I I 

I I 1 3  I I 

I I 16 I ( t s l n  I O R  I 212 I I I I I I 

I I 1 7  I z ( r m )  I O F  I 214 I * I ( r m ) a w  I R I 356 I I 

I 1 1 9  I I F  I I 220 I ( b P ) a V K  I 368 I I 

. '  I I 2 0  I z ( t a )  I O R  f 211 I+  I ( t d a v g  I R I 393 ! I 

I I 2 1  I ( f i n a l )  I f t 3 .  I I I I I 

. I  I 2 3  I2-I I 225 ' I + Im I@*&, I 344 I I 

1 I 2 5  I A B  I i n 2  I 34 f I I I 

1 I 27' ! Pb I "HC I 4 3  I I I I 

I 1 1 4  I I t  I m i n .  I 384 I I I I k w  1 CORRECTION FACTOR I 

NET TIME O F  T E S T  1 

I F l N A L  METER VOLmlE I 

. I  f 22 ! ( i n i t i a l )  I ft' I 22 I j I V m ( r r d 1  I I 463 I I N I T I A L  HETER VOLUME I 

I I 24 I APWK I I 24 I I I 1 I ACROSS P I T O T  TUBE I 

I SECTIONAL AREA 

I BAROMETRIC PRESSURE I 

' I f 28 I (I-Bvs) I i 52 ! * I ( l - B u a )  I I 482  1 FRACTION DRY CAS I 
- 1  e s t i m a t e d  actual  

I 
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-- EPA CONSTANTS -- 
Symbol 

g 

Unit - 
32.1725 ft/sec2 

Description 

Acceleration due to 
gravity 

Conversion factor 

Pitot tube constant 
(METHOD 11) 

(METHOD IV) 
.Conversion factor 

Conversion factor 
(METHOD IV) 

Standardizes 
temperature and 
pressure (METHOD IV) 

Standardizes 
temperature and 
pressure (METHOD V) 

Conversion factor 
(METHOD v)  

Constant for standard 
pressure and 
temperature (METHOD V) 

Molecular weight of 
air 

Molecular weight of 
water 

r 

453.59237 
r 

(lb/lb-mole)(in. Hg) 112 
85'39 ft sec 1 , (oR)(in. H20) J 
0.4710 ft3/m1 

0.04718 ft3/m1 

17.65 "Rlin Hg 

K1 17.65 OR/in Hg 

'. -_ 
K2 0.04710 ft3/ml 

K4 

m a i r  

MwH 0 

28.9641 lb/lb-mole 

18.01534 lbllb-mole 

P,td 29.92126 "Hg 

Pair 0.0752236 lb/ft3 

P H ~ O  0.99824 g/ml 

P H ~ O  62.31639 lb/ft3 

Tstd 528OR 

Absolute standard 
pressure 

Density of air at 
20% 

Density of water at 
20oc 

Density of water at 
20% 

Standard absolute 
temperature 

E-5 

. 



-- STANDARD EPA PARTICULATE CALCULATIONS -- 

1. Vdlume o f  d r y  gas i n  cub ic  f e e t  sampled a t  s tandard c o n d i t i o n s . *  

V = 17.646 V, ( Pb t ,= AH ) 
m s t d  = ft. 

t, t 460 

2. Volume o f  water  vapor i n  cub ic  f e e t  c o l l e c t e d  a t  s tandard c o n d i t i o n s . *  

By volume measurement: 
- 

H2° T s t d  
(VW) P 

- ,.. vw - 

V W 

453.59237 - _  c 

gas 'std MWH20 
i 

= 0.0471 V, 
gas 

By mass measurement: 

(%) T s t d  

453.59237 ' W  
gas 'std MWH20 

V, . = 0.0472 m, 
gas 

3. Percent  m o i s t u r e  i n  s t a c k  gas 

I1 

4. Mole f r a c t i o n  o f  d r y  gas 

100 - 2 4  Md = 
- 

100 
* 52E0R, 29.92126 in. Hg 

E-6 

-0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 

0 
0 
0 

e 
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11. 

12. 

13. 

- 
14. 

15. 

! '  

16. 

17. 

Particulate total, grains/SCF 
s- 7 

'ao =15.432 [e] = gr/SCF 

- 
Particulate - probe, cyclone and filter, gr/CF at stack conditions 
Cat - - [(t:s:d460)] "d 

- 17.646 C P M 
'at - an = gr/CF 

t, + 460 
Particulate - total, gr/CF at stack conditions 

- - 17.646 Cao P, Md 
'a u = gr/CF - 

(ts + 460) 
Particulate - probe, cyclone and filter, lbs/hr 

(60 min. ) (,AoAbgr ) 
Caw = Can Qs -TIE- 

Caw = 0.008571Can Q, = lbs/hr ' 

Particulate - total, lbs/hr 
'ax 
Percent excess air at sampling point 

X EA = 

= 0.008571 C,, Q, = lbs/hr 

100 (02) 

.26.4 - 1.264 (02) - 0.264 (C02) 

I 

NOTE: Assumes CO concentration is approximately zero compared to O2 and to2. . 
* 528'R. 29.92126 "Hg 

E-7 



5. Average molecular weight of dry stack gas. 

MWd = [0.44,'(XCO2)]+~.32 (zO2)]+~.28(lO0 - SO2 - X O  2 ) I = lb/lb mole 
6. Molecular weight of stack gas. 

lb MW MWd x Md + 18 (1-Md) . .  = 1- 

7. Stack pressure, "Hg Absolute 

stack pressure '"H20 P, = Pb + 
13.6 

8. Stack velocity at ;tack conditions, fpm 

U, = C, 60 
r I I a 

L 
- V, = 5123.2 C 

= fpm I' p[  (PSI (MY) 

(ts + 460) (AP,) . ' C  

I' 

9. Stack gas volume at standard conditions, SCFM* 

9,- s s d V A M' TStd P, 

144 (ts + 460) Pstd 

0.1225 V, A, Md Ps 9, = 
= DSCFM 

t, + 460 

10. . Percent isokinetic 
(ts + 460) Pstd 100 

%I "std 

1039 V (ts + 460) 
XI = %d 

2 
Md 's Tt '5 On 

528'R, 29.92126 "Hg 

E-E 
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118101 

., > 

.:. 

118102 

118200 

118201 

118202 

11-8-203 
k 

'% 
-. 

/ ' 
' . .  1 1 8 2 0 4  

118265 

118m 

11-8-207 

11-8-300 

11-k3Ol 

REGULATION 11 
HAZARDOUS POLLUTANTS 

RULE 8 
HEXAVALEKT CHRO MlUM 

(Adopted Juiy 20,1088) 

GENERAL 

DesuipUon: The p u v  of thls Rule is to con& emissions of hexadlent chromium 
IO the atmosphere from the fdlowlng xrurces: hard chrome plating. deCOk3tNe 
chrome phang. and chromic acid anodlrlng. 
Exemptton. Trivalent Chromium: The mslons of this Rule do not apply 10 
operatlorn which do nol use herawlem chromium. 

- 

DEFINITIONS 

Chrome Phtlng: The process by which chromium is electrodeposited from a solution 
cornalning compounds of chromium omo a subsvae in order 10 provide either a 
deunative surfaca or a corrosicn. and weariesislant surfaca. 
Chromk Add Anodldng: The elecudyclc pmess by which a metal surbce is 
convened to an oxide in a dullon CMMining chromic afid. 
Decorative Chrome Platlng: A chrome pbting process resulting in the dewsilion of 

Emlwfon: A gas or liquid N e a m  containing one or mom air comaminanfs. The verb 
form, emlL mearu the a a  of dbcharplng an emblon inlo the amsphere. Indudes 
~ f u g i l t v e e m M o r u d J e c o n d a r y ~  ' frumwasfeweterlrea~ ' 

EmU& QUKtlon Systam: . A devlce DC appa&s &-to gather hexavalent 
chromhrm emlosbm tra the surfaca d a chrome plating b anodlling tank Ah 
emtssbmcdlectkn system- axskias d hoods, d w g ,  and tan. and may 
cenedemksbnsfromoneorn)MephtlngBnk 
Hard Chmmo Pbtlng: A chrome $a!kg procass resdting In the depcsitim of a' 
chrome layer grmter than 1 m h n  (0.04 ma) thldr 
MIS Supprewunt: A chemical addbe which reduces the emissicn mIe of 
haxavalenr chmmium from a plaang kit& A mist suppressam m y  operate by 

.reducing fhe surface lension of the phtrng bath. by creating a layer of dense !cam 
averthe endn, surfaca cd the bath, 01 by a combinallon of these e f f ~ L %  

STANDARDS 

Deconlive Chrome Plating: A person shall not operate a decorative chrome plating 
tank urJess one of the Idlowing comrd techniques is'applied: 
301.1 A min suppressam is continuously maintained in the tank in a manner which 

has been demonstrated to the satisfanion of the APCO to reduce emissions cf 
h d e m  chromium by 95 percent or more relative 10 emissions when a mln 

301.2 A layer of plasclc balls Is mminwusty maintained in the tank in a manner wh ia  
has been demonstrated lo the satisfanion of the APCO 10 reduce emissions d 
hexavillem chromium by95 percent or more relative to emissions when plastic 
balls are not used. 

301.3 An equivalent method approved by the APCO is applied. 

- 

. a dvome layer 1 micron (0.04 ma) thlck or 1- 

. .  

supptBuam Is not used. 

