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DEPARTMENT OF THE NAVY
NAVAL ENERGY AND ENVIRONMENTAL SUPPORT ACTIVITY

PORT HUENEME CALIFORNIA 93043-5014
IN REPLY REFER TO:

4730
Ser 111C1/ 621
3 May 1990

U.S. Environmental Protection Agency
MD-13

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. Enclosures (1) and
(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. The chrome plating vemtilation systems are in poor
condition. Bullding 5 plating shop is scheduled for closure this year.

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

Bm;, 2. Kk ptis

BARRY R. HICKENBOTTOM

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 Statiom,
Alameda, California, March 1990
Encl:

. (2) NEESA 2-158A, Chrowium Emissions from Chromic Acid Anodizing Operations at
Building 167, Naval Aviation Depot, Naval Air Station, Alameda, Califormia,
March 1930

Copy to: (w/o enclosures)
 Commander, Western Division, Naval Facilities Engineering Command, P.0. Box 727

San Bruno, CA 94066, Code 1824
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REESA 2-157A MARCH 1990

CHROMIUM EMISSIONS FROM CHROME PLATING
AND CHROMIC ACID ANODIZING OPERATIONS
AT
BUILDING 5, NAVAL AVIATION DEPOT
NAVAL AIR STATION, ALAMEDA, CALIFORNIA
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By:

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

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

AUTOVON 551-3903 or Commercial (805) %82-3903

~




EXECUTIVE SUMMARY

The Naval Energy and Envirconmental Support Activity (NEESA) performed
chromium emission tests on the ventilation exhaust from chrome plating and
chremic acid anodizing operations at Building 5, Naval Aviation Depot,
Alameda, Califormia. 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 wventilated through three scrubbers. Tanks 14 and 15 (plate) are
ventilated through scrubber 242. Tanks 10 and 11 (plate) are ventilated
through scrubber 241. Tank 1 (anodize) is ventilated through scrubber 239,

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. Average stack exit velocity
from all three ventilation lines exceeds 10 meters per second.

MEASURED PROCESS CONDITIONS

EMISSION RATE AIR FLOATING ANTI-MIST
TEST NO. (mg/amp-hr) AGITATION  POLYBALLS ADDITIVE
5-262-1-0UT 0.080
5-242-2-0UT 0.062
5-242-3-0UT 0.0598
2427 AVERAGE 0.071 YES YES YES
5-241-1-0UT 0.096
5-241-2-0UT 0.101
5-241-3-0UT 0.086
241 AVERAGE 0.094 YES YES YES
5-239-1-0UT 0.036
5-239-2-QUT 0.037
239 AVERAGE 0.037 YES YES YES

8Not used to calculate average emission rate. Refer to discussion.
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1.0 INTROCDUCTION

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

The BAAQMD rule expresses chromium emission limits in milligrams per
ampere-hour of electrical current used during plating or anodizing. The rule
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.

NAD Alameda originally planned to complete these test during the Summer
of 1989, The test dates were delayed when we informed them of the need to
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.
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3.0 SOURCE EMISSION TEST PROCEDURE

We used recently revised California Air Resocurces Board (CARB) Method
425 to determine chromium emissions. Appendix F, pages F-5 to F-22, contains
a copy of this method., As recommended by BAAQMD and based on our past plating
shop test experience, we assumed all chromium emissions are hexavalent. Our
contracted laboratory analyzed all samples for total chromium according to
CARB Method 425,

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 iscokinetic 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. Tanks 10 and 11 (plate) are ventilated
through scrubber 241. Tanks 14 and 15 (plate) are ventilated through scrubber
2437

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 locationms.
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4.0 CHAIN QF CUSTODY

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

Sample Transport: Newton

Sample Analysis: TMA/Norcal
2030 Wright Avenue
Richmond, CA 94804-0040
(415) 235-0438
Attn: Nahid Mahani
or Susan Smith

Fo
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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.

TARBRLE 1 : EMISSTION TEST RESULTS
HARD CHROME PLATING AND CHROMIC ACID ANODIZING OPERATIONS
BUILDING 5, NAD ALAMEDA

CHROMIUM CHROMIUM CHROMIUM CHROMIUM STACK

SAMPLE EMISSION EMISSION AVERAGE EMISSION EXIT

WEIGHT CONG. RATE AMPERES FACTOR VELOCITY
TEST NO. (mg) (mg/SCF) (mg/hr) (Amp) (mg/Amp-hr) (m/s)
5-242-1-0UT 0.0448 1.006E-03 191.801 2393.0 0.080 9.1
5-242-2-0UT 0.0484 6.24BE-04 148.160  2401.0 0.062 11.3
5-242-3-0UT 0.0678 4.770E-04 142,590 2404 .0 0.0592 14.2
5-241-1-0UT 0.0931 1.059E-03 397.858 4165.0 0.096 22.6
5-241-2-00T 0.0999 1.000E-03 432.399 4272.0 0.101 26.0
5-241-3-0UT 0.0877 8.321E-04 379.351 4433.0 0.086 27.5
5-239-1-0UT 0.0072 4.605E-05 15.383 ° 422.0 0.036 20.1
5-239-2-0UT 0.0103 6.076E-05 21.002 562.0 0.037 20.8

3Not used to calculate average emission rate. Refer to discussion.

TARLE 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. (mg/amp-hr) VELOCITY (m/s) AGITATION POLYBALLS ADDITIVE
[
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. Appendix B contains all ampere
hour calculation sheets and field tank load data sheets. Appendix C contains
our field emission test data sheets, Appendix D summarizes the test results
and contains sample calculations. Appendix E lists our HP-41C calculator
program "Nomokin" used instead of a nomograph to determine isokinetiec sampling
parameters during testing. Appendix G contains equipment calibration sheets.
Appendix H contains resumes of NEESA test personnel.




TABILE 3:
HARD CHROME PLATING AND CHROMIC ACID ANODIZING OPERATIONS
BUILDING 5, NAD ALAMEDA

EMISSION TEST DATA

NOZZLE SAMPLE SAMPLE AIR SAMPLE STACK

DIA. RATE TIME  VOLUME % H20 FLOW RATE ISOKIN
TEST NO. {(in.) (CFM) (min.) (SCF) (%) (DSCFM} (%)
5-242-1-0UT 0.396 0.49 120 44.55 2.1 3179.17 102.1
5-242-2-0UT 0.396 0.36 168 77.41 2.1 3951.96 101.9
5-242-3-0UT O0.481 0.64 120 142.23 1.8 4982.09  140.9
5-241-1-0UT 0.399 0.75 120 87.92 1.9 6261.36 100.7
5-241-2-0UT 0.400 0.73 120 99.90 1.9 7205.80 99.0
5-241-3-0UT 0.401 0.83 120 105.45 1.8 7598.71 98.6
5-239-1-0UT 0.396 0.66 250 156.44 2.0 5567.65 98.2
5-239-2-00T 0.399 0.63 250 169.03 1.7 5761.37 101.0

0000000000000000000



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 anedizing baths.

All 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 92 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. The outlet isckinetic percentages actually range from 107% to
111% instead of 98% to 102%.

The pitot tube coefficient error dees not change the results. Building
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. '

6.2 Scrubber 242

The isokinetic percentage of run 3 was about 150% due to an error
measuring the nozzle diameter. The emission rate from run 3 was not used to
calculate the average emission rate. Although the test may be considered
void, the results are still shown in Table 1 because they are consistent with
the first two runs. Increasing the 0.05% 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 stack flow rate at the scrubber 242 outlet sampling site is very
low, averaging 540 feet per minute. Low flow rates reduce S-type pitot tube
velocity measurement accuracy. We performed a velocity traverse at the
scrubber inlet where the velocity is higher. The scrubber inlet velocity
traverse shows the scrubber inlet flow rate is 3300 SCFM.

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 30
minutes of run 1 was performed on 24FEB90 but was stopped because only 75 Anps
could be maintained on the rectifier. The rectifier was repaired on 25FEB90.
We completed runs 1 and 2 on 26FEBY90. We performed an additional sampling
train leak check on sampling train 1 before resuming the test.
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APPENDIX A

SAMPLE ANALYSIS RESULTS
LABORATORY ANALYSIS REPORTS
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SAMPLE ANALYSIS RESULTS

LAB .
ANALYSIS CHROMIUM CHROMIUM
SAMPLE VOLUME  ANALYSIS  WEIGHT
IDENTIFICATION (1) (ug/1) (mg)

5-242-1-0UT-PROBE  0.0660 390 0.0257

5-242-1-0UT-IMP1 0.1257 130 0.0163

5-242-1-0UT-IMP2 0.1239 22 0.0027
0.0448 TOTAL

5-242-2-OUT-PROBE 0.0683 310 0.0212

5-242-2-QUT-IMP 0.2720 100 0.0272
0.0484 TOTAL

5-242-3-0UT-PROBE  0.0370 600 0.0222

5-242-3-0UT-IMP1 0.1458 310 0.0452

5-242-3-0UT-1IMP2 0.1169 4 0.0005
0.0678 TOTAL

5-241-1-0UT-PROBE 0.0854 270 0.0230

5-241-1-0UT-IMP1 0.1171 560 0.0656

5-241-1-0UT-1IMP2 0.1320 34 0.0045
0.0931 TOTAL

5-241-2-0UT-PROBE 0.0877 260 0.0228

5-241-2-0UT-IMP1 0.1500 480 0.0720

3-241-2-0UT-IMP2 0.1081 47 0.0051
0.0999 TOTAL

5-241-3-OUT-PROBE  0.0435 510 0.0222

5-241-3-0UT-IMP 0.2428 270 0.0656
0.0877 TOTAL

5-239-1-0UT-PROBE  0.0923 43 0.0040

5-239-1-0UT-IMPL 0.1623 18 0.0029

5-239-1-0UT-IMP2 0.1569 < 2 < 0.0003
0.0072 TOTAL

5-239-2-QUT-PROBE  0.1045 48 0.0050

5-239-2-0UT-IMP1 0.1434 35 0.0050

5-239-2-0UT-IMP2 0.1170 < 2 < 0.0002
0.0103 TOTAL

A-1



SAMPLE RECOVERY WEIGHTS/VOLUMES

SAMPLE TARE FINAL NET FILTER
IDENTIFICATION (gm) (gm) {(gm or ml) NO.
5-242-1-0UT-PROBE 55.61 121.59 65,98
5-242-1-0UT-IMP1 55.90 181.56 125.66
5-242-1-0UT-IMP2 55.69 179.62 123.93 006
5-242-2-0UT-PRORE 55.91 124 .22 68.31
5-242-2-0UT-1IMP 55.05 327.00 271.95 008
5-242-3-0UT-PROBE 56.02 93.01 36.99
5-242-3-0UT-IMPL 55.88 201.63 145 .75
5-242-3-0UT-IMP2 55.23 172.12 116.89 010
5-241-1-0UT-PROBE 55.60 140.95 85.35
5-241-1-0UT-IMF1 55.58 172.68 117.10
5-241-1-0UT-IMP2 55.03 186.98 131.95 005
5-241-2-0UT-PROBE 55.12 142 .86 87.74
5-241-2-0UT-IMP1 55,51 205.55 150.04
5-241-2-0UT-IMP2 55.62 163.71 108.09 007
5-241-3-0UT-PROBE 55.18 98.68 43.50
5-241-3-0UT-IMP 55.04 297 .82 242 .78 09
5-239-1-0UT-PROBE 55.94 148.23 92.29
5-239-1-0UT-IMP1 55.55 217 .87 162.32
5-239-1-0UT-IMP2 55.07 211.93 156.86 011

5-239-2-0UT-PROBE  55.74 160.28 104 .54
5-239%-2-0UT-IMP1 55.35 198.72 143 .37
5-239-2-0UT-IMP2 55.98 172.94 116.96 012

0000000000000000000|



Thermo Analytical Inc.

TMA /Norcal

2030 wright Avenue
P.O. Box 4040

Richmond, CA 94804-0040

{415) 235-2633  Fax No. (415} 235-0438

March 13, 1990

NEESA - 111C -
Port Hueneme, CA 93043-5014 Y

* Attention: Drek Newton
TMA/Norcal I.D.: 6993-1

NEESA Reference: Chrome Plating Emissions NAD Alameda

—_

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. If you have any
questions please call.

Prepared by:

/\jﬂfv\fol /Wd/éﬂzvv‘/

Nahid Mahani

Inorganics Department I1.H. Laboratory
Supervisor Director/Program Manager
SS/NM/td

A-3
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TMA /Norcal

NEESA - IIIC
Page 2
March 26, 1990

REVISED REPORT

TABLE 1
TMA/Norcal 1.D. Client I.D, i Chromium (mg/1)
6993-1-1 167-1-IN = IMP 0.14
6993-1-2 167-1-0UT ~ IMP <0.002
6993-1-3 167-2-OUT = IMP 1 0.002 - *
6993-1-4 ‘ 167-2-0UT = IMP 2 <0.002 PR
6993-1-5 167-3-0UT = IMP 1 0.005 -
6993-1-6 167-3-0UT = IMP 2 <0.002
-= T 6993-1-7 167-1-IN = PROBE 1.7
6993-1-8 167-1-0UT = PROBE 0.040
6993-1-9 167-2-0UT = PROBE 0.012
6993-1-10 167-3-0UT =~ PROBE 0.023
, 6993-1-11 5-241-1-0UT = IMP 1 0.56
~t- —$993-1-12 5-241-1-0UT = IMP 2 0.034. .
1 6993-1-13 5-241-2-0UT = IMP 2 0.047 '
74 6993-1-14 _ ' 5-241-3-0UT = IMP 0.27
6993-1-15 5-241-1-OUT = PROBE 0.27
6993-1-16 5-241-2-QUT = PROBE 0.26
6993-1-17 5-241-3-OUT = PROBE 0.51
6993-1-18 5-242-1-0UT = IMP 1 0.13
6993-1-19 5-242-1-0UT = IMP 2 0.022
6993-1-20 5-241-2-0UT = IMP 1 0.48
6993-1-21 5-242-2-0UT = IMP 2 0.10
6993-1-22 5-242-3-0UT = IMP-1 0.31
6993-1-23 5-242-3-0UT = IMP 2 0.004
6993-1-24 5-242-1-0UT = PROBE 0.39
) 6993-1-25 _ 5-242-2-0UT = PROBE 0.31
6993-1-26 5-242-3-0UT = PROBE 0.60
6993-1-27 5-239-1-0UT = IMP 1 0.018
6993-1-28 5-239-1-0UT = IMP 2 <0.002
. 6993-1-29 5-239-2-0UT = IMP 1 0.035
6993-1-30 5-239-2-0UT = IMP 2 <0.002
6993-1-31 5-239-1-0UT = PROBE 0.043
6993-1-32 5-239-2-0UT = PROBE 0.048
6993-1-33 NaOH BLANK <0.002 .