- 
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11-8310 Hard Chrome Platlng and Chromlc Acid Anodldng: A. person shall not operate a 
hard chrome platlng tank or chmmk acid anodizing tank unless the emissions of 
hexavalent chromium from the emissions collection system serring the tank have 
been reduced to less than the following levels: 
310.1 Emissions of hexavalent chromium from hard chrome olatinqand chromic acid 

anduing shall not exceed 0.15 milligrams (mg) of hexavalent chromium per 
ampere-hour of decuical current applied to the cank(s) serve0 by the 
armssrrrm ' collectfon system 

3102 If Coral facai-wide emls'oru of hexavalent chromium from hard chrome 
prating and chromic acid ancdblng are more than 2 paunds per year. bul less 
than 10 pounds per year. the limit is 0.03 milligrams (mg) of hexamlent 
chromium per amperehour of decoical current applied to the cank(s) served 

310.3 If !om1 facility-wide emissions of hexamlent chromium from hard chrome 
plating and chromic acid ancdking are more than 10 pounds per year, the lima 
is 0.006 milligrams (mg) of hexawlent chromium per ampere-hour of electrical 
CUtTeM applied to the tank(s) served by the emissions Collecrion system. 

Mlnlmum Acceptable Stack Design: A person shall not operate a source subject to 
SecUon 114-310 unless all exhausted eminions are emitted through a stack no less 
than 10 meters above grade at a velocity of no less (han 10 meters/second. 

. . 

by the emissions collectlon system. 0 

11-8330 - 
, 

,i. - 118400 ADMINISTRATIVE REOUlREMENrS 

11-8401 Cornplhnca~Schedule: Any perron subject to thls Rule shall comply wivl me 
fdlowing lncremems of progress: 
401.1 January 1, 1989: Any p e w  subject to Sectbn 114-301 shall submit to the 

APCO a desuiptfon cf the method used t~ achiwe wmplianc6. The . , 
dascrlptlon shaU .kjentny. operslng. +en such 'as chemical . 
c~canpatlono bath tempecaturas. or any cthw parameter identified by the 
APCO. whlch muSt be maimalned In order10 comphl with this Rule. 

4012 January 1, 1989: Any p e h n  subiw to Section 118510 shall submit to me 
APCO an applleatlon for an amhorny to wnswc! equipmenf to meet the 
requirements of S d O n  116-310.1. or demonsirate through an approved 
source test that the source is a~reedy in cornpltmca 

401.3 July 1. 1991: Any person subject to Sectlons 11-8-3102 or 11-8410.3 shall 
submi3 l o  the APW an applit lon for an auhority to consl~c! equipment to 
meetthe requirementso! SecUons 11-83102and 11-8-3103. 

401.4 Jtdy 1. 1990: Any person subjed to Section 11-8-3102 or 11-8410.3 shall 
submit to the APCO a repan describing contrd techniques. including 
mcdifications of operating practices processes or equipment. that that person 
considered. The reparr shall indude the reasons for non-utilization of anv 
contrd technique considered. All conml techniques identified by the APCQ 
prior to January 1.1996. shall be consdered. 

11-8-402 Effective Dates: 
402.1 Sedlon 11 8401 Is effectbe January 1,1989. 
402.2 Section 11-8-310.1 Is ePective January 1. 1990. 
402.3 Sections 11-8-3102 and 310.3 are effective July 1,1992. 

11-8-403 Demonstration of Compliance: Compliance with Section 11-8-310 shall be 
determined by the following procedure: The actual emission factor (expressed in 
mg/amp-hour) for the equipment in question shall be measured per Section 11.8602. 
Allowable annual electricity usage. in amphours. shall-be calculated based on me 

.. . 

. 

. 
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11-a-u)4 

11-8-500 

llS501 

. .  

11-b502 

11-8-501 

11-8400 

... .- 11-g601 

. '  11-8402 

measured fanor. The operatlng permk shall be condFloned to r d e c  the dlowaMe 
~~c~ wage and operatlng condklons. 
Initial Demonstratlon of Compllanca: Any person subject I O  Section 11-8-310 srall. 
wahln 60 days of the eflecttve date of the appropriate Section. or within 60 davs of 
stanup of the plating opelation. whichever is later. perform a source test to determine 
the hexavalent chromium emission fanor and subma the reSults to tne APCO. 

MONITORING AND RECORDS 

Usage Records: Any pemn subjecr to this Rule shall keep monthly records of cunent 
applied to the plating baths integmed Over lime. in unns of amphours. 
Operating Parameter Records: Any person subjen to Section 114401.1 shall 
mainfain records of chemical concentrations. bath temperatures. or any other 
measurements recommended by manvfanurer's specfication or tne APC3. 
Repofling: Any person subjeCl to this Rule shall submn recoros of cjrrenr 
Consumption to the APCO on an annual basis. and shall maintain sucn reccros for at 
least one year tollowing subminal. SvKicient information shall be provloed to ailow 
separate determination of compliance lor each emissions collection system. 

MANUAL OF PROCEDURES 

Deterininallon 01 Emissions: Emissions of hexavalent chromium shall be determined 
by multiplying the measured amphours of usage by the emission fanor measured 
pursuant to Sectlon 1 1  8602 
Determlnatlon oi Emiu ion  Factw: The hexavalem chromium emission faaor 
(mg/amphr) shall be measured as prescribed In the Manual of Procedures. Volume 
N, sa. , .  

. .  
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METHOD 425 

EMISSIONS FROM STATIONARY SOURCES 
DETERMINATION OF TOTAL CHROMIUM AN0 HEXAVALENT CHROMIUM 

1 APPLICABILITY. PRINCIPLE. AND FIGURES 
... . . .  

1. 2 

1. 2. 

APPLICABILITY 

This method applies to the determination of hexavalent chromium 
(Cr(V1)) and total chromium emissions from stationary sources. 
Applicability has been demonstrated for the metal finishing and 
glass industries. Its applicability has not been demonstrated 
for sources with high particulate mass emission rates. 

PRINCIPLE 

Particulate emissions are collected from the source in an 
alkaline medium by use of CARE Method 5. with modifications noted 
in this method. The components of the collected sample are each 
divided into two equal portions with one portion of each 
component used for total chromium analysis and the other portion 
used for hexavalent chromium analysis. 

1.. Hexavalent Chromium Analysis 

For the hexavalent chromium analysis the collected sample 
component portions are extracted in an alkaline solution and 
analyzed by the diphenylcarbazide colorimetric method. 

1. 2. 2 Total Chromium Analysis 

For the total chromium analysis the collected samples must be 
prepared in order to convert organic forms of chromium to 
inorganic forms. to minimize organic interferences, and to 
convert the sample to a suitable solution for analysis. 
Samples are then subjected to an acid digestion procedure. 
Following the appropriate dissolution and dilution of the 
sample, a representative aliquot is placed manually or by 
means of an automatic sampler into a graphite tube furnace. 
The sample aliquot is then slowly evaporated to dryness, 
charred (ashed). and atomized. The absorption of. hollow 
cathode radiation during atomization will be proportional' to 
tCle chromium concentration. 

1 .  3 FIGURES 

The following figures Sumnarize features of this method. 

! 

.- 



1. 3. 1 Figure 1. 

Sample Collection and Recovery f o r  Hexavalent and Total Chromium a 
0.1 N NaOH rinse at la0 

glass- l lned probe 0.1 W NaOH impingers fi lter 

-- 
L. -:i 

.... 1 & 

-- ..... ..... r.'.:.'.! 
..:.'.'.! 

-- 
I - ., .. . .  F:Tt 

I .  ' i  I . .;- 
probe iri~pirgert' probe irnpinacr.' 

I :  - - 
filter filter 

I I 

v v v v 
Hexavalent Chromium 

Analysis  

{ optionally,  the protocol may call  for ) I 
See Figures 2. & 3 extract ion of the  f i l ter  in only one of 

thc impinger l iquids,  r h i c h  r i l l  crea te  I \ three sample recoveries for analysrs 1 

425 - 2 
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1. 3. 2 Figure 2. 

,. Hexavalent Chromium Ana lys i s  

optionally, thb protocol may ca l l  for 
cxtractlon of the f t l t c r  tn only onc o f  

the impinqer liquids, which rill crcatc 

typically : 
t v o  separate analyses 

+ 
See Figure 1.- 

. 

c.. - .... --- - - 

to  a 50mL volumctrit f la sk  
' I  

djust the pH to It02 vith 611 sulfuric a d d  and 
add 1 .O mL o f  diphenylcarbazide solution 

dilute to volumc r i l h  r a t e r  - l c t  color dcvclop 10 minutcs 

f i l ter  t o  remove susprnded solids after 
pr r -vet t ing medium rc t rn t ion f i l t e r  paper v i l h  

a f e r  mL each of  f i r s t  reagent blank and thrn sample 

I measure absorbance of a samplc portion I and rcaoent blank at 5 4 0  nm 

if reading exceeds calibration, 
dilute r i t h  reagent blank or  r remeasur+ using l c r r  of rcmaining sample 

L 

i 

425 - 3 
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1. 3. 3 Figure 3. 

Total Chromium Analysis 

. ., 

optionally, the protocol may ca l l  f o r  
extraction of the f i l t e r  in only one of 

the impinger liquids, r h i c h  rill create 
three sample recoveries fo r  analysis 

See Figure 1.- typically : 
tro separate analyses . 

I' 

add 10 mL HMO3 rq reflux to  near dryness 
(..I 

.) 

t add 5 mL HMO3 77 ref lux to near dryness 
1 3  

transfer to a volumetric flask and 
adjust t o  a predetermlncd volume 

f iniect a measured aliauot \ < 

in  UL amounts into a furnace type I 
atomic absorption spectrophotometer 

measure absorbance of a sample portron 
and reaqcnt blank at  357.9 nm I e 

425 - 4 
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2 RANGE, SENSITIVITY. PRECISION, AND INTERFERENCES 

2. 1 RANGE 

2. 1. 1 Hexavalent Chromium 

A straight line response curve was obtained in the range 0.5 
ug Cr(VI)/SO mL to 3.0 ug Cr(VI)/50 mL. 
analytical accuracy of 100 2 10 percent, the lower limit of 
the range is 2 ug1100mL. The upper limit can be extended by 
appropriate dilution or by using a smaller cell path length 
after recalibration far the smaller cell. (Reference 8.3) 

. I .  

For a minimum 

2. 2 SENSITIVITY 

The minimum sampling volume should be calculated for each test 
and should be based upon [l] the targeted minimum detectable 
concentration at the source, [ Z ]  the expected minimum detection 
limit achievable at the laboratory, and [3] the sampling time 
limitations at the source. 

2. 2. 1 Hexavalent Chromium 

A.minimum detection limit. of 0.2 ug Cr(VI)/SOmL using a 5 cm 
cell, has been observed. (Reference 8.3) 

. .  . -.. 

2. 3 PRECISION FOR HEXAVALENT CHROMIUM 

The overall precision for sample collection and analysis for 
Cr(V1) will be determined after data are collected from a test 
protocol which includes multiple simultaneous sampling 
techniques. 

2. 4 INTERFERENCES 

2. 4. 1 Interferences o f  Hexavalent Chromium 
1 :  

Molybdenum, mercury and vanadium react with diphenylcarbazide 
to form a color; however, approximately 20 mg of elements can 
be present in a sample without creating a problem. Iron 
produces a yellow color, but this effect is not measured 
photometrically at 540 nm. 

2. 4. 2 Interferences for Total Chromium 

2. 4. 2. 1 The long residence time and high concentrations of the 
atomized sample in the optical path of the graphite furnace 
can result in severe physical and chemical interferences. 
Furnace parameters must be optimized to minimize these 
effects. If the analyte is not completely volatilized and 
removed from the furnace during atomization. memory effects 
will occur. If this situation is detected, the tube should 
be cleaned by operating the furnace at higher atomization 
temperatures. 

425 - 5 
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2. 4. 2. 2 Nitrogen should not be used as the purge gas because of a - 
possible CN band interference. 

2. 4. 2. 3 Low concentrations of calcium may cause interferences; at 
concentrations above 200 mglL calcium's effect is constant. 
Calcium nitrate is therefore added to ensure a known 
constant effect. This step may be omitted if the sample is 
known to be free of calcium or no analytical interferences 
are expected. 

2. 5 'ALTERNATIVE METHODS 
. _  

3 

Direct Measurement of Gas Volumes through Pipes and Small 
Ducts 

Air Resources Board Method &may be used, where applicable. 
as an alternative to pitot tube methods specified in Method 5, 
as referenced herein. 

Total Chromium Determination by Flame Atomic 
Absorption Spectroscopy 

.For high total chromium concentrations which are within the 
detection range of flame atomic absorption spectroscopy, this 
analytical method may be used instead of the furnace type 
method specified in these pages. 

Other Methods 

The Executive Officer or authorized representative may approve 
an alternative test method (including other techniques or 
conditions) for the determination of hexavalent andlor total 
chromium emissions from stationary sources. 
alternative method, the Executive Officer o r  authorized 
representative may require the submission of test data 
demonstrating ehat the alternative method is equivalent to 
Method 425. 

To approve an 

APPARATUS 

All surfaces which may come in contact with sample must be glirs. 
Teflon, or other similarly non-metallic (stainless steel may be a 
source of chromium contamination) inert matecial. See Section 5.2. 

Any other sampling apparatus which, after review by the Executive 
Officer, is deemed equivalent for the purposes of this test method, 
may be used. 

425 - 6 
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3 .  1 SAMPLING TRAIN 

Except where otherwise noted i n  t h i s  method, same as  CARE Method 
5. Sect ion 2.1. Exceptions inc lude a glass nozz le.  a glass l i n e d  
s t a i n l e s s  s t e e l  probe, 0.1 N NaOH i n  t h e ' f i r s t  two impingers. a 
Teflon-coated g lass f i b e r  f i l t e r ,  and a s i l i c a  g e l  mois ture t r a p  
a f t e r  t h e  f i l t e r .  
through t h e  probe f i r s t .  then t h e  impingers. and then the f i l t e r .  

. '  

As shown i n  F igure  1. sample f l o v  should be 
.: 

3. 2 SAMPLE RECOVERY 
. .  

Except where otherwise noted i n  t h i s  method, same as CARE Method 
5. Sect ion 2.2. Also. see Sect ion 6. 2 o f  t h i s  method. 

3. 3 ANALYSIS 

The f o l l o w i n g  apparatus and m a t e r i a l s  a re  needed: 

3 .  3. 1 Analys is  of Hexavalent Chromium 

3. 3. 1. 1 P h i l i p s  Beakers 

_-_ ... -. ..!:. - Borosi l ica.te. 125mL. w i th  d i g e s t i o n  covers. .. 

,,/ 3. 3. 1. 2 F i l t r a t i o n  Apparatus 
, ,  

Vacuum u n i t  const ructed o f  glass, t o  accommodate s i n t e r e d  
g lass funnels.  

3. 3. 1. 3 Volumetr ic Flasks 

100-mL and other  appropr ia te  volumes. 

3. 3. 1. 4 Hot P l a t e  

3. 3. 1. 5 P i p e t t e s  

Assorted sizes,  as needed. 

3. 3. 1. 6 Spectrophotometer 

To measure absorbance a t  540nm. 

3.  3 .  2 Ana lys is  o f  To ta l  Chromium 

3.  3.  2. 1 Atomic Absorpt ion Spectrophotometer 

S ing le  o r  dual  channel, s i n g l e -  o r  doubl ,bea ! iment 
having a g r a t i n g  monochromator. photomul p l i e r  df ec to r ,  
ad jus tab le  S l i t S .  a wavelength range o f  IO t o  EO( nm and 
prov is ions  f o r  simultaneous background c o r r e c t i o n  and 
i n t e r f a c i n g  w i t h  a s t r i p  c h a r t  recorder .  

425 - 7 
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3. 3. 2. 2 Chromium Hollow Cathode Lamp o r  E lect rodeless Discharge 
Lamp. 

.. : .. . .  

3. 3. 2. 3 Graphi te  Furnace 

Any g r a p h i t e  furnace dev ice with the appropr ia te  
temperature and t i m i n g  cont ro ls .  

S t r i p  Chart  Recorder 

A recorder  i s  recomnended f o r  furnace work so t h a t  there  
w i l l  be a permanent r e c o r d  and so t h a t  any problems w l t h  
t h e  ana lys is  such as d r i f t ,  incomplete atomizat ion,  losses 
d u r i n g  charr ing,  changes i n  s e n s i t i v i t y .  etc.. can e a s i l y  
be recognized. 

3. 3. 2. 4 

4 REAGENTS 

Unless otherwise ind icated,  a l l  reagents must conform t o  t h e  
s p e c i f i c a t i o n s  es tab l i shed by t h e  t o m n i t t e e  on A n a l y t i c a l  Reagents 
o f  t h e  American Chemical Society.  Where such s p e c i f i c a t i o n s  are no t  
a v a i l a b l e ,  use t h e  best  a v a i l a b l e  grade. 

'.-. . (C  

4. 1 SAMPLING 
.3. 

/ 
Except where otherwise noted in  t h i s  method. same as CARE method 

' 5 .  Sect ion 3.1. except Tef lon-coated g lass f i b e r  f i l t e r s  are 
used, and 0.1 N NaOH i s  used i n  the f i r s t  two impingers. 
s e c t i o n  4.3.2 below. 

I '  . .  

See 

4.  2 SAMPLE RECOVERY 

Except where otherwise noted i n  t h i s  method, same as CARE Method 
5, Sect ion 3.2. 

4 . . 3 .  REAGENTS FOR HEXAVALENT CHROMIUM 

4. 3. 1 Type I1 Water 

Type 11 water i s  de ion ized and d i s t i l l e d ,  meeting h e r i c a z  
Soc ie ty  f o r  Test ing and M a t e r i a l s  (ASTM) s p e c i f i c a t i o n  f o r  
t ype  reagent - ASTM Test Method 0 1193-77. The w a t e r  should b e  
monitored f o r  impur i t ies .  

4.  3. 2 Batch o f  0.12 NaOH So lu t ion ,  A n a l y t i c a l  Reagent Grade 

The same batch o f  0.1N NaOH s o l u t i o n  should be used f o r  
impinger sampling. sample recovery.  preparat ion.  e x t r a c t i o n .  
and analys is .  Therefore. sampling and a n a l y t i c a l  Personnel 
should coord inate t h e i r  p lans so that a l l  steps i n  sampling 
and ana lys is  use the same batch of s o l u t i o n  which w i l l  be 
prepared f resh for each source t e s t .  
g NaOH i n  water i n  a 1 l i t e r  vo lumet r ic  f l a s k  and d i l u t e  t o  
t h e  mark. 