%
-3

. ' ” ) ) : |
. . . . . . . . . ) g




@002

- .,,, ,ﬁ | | | m
P
% % =] Wﬁﬂ
ol 1e
e IM _
: | m_
- mw | = J_ W —__ m Mﬂ-__ﬂ
< |Z ] | # |
Hiel ) 8 \
mw. m_m,w._ | m__w | ;
mm <15 18 | 3
At} 1 el R Ly W

B415-869-4650
192 Pob timets
Tode Y021 (T

i
T

70

143 MALTELS
=, st
!J————-—_—-—-
0.5
Y
R
:
i 0.6
H ol
5._ 1.6
i
R
T
%7
o PULA(EAL OF SNOTE
B/ R—
,.._-—'—"--
-}

N | T L iy’

i

§ ld (o e

T Pourth Toesddt tiectreplating

oT: (Slgnature) [ l""

13:51
Nt
oenical hagineeti®d &
nmlmwrt b
Platiog & Jorasive Sho

TEETID:
————
—

ATt
e —

AR

cr AR
s L e

Mool

CORERSIOS

NI
»
TisTRD

90 03,0
o
1
a1/,
R
™
s

......O..OO.‘..O...O_




THIS PAGE INTENTIONALLY LEFT BLANK

0000000000000000000



APPENDIX B

AMPERE-HOUR CALCULATION SHEETS
FIELD TANK LOAD DATA
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AMPERE-HOUR CALCULATION SHEET

BUILDING 5, SCRUBBER 242 (TANKS 14 & 153)
HARD CHROME PLATING

2/23/90 RECTIFIER
DEL-T amperes AVG 242-1-0UT 242-2-0UT 242-3-0UT
TIME MIN. #14 + #15 AMPS AMP-HRS AMP-HRS AMP-~HRS AMP-HRS
1310 2400
1315 5 2390 199
1335 20 2380 2390 797 797
1355 20 2392 797 797
1405 10 2392 399
1445 40 2392 1594 1594
1455 10 2403 2392 399
1500 5 2401 200
1515 15 2388 2401 600 600
1540 25 2393 997 997
1545 5 2387 2393 199
1606 21 2394 838
1615 9 2400 2394 35¢
1617 2 2400 80
1705 48 2400 2400 1920
1710 5 2400 200
1806 56 2600 2240 2240
1817 11 2400 440
1830 13 2400 2400 520 520
1913 43 2401 1721 1721
1920 7 2401 280
1945 25 2402 2401 1000 1000
2016 31 2403 1242 1242
2130 74 2404 2403 2964
2210 40 2404 15603
2245 35 2404 2404 1402 1402
2250 5 2404 200 200
2300 10 2404 401
2340 40 2404 1603 1603
2345 5 2404 200
0025 40 2406 1603 1603
2/24 0050 25 2404 2404 1002
TOTAL AMP-HRS DURING TEST 4785 6723 4808
TEST SAMFLING TIME (MIN.) 120 168 120
AVERAGE AMPS DURING TEST 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 241-1-0UT 241-2-0UT 241-3-0UT
TIME MIN. #10 + #11 AMPS AMP-HRS AMP-HRS AMP-HRS AMP-HRS
1130
1145 15 4146 4094 1024 1024
1210 25 4153 1730 1730
1220 10 4153 692
1230 10 4160 4153 692 692
1300 30 4174 4167 2084 2084
1307 7 4200 490
1347 40 4200 2800 2800
1455 68 4225 4200 4759
1458 3 4225 211
1515 17 4225 4225 1197 1197
1538 23 4235 1623 1623
1545 7 4245 4235 494
1615 30 4254 4250 2125 2125
1625 10 4310 718 718
1630 5 4310 359
1705 35 4366 4310 2514 2514
1710 5 4386 365 365
1815 65 4386 4751
1830 15 4405 4386 1096 1096
1855 25 4425 1844 1844
1905 10 4425 738
1945 40 44465 4425 2950 2950
1950 5 4463 372
2030 40 4463 2975 2975
2130 60 4481 4463 4463
TOTAL AMP-HRS DURING TEST 8329 8543 8865
TEST SAMPLING TIME (MIN.) 120 120 120
AVERAGE AMPS DURING TEST 4165 4272 4433
B-2
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AMPERE-HOUR CALCULATICN SHEET
BUILDING 5, SCRUBBER 239 (TANK 1)
CHROMIC ACID ANODIZING

2/24/90 RECTIFIER
DEL-T amperes AVG 239-1-0UT 239-2-0OUT
TIME MIN. il 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 o 0
TEST STOPPED DUE TO RECTIFIER PROBLEMS...CONTINUED 2/26,/90
2/26/90
717 0 350
719 2 325 338 11 11 11
721 2 400 363 12 12 12
723 2 350 375 13 13 13
727 4 350 350 23 23 23
729 2 400 375 13 13 13
737 8 400 400 53 53 53
742 5 350 375 31 31 31
745 3 250 300 15 15 15
755 10 250 250 42 42 42
BOO 5 225 238 20 20 20
805 5 225 225 19 19 19
807 2 218 7 7 7
810 3 210 218 11
817 7 205 24
820 3 200 205 10 10 10
B37 17 200 200 57 57 57
TEST STOPPED TO RELOAD TANKS
912 0 350
913 1 375 6
914 1 400 375 6 6 6
916 2 400 400 13 13 13
917 1 450 425 7 7 7
920 3 450 450 23 23 23
925 5 475 463 39 39 39
930 5 475 475 40 40 40
934 4 550 513 34 34 34
936 2 550 550 18 18 18
943 7 638 74 74 74
948 5 638 53
955 7 725 638 74 74 74
1000 5 700 713 59 59 59
1028 28 700 327 327 327
1030 2 700 700 23

TEST STOPPED TO RELOAD TANKS




AMPERE-HOUR CALCULATION SHEET

BUILDING 5, SCRUBBER 239 (TANK 1)
CHROMIC ACID ANODIZING
{ CONTINUED)
2/26/90 RECTIFIER
DEL-T amperes  AVG 239-1-0UT 239-2-0UT
TIME MIN. #1 AMPS AMP-HRS AMP-HRS AMP-HRS
1107 450
1108 1 538 9
1110 2 625 538 18 18 18
1112 2 600 613 20 20 20
1118 6 613 61 61 61
1124 6 613 61
1130 6 625 613 61 61 61
1135 5 650 638 53 53 53
1137 2 700 675 23 23 23
1140 3 675 688 34 34 34
1150 10 700 688 115 115 115
1214 24 700 700 280 280 280
TEST STOPPED TO RELOAD TANKS
1254 450
1255 1 500 8
1256 1 550 500 8 8
1258 2 600 575 19 19
1300 2 700 650 22 22
1302 2 700 700 23 23
1304 2 750 725 24 24
1306 2 725 738 25 25
1316 10 750 738 123 123
1326 10 800 775 129 129
1339 13 850 825 179 179
1345 6 850 85 85
1350 5 850 850 71
TOTAL AMP-HRS DURING TEST 1758 2343
TEST SAMPLING TIME (MIN.) 250 250
AVERAGE AMPS DURING TEST 422 562
B~-4
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Q00000 0O0CD0O0OGOIOGOGIOOOIOO

'—TANK LOAD DATA SHEET

G

DATE: 2 /22/90 TANK No: L /S
BASE: o F4/ £ L7 RUN NO: S-247 — |
BUILDING NO: &5 S-2 o2 —2
e &5=-242-5>
RECTIFIER WORKPIECE DESCRIPTION -
Z7d TXL S HLE 7 S TEEL
= 12/2%99 22 AL Sl R
DRI TN ON . PR TIC BFL S
NI ST ST
L S A e B L7 7T
S7 LA N O LPSTIL A FLLS
- ZEATD DR E
= RECTIFIER
TIME (INIT)| # )</ # /5
1Y G- Fi00 4 / /4004
[ 3o (Jon A | 12304
295 | )J00 A 179034
3)Som 17100 A4 | )395 A
2K | )00 A | /3574
e |J100 A | 1404
e [0 A | /00 A
& ?/pm /00 A Vo0 1
74534/1 /0 A 19402 A
220pm )00 A | /9044
0 |/J00A | /904 A
0008w | /087 )40 YA
ANP METER  #( AL zﬁi@#?”ﬁ& CHECKA
AMP METEE ] 3S0A g (jfcfégwgcé_[ 2
CLAMP Z -
. A,,f,i,ch%a ﬂﬁPMTAN K5 ARE K
5 CONSERVATIVE

|




- TANK LOAD DATA SHEET

DATE: >-2 /20 TANK No: /DL //
BASE: </ &7 (1 RUN NO: &— 74/j—]
BUILDING NO: &~ 2 | —-2
S24(-3 .
RECTIFIER WORKPIECE DESCRIPTION

I8 FT LgiﬂEEf — C/K/—ﬂce /’f/(é/?'

l//

tH’CE AL
/U%@Q /;7 NE K

AR F7 4 7IN & TEAL | 3
= z e EE T SO T TE AR
AL A9 = SHEE =3
YSMZ672S55 ] LTI STLLS T AF DTN D
[GAL Lim 27200, _TD]  TEZP 1370
AWK VENTICETION 7S FRE7 7Y GCap
- RECTIFIER
TIME (INIT)| —¢ /0 #//
[1E08m [T072 4 %5270 4
[4Sar | /076 A | 3070 A4
1220 /050 A | 20804
Ol 00ppn (/059 A | Z020 4
2850 |/09SA | 2490 4
3[55@47 108544 12140 A
Gz /0854 |2/60 7
775, (T4 A\ 231704
E08on |V TEA 30304
Elpn | Jp 55 A 2220 4
7‘/%4:)/:1 Y4 3{/4 33&&/?
' gfﬁpm (0B A (2400 A
270 AL METER (AL (BAETION ETHETK
AMPPeTEN 0 2_ A gj/},*f_—géf;
EES 7

0000000000000000000




DATE:
BASE: _~#

" —TANK LOAD DATA SHEET

2/ 2 [T

L7

BUILDING NO: S

TANK NO:

/

RUN NO: €0 Do~ ] H#

RECTIFIER WORKPIECE DESCRIPTION ,
TN ] | T HRTHTC il AR e X 7
ol 12727759 2 AR S AR I T

T Bl AST7IC 45 S
$7T 55 7P AT T TN 7Y
=7 ZoiR RAKS
Ll ECTEICAL FROIBS — (/Sudil Y ASMNOPIZE U~
Z0 12 P01 Lo LS /3T TS
KEELE B RCAIN .

) RECTIFIER
TIME (INIT) # )

[ O |1 2%

/ /S ik 75/4'

—— o !
WO P~ g4 2 |OFF (2 _[4%pr
T RIN S T T
L DEH A . NVEHEED | JLTE
STAVRLAY 2/ 29/ |
TEST AES UFES) WITA A7 E)
LOAPS | 2 /g [20
B-7




DATE: 2 /2 g/ﬁcﬁ

BASE: 77 A2 L0

BUILDING NO:_ .S

Le

o

TANK NO:

- 'TANK LOAD DATA SHEET 205 4 A/CD/ 2c

/

RUN NO: S — 259/ 77 |

RECTIFIER

WORKPIECE DESCRIPTION

ZENK -]

&= I504 @ﬁ/ﬁ ~
T i R

)

.%:/74 7/,7%‘. ? :/:/i7' '

L U S AL T AP 707

-

%8

RECTIFIER

TIME (INIT) '%WK#?L / —~

o717 lzvzse4l /| ]
719 |avzosA  ( [AIING
0721w Al = \JF T
072> Y2/ 20 A4 N4
0725 125/ 204 ) 2 M,
0727 _lisy 3504l —/ P LT -
0729 __Y7v Gk { JANAD
0731 lpy A | e Fomy e

7573, V3 40”/4 ARINGE 4T /AN
0735 130V Y4 A
0727 sy A /
0739 |V zeph |—
D798 |V 2504
0745 v 2c04

0000000000000000000



-

TANK LOAD DATA SHEET (CONTINUED)

DATE: ZZ/Z(/? ad
N Nty
sS-239-2
RECTIFIER
TIME (INIT) ;&/ /
75D vy 2504
0788 a0V -350A
500 Yol 225 A
0805 lypy 225 A
T 080 oy 20 A4
CRZ20  |40V-280
OP25  |AN-200 | FPARTS A BIT n/ELl. DINE]
0820 Y 7004 |
082S |V amA
525 |V 20 A | |
G FOWER OFF— 70 RELoAD
212 v 304 IS
0914 sk YmA|R— 947 x5 Je” IHIK SHEET
096 ISV Y00A\ R e il Z |
917 oy 40 A N TE 7T S TRTS
oozp LV oA gafIME UK T
9258 P 9754 A0
oa0)  boy 475417
924 Vay s90A
236 oy ssoft




TANK LOAD DATA SHEET (CONTINUED)

DATE: 2/26/90

z2

TN Noi— =227
s-239-2
RECTIFIER
TIME (INIT) ?qb /
@BSSam |4) Y725 A
OnQ B 7004
10 33V -7004 -
\0\5 s6)-200h | FARTS 200K EREAT
 -HDas N —WA
w20 V- 7wt | FOWER OFF 10 KE/ D
NS
3 /XY ALkl SHE
107 Loy 454
11O 3V 67254
[1N9) D G
JIBD |29V 625A4
N3G BV £0A4
1377 ol 7e0 A
11 91V 6754
HED W 7004
1202 s |40V 700 7
12)Spm W 7004 | FOlEL_OFFE 70 KELOAD
RUN#[OMPLETE

B-10

c1s

0000000000000000000



TANK LOAD DATA SHEET (CONTINUED)

DATE: .zgz/g e

TANK NO:

RUN NO: _§ ~2359—/

52392,

RECTIF

IER

S - -

./

TIME (INIT)

7/

)4 Sﬁf{ﬂm

20V 44

AN

H = 4%

/2 < éjﬁn
12:SK

DY A

-~ RART

VF V)L TS

gé ):Oifrﬂ

W 7 A

A}

107

36/ 7004

LinY

37V 70 A

/06

o 7254

1216

N 7504

126

30v - §00

[29

29/ 5 LA

[ST

29 FHA

N

METER

AL

AUAIETER,

6004

DC. CedrronN
wBUsS R4E.

2504

DC CLInP ol
@ Lus e 2.