T y p i c a l l y .  d isso lve  4.0 

Repeat, as necessary. so t h a t  a s i n g l e  batch o f  
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4. 3. 3 
. .. 

. .  
;\ 

4. 3. 4 
.. 

4. 3. 5 

4. 3. 6 

’.. -.. .,;:-. 

. .  . 
<:/” , .  4. 3. 7 

sufficient volume is prepared to serve all of the needs of 
sampling and analysis. 
polyethylene bottle. 

Potassium Dichromate Stock Solution 

Store the solution in a tightly capped 

Dissolve 2.829 g of analytical reagent grade potassium 
dichromate (K Cr207) in water, and dilute to 1 liter (1 mL = 
1000 ug tr(VIj’). 

Potassium Dichromate Standard Solution 

Dilute 10.00 mL potasi’ium dichromate stock solution to 100 mL 
(1 mL - 100 ug Cr(V1) with water. 

Sulfuric Acid, 6N. Analytical Reagent Grade 

Dilute 166 mL sulfuric acid t o  1000 m L  in water. 

Oiphenylcarbazide Solution, Analytical Reagent Grade 

Dissolve 0.5 g o f  1.5-diphenylcarbazide in 100 m L  acetone. 
Store in a brown bottle. Discard when the solution becomes 
discolored. 1 

0.1% Potassium Permanganate Solution 

Analytical Reagent Grade 

4. 3. 8 0.012 Potassium Permanganate Solution 

Analytical Reagent Grade 

4. 3. 9 Removal of Reducing Agents in the Reagents 

The 0.1 N NaOH extraction solution (4.3.2) and the 6N sulfuric 
acid solution (4.3.5) may contain small amounts of reducing 
agents that can react with the hexavalent chromium. Potassium 
permanganate i s  added to these reagents in order to neutralize 
these reducing agents. 
solution into cuvettes A and B .  Use cuvette A as a sample 
cell and cuvette 8 as a reference cell. Zero the instrument 
at 528 nm with both cuvettes. Wait 10 minutes. Add an 
adequate amount ( u L )  of 0.012 potassium permanganate solution 
(4.3.8) to cuvette A. 
minutes a slight change in absorbance is observed. This step 
may have to be repeated a number of times in order to 
determine the required amount o f  potassium permangante that is 
required. From the change in absorbance, calculate the amount 
o f  potassium permanganate that is needed to nuetralize the 
reducing agents found in the reagents. Then pipette the 
proper volume of higher concentration 0.12 potassium 
permanganate solution (4.3.7) into the reagents. This is done 
by assuming that the number of milliequivalents of reducing 

Pipette 3 mL of the extraction 

Enough should be added so that after 10 
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agents in the reagents are equal to the number of 
milliequivalents of 0.12 potassium permanganate pipetted. 

This procedure is repeated with the 6N sulfurlc acid solution. 

4. 4 REAGENTS FOR TOTAL CHROMIUM 

4. 4. 1 ASTH Type I1 Water (ASTH 01193) 

Refer to section 4.3.1. 

4. 4. 2 Concentrated Nitric Acid . 
4. 4. 2. 1 Reagent preparation should use Ultrex or equivalent grade 

4. 4. 2. 2 

4. 4. 3 

"Of. 

Glassware cleaning should use ACS reagent grade HN03. 

Hydrogen Peroxide (30%) (Optional). Analytical Reagent Grade 

4. 4. 4 Matrix Hodifier 

Follow manufacturer's recomnendations. when interferences are 

Total Chromium Standard Stock Solution (1000mg/L) 

Either procure a certified aqueous standard from a supplier 
(Sper Industries, Alpha Products, or Fisher Scientific) and 
verify by comparison with a second standard, p11 dissolve 2.829 
g of Potassium Dichromate (K Cr 0 
in Type I1 water and dilute $0 

..... . . -.>;.. ..suspected. . , .. 
.+ , .  4. 4. 5 

analytical reagent grade) 
liter. 

.. 
4. 4. 6 Total Chromium Working Standards 

All total chromium preparations injected for analysis shall be 
prepared to contain 1.0% (vlv) HN03. 
be 1.0 % (vlv).HN03. 

The zero standard shall 

5 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

5. 1 SAMPLE COLLECTION 
. .  

Except where otherwise indicated in this method. all samples are 
collected from the source by use of CAR8 Method 5. 
include a glass nozzle, a glass lined stainless Steel probe. 0.1 
N NaOH in the first two impingers, and a Teflon-coated glass 
fiber filter. 
through the probe first, then the impingers. and then the filter. 

Exceptions 

As shown i n  Figure 1, sample flow should be 

5. 2 SAMPLE HANDLING AN0 PRESERVATION 

All surfaces which may come in contact with sample must be glass. 
Teflon, or other similarly non-metallic (even stainless steel may 
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. 
be a source of chromium contamination) i n e r t  m a t e r i a l  and must be 
prewashed w i t h  detergents, soaked i n  1:l HNO f o r  Several hours, 
r i n s e d  w i t h  Type 11 water, and f i n a l l y  r i n s e d  w i t h  0 .1  N NaOH 
batch so lu t i on .  For awkward ob jec ts ,  such as long glass probes, 
soaking may be replaced by c a r e f u l  wiping. 

Probes a re  genera l l y  t h e  most d i f f i c u l t  sampling apparatus t o  
clean. Therefore, before use i n  sampling, t o  ensure t h a t  
sampling equipment i s  c lean and f r e e  of chromium contamination, 
apparatus d i c h  may come in  con tac t  with sample must be cleaned 
u n t i l  a.sample o f  f i n a l  r inse f o r  each probe has been analyzed as 
below t h e  d e t e c t i o n  l i m i t  f o r  t o t a l  chromium. The procedures o f  
Sec t ion  6 s h a l l  be fo l lowed f o r  t h i s  contaminat ion check. 

-. . .~ . 

, .  .. 

6 PROCEDURES FOR SAMPLE RECOVERY, PREPARATION, AND ANALYSIS 

6. 1 SILICA GEL WEIGHING 

For stack gas mois tu re  determinat ion,  weigh t h e  spent s i l i c a  gel  
o r  s i l i c a  g e l  p l u s  impinger t o  t h e  nearest  0.5 g us ing  a balance. 
This step may be conducted in  the  f i e l d .  

6. 2 SAMPLE COLLECTION AN0 RECOVERY 

The'sample i s  c o l i e c t e d  us ing  probe, impingers, and f i l i e r .  

6. 2. 1. Probe 

..-.The probe i s  r i n s e d  w i t h  0.1 N NaOH. The t o t a l  r i n s e  volume 
- should exceed 100 mL and be s to red  i n  conta iner  1. The probe 

r i n s e  i s  t ranspor ted  t o  a s i t e  w i t h  l abo ra to ry  cond i t ions  
where i t  i s  s p l i t  w i t h  h a l f  saved f o r  hexavalent chromium 
ana lys i s  and ha l f  saved f o r  t o t a l  chromium ana lys is .  Ea'ch 
sample s p l i t  i s  -50mL. 

' 6. 2. 2 Impingers and F i l t e r  
I !  

. .  The sampling and a n a l y t i c a l  personnel s h a l l  discuss t h e  
expected sample concentrat ions and t h e  a n a l y t i c a l  l i m i t s  o f  
de tec t i on  fo r  hexavalent and t o t a l  chromium. The impinger 
ca tch  and f i l t e r . s h o u l d  be handled one o f  two ways depending 
on these expectat ions as d i r e c t e d  i n  Sections 6 . 2 . 2 . 1  and 
6.2.2.2 below. 

6. 2. 2. 1 Higher Concentrat ions 

I f  it considered important t o  minimize the  d i l u t i o n  
o f  any sample component, then t h e  contents of bo th  
impingers (-2OOmL t o t a l )  s h a l l  be combined and s to red  i n  
conta iner  2. As soon a s  possible.  the f i l t e r  i s  
t ranspor ted  i n  a f i l t e r  con ta iner  t o  a s i t e  w i t h  labora tory  
cond i t ions  where i t  should be ex t rac ted  i n  a l l  of the 
impinger s o l u t i o n  from conta iner  2 .  
i nc lude shaking f o r  a minimum of 30 minutes. 

, 

The e x t r a c t i o n  should 
The a l k a l i n e  
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impinger medium will retard reduction.of hexavalent 
chromium. The extract solution is split with half saved 
for hexavalent chromium analysis and half saved for total 
chromium analysis. Each sample split is -100 mL. 

6. .2 .  2. 2 Lower Concentrations 

If it ir considered important to minimize the dilution of 
any sample component, then the contents of each impinger 
(-100mL each) may be stored in containers 2 and 3. 
filter shall be extracted in only one of the impinger 
contents. whichever is suspected to have the higher 
concentration. The extraction shall include shaking for a 
minimum of 30 minutes. The contents of the first impinger 
are stored in container 2 and those o f  the second impinger 
in container 3. Whichever .impinger contents are not used 
for extraction must be handled as a third sample recovery 
requiring separate analyses. 
split as described above. Each sample split is -50 mL. 

The 

Both sample recoveries are 

6. 3 REAGENT BLANK PREPARATION 

- .. .. , .= Hexavalent Chromium Reagent Blank 

For each preparation. transfer 35 mL o f  solution to a 50mL 
volumetric flask, adjust the pH to 1.0 2 0.2 with 6N sulfuric 
acid, add 1.0 mL of diphenylcarbazide solution. dilute to 
volume with water, and let color develop for 10 minutes. 

Total Chromium Reagent Blank 

For total chromium, the reagent blank is simply 1 2  HN03. 

T. - .. 

- 

6. 4 SAMPLE PREPARATION 

' 6. 4. 1 Hexavalent C h r qium Sample Preparation 

For each preparation, transfer 35 mL of solution to a 50mL 
volumetric flask, adjust the pH to 1.0 2 0.2 with 6N sulfuric 
acid. add 1.0 mL of diphenylcarbazide solution. dilute to 
volume with water, and let color develop for 10 minutes. 
(This leaves at least 15 mL of sample split for further 
analyses. The total volume of sample split must be known at 
this point.) 

Total Chromium Sample Preparation 

In a beaker, add lOml of concentrated nitric acid to the 
sample aliquot taken for analysis. 
digestion cover. 
the sample down to near dryness. 
to complete digestion. 
dryness. 

6 .  4.  2 

Cover the beaker with a 

Add another 5mL nitric acid 
Reflux the sample volume down to near 

Place the beaker on a hot plate and reflux 

425 - I2 
F-16 

. .. 



Wash down t h e  beaker w a l l s  and d i g e s t i o n  cover w i t h  d i s t i l l e d  
water and f i l t e r  the sample t o  remove s i l i c a t e s  and other 
i nso lub le  m a t e r i a l  t h a t  could c l o g  the nebu l i ze r .  F i l t r a t i o n  
should be done on ly  i f  the re  i s  concern t h a t  i nso lub le  
m a t e r i a l s  may c l o g  the  nebu l izer .  Ad jus t  t he  volume t o  50 m l  
o r  a predetermined value based on t h e  expected metal 
concentrat ions.  The f i n a l  concen t ra t i on  o f  HNO i n  the 
s o l u t i o n  should be 1 I ( v l v ) .  
ana lys is .  The a p p l i c a b i l i t y  o f  a sample p repara t i on  technique 
must be demonstrated by ana lyz ing  spiked samples andlor 
r e l e v a n t  standard reference ma te r ia l s .  

. .. 
The sample i s  no4 ready fo r  

. .  
.. !. 

6. 5 ANALYSIS 

6.  5. 1 Hexavalent Chromium Ana lys is  

.. 

The ana lys t  m u s t . f i l t e r  t he  p repara t i on  f o r  c l a r i t y  a t  t h i s  
po in t .  Medium r e t e n t i o n  f i l t e r  paper should be used. The 
f i l t e r  paper s h a l l  be pre-wetted w i t h  a few mL of reagent 
blank and sample prepara t ion  be fo re  f i l l i n g  t h e  absorpt ion 
c e l l .  This w i l l  prime the  f i l t e r  so t h a t  i t  won't absorb 
c o l o r  complex w h i l e  the  absorp t ion  c e l l  i s  f i l l e d .  

Transfer a and f i l t e r  a p o r t i o n  o f  t he  p repara t i on  i n t o  a 5 cm 
absorp t ion  c e l l .  

.. Measure the  absorbance a t  t he  optimum wavelength o f  540 nm. 

._ Subt rac t  t he  sample blank absorbance read ing  t o  o b t a i n  a net  
reading. 

I f  the  absorbance read ing  o f  a sample p repara t i on  exceeds the 
c a l i b r a t i o n  range, d i l u t e  w i t h  reagent blank o r  re-measure 
us ing  less o f  the  sample prepara t ion .  (There should be about 
15mL remaining a t  t h i s  po in t .  See Sections 6.2.1. 6.2.2.1. 
and 6.2.2.2. )  

Check f o r  M a t r i x  E f f e c t s  on t h e  C r ( Y 1 )  Resu l ts  

chemical composit ion of t he  sample ( m a t r i x  e f f e c t s ) ,  the 
ana lys t  s h a l l  check a t  l eas t  one sample from each source using 
t h e  f o l l o w i n g  method: Obtain two equal volume a l i q u o t s  o f  the 

between 6 and 10 ug of C r ( V 1 )  ( l ess  if not  poss ib le ) .  Spike 
one of the a l i q u o t s  w i t h  an a l i q u o t  o f  standard s o l u t i o n  t h a t  
con ta ins  between 6 and 10 'ug of Cr(V1). Now t r e a t  both the 
spiked and unspiked sample a l i q u o t s  as descr ibed i n  Sect ion 
6 . 4 . 1  above. Next. ca l cu la te  the  Cr(V1) mass Cs. i n  ug i n  the 
a l i q u o t  of the unspiked sample s o l u t i o n  by us ing  t h e  fo l l ow ing  
equation: 

-::- 

. .  .. c,< . 

I !  
. .  6 .  5.  2 

.: As the ana lys is  f o r  Cr(V1) by c o l o r i m e t r y  i s  s e n s i t i v e  t o  the  

'Same sample so lu t i on .  The a l i q u o t s  should each conta in  

I 1  
: I  
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Cs = Ca __BL Eq. 1 

where: 

Ca P Cr(V1) in the standard solution, ug. 

As D Absorbance Of the unspiked sample solution. 

At = Absorbance of the spiked sample solution. 

Volume corrections will not be required since the solutions a s  
analyzed have been made to the same final volume. 
results of this method used on the single source sample do not 
agree to within 10 percent of the value obtained by the 
routine spectrophotometric analysis, then reanalyze all 
samples from the source using the method of standard additions 
procedure. 

At-As 

If the 

6. 5. 3 Total Chromium Analysis 

The 357.9-nm wavelength line shall be used. 

.Follow the manufacturer's operating instructions for, a l l  other 
spectrophotometer parameters. 

. Furnace parameters suggested by the manufacturer should be 
employed as guidelines. Since temperature-sensing mechanisms 
and temperature controllers can vary between instruments or 
with time. the validity of the furnace parameters must be 
periodically confirmed by systematically altering the furnace 
parameters while analyzing a standard. In this manner, losses 
of analyte due to higher than necessary temperature settings 
'or losses in sensitivity due to less than optimum settings can 
be minimized. 
be required for complex sample matrices. 

Inject a measured uL aliquot of preparation into the furnace 
and atomize. If the concentration found exceeds the 
calibration range, the sample should be diluted in the same 
acid matrix and reanalyzed. The use of multiple injections 
can improve accuracy and help detect furnace pipetting errors. 

Subtract a sample blank reading from a.sample reading to 
obtain a net reading. 

Similar verification of furnace parameters may 
1 :  

7 CALIBRATION, QUALITY CONTROL, AND DATA REPORTIN6 

7. 1 

7. 2 

e GENERAL 

Perform a l l  of the calibrations described in CARE Method 5. 
Section 5, with any modifications appropriate for this method. 

CALIBRATION AN0 QUALITY CONTROL FOR IIEXAVALENT CHROMIUM 
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7.  '2. 1 Ca l ib ra te  the wavelength sca le  of t h e  spectropSotometer every 
6 months. 
energy source w i t h  an intense l i n e  emission such as  a mercury 
lamp, or by us ing  a ser ies  of g lass f i l t e r s  spanning the  
measuring range of t he  spectrophotometer. 
ma te r ia l s  are a v a i l a b l e  comnerc ia l l y  and from the  Nat iona l  

.. .: I n s t i t u t e  o f  Standards and Technology. S p e c i f i c  d e t a i l s  on 
the  use o f  such ma te r ia l s  should be supp l ied  by the  vendor; 
general in fo rmat ion  about c a l i b r a t i o n  techniques can be 

. .  ... obtained from general re fe rence books on a n a l y t i c a l  chemistry. 
The wavelength scale o f  t he  spectrophotometer must read 
c o r r e c t l y  within +5 nm a t  a l l  c a l i b r a t i o n  po in ts :  otherwise. 

. .  . .  the  spectrophotometer s h a l l  be repa i red  and reca l i b ra ted .  
Once the  wavelength sca le  o f  t he  spectrophotometer i s  i n  
proper c a l i b r a t i o n ,  use 540 nm as t he  optimum wavelength f o r  
the measurement o f  t h e  absorbance o f  t he  standards and 
samp 1 es . 

The c a l i b r a t i o n  may be accomplished by using an 

C a l i b r a t i o n  

7. 2. 2 A l t e r n a t i v e l y ,  a scanning procedure may be employed t o  
determine the  proper measuring wavelength. I f  the  instrument 
i s  a double-beam spectrophotometer, scan t h e  spectrum between 
530 and 550 nm us ing  a 50 ug C r ( V 1 )  standard s o l u t i o n  i n  the  
sample c e l l  and a reagent b lank  s o l u t i o n  i n  the  reference 

".._. .<'C c e l l .  I f  a peak does no t  occur, t he  spectrophotometer. is 
ma l func t i on ing  and should be repaired. 
obtained w i t h i n  the  530 t o  550 nm range, the  wavelength a t  

; ./ which t h i s  peak occurs s h a l l  be t h e  optimum wavelength f o r  t h e  

samples. For a single-beam spectrophotometer, f o l l o w  the  
scanning procedure descr ibed above, except t h a t  t he  reagent 
blank and standard so lu t i ons  s h a l l  be scanned separately.  The 
optimum wavelength s h a l l  be t h e  wavelength a t  which the 
maximum d i f f e rences  i n  absorbance between t h e  standard and the 
reagent blank occurs. 

When a peak i s .  