2504

TOT4L
BYSBAR | L2

GO0 A

001 BRATIN. 1S Y LIRATE

Y

B-11

7 SHEETE cF AY

BRATIOK] { BE
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APPENDIX C

FIELD SAMPLING DATA
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PRELIM

TRAVERSE DATA SHEET

n

Aﬂmz.éﬂgELJi;??S%ﬁé

L TR ST

(REY 8/86) 5:-—- =z ‘/Z - / ~ 007’ ' '
P T Length from upstream disturbance it
Lmﬂlggéj;fs/‘?/’f‘ /_\ 'lf1ameter from upstream QIstur'Eanci ala
UATE Length from downstream disturbance Tt
G’I%\él{zzf_/gf_d; / DTa:ieters from downsiream dlstﬁan& ara
KU 7 M -~ CIRCUCAR, DIR. in [Required nuiber of traverse pomté ea
5——#2‘/&-/-— éﬂ RECTANGULAR, LxW 7!1 Number of traverse points used 2:/{ aa
PULRT #] STALK PRESSURE L ATION. PO‘I?‘J‘T&#XS%\CK PRESSURE LOCATION 2 !
n APve%in Hscs)zatic W (in) n APvesin Hsglatic W - (in)
1 |06 2. "
——2 |.o4 27 '
3 |03 28
4 c O3 29
S |- O3 30
6 s 09 3]
7 |-03 32
8 -3 3
9 |06 3
L 35
n |-05 36
12 O3 37
B |.o3  |;osy 38
4 =0| i}
15 2Ol 40
B [0 41
w7 PO a2
18 -0k 43
19 s08 44
20 |[=©9 45
21 O3 46
22 [203 47
23 |0 48
24 |.0Oi 49
25 50

- ] DALY

]

aa e - ‘ BT .
A e TR e e e




.
TRAVERSE DATA SHEET
(REV 8/86) S ciCvy /}L,/& //L/ZL( / 7/@7/
PLART ,8/ S /\ .Length from upstream disturbance Tt
CUCRTIUN rWaWé iameter rrom upstream disturbance ala
-uqn-_ -3 Fgé 70 \/ ;engt: fron; dow:strei:m dls;urbance Tt
UEHATUR lameters ftrom downstream disturtbance aqila
[.w.'{ 7 4/57%?11’“1/ 2‘72 LIRCULAK, DIA:{ f/j/::\_]/\n Required numbelir of {raverse points ea
£ ‘ RECTANGOLAR, TxW N\~~~ 7n Number of traverse points USed ga
POLNT STALK PRESSURE - LOCATION YOINT #| STALK PHRESSURE LOCATIGN
n APvegin i gi):at'lc m (in) U : n Pvesin HBstat‘ic W L tim)
1 [o j 2. "
. g
3 (0.4 28
4 a./& 29 ’
- 5. 0495 30
& [dsT 31
1 g 32
8 &1/ 33
o g3 ' 34
0 |@4 35
n @y 36
v [4/4 37
B (SIS 38
R N LA 39
B | gee 40
6 [(dF5 41
| AL 42
18 dﬂﬁ 43
w | a4
20 _d"/___ ] i 45 o
2 |15 | 86
2 |4 a7
- 23 715 48
24 d’fj 49
25 50
AV = [ ’%W ] Ol gi
e e e T e D L - K SN BT PR - -

\/\
% .
oooool

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

S /H
DATE : 4;'/53 /90 LINE No: 247 WNKG’: i
BASE: AALD ALABEDT RUN No: G- ,)21/2_.1 ‘ﬁUT

BUILDING NO: -S> CIRCLE 1:_ INLET !éu%lég >
PREP BY: /_\4_’ 4%

[’1/ 1. Wash all glassware with detergent, acetone, deioniged-water, and
rinse with 0.1N NaCH solution.

[/{ 2. Add 100ml 0.IN NaOH solution in the first two impingers (standard
Greenburg-Smith impingers}. Record initial weights,

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

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

[v1/ 5. Place teflon coated filter into filter holder and install between the

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

[01/ 6. Assemble impinger bottles and glass elbows (1B0s) so that air flows
from a smaller to larger holes (if applicable).

(1 7. Calibrate nozzle by measuring four IDs with a micrometer.

Impinger No. Contents Tare Initial Final |Condensate

A=l 1oom 0.1 vaon /13| S82.03 5‘%&/0 Lo
—kz'—z. 100ml 0.1N NaOH 77067 \57)92 e 0.2C
47

Y5750 | —— o2z
.99 9766271 774958 Fi3]
Net Weight Gain 2227r£§67

3. Empty

4., 11 silica gel

Filter No: é)@fé
: as -
Silica gel gondition after test: //C7,//f: h:gjyf1§57\/;7'

verage
&3 >
A ~

ID After Test: &3’96’ &f VC’C_ 0'5@?’ 657/395 O':_BC\(D
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IMPINGER BOX SET UP FOR CHROMIUM EMISSION TEST
AND NOZZLE CALIBRATION SHEET

DATE: 2/ 2R /5, LivE No: 292
BaSE:_ Y AN EA RUN No: </ S—Z Y2-2-00T
L ' N
: BUILDING NO:__> CIRGLE 1:_INLET (oﬁi;_gj p) ‘
PREP BY: 222 _

[Vﬁ 1. Wash all glassware with detexgent, acetene;—detonized-water, and
rinse with 0.1N NaOH solution,
[LY 2. Add 100ml 0.1N NaOH solution in the first two impingers (standard
) Greenburg-Smith impingers). Record initial weights.
- [v1 3. The third impinger {(modified Greenburg-Smith) is dry. Record initial
welght.
[Vf 4, The fourth impinger (modified Greenburg-Smith) contains about 1 liter
of indicating type silica gel. Record initial weight.
[pﬂ/ 5. Place teflon coated filter into filter holder and install between the
o= third and fourth impingers. Record filter number. Do not weigh.
L/T 6. Assemble impinger bottles and glass elbows (180s) so that air flows
from a smaller to larger holes (if applicable).

LT 7. Calibrate nozzle by measuring four IDs with a micrometer. i
Impinger No. Contents Tare Initial Final Condensate )
__-z::__. 1. 100mi 0.1N HaOH _/?“/.g‘% \qyéél 56&/’33 /7/ 72
272, soom 0. e ZALE2 SELCD |SEAE)| 206G
2> Empty 445,94 #15.56 [ /6
‘-—%-"é—/——- 4. 11 silica gel gé,/é g‘gq,79 ggg(/z /L/IZL{

Net Weight Gain 35/}/3—‘”7
Filter No:_ (0K '
#)
Silica gel condition after test: /ﬂ)/é'_<£@/

2/7 1/, E |
Nozzle No: - 2 Calibrated by: verage

ID Before Test: -0 Q.dOS 0.2C2 ORT (.25
ID After Test: O, 405 O.Z[F0O O. S Q-240 O2GH
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IMPINGER BOX SET UP FOR CHROMIUM EMISSION TEST
AND NOZZLE CALIBRATION SHEET

DATE : 2/ 3/?67 LINg No: LG Z-
BASE: 444%’//6")/4 rRuy No: S-247-3 00T

BUILDING NO: -S> _ CIRCLE 1: INLEL TLETS

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

L/T 2. Add 100ml 0Q.1N NaOH solution in the first two impingers (standard
Greenburg-Smith impingers). Record initial weights.

[t 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. Record initial weight.

k/(/ 5. Place teflon coated filter into filter holder and install between the

third and fourth impingers. Record filter number. Do not weigh.
F/f' 6 Assemble impinger bottles and glass elbows (180s) so that air flows
from a smaller to larger holes (if applicable).
[p4/,7 Calibrate mozzle by measuring.four IDs with a micrometer.

Impinger No. Contents Tare Initial Final Condensate

o —

. 100ml 0.1N NaOH

481>

.06160326] 19,5

4751

57585

1S7/).70

_¢/J/3

-]
-2

2, 100wl 0.1N NaOH

460.57 96252) ), 25
S| 77487 13,66| 3908
Net Weight Gain S'é'” Z_O

4. 11 silica gel

Filter No: C?[QZ
<
Silica gel condition after test: —325;:/2 JS;F7€E7VCr’

Nozzle No:

ID Before Test: /), SS7¥0 _&&3;2 ceg2  Le7%  0.5%81

ID After Test: //’qﬁf

Calibrated by:ljgg?«" verage

98 hyss .4 78

Cc-11
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RECTANGULAR, LxW in_[Rumber of Iraverse points used ead
. Zﬁ% Z‘E%c-%.s‘ 2.
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IMPINGER BOX SET UP FOR CHROMIUM EMISSION TEST
AND NOZZLE CALIBRATION SHEET

DATE: 2//-7.-’;'/90 LINE No: 27/ ?W(%,//d /
BASE: A/ D> ALAMELH RN No: S- 24 [~ |

BUILDING No: .S GIRCLE 1:_1}11.@

p/; 1. Wash all glassware with detergent, aeetune, deieniped—water, and
rinse with 0.1N NaOH solution.

U/j 2. Add 100ml O0.1N NaOH solution in the first two impingers (standard
Greenburg-Smith impingers). Record initial weights.

{/1 3. The third impinger (modified Greenburg-Smith) is dry. Record initial
weight.

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

[#ﬁi 5. Place teflon coated filter into filter holder and install between the

-7 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).

] 7. calibrate nozzle by measuring four IDs with a micrometer.

Impinger No. Contents Tare Initial Final Condensate

y7¢.0] \ 7574 1\ 587.80| 12,4
=27 5 100ml 0.1N NaOH 473,87 187433 157572 /.39
33 .. #grz|— lypiz| 690
—iﬁL 4. 11 silica gel ﬁ’zf/ 758.77 1450.97 | 22,26
Net Weight Gain |z,
Filter No: /0.5 5622

Silica gel condition after test: CO% §/EW

Nozzle No/é.ﬂJZZ Calibrated by: 2& 5;5_;/? Average

ID Before Test: rj &m} C&iaﬂ_ _wl M L. B399

ID After Test: a. Yoy z. Yo @’-‘/;Z’r{ a. 37¢ Z.vYor

1. 100ml O0.1N NaOH
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A Chaomie Flare

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

,M6

DATE : 7/ 5/ l LINE NO: _2 9// - Ll

BASE: ﬁz_#/t/’é—’ﬂ’? RWN No: $S-2Y/-2~O07

BUILDING NO: 5 CIRCLE 1:&@

(4 1.
1 2.
A 3.
1 4.
1 s.

LT 6.
[V]/?-

Impinger No. Contents Tare Initial Final |Condensate

—L-;Z— 1. 100ml 0.1N NaOH 572’0‘5' 4/5’29 é29'2/ /5/92
—i— 2. 100ml 0.1N NaOH 5/5—’52 6/200 é/?Zé 2176
/- =
)=

Wash all glassware with deTergent, aeetome, deiontzodwater, and
rinse with 0.1N NaOH solution.

Add 100ml O.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
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.

502499 —— \04.12.| 2,63
£.SB| 8781012002322, /3
Net Weight Gain é//,y?/

3. Empty

4. 11 silica gel

Filter No:_£C /7
Silica gel condition after test: :370% : éygAﬂ_

4

t

Nozzle No:ﬁé éézréﬂz% Calibrated by: éir‘('ﬁ /e vera

ID Before Test: £ v&& E veq (20874 7. 2G4 2 Y
ID After Test: (.86 & 992 L yuy Z. 394 d. 57 /

c-20

{ooooooooooioo.oodoo;




1T 1 \ | [ _ T e
/ TVIOL
{ | | |
_ i | ! t \ f | _ ! ; “ | “ 09 “
1 ) . y ] |
b 2 Es he | 8 | 89 | tas] &5/ 50 | 55 |
_ s¢l Y 2s sc ! e 99 | #/p| brZ'hiscg | o5 | v
| | o/ “\ Db ¢ he | 49 sti'p |l 9275 | Aecep S4h of
T o7 / <s - £c | sc | 09 1ozgl henl 1iuzg | 06| 4 0
| I \ os | g¢ | 74 leeFgy ssp | ba/ 1z | sl BARY
| ldo\ 1S Al | e 89 | #sa | 47 g0 '4/B og 1/ a
| _ Kz \ o5 sc | oo |87 550" 1 gz 12818 1 52 “ 9
“ M s J (S £¢ lec® 18242, 2p | €7 | hs 808 “ 2R
| lsst O] ¥ e 18 19 L bopl ¢/ 2sh0e L 5/ Ay
_ | s°s A\ %S e SL Y 99 | SRy, a2l 1868 or b 54
T o/ v £S 2L ce b 99 Crpl 4978 @Al s z
[ 77 T T 55 /4 JL b4 | dzpl 28 | CLCH L g /55
wdd |GH | g | % | o4 Of da T [, (O WL)| 4, (T BL)| 4, (SL)_JOCH UT (dV)[O%H UT (WM ¢33 (W) G LIS
P _ | W | B @ sEyp e | _ ! :
xn |0 | %o [ % | Hrova [RMVESEL|RNIWISEL|  ¥2i3 SV RiA IV |TAIVRSHEL] QVEH T | RINSSE | NIV | 34l | 4 INId
- TS _X0d T1aWS_| YN | DHAIVIBITAL TS SV ALI0T3A | DI | ¥III SV | ONTTINS | FSYIAWL !
Ty BT - / I Lwo-Z 1A%
84 UT OWID ALV Sivdl) ONLILZS ¥IIVEH F¥d| ONIILTS ¥Od ¥ALVEH| SSCRD DVIS 40 OTIWEHOS ¥ “ANISION qINSSY # N
P 9 D HO ST [, s/ &/ _ _ 998 & e FIH213Y :
§,J0LId & XOFH) WAT TR ALV WINI'T 20 | # 04 FEAWS| | I 0%y UT ‘avaH TIA AW WOINED = ..
) AL | dogy ! ! '/ g 929 82 1
Ul 'yIg TN TVILOY Ul "HIONGT 30dd £ AL 0%H U “HNSSTEd JLIVIS AV ava
N% . ‘ - ’ - .\h.\\ \\a\
ur *yig wmﬁjﬁﬁa z8 ,MU 1011d| NMQ:\ ¥ILH| / _ \ _ on .ﬁ:ﬂ%ﬁa b@ﬂz“ .b%vc%ﬁwwo\q
AN L . ] L. ﬂ ........ . ’ MW ) Yy 7
. WNN\W\%N\\KMJN\MMZ_ ! .HO.HHM&.* m.mg.—m__ m\% e M_EA“ ) 2y ut mw_nmmgm O IO | \U INVId
4 =,