.measurement o f  absorbance o f  both t h e  standards and the 

7. 2. 3 E i t h e r  (1) r u n  a s e r i e s  of chromium standards and cons t ruc t  a 
c a l i b r a t i o n  c u r v e i b y - p l o t t i n g  t h e  concentrat ions of t he  
standards aga ins t  the absorbances or (2) if necessary, f o r  the 
method o f  standard add i t ions ,  p l o t  added concent ra t ion  versus 
absorbance. 

. .  
7. 2. 4 Each standard f o r  hexavalent chromium i s  made up f r e s h  i n  a 

separate 50mL vo lumet r ic  f l ask  s t a r t i n g  w i t h  35 mL o f  t he  same 
batch o f  NaOH s o l u t i o n  reserved f o r  i t s  sample set. Then an 
appropr ia te  amount o f  hexavalent chromium i s  added t o  each 
c a l i b r a t i o n  standard, s t a r t i n g  w i t h  none f o r  the zero 
standard. Then 6N s u l f u r i c  a c i d  and diphenylcarbazide 
s o l u t i o n  are added i n  the same manner as  i n  sample 
prepara t ion .  
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7. 3 CALIBRATION AN0 QUALITY CONTROL FOR TOTAL CHROMIUM 

7. 3. 1 

. .  
.... 

7. 3. 2 

' C  

7. 3. 3 

7. 3:4 

-i 

I' 
/ 1. , .  

7. 3. 5 

7.  3 .  7 

7. 3 .  a 

7. 3.  9 

Either (1) run a series of chromium standards and reagent 
blanks and construct a calibration curve by plotting the 
concentrations of the standards against the absorbances or ( 2 )  
for the method o f  standard additions. plot added concentration 
versus absorbance. For instruments that read directly in 
concentration, set the curve corrector to read out the proper 
concentration. 

Calibration standards for total chromium should start with 1% 
vlv HNO with no chromium for the zero standard with 
approprjate increases in total chromium concentration in the 
other calibration standards. The calibration standards should 
be prepared following the steps outlined in samp:e 
preparation. , 

Run a check standard after approximately every 10 sample 
injections. Standards are run in part to monitor the life and 
performance of the graphite tube. 
a significant change in the signal for the standards indicates 
that the tube should be replaced. 

routinely analyzed. 

Lack of reproducibility or 

-Duplicates. spiked samples, and check standards should be 

Calculate metal concentrations (1) by the method of standard 
additions, or (2) from a calibration curve, or (3) directly 
from the instrument's concentration readout. All dilution or 
concentration factors must be taken into account. 
Concentrations reported for multiphased or wet samples must be 
appropriately qualified (e.g., 5 uglg dry weight). 

Calibration curves must be composed.of a minimum of a reagent 
blank and three total chromium standards. A calibration curve 
should be madeifor.every batch of samples, unless check 
standards remain within 101 of-the last calibration curve. 

Dilute samples with reagent blank solution if they ar? more 
concentrated than the highest standard or if they fall on t i l e  
plateau of a calibration curve. . 
Employ a minimum of one matrix-matched sample blank per sampis 
batch to determine i f  contamination or'any memory effects are 
occurring. 

Test the system with check standards after approximately every 
15 samples. 

Run one duplicate sample for every 10 samples. providing there 
is enough sample for duplicate analysis. 
is a sample brought through the whole sample preparation. 

, .  

A duplicate sample 
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1. 3.10 Spiked samples or standard reference materials shall be used 
daily to ensure that correct procedures are being followed and 
that all equipment is operating properly. This will serve as 
a check on calibration standards, too. 

Whenever sample matrix problems are suspected, the method of 
standard additions shall be used for the analysis of al.1 
extracts, or whenever a new sample matrix is being analyzed. 

7. 3.12 The concentration o f  all calibration standards should be 
verified against a quality control check sample obtained from 

7. 3.11 
. . .  .: 

. ;: an outside source. 

7. 3.13 All quality control data should be maintained and available 
for easy reference or inspection. 

7. 4 DATA REPORTING 

Carry out the calculations, retaining at least one extra decimal 
figure beyond that of the acquired data. 
final calculations. 

7. 4. 1 Total Cr(V1) in Sample 

. Round off figures after 

-Calculate and report m , the total ug Cr(V1) in the'sample. 
This can be obtained fpom the calibration curve or from the 
method of standard additions. Note that m is the sum of the 

-' masses of hexavalent chromium analyses pepformed on all sample 
' splits. Also take in account the dilutions when calculating 

- mh. .- 

Report' these calculations based on net readings, but report 
all sample blank data, too. 

7. 4. 2 Total Chromium in the Sample 

Calculate and report m the total ug o f  chromium in the 
sample. This can be obiained from the calibration curve or 
from the method o f  standard additions. Note that m is the 
sum of the masses of total chromium analyses perforhd on al l  
sample splits. Also take into account the necessary dilutions 

Report these calculations based on net readings, but report 
all sample blank data, too. 

7. 4. 3. Average Dry Gas Weter Temperature and Aberage Orifice Pressure 
Drop 

Except where otherwise noted in this method, same a s  Method 5 .  
Section 6.2. 

when calculating out mt. . .  
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. .  

7.  4 .  4 Dry Gas Volume, Volume of Water Vapor, Mo is tu re  Content 

Except where otherwise noted i n  t h i s  method, same as  Method 5. 
Sections 6.3. 6.4. and 6.5, r e s p e c t i v e l y .  

C r ( V 1 )  Emission Concentrat ion 

Ca lcu la te  and repo r t  [h] 
i n  t h e  stack gas. d ry  baz is ,  cor rec ted  t o  standard cond i t ions .  
as f a l l o w s :  

7.  4 .  5 

(gldscm), t he  C r ( V 1 )  concent ra t ion  

Chis (10-6g/ug)(mhlvm(std)) 

7. 4. 6 T o t a l  Chromium Emission Concentrat ion 

Ca lcu la te  and repo r t  [ t ]  (gldscm). t he  t o t a l  chromium 
concent ra t ion  i n  the stask gas. d r y  bas is ,  cor rec ted  t o  
standard cond i t ions  as fo l lows:  

Ct1s E ( lo-6g/ug)(mtlVm(std)) 

7: 4. 7 I s o k i n e t i c  Var ia t ion ,  Acceptable Resu l ts  

Except where otherwise noted in t h i s  method, Same as Method 5. 
. .. Sections 6.11 and 6.12. respec t i ve l y .  

-.~--- 
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8. 2 Same as i n  B ib l i og raphy  o f  Method 5 .  C i t a t i o n s  2 t o  6 and 7. 

8. 3 C a l i f o r n i a  A i r  Resources Board. I no rgan ic  Ana lys is  Section. 
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BOX NUMBER:. I2 
DATE: 11-08'1989 
BAROMETRIC PRESSURE: 30.060 
OPERATOR: M i l l e r  

LEAKRATE (CFM): 0.000 
- 

D e l t a - H  - 5.00 

uw Td  

0.0 83.0 
I .0 85.0 
2.0 87.0 
3.0 88.0 
4.0 89.0 
5.0 90.0 

- ---- ----- 

Ory 6as Me te r  Average Temp .... 87.0 
Wet Tes t  Me te r  Average Temp ... 74.0 

U d C I n i t i a l )  ................. 707.212 
Vd(Pine.1) ................. 712.318 
Net D r y  6as M e t e r  Vol........ 5.106 
Net Wet T e s t  M e t e r  Uol....... 5.000 
Run T i n e  (min.5e.c ) . . . . . . . . . . 4.12 

6AMMA ....................... 0.991 
OH@ ....................... I .940 

De l ta -H  = 3.00 

v w  Td 

0.0 86.0 
I .0 87.0 
2.0 88.0 
3.0 89.0 
4.0 90.0 
5.0 90.0 

----- ----- 

D r y  Gas M e t e r  Average Temp .... 88.3 
&Jet Test M e t e r  Average Temp ... 74.0 

V d ( i n i t i a 1 )  ................. 713.332 
V d ( f i n a 1 )  ................. 718.443 
Net D r y  Gas M e t e r  Uol ........ 5.111 
Net Wet Tes t  M e t e r  V o l  ....... 5.000 
Run Time ( m i n . s e c )  .......... 5.23 

GAnnA ....................... 0.997 

.----.----.----.----.----.----.-----.-~=l 

OH8 ....................... 1 .907 



.. ., \ 

. -. 

.. .- 

,.I’ 

Del ta-H - 2.00 -_ 
v w  Td 

0.0.’ 83.0 
1 :0 84.0 
2.0 85.0 
3.0 85.0 
4.0 86.0 
5.0 87.0 

----- ----- 

D r y  6as Meter  Averege Temp .... 85.0 
Wet Tes t -Meter  Average Temp ... 73.0 
V d ( i n i t i a 1 )  ................. 682.809 
V d ( f i n a 1 )  ................. 687.881 
Net D r y  Gas Meter  Vo l  ........ 5.072 
Net Wet Test  Meter  U o l  ....... 5.000 
Run Time ( m i n . s e c )  .......... 6.36 

6fUlMA ....................... 1.003 
OH@ ....................... I .916 

v w  Td 

0.0 80.0 
1.0 82.0 
2.0 83.0 
3.0 83.0 
4.0 84.0 
5.0 85.0 

---_- ----- 

Dry Gas Meter  Average Temp .... 82.8 
Wet Tes t  Meter  Average Temp.. . 74.0 

Vd( i n i t i a l  1 ................. 693.982 
Vd(  f i n a l  ) ................. 699.075 
Net D r y  Gas M e t e r  V o l  ........ 5.093 
Net Wet Test  Meter  Uol  ....... 5.000 
Run Time ( m i n . s a c )  .......... 9.01 

GAMMA ....................... 0.996 
OH@ ....................... I .e02 

G-2 



.----.----*----..----I-----*----.----*----* 

Delta-H - 0.50 -_ 
uw Td 

0.0 83.0 
I .0 83.0 
2 .0  84.0 
3.0 84.0 
4 . 0  84.0 
5.0 85.0 

----- ---- - 

Dry Gas Meter Average Temp .... 83.8 
Wet Test-Meter Average Temp... 74.0 

Ud(initia1) ................. 700.088 : .  
Ud(fina1) ................. 705.184 
Net D r y  Gas Meter Uol........ 5.096 
Net Wet Test Meter Uol....... 5.000 
Run Time (min.sec) .......... 12.35 

G A M W  ....................... 0.998 
OH@ ....................... 1.751 

L 
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BOX NUMBER:. 14 
DATE: 02-15'1990 FRE TcsT 
BAROMETRIC PRESSURE: 30.130 
OPERATOR: R.T.M. -_ 
LEAKRATE ( CFN ) :. 0.000 

u w  T d  

0.0 79.0 
I .0 78.0 
2 . 0  78.0 
3.0 79.0 
4.0 79.0 
5.0 79.0 

~ ---- -- --- 

D r y  Gas M e t e r  f i verage emp.... 78.7 
Wet T e s t  N e t e r  Ave rage  Temp ... 60.0 

" . - - U d U n i t i a l )  ... .. . . ..... .. ... 139.879 
Ud( f i n a l  ) 144.963 

,,..' N e t  D r y  Gas M e t e r  U o l  ........ 5.084 
N e t  Wet T e s t  M e t e r  Uol.. . . . . .  5.000 
Run T ime ( m i n . s e c )  .......... 3.59 

GAMMA ....................... 1.007 
OH8 ....................... 1.676 

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

D e l t a - H  = 3.00 

uw T d  

0.0 76.0 
I .0 75.0 
2.0 76.0 
3.0 76.0 
4.0 76.0 
5.0 77.0 

-- --- -- -- - 

D r y  Gas M e t e r  A v e r a g e  Temp. . . . 76.0 
Wet T e s t  N e t e r  Ave rage  Temp ... 60.0 

U d ( i n i t i a 1 )  ... ... . .... ...... 145.986 
Ud( f i n a l )  151.083 
N e t  D r y  Gas N e t e r  Uol . . . . . . . .  5.097 
N e t  Wet T e s t  M e t e r  Uol.. . . . . .  5.000 
Run T lme ( m l n . s e c )  .......... 4.56 

GflMNA ....................... I .004 
OH@ ....................... I ,550 

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

.----*----*----.----.----.-----*----.-~-~ 

. 
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'. 
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De l ta -H  - 2.00 .... 

v w  Td 

0.0 75.0 
1.0 74.0 
2.0 75.0 
3.0 75.0 
4.0 75.0 
5.0 76.0 

- ---- ---- - 

D r y  Gas Me te r  Average Temp .... 75.0 
Wet T e s L M e t e r  Average Temp ... 60.0 

U d ( i n i t i a 1 )  ................. 152.108 
V d ( f i n a 1 )  ................. 157.209 
Net D r y  Gas M e t e r  V o l  ........ 5.101 
Net Wet Tes t  M e t e r  V o l  ....... 5.000 
Run Time ( m i n . s e c )  .......... 6.02 

GAMMA ....................... 1.004 
OH@ ....................... I .549 

D e l t a - H  = 1.00 

v w  Td  

0.0 73.0 
1.0 73.0 
2.0 73.0 
3.0 73.0 
4.0 73.0 
5.0 74.0 

----- ----- 

D r y  63s M e t e r  Average Temp . . . .  73.2 
Wet T e s t  M e t e r  Average Temp ... GO.O 

V d ( i n i t i a 1 )  ................. 158.237 
V d ( f i n a 1 )  . ................ 163.550 
Net D r y  Gas M e t e r  Vol ........ 5.113 
Net Wet Tes t  M e t e r  U o l .  ...... 5.000 
Run Time ( m i n . s e c )  .......... 8.22 

GAMMA ....................... 1.000 
OH@ ....................... I . 494  
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.~__~l----t--_-*----~----*--.----t----*----~ 

Delta-H = 0.50 -. , _  

u w  Td 

0 . 0  72.0 
I .0  72 .0  
2 .0  72.0 
3 . 0  72.0 
4 .0  , ,  72.0 
5 .0  72.0 

__--- ---- - 

Dry  Gas Mater Average Temp .... 72.0 
Wet Test--Meter Average Temp.. . 60.0 

U d ( i n i t i e 1 )  ................. 164.370 
U d ( P i n a 1 )  ................. 169.485 
Net Dry Gas Meter  U o l  ........ 5.115 
Net Wet Test  Meter  Uol ....... 5.000 
Run Tine  ( n i n . s e c )  ......... : 11.40 

c 

".-. . GAMPIA ....................... 0.999 
DHB ....................... 1.456 

,/ . .  
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psr -E S 7  BOX NUMBER: 12 

OPERATOR: tomny 

DH GAMMA DHB 

DATE: 03-12-1990 

5.00 0.991 1.914 
3.00 0.993 1.887 
2.00 0.998 1.911 

: :  1.00 0.992 I .E27 
.0.50 0.995 1.727 

LEAKRATE (CFM) - 0.000 :.. 

e 
e 
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DATE: 03-12-1990 
BAROMETRIC PRESSURE: 31.020 
OPERATOR: tomny 

LEAKRATE- CCFM ): 0.000 

Del ta -H - . .. 

v w  

0.0 
1.0 
2.0 
3.0 
4.0 
5.0 

----- 

5.00 

Td 

79.0 
78.0 
80.0 
81.0 
81.0 
82.0 

----- 

D r y  Gas M e t e r  Average Temp. ... 80.2 
--WeC.Test Meter  Averege Temp. .. 63.0 

. ;, ,:. V d ( i n i t i a 1 )  .......... . ...... 845.423 
Vd( f i n a l )  ....._........... 850.573 
N e t  D r y  Gas Meter  U o l . .  ...... 5.150 

- Net  Wet Test  M e t e r  Vol....... 5.000 
Run Time ( m i n . s e c )  .......... 4.18 

GAMMA ....................... 0.991 
DH@ ....................... 1.914 

.---_*_---.----.----.----.------*----.----* 

De l ta -H - 3.00 

v w  Td 

0.0 80.0 
I .0 80.0 
2.0 81.0 
3.0 81.0 
4.0 82.0 
5.0 82.0 

- - - -- - --- - 

D r y  Ga5 Meter  Average Temp .... 81.0 
Wet Tes t  Meter  Average Temp. .. 63.0 

I V d ( i n i t i a 1 )  ................. 851.535 
V d ( f i n a 1 )  ................. 856.768 
Net D r y  Gas Meter  Uol.....:.. 5.173 
Net Wet Test  H e t e r  Vol....... 5.000 
Run Time (min.sec) .......... 5.31 

GAMMA ....................... 0.99 
DH@ ....................... 1 .88b8 

0 
0 
0 
e 
0 
e 
e 
e 
e 

- e 
e 

-. 



uw Td ----- - --- - .. 
?:. 0.0 81.0 

I .0 80.0 
2.0 81.0 
3.0 81.0 
4.0 82.0 
5.0 82.0 

... 

D r y  Gas Meter  Average Temp .... 81.2 
Wet Tes t  Meter  Average Temp ... 63.0 

U d ( i n i t i a 1 )  ................. 857.807 
Ud( f i n a l  ) ................. 862.968 
Net D r y  Gas Meter  Uol ........ 5.161 
Net Wet T e s t  Meter  U o l  ....... 5.000 

......... 

.‘-Run-’Iime (min .sec)  .......... 6.48 

; y. GAMMA ....................... 0.998 
OH@ ....................... I .911 - 

.- - 
*----*----.----*----.-----*------.----*----. 

Del ta-H = 1.00 

uw Td 

0.0 81.0 
1.0 80.0 
2.0 80.0 
3.0 81.0 
4.0 81.0 
5.0 82.0 

--- -- -- --- 

D r y  Gas Meter  Average Temp .... 80.8 
Wet Tes t  Meter  Average Temp ... 64.0 

U d ( i n i t i a 1 )  ................. 864.009 
U d ( f i n a 1 )  ................. 869.199 
Net D r y  Gas Meter  Uol........ 5.190 
Net Wet Tes t  M e t e r  Uol ....... 5.000 
Run Time ( m i n . s e c )  .......... 9.23 

GAMMA ....................... 0.392 
DHO ....................... I .E27 

c .----.----.----.----.-----*--.--*----*----. 
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,----*----*----*----*----*--.--.----*----* 

Del ta -H  - 0.50 
.-* 

uw Td 

0.0 80.0 
1.0 80.0 
2.0 : 80.0 
3.0 81.0 
4 . 0  81.0 
5.0 82.0 

-___- ----- 

.. 