(D15c0# "g8/11A 5I5)

e e i o miEe A JYATANTY T RrARTASYY

3
-..\




00000000000000000004

_ “ \ IV
! T™VIOL |
_ _“ — w | | L IR
| “ o hs A 84 “ 1L 9 _ 39 zo' $s “ww-}mm bosw VA2
“ 1| pg U 64 | Il 1 SC 1 oL 84" ht 11 51°088 |01/ “ $2
| G5 1 1V kh | e | sz wg | 88 A7 298 | sor | 22
I B s \ I 6 1 2, 1 o4 | g9 LB | $¢ -/ _ww.mh% 0oy _ /12
I 25 by 1 2¢ 9. 99 | Lo | sel 179899 s¢ | oz
_ “ B85 ﬁ Lh 2 (¢ S ¢ Y, TR | YAV WYY 04 6/
| “ ] g9 \ ) 2 £ | 49 2/'p | 8S'2 129458 52 &
b Tee oS 2¢ 1 22 | 82 1 Alp | S5 lhehsE OF ok Y00
L 2 4 \ b4 | e | st 87 1L L Es l¢s /S8 S¢ Tfm&
44 v os | he V9t g9l sg N LBy 1 9E4E oc | &
o [ .U 05 $¢ 2 69 hor L igp lecsrg s L Ay
IR he eV 89 T amp by 161208 29 | sy
wdd | wdd |7 % | dnut EN EN 3, (WO uL)| g, (f do (SL)__|OCH U (dV)|OCH UT (HV)| ¢33 (WA) Ut
| i 391300 uﬂs_%wvu @ aﬁs@_ (O™) | :
XN | :8_8 _5@& _géua@._mmaémaﬁ_ YALA SV RIA IV _m%vH%Mm _EM%AE | NSSTd | NIy | IAL | # INIOd

] \\sm\ &2

70 b,on\

(SId ISUIAVIL MOHS ) NOLIDFS

i Ul oD LW IO ANILITS ¥IIVEH TWOdd| ONIILTS X0d ¥AIVEH| SSOD YOVIS 30 OILWEHOS ¥ ‘DNISTON a3{SsV
.8 @ 0 Fiod 3527) _ e _ I 9908 2 5773
5,1011d & YOI WIT| TV TV ENTT 390U | # W08 FEWS | } | 0%H YT ‘QvEH T WY UOLVIID
_ A E | 2977 _ | | z/ 76 727 £2 i
UL YIT IZZON TYALOY uy ¢ FAOUd | £ 93 ! 0% YT ‘NSSTd D1IVIS 3NV g
262 I Ash Y/ _ Iprwoly
uT ‘yI@ IZZ0N TVAql J300 Shm_ m:q zHE_ | i d, ‘NDVIIIEL INTITWY A~ NOIIVOOT
R . AR %\ | |- 22 2s . N\O\n\
# Huwoz_ 3 .s,a& ¢ mmsm_ # Em Hﬁz | | 84 ur ‘Junssmid OTYIFONE INV

1

(015704 "88/11a S[S)



100-Z-1k7-S

(131228113
9°66= 1% JILIHEN0S]
HIRERRENES
B6e 6822
= WM
#0562
W30S SB MO
SHD AN XIS
gra"a26
= Wdd
ALLI0T3A SAb
829°82
. =10N 81781
A s ‘18 "IN
130 §69 OB1S
61
= 0% X
186°0
= {SHE-1) 'S4
A¥E *L06E4 TT0H
966766
=45 QISHA
104 T18S
131934402
| B8666
=£14 *0A
ETEREL
" Hid Iy
E=N1BY O2H

"' *30H1INOT 0)
574 LIH

*Biya ANIA0I

HA 9881
On=8 $341
CHKONA HIBD DEH

Wh  @e6’EZ

MY 6ee’d

2628923 10451
$0g°6E=0M W1
. §84 X2445d
‘W gesezl
iz "HId
. 1L TIHES
_ 826" 284=WILIH
§86°248
. i=£14 JHN0A
. 23134 6WId
, §86°0=4 B1130
210°2-H-41130

iy

#52°G2=4 MM

288°9=A3
SINTYA IAM
HIA0S1

HNY 8RB
*6Z 0N LINID4
T
£6°1
“*e02H ‘Nl

=H pIEe

N3
£8 015 89°%L
26 015 60789 f.
18 015 28°
‘b2 "ON LHI0d
j1t521:)
rel

‘020 "Nl
=4 51138

W

70 015 88'8d

*£2 0K LHI0d
sERTIN

2l
*4*n02H “HI
= 81130
Hng
to 015 69'se

A min o ARe

T

PEREEE

85
: 0z "N
RN =H 8170
K
12 'O IMId
p2I31e )
N .
. Serr0zh
. ~ o sHAI
O
56 015 99°92 B
o T, T

*B2 “ON LN104
T SEEENEN

A..\. )
"l
.._ “02H .un :
T
HY N

£6 015 886 - .

26 015 @6°8% !

1@ 015 99° !
: *61 "ON 1H10d
fii1fs ]
992
=eo0zH "Nl
! = B0
Y
£6 016 €9°£L
28 D15 86°69
'[9 015 21
‘g1 04 IHIDd
[1t2223]
10'f
. “02H “H1 L
. =H 4130
+ HY .
20 015 88°89
AT et
£0'01S 802
19 015 #1°
o 41 "OH LNIO4
e \
51
L serv0zH N
=4 B1T36
N
kB 01 B9°GZ
18 015 26°
| 9% "OH INIOd
' [Tz 1511
£8°1
. “=*0ZH "Nl
=H 51730
Hind :
8 015 6089
18 015 58"

: . "GT COM LHIOd .
. LN

£8°181=NIXOSI 1H353ud

[ ]
¢ WL
[T A ] -
¢ I0A ¥1W 1547
Hhd 90°08S
*S1 0N LN104
. YL
38y

csrepzy Nl

£6 015 89"

20 015 89769
16 015 10°
"l 0N LNI04
SeEesE
60'1 .
PR
=4 B
NN
£0 045 08°22
19 045 0"
“£1 0N LKI0d
4 SPEENS
£5°1
“** 02§l
= 8113
N
o0 01S 089°82
16 015 20°
‘21 DK iNI0d
RS
61
“ee=0zH NI
=4 41330
Hn
£0 015 89°22
20 015 8889
18 015 81
“I1 “0M 1NTOd
FITLL)
92t _
“eeegzH N
=4 4113
Hi
£8 015 802
70 015 86°69
18 015 &1
*91 "ON INIOd
EiE1122]
"
024 “HI
=H 8313
]
£@ 015 88°EL
18 015 82"
“6 *OM 1N10
1 S804
6
-

.u#...m.rfmﬁﬁwchuwa

f [TIYITE)
68}
; 021 °Hl
: =H B3t
: HOY
18 015 S0°
*L 0N INID4
. henss
: sor0H "Hi
1 =H Y1730
£6 015 88°9L
18 DI SS8°
*9 ‘0N INIOd
FYTI0E:]
181
***=02H "Hl
. =4 pL130
* NDY
18 015 06°4L
0 015 99°89
18 015 99°
g "0k INIDd
v LERERED
gl
*eeg2H M
) =H 61134
‘M
£0 015 88°8¢
26 015 8069
18 015 58°
*y 0N IKIDd
EERNN
o2
*ee0zH “Hi
=H y11d
N
£9 015 89°5¢
18 015 11"
*fC0H INI0d
FYITr ]
69°¢
*02H NI
=4 4173t
[
£0 01§ 86°L2
20 015 08°89
18 018 4"
‘2 "OH LH10d
p21TLE 2 Y
ur
vee0ZH HE
=H B113¢
¥
£0 015 08°12
28 01 08°69
18 0I5 82"
1 ‘0N IMIDS
EYTI250]
MW 826782

EEVER

CLU1y = CHIN (L
HAY WAKIRIN

§22'0 = H4) 2MHS

[T LN
L=53HOMI BIa
112204 WNL2Y
10b°0 =SIHMI ¥IL
317200 W30l
j4) 5279 ¥Bd
682" 260 .
=Ndj ALI2013A
A2ULS 4B -
1] . L - el
£248052 . .
3601 10114 f
NO¥  EB0°69 ;
i=d M3l
1H31awy
T .
=024 "Wl
d-4130 344
WhY 68869
i=4 930 du3L
X815 I8 -
Nl 80RTE2
=104 8181
‘SN ‘1N T0H -
430 b9 MBLS o
860°1 I
=020 % O
N BE2EE
=9 RI #i8d
wy ezl
i=0%4 Wl d
11618 A0ULS
NRY 852U928°1
=3 M
yauy AHLS
Niy 8eel
. ¢ = Wy 33
[T .
. L= LBeH-H130
(T3t S
=08 434714
HhY ZeeTIR
="0N KN4
NS

¢=0M 1531

$/¥ H5Nd H3HL
LI EIGE]

OMON § QOHLIW

L]
gy -7 | 25




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

DATE: 2;'Z23/’/ 90 LINE NO:__ ‘/ /
BASE: AL A1 E DA RUN No: S-24 [ 30U

BUILDING NO:__ > GIRCLE 1:_INLET (GUILEL)

[/ 1. Wash all glassware with deterEEnT, acetene; deiomized-water, and
rinse with 0.1R NaOH solution.

[/] 2. Add 100ml 0.1N NaOH solution in the first two impingers (standard
Greenburg-Smith impingers). Record initial weights.

['/] 3. The third impinger (modified Greemburg-Smith) is dry. Record initial

weight.
P/T 4. The fourth impinger (modified Greenburg-Smith) contains about 1 liter
of indicating type silica gel. Record initial weight.
{/{ 5. Place teflon coated filter into filter holder and install between the
-7 third and fourth impingers. Record filter number. Do not weigh.
(/] 6. Assemble impinger bottles and glass elbows (180s) so that air flows
h/f/ from a smaller to larger holes (if applicable).
7

Calibrate nozzle by measuring four IDs with a micrometer.

Impinger No. Contents Tare Initial Final Condensate

3';’; 1. 100ml 0.1N NaOH 47715 7820 | S93.200 /4,2
37 5 100m o0.1n naou 27 99 |leeps2 | ss2. /| /2%
ot R 472 03| —— | 4r251| 2,35
—'ZD’—/L 4. 11 silica gel 462.2] ég/z/é 264 7125.0/(

Net Weight Gain 4}/}57

Filter No: gx)gz

Silica gel condition after test: 60 -707% SN 4

Nozzle Nors ’ VK Calibrated by: A= e 4 /e verage

ID Before Test: & Y@@ Doz Pvey & 39 2w/

ID After Test: _&-‘(o¥ g.295 gs9s @. Y82 #3296
C-24
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- PRELIA
TRAVERSE DATA SHEET
{REV B/85)
PUANT / Length from upstream disturbance Tt
A armede. :
CUCATTON A’//a/ < /_\ Uiameter from upstreéam disturbance GEF]
b —
TATE 2 ength from downsiream gisturbence 3
, 24 fet 70 -
PERATOR . / Diameters from gownsiream disturoance gia
el i€ s
ROT 7 LIRLULAR, DIA. mn

Ve/k.-g; A= 2 39-1-0UT

Required number of traverse pomtszs— €a

RECTAN'FULAR, Lx2/69427 in |Number of traverse poinis used 25 ea
POIRT 7] SIACK PRESSURE COCATION FOINT #] STACR PRESSURE TCCATION
n élive%in Hggt):atic W (o) n ﬁPvesin Hagt):atic W (in)
1 @’-Wa g.zﬁ 2%. °
S22 | Pide &. 201 o
3 Cds 2. 2py 28
i | @3 . 2p4 29
5. | d4s dzpd 30
6 |@78 1,282 31
17} a7 2649 32
8 . ds L2958 1
9 |@&s 224 34
0 |L.LS1+d 72 |22 35
n (#4417 3oe 36
2 |FE7 L2¢4 37
13 7gs L2124 I8
u | dgy .2c0 39
15 dJe .2%5 40
16 ¢¢3 2pe 41
v P2 264 a2
1B gLy 220 43
19 ¢¢°{ 20 a4
0 |[gFs|to.7¢ |22y a5
a1 |dd7 2H 46
2 |24 24§ a7
-- 23 7.6 245 48
2 | 2@7 ‘26Y 49
25 | 227 264 50
2
AV =[ié?'———] < FUIM- J Is720
T T LR S R TP e B R - s L

00000000 00000000000



[{ 5.

AND NOZZLE CALIBRATION SHEET

_LINE NO: 239

DATE : Z/?' A é ¢

BASE: j (AN ETIF

BUILDING NO:

2.
i 3.
A s

A s

[/ 7.

Impinger No.

Contents

. Empty

. 11 silica gel

Filter No:_{ 22 !

Silica gel condition after test:

Tare

. 100m1 0.18 Naon L322

IMPINGER BOX SET UP FOR CHROMIUM EMISSION TEST

rRuN N0: 5239 "/ w2 7

CIRCLE 1 :_Lw_@

Record filter number,

Initial

513,58

Wash all glassware with detergent; acetene; deiumizedwater,
rinse with 0.1N NaOH solution.
Add 100ml 0.1N NaOH solution in the first two impingers (standard
Greenburg-Smith impingers).
The third impinger (modified Greemburg-Smith) is dry.
welight,
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.
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.

ﬁ;t!o'f 7¢

Record initial weights.

Record initial weight.

and

Do not weigh.

[Eondensate

. 100ml 0.1N NaOH ‘g/éf/D

616 8l

619491

A

505,99

e —————

SP6.03

—

0. 2B

9294

29.18

Net Weight Gain

BEARE ZoK SIENT
Z0 % </ENT

- / i il L
Nozzle No: ’2 /jg 7 calibrated by: K&, cr7 /e

ID Before Test:

ID After Test:

$.390  _Pups _d-295 -39S g 3%
01390 .90y _£.395 o296
Cc-29
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TRAVERSE DATA SHEET

(REV 8/886)

YT T Length from upstream gisturbance Tt

mmwﬁuépé S /_\ DTameter Trom Upstream aTsEurbancea1d
/) A £ 2

B 2/ 2/ /50

AP,

LengTh from downstream disturoznce it

Diameters from downstrezm d1sturaa§a gia

RO 7 /;‘—-Z 5?’*2—-&(/’7_ CIRLULAR, DIA. wn fRequired number of traverse pmnr.%g" e
REC]ANQULAR, Lx@oxg.z_‘? in [Number of traverse points used ZS &3
POIHT #| STACK PRESSUKE LOCATION POINT STALK PRESSURE LOLATION
0 n APvegin HB[s]t):atic W (in) n APveVn Hsgzatic W - (n)
1 »OF e 26. "
2 «O%F M 27
"3 .ot e 28
4 .08 .a23 29
R &) 37 30
& [-08 |39 N
7 .06 -34S 32
8 05 - DY 33
s l.od _lace !
10 LOF +0.700 fowes 35
n O} . 26T 15
2 WO5 234 37
13 [0 -i73 38
u |-0d 200 39
15 [0 KO |.24s 40
6 -0 -aus a
7 05 <329 42
1B |- .30 43
19 . Ot -0 44
20 [.O5 . a4 a5
21 .05 - 34 46
22 O . 200 a7
-~ 23 .0 Y- 48
24 [nOh L173 49
a5 |-O4H .32 50
2YAP r:
AVoe = T - 0-0O58.34
T R P Y LT NI U VR S R B Ll e

3

@




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

DATE: ‘2//2'4//90 LINE NO: 23D
BASE: ié///w Rm%;—Z??—;Z"OC/T
BUILDING No: - CIRCLE 1:._1}&};1_@

PREP BY: éd/c?/céf

['/( 1. Wash all glassware with 4eTETrETht, weetoner—deirmired—water, and
rinse with 0.1N NaOH solution.
[4/ 2. Add 100ml O.1N NaOH solution in the first two impingers (standard

Greenburg-Smith impingers). Record initial weights.
[/I/ 3. The third impinger (modified Greemburg-Smith) is dry. Record initial

weight,
[\/( 4, The fourth impinger (modified Greenburg-Smith) contains about 1 liter

of indicating type silica gel. Record initial weight.
{v/s Place teflon coated filter into filter holder and install between the
T third and fourth impingers. Record filter number. Do not weigh.
I\J/6 Assemble impinger bottles and glass elbows (180s) so that air flows

from a smaller to larger holes (if applicable).
[ 1 7. Calibrate nozzle by measuring four IDs with a micrometer.

Impinger No.  Contents Tare Initial Final |Condensate
—277 1 1o0m 0.1N naon —Z7&5 5799 | oze | 23.2
—F % ) 100ml 0.1N NaoH 77268 | S787 | Ss0/7 /.27
D e S e

4. 11 silica gel 4 ee WEith cain ?013/

Filter No: o2

Silica gel condition after test: (‘-’OZ _§,,C':!‘{'

Nozzle No: 3/(- C’W‘C_ Calibrated by: /1’77 P; Average
ID Before Test: (O.3GG 05‘18 G aGYH O_<«4O>D &-388]
ID After Test: O.200 p,40] (4072 0.Z28 [, L/OO/?/V’L
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TEST RESULTS
SAMPLE CALCULATIONS
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HARD CHROME PLATING AND CHROMIC ACID ANODIZING QPERATIONS

BUILDING 5,

NAD ALAMEDA

TABLE 1: EMISSION TEST RESULTS

CHROMIUM CHROMIUM CHROMIUM CHROMIUM STACK
SAMPLE EMISSION EMISSICN AVERAGE EMISSION EXIT
WEIGHT CONC. RATE AMPERES FACTOR VELOCITY
TEST NO. (mg) (mg/SCF) (mg/hr) (Amp) (mg/Amp-hr} (m/s)
5-242-1-0UT 0.0448 1.006E-03 191.801 2393.0 0.080 9.1
5-242-2-0UT 0.0484 6.248E-04 148.160 2401.0 0.062 11.3
5-242-3-0UT 0.0678 4. 770E-04 142,590 2404 .0 0.059 14 .2
5-241-1-0UT 0.0931 1.059E-03 397.858 4165.0 0.096 22.6
5-241-2-0UT 0.0999 1.000E-03 432 .399 4272.0 0.101 26.0
5-241-3-0UT 0.0877 B8.321E-04 379.351 4433 .0 0.086 27.5
5-239-1-0UT 0.0072 4.605E-05 15.383 422.0 0.036 20.1
5-239-2-0UT 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) (%)
5-242-1-0UT 0©0.396 0.49 120 44 .55 2.1 3179.17 102.1
5-242-2-0UT 0.396 0.36 168 77.41 2.1 3085]1.96 101.9
5-242-3-00T 0.481 0.64 120 142 .23 1.8 4982 .09 140.9
5-241-1-0UT 0.399 0.75 120 87.92 1.9 6261.36 100.7
5-241-2-00T 0.400 0.73 120 39.90 1.9 7205.80 99 .0
5-241-3-0UFT 0©.401 (.83 120 105.45 1.8 7598.71 98.6
5-239-1-0UT 0.396 0.66 250 156.44 2.0 5567.65 98.2
5-239-2-0U0T 0.399 0.63 250 169.03 1.7 5761 .37 101.0
D-1




EMISSION RESULTS
SAMPLE CALCULATIONS
TEST 239-1-0UT (TOTAL CHROMIUM)

CHROMIUM WEIGHT = %, {analysis volume (1) * lab analysis (mg/1)]
Where: n = probe, impinger 1, and impinger 2

Example:
Emission Weight = [0.0932 (1) * 0.043 (mg/1)] + [0.1623 (1) * 0.018 (mg/1)]
+ [0.1569 (1) * < 0.002 (mg/1)] = 0.0072 (mg)

EMISSION CONCENTRATION = chromium weight (mg) / air sample volume (SCF)

Example:
Emission Concentration = 0.0072 (wmg) / 156.44 (SCF)
= 4 605E-5 (mg/SCF)

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) = 0,036 (mg/Amp-hr)
STACK EXIT VELOCITY = stack flow rate (SCFM) * (.305 (m/ft) /
[stack exit area (ftz) * 60 (s/min)]

Example:
it Veloci = 5567.65 (SCFM} * 0.305 (m/ft) / (1.406 (£t2)
* 60 (s/min] = 20,1 (m/s)

Note: Stack Exit Area is 27 x 7.5 inches.
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APPENDIX E

"NOMOKIN" SAMPLING PROGRAM
EPA CONSTANTS AND EQUATIONS
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EP A METHOD 5 HP/41CX CALCULATOR PROGRAM

B1eLEL ~NOHOKIH®
82 CLRG
BIFIZ @

84 =HETHOD 5 HOMO"
85 RYIEK
86 ADY

67 “EHTER DATR*

B8 AYIEM
89 “THEM PUSH R/S*
18 AYIEW
11 AdY
12 =TEST HO.=?"
13 PROMPT
14 “RUN KO,=?"
15 PRORPT
16 *FILTER $0.=7"
17 PRORPT
18 FIX 3
-19 ~IHITIAL NETER®
20 AVIEN
21 -VOLUME FT3=7"
‘ 22 PRONPY
23 570 22

. 24 “DELTA-ReAT = 2

23 PRONPT

. 26 S10 12

27 “METER GAMMA = 2=
28 PRONPT
29 S10 {3
3@ =STACK RAPER-
31 AVIEW
32 IN. S0. = 7"
33 PRONPT
34 ST0 25
35 “STACK STATICZ
36 AVIEM
37 "P IK K20=7
38 PROMPT
39 13.6
48 7
41 "PBAR 1M HG=2"
42 PROMPT
43 570 27
44 +
43 §710 2¢
46 1
47 =% H20=?*
43 PRONPT
49 196
58 7
5t -
5¢ ST0 28
53 =STACK GRS WET*
‘54 AYIEW
55 “MOL WT, HS.°
96 AVIEW
57 *LB/sLB ¥0L=?"
58 PROMPY
39 ST0 43

60 "AYG STRCK®
.61 AVIEN
62 “TEMP DEG F=7"
63 PRONPT
64 468
€ +

e 66 STO 86

&7 "AYG DELTR-P-
68 AVIENW
" 69 "IN, H20=7"
70 PROHPT
71 STD 24
72 “AMBIENT"
73 AVIEH
74 “TEWP F=2-
. 73 PROMPT
76 468
i+
78 STO 88
79 "PITOT TUBE"
88 AVIEW
. 81 -C5upp=?-
g2 PROWPY
83 ST0 @9
84 ADv
83 “AYG STACY-
86 AVIEW
87 “VELOCITY FPK="
88 AYIEH
89 RCL b5
98 RCL 24
91 +
g2 RCL 26
93/
94 RCL 85
93 7
96 SORT
97 9123.2
9% e
99 x
168 STO 19
181 VIEH X
182 “FOR 8.75 Cry-
183 AVIEM
184 =1DERAL KOZZLE"
185 AYIEW
186 “DIA IKCHES= -
' 187 432
188 RCL 06
1a9 =
116 RCL 27
111 =
112 P1
113 RCL 28
114 =
115 PCL 1@
116 »
117 RCL 03
t1g =
119 RCL 26

-1

128 =
121 -
122 SART
123 ARCL X
124 AVIEK
129 ALY
126 ¥12
127 =ACTUAL NOZZLE“
128 AVIEM
129 *DIA INCHES=?*
138 PROMPY
131 ST0 11
132 %12
131 7 !
134 173
135 .75
136 =
. 137 ABY
138 ~SAMPLE CFY = ~
139 ArCL X
146 AVIEM
141 1%
142 38
143 *
144 ALV
145 *NIRIMUR RUR*
; 146 AYIEH
147 *TIHE, WIH. = -
148 ARCL X
149 AVIEM
158 ANy
191 =#xedax-
. 1352 QYIEH
153 “—BEGIN RUN---
154 AVIEW
193 ADY
196 “ERTER DATA AS:"
157 AVIEW -
158 ADY

159 -ST0 A = DELTA-P-

168 AVIEW

161 =ST0 B = T-STACK"

162 AYI[EH

163 =ST0 C = T-METER"

164 AVIEN
165 ADY

166 =T0 CORRECT*
167 AVIEH

i68 “ERRDR, RE-EMTER®

169 AVIEH

178 “ALL YALUES AS-
171 AVIEW

172 “HECGATIYES"
173 AYIER

174 ADY

175 70 CHECK-
176 AYIER

177 =ISOKIN, RIT-
: 178 AVIEW

179 *568, R/~

186 AYTEN
151 ROY
182 =T0 EXD RUN.*"
183 RYIEW
§84 CHIT 8, R/S°
189 AYIEN
136 ABY
187 "#xsease
168 AYVIEW

189¢LBL 81.
199 /1Y
191 RCL 87
192 1
193 +
194 FIX @
195 "POINT HOD. -
196 ARCL X
197 AYIEH
198 F1X 2
199 STop
208 S84
281 %=Y?
202 GT0 49
283 RN
204 @
205 2Y?
2856 GT0 3@
287 R{Y
208 %=8?7
289 510 82
2i8 1
211 8T+ 7
212 R(L 82
213 460
214 +
215 5T+ 28
216 ST0 16
217 RCL 83
218 5T+ 7
219 464
2208 +
221 870 12
222 RCL 81
223 SRRT
224 5T+ 19
229 RCL 61
226 RCL 16
227
223 SERY
229 5T¢ 23

238eLBL 3L
231 "DELTA H=-

232 AVIEN
233 =IH. H20...."

234 AVIENW

235 851

235 RCL 89

237 REL 28




238 *

239 ¥t2
240 =

241 RCL 12
242 +

243 RCL 26
244 *

245 RCL 27
246 ¢ -
247 RCL 18
248 »

249 RCL 16
250 7

251 RUL 11
252 4

253 Y1
254 *

253 RCL 61
256 *

257 ST+ 15
258 VIEW X
259 *srirrarc
268 AYIEW
261 GT0 81

~—-  ..™ 2624LBL 38
263 "CORRECTING®
e 264 OYIEN
C2%5 1

266 ST- @7
267 RCL 82
268 CHS
269 460
278 +
271 S1- 28
272 STD 6
273 RCL 83
2v4 CHS
275 §1- 17
276 468
277 +
278 §T0 18
279 RCL 81
288 CHS
281 SORT
282 S1- 19
283 RCL 81
284 CHS

285 RCL 16 -

286 ¢

287 SORY
288 §T- 23
289 GT0 3

299+1BL 48
291 "LAST HTR ¥OL 7-

292 PROMPY

293 RCL 22

294 -

295 RCL 13

2% =
297 RCL 17
299 RCL &7
299 7
368 468
a4
3e2 s/
383 “TINE 2-
384 PRONMPT
383 7
336 REL 28
g7 o
398 RCL 28
05 s .
318 REL U
311 32
312 7
313 RCL 23
314 7
315 RIL 8%
36 7
317 RCL 8%
318 RCL 26
319 *
322 SoRT
321 *
322 3.979
323 *
324 ADY

325 -PRESEHT ISOKIH=*
326 ARCL %
327 AYIEN
328 ADy

329 ~CONTIHUE RUN ..°
338 AYIEE

" 331 ROV

332 "taxrex-
333 AYIEN
334 CT0 1

J33¢+LBL 82
336 *mz===m=-
337 AVIEW
332 ADY
339 - ISOKIM-
348 AYIEM

341 “AVG VALLES-
342 AVIEN
M43 FIE 3
344 RCL 23
345 RCL 07
346 7/
347 510 23
348 =Ky=-
349 ARCL %
358 AYIEH
351 RCL 17
332 RCL 97
333 /

354 “TMETER F="

353 ARCL X
356 RYIEM
357 468
3158 +
359 S10 17
368 REL 15
361 RCL 87
362 7
363 STO 04
364 =DELTR-H="
369 ARCL 3
366 RVIEW
367 RCL 19
368 RCL 07
369 7
370 x12
371 ST 19
372 "DELTR P=*
373 ARCL X
374 RYIER
379 “FIHAL HETER“
376 AYIEN
377 "YOLURE FT3=2-
378 PRONPT
IS AU
380 “INITIAL="
381 ARCL 22
382 AVIEN
383 “SANPLE TIHE"
384 AYIEM
385 “NIH. =7
386 PRONPT
387 STO M4
388 “PSTACK ABS-
389 AVIEN
398 ~IN HG="
391 RRCL 26
392 AVIER
393 RCL 28
394 RCL 87
395 7
396 ST0 28
397 468
398 -

399 -TSTACK F=-
480 ARCL X
481 AVIEH
4b2 AbYy
403 ®===zoz=t
484 AVIEW
485 ADY

485 "SOURCE TYPE?"
487 AYIEN
488 "@=0THER"
489 AVIER
416 -t=BOLLER"
411 PRONPT
412 STO 86
413 % €82 =7
* 414 PROWPT

415 §T0 81
416 *% 02 =7
417 PROKPT
418 STO 82
413 *H20 CATH KNOWK?"
429 AVIEN
421 ~1=YES 8=H*
422 PRONPT
423 ST0 89
424 ¥=07
425CTO €
426 “RMATTINC®
427 AVIEN
428 RECOVERY DATR. "
429 AVIEN
438 AV
431 “HIT RS
432 AVIEN
433 “T0 CONTIMUE...”
434 QAVIER
3500
436 STOP
437 *H20 GAIK=2*
438 PRONPT
439 ST0 29