D r y  6as Meter  Average Temp....  80.7 
Wet Test Meter  Average Temp ... 64.0 

U d ( i n i t i a 1 )  ................. 869.199 
Ud( f i n a l  1 ................. 874.378 
Net D r y  Gas Meter  Uo l  ........ 5.179 
Net  Wet Test Meter  U o l  ....... 5.000 
Run'3ime ( n i n . s e c )  .......... 12.54  

,?( 66HMA ....................... 0.995 
DH@ ........................ 1.727 

G-10 
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e 
BOX NUMBER: 14 
DATE: 03-08-1990 Po57 TE5?- e OPERATOR: wdp 

DH GAMMA DH@ 
5.00 0.990 1.563 
5.00 0.993 1.572 
3.00 0.993 1.544 
2.00 0.998 1.509 
1.00 0.997 1.481 

s 0.50 0.999 1.414 

LEAKRATE (CFM) = 0.000 

G-11 
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357- ,?-&ST BOX NUMBER: 14 
OATE: 03-08-1990 f 
BAROMETRIC PRESSURE: 30.080 
OPERATOR: wdp 

LEAKRATE (CFM ) : 0.000 

u w  

0.0 
1.0 
2.0 
3.0 
4.0 
5.0 

----- T d  

78.0 
78.0 
79.0 
80.0 
80.0 
81.0 

----- 

D r y  Gas M e t e r  A v e r a g e  Temp .... 79.3 
Wet T e s t  M e t e r  A v e r a g e  Temp ... 68.0 

U d C l ~ n i t i a l )  ................. 188.155 
V d ( f i n a 1 )  ................. 193.251 
N e t  D r y  Gas M e t e r  U o l  ........ 5.096 
N e t  Wet T e s t  M e t e r  U o l . . . . .  .. 5.000 
Run T ime ( m i n . s e c )  . . ........ 3.47  

GAMMA ....................... 0.990 
OH@ ....................... 1.563 

. 

D e l t a - H  - 5.00 

uw Td  

0.0 79.0 
1.0 78.0 
2.0 79.0 
3.0 80.0 
4.0 81.0 
5.0 82.0 

- -- -- - - --- 

D r y  Gas M e t e r  A v e r a g e  Temp . . . .  79.8 
Wet T e a t  M e t e r  A v e r a g e  Temp . . .  68.0 

U d ( i n i t i a 1 )  . . ............... 193.252 
Ud( f i n a l  ) ................. 198.338 
N e t  D r y  Gas M e t e r  Uol ........ 5.086 
N e t  Wet T e s t  M e t e r  U o l . . . . .  . .  5.000 
Run T ime ( m i n . s e c )  . . . . . . . . . .  3 . 4 8  

GAMMA ....................... 0.993 
DH@ ....................... 1.572 

6-12 
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Delta-H = 1.00 

v w  

0.0 
1.0 
2.0 
3.0 
4.0 
5.0 

----- ~ - .  
Td 

78.0 
78.0 
79.0 
79.0 
80.0 
80.0 

----- 

Dry Gas Meter Average Temp .... 79.0 
Wet Test Meter Average Temp ... 68.5 
Vd(initia1) ................. 211.578 
Vd(fina1) ................. 216.680 
Net Dry Gas Meter U o l . . . .  .... 5.102 
Net Wet Test Meter V o l . . . . .  .. 5.000 
Run Time (min.sec) .......... 8.14 

GAMNA . . . . . . . . . . . . . . . . . . . . . . . 0.997 
DHQ ....................... 1.481 

I 

Delta-H - 0.50 

v w  Td 

0.0 79.0 
1.0 79.0 
2.0 79.0 
3.0 80.0 
4.0 80.0 
5.0 80.0 

- - -- - -- --- 

Dry Gas Meter herage Temp .... 79.5 
Wet Test Meter Average Temp ... 68.5 

Vd(initia1) ................. 217.702 
Ud(fina1) ................. 222.805 
Net Dry 6as Meter Uol ........ 5. I03 
Net Wet Test Meter Vol.. ..... 5.000 
Run Time (min.sec) .......... 1 1 . 2 3  

GAMMA ....................... 0.999 
1 .414 DH@ ....................... 

+ ~ ~ ~ ~ . ~ ~ ~ ~ * ~ ~ ~ ~ * ~ ~ ~ ~ * - - - - * - - - - - - . - - ~ ~ * ~ ~ ~ ~ *  
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De l ta -H  c/ 

uw 

0.0 
I .0 
2.0 
3.0 
4.0 
5.0 

----- 

3.00 

Td 

76.0 
76.0 
77.0 
77.0 
78.0 
78.0 

----- 

D r y  Gas M e t e r  Average Temp .... 77.0 
Wet Tes t  M e t e r  Average Temp ... 68.0 

U d ( i n i t i a 1 )  ................. 199.354 
V d c f i n a l )  ................. 204.439 
Net  D r y  Gas M e t e r  Vol . . . . . . . .  5.085 
Net  Wet Tes t  Me te r  U o l . . .  .... 5.000 
Run Time ( m i n . s e c )  . ...... ... 4.51 

GAMMA . . . . . . . . . . . . . . . . . . . . . . . 0.993 
DH@ ....................... 1.544 

,' 

t----.----l----*----*----*--t--*----~----. 

D e l t a - H  = 2.00 

v w  Td  

0.0 78.0 
I .0 78.0 
2.0 79.0 
3.0 79.0 
4.0 80.0 
5.0 80.0 

- _-- - - -- -- 

D r y  Gas M e t e r  Average Temp .... 79.0 
Wet Tes t  Me te r  Average Temp ... 68.0 

U d ( i n i t i a 1 )  . . ............... 205.466 
U d ( f l n a 1 )  . ................ 210.558 
Net Dry  Gas Me te r  Uol. ....... 5.092 
Net Wet T e s t  M e t e r  U o l .  ...... 5.000 
Run Time ( m i n . s e c )  .......... 5.53 

GAMMA ....................... 0.998 
1.509 OH@ ....................... 

*----.----.----.----t----t----.--*----*----. 
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S-TYPE PITOT TUBE CALIBRATION WORKSHEET PRETEST 15FEB90 
CALIBRATED BY: JCR 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

VELOCITY PRESSURES 
S-TYPE PITOT RUN NBS-STD S-TYPE 
NO. SIDE NO. (IN H20) (IN H20) CP(S) MEAN DEV. COMMENTS 

3-6 A 1 0.200 0.295 0.823 0.821 0.002 NO NOZZLE 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2 0.300 0.440 0.826 0.005 
3 0.500 0.745 0.819 -0.002 
4 0.700 1.050 0.816 -0.005 

3-6 B 1 0.200 0.290 
2 0.300 0.460 
3 0.500 0.745 
4 0.700 1.050 

3-1 A 1 0.200 0.295 
2 0.300 0.420 
3 0.500 0.765 

I.. 4 0.700 1.050 

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

- .. . 

0.830 0.818 0.012 NO NOZZLE 
0.808 -0.011 
0.819 0,001 
0.816 -0.002 

0.823 0.823 ,000 NO NOZZLE 
0.845 0.022 
0.808 -0.015 
0.816 -0.007 

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

3-1 B 1 0.200 0.260 0.877 0.835 0.042 NO NOZZLE 
2 0.300 0.450 0.816 -0.018 
3 0.500 0.765 0.808 -0,026 
4 0.700 1.000 0.837 0.002 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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S-TYPE PITOT TUBE CALIBRATION WORKSHEET POST-TEST 08MAR90 
CALIBRATED BY: DAN . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

VELOCITY PRESSURES 
S-TYPE PITOT RUN NBS-STD S-TYPE 
NO. SIDE NO. (IN H20) (IN H20) CP(S) MEAN DEV. COMMENTS 

3-6 A 1 0.177 0.280 0.795 0.792 0.003 NO NOZZLE 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2 0.320 0.506 0.795 0.003 
3 0.500 0.795 0.793 0.001 
4 0.810 1.300 0.789 -0.003 
5 0.960 1.550 0.787 -0.004 

3-6 A 1 
2 
3 
4 
5 

3-1 A 1 

3-1 A 

0.210 0.379 0.744 
0.310 0.554 0.748 
0.500 0.890 0.750 
0.690 1.230 0.749 
1.000 1.790 0.747 

0.200 0.310 0.803 
0.330 0.510 0.804 
0.580 0.900 0.803 
0.820 1.300 0.794 

0.748 -0.003 3/8" QUARTZ 
,000 

0.002 
0.001 

,000 
. . . . . . . . . . . . . . . . . . . . . . . . .  
0.801 0.002 NO NOZZLE 

0.003 
0.002 
-0.007 

1 0.200 0.355 0.751 0.753 -0.002 3/8" QUARTZ 
2 0.290 0.510 0.754 0.002 
3 0.490 0.870 0.750 -0.002 
4 0.710 1.250 0.754 0.001 
5 0.970 1.720 0.751 -0.002 
6 1.700 2.980 0.755 0.003 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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MANUEL L. PEREZ SET Engineering Technician 

1979-1980 Engineering Technician Aid 
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1981-1983 Student Aid 
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1983-1984 Engineering Aid 
Coal/Air Department 
Naval Energy and Environmental 
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1985 to Present Engineering Technician 
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Mechanical Engineer 
FPH 
Forest Grove, OR 

Mechanical Engineer 
FlAkt Evaporator AB 
Jdnkoping. Sweden 

Mechanical Engineer 
Naval Energy and 

Port Hueneme. CA 
Environmental Support Activity 

I 

\., 

i 

H-3 



DENE EGAMI 

1987-Present 

1990-Present 

RESUME 

Engineering Technician 

University of the Pacific . 
Stockton. CA 

Engineering Technician 
Naval Energy and 

Port Hueneme, CA 
Environmental Support Activity 

H-4 