440¢LBL C
441 “HET METER *
442 RYIEN
443 “Y0L. FT3="
444 AVIEW
445 RCL 21
446 RCL 22
447 -
448 RCL 13
449 +
458 VIEW X
451 =CORRECTED-
432 QVIEX
453 "SRHPLE YOL.-
454 AVIEN
455 “YNSTD  SCF=
456 AYIEH
457 RCL 26
458 RCL 17
459 /
468 17.644
46} =
462 ¢
463 570 22
464 VIEM
465 -NOLE FRACT. DRY*
466 AYIENW
467 GRS, (i-BWS) =~
468 RYIEN
469 RCL @9
479 %=8?
471 GTD 83
472 RCL 29
473 RCL 22

0000000000000000000



474 .8471
473 7

476 RCL 29
47t +

478 7

479 CHS
4289 1

481 +

e 462 ST0 28

483 VIER X

4G4+LBL 84
485 % H20 = -
486 AVIENW

487 1

488 -

489 CHS
490 189
491 =»

452 FIX 1§
493 YIEM X
494 FI¥ 3
495 61D 11

496+LBL 93
497 RCL 28
498 VIEW ¥
499 GT0 84

SeaelsL 11
581 =STACK GAS MWET"
502 AYIEH
383 -MOL. WT. HS.*
984 AYIENW
365 "LBsLB rOL="
986 AVIEH
587 RCL &1
588 .44
089 *
o168 RCL 02
511 .32
912 #
Si3 4
314 108
SIS RCL A
516 RCL 82
ol7 +
518 -
519 .22
328 *
521 +
522 RCL 23
923 *
24 1
925 RCL 28
026 -
027 18
028 *
929 +
538 YIEW R

531 °AVG VELOCITY -
532 AVIEH
533 *FPM =*
534 AVIER
535 RCL 26
536 *

537 1/%
538 SORT
539 RCL 23
540

541 RCL @9
542 %

543 5123.2
544 ¢

545 ST0 10
546 VIEH X

547 *STACK DRY GAs™

548 QVIEW
549 *FLOM QS SCFM="

558 AYIEN

551 RCL 1@

552 .1225

593 «

554 RCL 25

993 =

556 RCL 28

557 ¢

558 RCL 26

559 *

560 RCL 20

561 7

562 VIEH %

563 “ACFN =*

564 AVIEW

565 RCL 10~

566 RCL 25

567 *

568 144

569 7

578 VIEW ¥

571 RCL 96

572 ¥=0?

572 GT0 08

574 “EXCESS RIR % =*
575 AYVIEH
576 108
577 RCL @2
578 -

579 RCL 6}
588 -

531 .264
582 *

583 RCL 92
584 -

585 1%
586 RCL @2
587

588 160
589 »

SB9-BIEN ¥

SI14LEL 88
592 ADV

593 "tekkdsahss”
594 Ay
995 AVIEM
9% RCL 22
397 RCL 28
598 +
299 1833
608 *
681 RCL 28
6082 /
683 RCL 26
684 s
603 RCL 14
606 7
6087 RCL 18
688 s
683 RCL 11
610 ¥12
b1t /
612 FIX 1
613 QDY

614 =1SOKIRETIC %1 =-

615 ARCL X
6156 AYIEW
617 ALY

618 “trsenaies”
619 AYIER
628 .END.
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MEMORY REGISTER ASSIGNMENTS
'FOR NOMOKIN CALCULATOR PROGRAM

] ! ] ] [ 2np T I i
| | ASSIGNED | | e i | ASSIGNED | { o |
| STO | VARIABLE | UNITS | LINE NO. | CHANGE | VARIABLE | UNITS | LINE NO. |
T _[ H20 GAIN | 1=YES | ) I { | i !
| oo | KNown? | O=NO | 423 | | | | | PROGRAM LOGIC GATE
I | ] | | - ] I ] I
l 01 | (AP)n | “wCc | 195 | | zcoz | | 414 | VELOCITY PRESSURE
] | oy i | | ] | |
J o2 | {ts)n 1 “F | 195 | ™ [ zo02 | | 417 | STACK TEMPERATURE
| | | 1 i | | | [ CONTROL BOX METER
03 | (mdn_ | % | 195 | I I [ TEMPERATURE
| | | I ] I | | PRESSURE DROP ACROSS
| 06 | AHavg | ™WC_ | 360 | | i [ METER BOX ORIFICE
| | T 1e/1b | I I I i WET STACK GAS
| 05 | Ms | mole 59 | | ] MOLECULAR WEIGHT
| I T | I l AVERAGE STACK
| 06 | tstavg) | n 66 | | I | TEMPERATURE
| 1 | I I | |
07 | In | ] 207 i | | | COUNTER
I | l i i ] [ AMBLIENT ALR
08 | tamb | "R | 78 | I I | TEMPERATURE
I I 1 I I | |
09 | Cp | | 83 | | | PITOT TUBE COEFF,
| I | | I Vs |
[ 10 | velavg) | fpm {100 | — | Cactual) | fpm | 545 STACK CAS VELOCITY
I | | ) | | T |
: 11 ; Dn | in, 1 121 | | [ | NOZZLE DIAMETER
| I | I, | |
| 12 !  AH@ | "wc | 26 ! | | !
{ l I { t ] ! |
113 |8 | | 29 | | I I ™ !
i ! 1 ] ] I I [ "] DRY GAS METER
1 14 | Tt | min, | 384 | | | CORRECTION FACTOR
| | | I | | ] S
| 15 : TAH } I 253 | | | I“NET TIME OF TEST
{ | | | I
116 | (esda | °r t 212 i i | | [
i I | | | | | I
(17 | _zCem) | °F 1| 214 | ™ | (tmave R |35 |
{ I ] | | I I |
118 | (emda [ °R | 217 ] ] [ ) [
I | I I I I 1 T |
19 | r{ap | | 220 I | GaPlave | | 368 [
| | I ] I I | T |
[ 20 | p(es} ) °R_ 1211 |~ | (esdavg | R | __393 1}
i | Ve | 3 | | | | | |
| 20 | (final) | fe” | | ! | I | FINAL METER VOLUME
I 1 [ Ty 1 | | I | I
} 22 }(initial) [ | 22 | ™ | vm{sed) | | 463 ] INITIAL METER VOLUME
i | [ I r ] I |
| 23 134Pts) i 225 1> 4AP-Es Maved | 346 |
| { | | I ! I | [ PRESSURE DROP
| 24 |  APavg | | 24 ] | | | ACROSS PITOT TUBE
| i ! g | I I i T STACK CROSS-
| 25 | As | in” | 34 | | | SECTIONAL AREA
| ] | [ | | ] ABSOLUTE
: 26 : Ps |_"Hg | 45 | i | | STaCK PRESSURE
. | I | I |
| 27 | Pb { " | 43 { ) | i | BAROMETRIC PRESSURE
] lestimated | ] | T actual | | [ MOLE
| 28 | (1-Bws) | [ 52 | = | (1-Bus) | | 482 ] FRACTION DRY CAS
[ | | | I { T I [ WATER GALN
| 29 | H20 pain | grams | 433 | | I [ ) OF IMPINGERS
E-4
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|



K3

Ky

"

MWy

Pstd

Pair

Tstd

—— EPA CONSTANTS --

Unit ' -

32.1725 ft/sec?

453.59237

B85.39 ft (1b/1b-mole)(in. Hg)
(%) (in. 1,0

secC

0.4710 ft3/m1
0.04718 £t3/ml

17.65 R/in Hg
17.65 OR/in Hg

0.04710 £t3/ml

0.09444 (min) (in Hg)

— (°R) (sec)

28.9641 1b/lb-mole
18.01534 1b/lb-mole
29.92126 "Hg
0.0752236 1b/ft3
0.99824 g/ml
62.31639 1b/ft3

528°R

Description

Acceleration due to
gravity

Conversion factor

Pitot tube constant
{METHOD II)

Conversion factor

(METHOD 1IV)

Conversion factor
(METHOD 1IV)

Standardizes
temperature and
pressure (METHOD 1IV)

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

Absolute standard
pressure

Density of air at
209¢

Density of water at
20°¢C

Density of water at
20°C

Standard absoclute
temperature




-— STANDARD EPA PARTICULATE CALCULATIONS --

1. leume of dry gas in cubic feet sampled at standard conditions.*

sH
o Tetd P ¥ 13,5
v = ¥
t_+ 460 Perg
P. + &H
V. =17.646 V b
L Som 13.8 - t.3

tm + 460
2. Volume of water vapor in cubic feet collected at standard conditions.*

By volume measurement:

(v.) o
W H20 R Tstd

935 Peyy MHHZO 453.59237

-
]

0.0471 V

By mass measurement:

(mw) R Tstd
Vw =
gas Pstd MHHZO 453.59237
Y - =0.0472 m
Ygas - i

3. Percent moisture in stack gas

oM = x 100

4. Mole fraction of dry gas

. 100 - ZM
Md =
100

* 528%R, 29.92126 in. Hg

0000000000000000 000



n.

12.

13.

14.

15.

16.

17.

- particulate - probe, cyclone, and filter, grains/SCF.

c = Mg 15.432 gr
an |V gram

Mt

C,p = 15432 _F . osccr
Mstd '
Particulate total, grains/SCF
My
Cho =15-432- v = gr/SCF
std _ }
Particulate - probe, cyclione and filter, gr/CF at stack conditions

Cat = can Ps -I TStd. M
_ Pstd_l (ts + 460) d

- 17.646 C,. P_ M
at an s d . gr/CF
’ t, + 460

Particulate - total, gr/CF at stack conditions

_17.646 C__ P_ M
Cau ac 's ' d - gr/CF
(tS + 460)

Particulate - probe, cyclone and filter, Tbs/hr

¢ =c. q [80min. 11b
aw an “s{ T hr. 7000 gr

C

¢

Caw = 0.0085716an QS = 1bs/hr
Particulate - total, 1bs/hr '
cax = (.008571 Cao Q5 = 1bs/hr .

_Percent excess air at sampling point

100 (0,)
% EA =

-26.4 - 1.264 (02) - 0.264 (COZ)

NOTE: Assumes CO concentration is approximately zero compared to 02 and COZ‘

* 528CR, 29.92126 "Hg

————




Average molecular weight of dry stack gas.

My = [0.44"(zc02)]+E).32 (",.’,02)]+E).28(100 - 40, - °,;c023]= 1b/1b mole

Molecular weight of stack gas.

= ‘ - __1b

Stack pressure, "Hg Absolute
stack pressure'"Hzo

13.6

Pg = Py +

Stack velocity at stack qonditions.'fpm

12 (p,4,) (Pg) () (Tg )

= 5123.2 €, (tg + 460) (aP() %

-
t

fpm
(Pg) (1)

Stack gas vclume at standard conditions, SCFM*
QS = Vs As Md Tstd Ps
144 (ts + 460) Petd

0.1225 V. A My Ps

Q =
5 = DSCFM
_ ts + 460
10. . Percent isokinetic
g - vmstd(ts + 460) P .4 100
-~ 2
My Terg Ps Te Vgl m (D)
: R AT YY)
1039 v t. + 460)
%1 = Metd ( s )
2
Mg Ps Ty Vo Dy
® 5289R, 29.92126 "“Hg
E-8

¥ = C, 60 (2G) (pHn0) (Pgy g} (M5 ) (ts + 460)(4P) s

]
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REGULATION 11
HAZARDCUS POLLUTANTS
RULE 8
HEXAVALENT CHROMIUM

(Adopted July 20, 1588)
GENERAL
Description: The purpose of this Ruls is to control emissions of hexavalent chromium
to the atmosphere from the following sources: hard chrome plating, decorative
chrome plating, and chromic acid anodizing.
Exemption, Trivalent Chromium: The provisions of this Rule do not apply to -
operations which do net use hexavalent chromium.
DEFINITIONS -

Chroma Plating: The process by which chromium is electrodeposited from a solution .

containing compounds of chromium onto a substrate in order to provide either a

decorative surface or a corrasion- and wear-resistant surface.

Chromic Acid Anodizing: The electrolytic process by which a metal surfacs is
converted to an axide in a solution containing chromic acid.

Decorative Chrome Plating: A chrome plating process resulling in the deposition of

* a chrome layer 1 micron (0.04 mi) thick or lesa.

Emission: A gas orilquid stream containing ons of more air contaminants. The verb
form, emit, means the act of discharging an emission into the atmasphare. Includes
fugitive emissions and secondary emissions from wasiewater reatment.
Emissions Collection Systam: . A device o apparatus used-to gather hexavalent
chromhum emissions from the surface of a chroms plating & anodlzing tank. Ah
emissions collection system typically consists of hoods, ducting, and fan, and may
collect emissions from ona or more plating tanks.

Hard Chrome Plating: A chrome plating procass resulting in the depcsition of a
chrome layesr greater than § micron (0.04 mi) thick.

Mist Suppressant: A chemical additive which reduces the emission rate of
hexavalent chromium from a plating bath. A mist suppressant may operate by

- reducing the surface tension of the plating bath, by creating a layer of dense foam

gver the entire surface of the bath, or by a combinatlon of these effects.

STANDAROS

Decorative Chrome Plating: A person shall not operate a decorative chrome plating

tank unless one of the following control techniques is applied:

301.1 A mist suppressant is continuously maintained in the tank in a manner which
has been demonstrated to the satisfaction of the APCO to reduce emissions ¢t
hexavalent chromium by 85 percent or more refative to emissions when a mist
suppressant Is not used.

301.2 Alayer of plastic balls s continuously maintained In the tank in a manner which
has been demonstrated to tha satisfaction of the APCO to reduce emissions of
hexavalent chromium by 95 percent or mare relative to emissions when plastic
balls are not used.

301.3 An equivalent method approved by the APCO is apptied.

July 20, 1988
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11-8-310 Hard Chrome Plating and Chromic Acid Anodizing: A person shall not operate a

11-8-330

~~"11.8-400

. l/"

11-8-401

11-8-402

11-8-403

hard chrome plating tank or chromic acid ancdizing tank unless the erissions of

hexavalent chromium from the emissions collection system serving the tank have

been reduced to less than the following levels:

310.1 Emissions of hexavalent chromium from hard chrome piating and chromic acid
anodizing shall not exceed 0.15 milligrams {mg) of hexavalent chrommum per
ampere-hour of electrical cument applied to the tank(s} servea Dy the
WMISSoNs collection system. '

310.2 if total faclity-wide emissions of hexavalent chromium from hard chrome

plating and chromic acid anedizing are mare than 2 pounds per year, Dut less
than 10 pounds per year, the limit is 0.03 milligrams (mg) of hexavalent
chromium per ampere-hour of electrical current applied to the tank(s) served
by the emissions collection system. .

310.3 If total facility-wide emissions of hexavalent chromium from hard chrome
platmg and chromic acid anodizing are more than 10 pounds per year, the limit
is 0.006 milligrams {mg) of hexavalent chromium per ampere-hour of electrical
current applied 10 the tank(s) served by the emissions collection system.

Minimum Acceptable Stack Design: A person shall not operate a source subiect 1o

Sectlon 11-8-310 uniess all exhausted emissions are emitted through a stack no less

than 10 meters above grade at a velocity of no less than 10 meters/second.

ADMINISTRATIVE REQUIREMENTS

Compiiancs ‘Schedule: Any person subject 10 this Rula shall comply with the

following Increments of progress:

401.1 January 1, 1589: Any person subject to Section 11-8-301 shail submit 1o the
APCO a description of the method used to achieve compliancs. The
description shall . identify, operating parameters such as chamical
concentrations, bath temperatures, or any other parameter identified by the
APCO, which must be maintained In order to compty with this Rule.

~ 401.2 January 1, 1983: Any person subject to Section 11-8-310 shail submit 1o the

. APCO an appiication for an authority to construct equipment to meet the
requirements of Section 11-8-310.1, or demonstrate through an approved
source test that the soyrce is already in complianca.

401.3 July 1, 1991: Any person subject to Sectlons 11-8-310.2 or 11-8-310.3 shail
submit to the APCO an appiication for an authority to construct equipment to
meet the requirements of Sections 11-8310.2 and 11-8310.3.

' 401.4 July 1, 1990: Any person subject to Section 11-8-310.2 or 11-8-310.3 shall

submit to the APCO a report describing contro! technigues. including
modifications of operating practices, processes Qr equipment, that that person
considered. The report shall include the reasons for non-utilization of any
control technique considared. All cantrol techniques identified by the APCO
prior to January 1, 1990, shail be considered.

Effective Dates:

402.1 Section 11-8-301 i5 effective January 1, 1989.

402.2 Section 11-8-310.1 s effective January 1, 1990,

402.3 Sections 11-8-310.2 and 310.3 are effective July 1, 1992,

Demonstraticn of Compliance: Compliance with Section 11-8-310 shail be

- determined by the following pracedure: The actual emission factor {expressed in

mg/amp-haur} {or the equipment in question shall be measured per Section 11-8-602.
Allowable annual electricity usage. in amp-hours, shall_be calculated based on the

July 20, 1988




11-3-404

11-8-500

11-8-501

11-3-502

11-3-503

11-8-600

11-8-501

11-8-502

measured facter. The operating permit shall be conditioned to reflect ths allowable
electricity ysage and operating conditions.

Initial Demonstration of Compilanica: Any person subject to Sec::cn 11-8-310 shall.

within 60 days of the effective date of the appropnate Secticn. or within 60 days of

startup of the plating operation. whichever is later, perform a source test 1o determing

the hexavalent chromium emission factor and submit the results to the APCO,

MONITORING AND RECORDS

Usage Records: Any person subject 1o this Aule shall keep monthly reccrds of curmrent
applied to the plating baths imegratad over time, in unis of amp-hours.

Operating Parameter Records: Any person subject to Section 13-3<01.1 shall
maintain records of chemical concentrations. bath temperatures. or any other
measurements recommended by manufacturer's specification or the APCO.
Reporting: Any perscn subject 1o this Rule shall submit recorcs of current
consumption to the APCO on an annual basis, and shall maintain such reczras for at
least one year lollowing submittal. Sufficient intormation shall be proviged 1o allow
separate determination of compliance for each emussions collection system.

MANUAL OF PROCEDURES

Determination of Emissions: Emissions of hexavalent chromium shall ba detarmined
by multiplying the measured amp-hours of usage by the emission factor measured
pursuant to Section 11-8-602.

Determination of Emission Factor: The hexavalent chromium emission factor

(mg/amp-hr) shail be measured as prescnbed in the Manual of Procedures, Volume
v, °T-3.. . )

July 20, 1583
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METHOD 425
DETERMINATION OF TOTAL CHROMIUM AND HEXAVALENT CHROMIUM
EMISSIONS FROM STATIONARY SOURCES

1 APPLICABILITY, PRINCIPLE, AND FIGURES
1. 1 APPLICABILITY

This method applies to the determination of hexavalent chromium
(Cr{Vl)) 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.

1. 2 PRIKCIPLE

Particulate emissions are collected from the source in an

o alkaline medium by use of CARB Method 5, with modifications noted
s 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. 2. 1. Hexavalent Chromium Analysis

For the hexavalent chromium analysis the collected sample
component portions are extracted in an alkaline sclution 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.
Fallowing the appropriate dissolution and dilution of the
sample, a representative aliguot 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
the chromium concentration,

1. 3 FIGURES

The following figures summarize features of this method.

425 F45




1. 3. 1 Figure 1. :

Sample Collection and Recovery for Hexavalent and Total Chromium

0.1 N NaOH rinse at lab

sample g et
Q\ass-lined probe 0.1 N NaGH impingers
L
& v [ Y
| container 1 : 2 100mL | container 2 ; ~ 200mL

——— e
I . . I ——
l \. L/ l

i . e

/ spht Y ~,
i extract filter m 0.1 N NaOH t
. I ' impinger solution }
~ T :".‘}. . ’f '\ "I
N\ Moo ~
s { \ PR
- \ split
g . r \
I i ., '
l E "..\ |‘
I | '\ A
| | . A
| t . H
i I . .
| | . .
i ! . y
1 H A
Y Y
1 T
(] P |
probe itapitger? probe impinger ./
filter ' filter
i | ,
Y

Hexavalent Chromium Yotal Chromium
. Analysis Analysis

optionally, the protocol may call for

extraction of the filter in only one of
the impinger liquids, which will create
three sample recoveries for analysis

See Figures 2. & 3.
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1. 3. 2 Figure 2.

Hexavalent Chromium Analysis

-

optionally, the protocol may call for

extraction of the filter in only one of
the impinger liquids, which will create
three sample recoveries for analysis

See Figure 1.——» . typically:
two separate analyses

gs g
2 transfer = 35 mL
) - to a SOmL volumetric flask

Ed Just the pH to 120.2 with 6N sulfuric acid anj

add 1.0 mL of diphenylcarbazide solution

dilute to volume with water
~ let color develop 10 minutes

filter to remove suspended solids after
pre—-wetting medium retention filter paper with
a few mi each of first reagent blank and then sample

measure absorbance of a3 sample portion
and reagent blank at 540 nm

if reading exceeds calibration,
dilute with reagent blank or
remeasurs using less of remaining sampie J

425 - 3




1. 3. 3 Figure 3.

Total Chromium Analysis

optionally, the protecol may call for

extraction of the filter in only one of
the impinger liquids, which will create
three sample recoveries for analysis

See Figure |.—» tqpicaliu:
two separate analyses

i

# o
- - add 10 mL HNO3 ] r‘_} reflux {o near dryness J
\ el O\
i
Y
add 5 mL HNO3 ] (S reflux to near dryness J
\ IEET I 4
}
\

) transfer to a volumetric flask and
adjust to 2 predetermined volume

inject a measured aliquot
in ul amounts into a furnace type
atomic absorption spectrophotometer J

measure absorbance of a sampie porttoh
and reagent blank al 3257.9 nm
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2 RANGE, SENSITIVIT?. PRECISION, AND INTERFERENCES

2.1
2. 1,

RANGE
1 Hexavalent Chromium

A straight line response curve was obtained in the range 0.5
ug Cr(VI)/5¢ mL to 3.0 ug Cr(VI)/S50 mL. For a minimum
analytical accuracy of 100 + 10 percent, the lower limit of
the range is 2 ug/100mL. The upper limit can be extended by
appropriate dijution or by using a smaller cell path length
after recalibration for the smaller cell. (Reference 8.3)

SENSITIVITY |

The minimum sampling volume should be calculated for each test
and should be based upon [1] the targeted minimum detectable
concentration at the source, [2] the expected minimum detection
limit achievabie at the laboratory, and [3] the sampling time
limitations at the source.

. 1 Hexavalent Chromium

A.minimum detection limit, of 0.2 ug Cr(VY1)/50m. using a § cm
cell, has been observed. (Reference 8.3)

PRECISION FOR HEXAVALENT CHROMIUM

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

INTERFERENCES

. 1 Interferences of Fexqvalent Chromium

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 Interferences for Total Chromium

. 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

2. 4. 2. 3

Nitrogen should not be used as the purge gas because of a
possible CN band interference.

Low concentrations of calcium may cause interferences; at
concentrations above 200 mg/L 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

Direct Measuremeni'of Gas Yolumes through Pipes and Small
Ducts

Air Resources Board Method 2A-may be used, whers 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 Dfficer or authorized representative may approve
an alternative test method (including other techniques or
conditions) for the determination of hexavalent and/or total
chromium emissions from stationary sources. To approve an
alternative method, the Executive Officer or authorized

- representative may require the submission of test data
demonstrating that the alternative method is equivalent to
Method 425. '

3 APPARATUS

All surfaces which may come in contact with sample must be glass,
Teflon, or other similarly non-metallic (stainless steel may be a
source of chromium contamination) inert material. JSee 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 - &

F-10

0000000000000 000

&




. ,/.l/ -

3. 3.
3. 3.

3. 3.
3. 3.

SAMPLING TRAIN

Except where otherwise noted in this method, same as CARB Method
5, Section 2.1. Exceptions include a glass nozzle. a glass lined
stainless steel probe, 0.1 N NaOH in the first two impingers, a
Teflon-coated glass fiber filter, and a silica gel moisture trap
after the filter. As shown in Figure 1, sample flow should be
theough the probe first, then the impingers, and then the filter.

SAMPLE RECOVERY

Except where otherwise noted in this method, same as CARB MWethod
B, Section 2.2. Also, see Section 6. 2 of this method.

ANALYSIS
The following apparatus and materials are needed:
1 Analysis of Hexavalent Chromium
1. 1 Philips Beakers |

Borosilicate, 125mL, with digestion covers,
1. 2 Filtration Apparatus

Vacuum unit constructed of glass, to accommodate sintered
glass funnels.

1. 3 VYolumetric Flasks

100-mL and other appropriate volumes.
1. 4 Hot Plate
1. 5- Pipettes

Assorted sizes, as needed.

3. 3. 1. 6 Spectrophotometer

To measure absorbance at 540nm.

3. 3. 2 Analysis of Total Chromium

3. 3. 2. 1 Atomic Absorption Spectrophotometer

Single or dual channel, single- or double-beam instrument
having a grating monochromator, photomultiplier detector,
adjustable slits, a wavelength range of 130 to 800 nm and
provisions for simultaneous background correction and
interfacing with a strip chart recorder.

425 -7
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3. 3. 2. 2 Chromium Hollow Cathode Lamp or Electrodeless Discharge

Lamp.

3.3. 2.3 GrapHite Furnace

Any graphite furnace device with the'appropriate
temperature and timing controls.

3. 3. 2. 4 Strip Chart Recorder

4.

A recorder is recommended for furnace work so that there
will be a permanent record and so that any problems with
the analysis such as drift, incomplete atomization, losses
during charring, changes in sensitivity, etc., can easily
be recognized.

REAGENTS

Unless otherwise indicated, all reagents must conform to the
specifications established by the Committee on Analytical Reagents
of the American Chemical Society. Where such specifications are not
available, use the best available grade.

1 SAMPLING

Except where otherwise noted in this method, same as CARB method
‘5, Section 3.1, except Teflon-coated glass fiber filters are
used, and 0.1 N NaOH is used in the first two impingers. See
section 4.3.2 below. .

. 2 SAMPLE RECOVERY

Except where otherwise noted in this method, same as CARB Method

5,

3.1

Section 3.2.

.3 . REAGENTS FOR HEXAVALENT CHROMIUM

Type II Water

Type II water is deionized and distilled, meeting American
Society for Testing and Materials (ASTM) specification for
type reagent - ASTM Test Method D 1193-77. The water should be
monitored for impurities.

Batch of 0.1% NaOH Solution, Analytical Reagent Grade

The same batch of 0.1N NaOH solution should be used for
impinger sampling, sample recovery, preparation, extraction,
and analysis. Therefore, sampiing and analytical personnel
should coordinate their plans so that all steps in sampling
and analysis use the same batch of solution which will be
prepared fresh for each source test. Typically, dissolve 4.0
g NaOH in water in a 1 liter volumetric flask and dilute to
the mark. Repeat, as necessary, so that a single batch of

425 - 8
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sufficient volume is prepared to serve all of the needs of
sampling and analysis. Store the solution in a tightly capped
polyethylene bottle.

Potassium Dichromate Stock Solution

Dissolve 2.829 g of analytical reagent grade potassium
dichromate (X Cr207) in water, and dilute to 1 liter (1 mlL =
1000 ug Cr(V1§).%:

Potassium Dichromate Standard Solution

Dilute 10.00 mL potassium dichromate stock solution to 100 mL
(1 mL = 100 ug Cr(VI) with water.

Sulfuric Acid, 6N, Analytical Reagent Grade

Dilute 166 mL sulfuric acid to 1000 mL in water.
Diphenylcarbazide Solution, Analytical Reagent Grade
Dissolve 0.5 g of 1,5-diphenylecarbazide in 100 mL acetone.
Store in a brown bottle. Discard when the solution becomes

discolored. -

0.1% Potassium Permanganate Solution

Anaiytical Reagent Grade

0.01% Potassium Permanganate Solution
Analytical Reagent Grade
Removal of Reducing Agents in the Reagents

The 0.1 N NaGH extraction solution (4.3.2) and the &N sulfuric
acid solution (4.3.5) may contain small amounts of reducing
agents that can react with the hexavalent chromium. Potassium
permanganate is added to these reagents in order to neutralize
these reducing agents. Pipette 3 mL of the extraction
solution into cuvettes A and B. Use cuvette A as a sample
cell and cuvette B as a reference cell. Zero the instrument
at 528 nm with both cuvettes. Wait 10 minutes. Add an
adequate amount (uL) of 0.01% potassium permanganate solution
(4.3.8) to cuvette A. Enough should be added so that after 10
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 of potassium permangante that is
required. From the change in absorbance, calculate the amount
of potassium permanganate that is needed to nuetralize the
reducing agents found in the reagents. Then pipette the
proper volume of higher concentration 0.1% potassium
permanganate solution (4.3.7) into the reagents. This is daone
by assuming that the number of milliequivalents of reducing

425 - 9
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agents in the reagents are equal to the number of
milliequivalents of 0.1% potassium permanganate pipetted.

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

4..4 REAGENTS FOR 'TOTAL CHROMIUM

4.

5

4.

1 ASTM Type II Water (ASTM D1193)

Refer to section 4.3.1.

2 Concentrated Hitric Acid N
2. 1 Reagent preparation should use Ultrex or equivalent grade
KNO
3I

2. 2 Glassware cleaning should use ACS reagent grade HN03.
3 Hydrogen Peroxide (301) (Optional), Analytical Reagent Grade
4 Matrix Modifier

Follow manufacturer's re;ommendations. when interferences are
-suspected.

5 Total Chromium Standard Stock Solution (1000mg/L)

Either procure a certified aqueous standard from a supplier
(Spex Industries, Alpha Products, or Fisher Scientific) and
verify by comparison with a second standard, or dissolve 2.829
g of Potassium Dichromate (K,Cr,0., analytical reagent grade)
in Type II water and dilute to ; ]iter.

6 Total Chromium Working Standards
A1l total chromium preparations injected for analysis shall be

prepared to contain 1.0% (v/v) HH03. The zero standard shall
be 1.0 % (v/v) HND,,

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 CARB Method 5. Exceptions
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. As shown in Figure 1, sample flow should be
through the probe first, then the impingers, and then the fiiter.

SAMPLE HANDLING AND PRESERYVATION

A1l surfaces which may come in contact with sample must be glass,
Teflon, or other similarly non-metallic (even stainless steel may

425 - 10

F-14

.'
) .

l

—



—

be a source of chromium contamination) inert material and must be
prewashed with detergents, soaked in 1:1 HNO, for several hours,
rinsed with Type II water, and finally rinsed with 0.1 N NaOH
batch solution. For awkward objects, such as long glass probes,
soaking may be replaced by careful wiping.

“--" Probes are generally the most difficult sampling apparatus to
clean. Therefore, before use in sampling, to ensure that
sampling equipment is clean and free of chromium contamination,
apparatus which may come in contact with sample must be cleaned
until a.sample of final rinse for each probe has been analyzed as
below the detection limit for total chromium. The procedures of
Section 6 shall be followed for this contamination check.

6 PROCEDURES FOR SAMPLE RECOVERY, PREPARATION, AND ANALYSIS
6. 1 SILICA GEL WEIGHING -

For stack gas moisture determination, weigh the spent silica gel
or silica gel plus impinger to the nearest 0.5 g using & balance.
This step may be conducted in the field.

6. 2 SAMPLE COLLECTION AND RECOVERY
The ‘sample is collected using probe, impingers, and filter.
6. 2. 1. Probe

... The probe is rinsed with 0.1 N NaOH. The total rinse volume
" should exceed 100 mL and be stored in container 1. The probe
rinse is transported to a site with laboratory conditions
where it is split with half saved for hexavalent chromium
analysis and half saved for total chromium analysis. Each

sample split is -50ml.

6. 2. 2 Impingers and Fifteq

The sampling and analytical personnel shall discuss the
expected sample concentrations and the analytical limits of
detection for hexavalent and total chromium. The impinger
catch and filter should be handled one of two ways depending
on these expectations as directed in Sections 6.2.2.1 and
6.2.2.2 below.

6. 2. 2. 1 Higher Concentrations

If it jis_pot considered important to minimize the dilution
of any sample component, then the contents of both .
impingers (-200mL total) shall be combined and stored in
container 2. As soon as possible, the filter is
transported in a filter container to a site with laboratory
conditions where it should be extracted in all of the
impinger solution from container 2. The extraction should
include shaking for a3 minimum of 30 minutes. The alkaline
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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 jis considered importaant to minimize the dilution of
any sample component, then the contents of each impinger
(-100mL each) may be stored in containers 2 and 3. The
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 of 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. Both sample recoveries are
split as described above. Each sample split is =50 mb.

6. 3 REAGENT BLANK PREPARATION

Hexavalent Chromium Reagent Blank

For each preparation, transfer 35 mL of solution to a 50mL
volumetric flask, adjust the pH to 1.0 + 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 % HNDs.

6. 4 SAMPLE PREPARATION

€. 4. 1 Hexavalent Chru?ium Sample Preparatfon

for each preparation, transfer 35 mL of solution to a 50mL
volumetric flask, adjust the pH to 1.0 » 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 10ml of concentrated nitric acid to the
sample aliquot taken for analysis. Cover the beaker with a
digestion cover. Place the beaker on a hot plate and reflux
the sample down to near dryness. Add another Smb nitric acid

to complete digestion. Reflux the sampie volume down to near
dryness.
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Wash down the beaker walls and digestion cover with distilled
water and filter the sample to remove silicates and other
insoluble material that could clog the nebulizer. Filtration
should be done only if there is concern that insoluble
materials may clog the nebulizer. Adjust the volume to 50 mlL
or a predetermined value based on the expected metal
concentrations, The final concentration of HND. in the
solution should be 1 ¥ (v/v). The sample is noa ready for
analysis. The applicability of a sample preparation technique
must be demonstrated by analyzing spiked samples and/or
relevant standard reference materials.

6. 5 ANALYSIS

6. 5. 1 Hexavalent Chromium Analysis

The analyst must filter the preparation for clarity at this
point. Medium retention filter paper should be used. The
filter paper shall be pre-wetted with a few mL of reagent
blank and sample preparation before filling the absorption
cell. This will prime the filter so that it won't zbsorb
color complex while the absorption cell is filled,

Transfer a and filter a portion of the preparation ipto a 5 cm
absorption cell. - . .

Measure the absorbance at the optimum wavelength of 540 nm,

Subtract the sample blank absorbance reading to obtain a net
reading.

If the absorbance reading of a sample preparation exceeds the
calibration range, dilute with reagent blank or re-measure
using less of the sample preparation. (There should be about
15mL remaining at this point. See Sections 6.2.1, 6.2.2.1,
and 6.2.2.2.) |

Check for Matrix Effects on the Cr(VI) Results

+ As the analysis for Cr(VI) by colorimetry is sensitive to the

chemical composition of the sample (matrix effects), the
analyst shall check at least one sample from each source using
the following method: Obtain two equal volume aliquots of the

-same sampie solution. The aliquots should each contain

between 6 and 10 ug of Cr(VI) (less if not possible). Spike
one of the aliquots with an aliquot of standard solution that
contains between 6 and 10 ug of Cr(VI). Now treat both the
spiked and unspiked sample aliquots as described in Section
6.4.1 above. Next, calculate the Cr(VI) mass s, in ug in the

aliquot of the unspiked sample solution by using the following
equation; :
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Cs = Ca _As Eq. 1
At-As

where:

Ca = Cr(VI) in the standard solution, ug.

As = Absorbance of the unspiked sample solution.

At = Absorbance of the spiked sample solution.

Volume corrections will not be required since the solutions as
analyzed have been made to the same final velume. 1If the
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. :

Total Chromium Analysis

The 357.9-nm wavelength line shall be used.

Follow the manufacturer's operating instructions for all 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. Similar verification of furnace parameters may
be required forlcompIe: 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 muitiple injections
can improve accuracy and help detect furnace pipetting errors.

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

7 CALIBRATION, QUALITY CONTROL, AND DATA REPORTING

7.

1 GENERAL
Perfqrm alt of the calibrations described in CARB Method 5,
Section 5, with any modifications appropriate for this method.
2 CALIBRATION AND QUALITY CONTROL FOR IIEXAVALENT CHROMIUM
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7. 2.1

Calibrate the wavelength scale of the spectrophotometer every
6 months. The calibration may be accomplished by using an
energy source with an intense line emission such as a mercury
lamp, or by using a series of glass filters spanning the
measuring range of the spectrophotometer. Calibration
materials are available commercially and from the National
Institute of Standards and Technology. Specific details on
the use of such materfals should be supplied by the vendor;
general information about calibration techniques can be
obtained from generatl reference books on analytical chemistry.
The wavelength scale of the spectrophotometer must read
correctly within «5 nm at all calibration points; otherwise,
the spectrophotometer shall be repaired and recalibrated.
Once the wavelength scale of the spectrophotometer is in
proper calibration, use 540 nm as the optimum wavelength for
the measurement of the absorbance of the standards and
samples, - .

Alternatively, a scanning procedure may be employed to
determine the proper measuring wavelength. If the instrument
is a doubte-beam spectrophotometer, scan the spectrum between
830 and 550 nm using a S0 ug Cr{VI} standard sclution in the
sample cell and a reagent blank solution in the reference
cell. If a peak does not occur, the spectrophotometer is
malfunctioning and should be repaired. When a peak is-
obtained within the 530 to 550 nm range, the wavelength at
which this peak occurs shall be the optimum wavelength for the

“measurement of absorbance of both the standards and the

samples. For a single-beam spectrophotometer, follow the
scanning procedure described above, except that the reagent
blank and standard solutions shall be scanned separately. The
opt imum wavelength shall be the wavelength at which the
maximum differences in absorbance between the standard and the
reagent blank occurs.

Either (1) run a series of chromium standards and construct a
calibration curveiby plotting the concentrations of the
standards against the absorbances or (2) if necessary, for the
method of standard additions, plot added concentration versus
absorbance.

Each standard for hexavalent chromium is made up fresh in a
separate 50mL volumetric flask starting with 35 mL of the same
batch of NaOH solution reserved for its sample set. Then an
appropriate amount of hexavalent chromium is added to each
calibration standard, starting with none for the zero
standard. Then 6N sulfuric acid and diphenylcarbazide
solution are added in the same manner as in sample
preparation.
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7. 3 CALIBRATION AND QUALITY CONTROL FOR TOTAL CHROMIUM

7. 3. 1 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 of 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%
vl/v HND, with no chromium for the zero standard with
appropr?ate increases in total chromium concentration in the
other calibration standards. The calibration standards should
be prepared following the steps outlined in sample
preparation.

7. 3. 2 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. Lack of reproducibility or
a significant change in the signal for the standards indicates
that the tube should be replaced.

7. 3. 3 -Duplicates, ¢piked samples, and check standards should be
routinely analyzed.

7. 3.°4 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 ug/g dry weight).

7. 3. 5 Calibration curves must be composed of a minimum of a reagent
blank and three total chromium standards. A calibration curve
should be madefor.every batch of samples, unless check
standards remain within 10% of-the last calibration curve.

7. 3. 6 Dilute samples with reagent blank solution if they are more
concentrated than the highest standard or if they fall on tae
plateau of a calibration curve.

7. 3.7 Employ a minimum of one matrix-matched sample blank per sampie

batch to determine if contamination or any memory effects are
occurring.

7. 3. 8 Test the system with check standards after approximately every
15 samples.

7. 3. 9 Run one duplicate sample for every 10 samples, providing there
s enough sample for duplicate analysis. A duplicate sample
is a sample brought through the whole sample preparation.
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7. 3.10

7. 3.11
7. 3.12

7. 3.13

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'matri: problems are suspected, the method of
standard additions shall be used for the analysis of all
extracts, or whenever a new sample matrix is being analyzed.

The concentration of all calibration standards should be
verified against a quality control check sample obtained from
an ocutside source.

A1l quality control data should be maintained and available
for easy reference or inspection.

7. 4 DATA REPORTING . . -

€arry out the calculations, ;etaining at least one extra decimal
figure beyond that of the acquired data. Round off figures after
final calculations. . '

7. 4. 1

Total Cr(VI) in Sample

Calculate and report m_, the total ug Cr(VI) 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

m

h* .
Report these calculations based on net readings, but report
alt sample blank data, too.

Total Chromium in the Sample

Calculate and report m,, the total ug of chromium in the
samplie. This can be oBtained from the calibration curve or
from the method of standard additions. Note that m, is the
sum of the masses of total chromium analyses perforﬁed on atl
sample splits. Also take into account the necessary dilutions
when calculating out m, .

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

Average Dry Gas Meter Temperature and Average Orifice Pressure
Drop

Except where otherwise noted in this method, same as Method 5,
Section 6.2.
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7. 4. 4 Dry Gas Yolume, Volume of Water Vapor, Moisture Content

Except where otherwise noted in this method, same as Method 5,
Sections 6.3, 6.4, and 6.5, respectively.

7. 4. 5 Cr{VI) Emission Concentration
Calculate and report [h], (g/dsem), the Cr(VI) concentration
in the stack gas, dry badis, corrected to standard cenditions,
as follows:
-5
[h]s = (10 g!ug)(mhlvm(std))
7. 4. 6 Total Chromium Emission Concentration
Calculate and report {t], (g/dscm), the total chromium
concentration in the stadk gas, dry basis, corrected to
standard conditions as follows:
-6 -
7. 4. 7 Isokinetic Variation, Acceptable Results
Except where otherwise noted in this method, same as Method 5,
Sections 6.11 and 6.12, respectively.
8 REFERENCES
8. 1 US. Environmental Protection Agency/Office of Solid Waste,
Washington, D.C., “Test Methods for Evaluating Solid Waste,
Physical/Chemical Methods, "SW-846 (1986}, Third Edition.
8. 2 Same as in Bibliography of Method 5, Citations 2 to 6 and 7.

8. 3 California Air Resources Board, Inorganic Analysis Section.
(1988) . :
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APPENDIX G
EQUIPMENT CALIBRATION SHEETS
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BOX NUMBER: 12 —

DATE: 11-0821989 PRE 7EST
BAROMETRIC PRESSURE: 30.050

OPERATOR: Miller .

-

LEAKRATE (CFM): ©.000

[l L et T JERyE (UUt R Sy p———"

Delta~H = 5.00

- —r —— e

Ory Gas Meter Average Temp.... B87.0
Wet Test Meter Average Temp... 74.0

Vd(initial) ....vvvsinennee.. T707.212

UACPINALY e T12.318

Net Dry Gas Meter Vol........ 5.106
Net Wet Test Meter Vol....... 5.000

Run Time (Min.sec) ...vvioonn 4,12
GAMMA ......... P, 2.991
DHE Ceercasasrseenran e . 1.940

W om e e

Delta~H = 3,00

Vuw Td

2.0 86.0

1.0 B87.9

2.0 B88.0

3.0 89.0

4.0 90.0

5.0 90.9
Ory Gas Meter Average Temp.... B88.3
Wet Test Meter Average Temp... 74.0
Vdliinitial) +.vieninaenenanas 713.332
Vd( final) U A I - B A
Net Ory Gas Meter Vol........ 5.111
Net Wet Test Meter Vol....... 5.000
Run Time (min.sec}) ..... veeaa 5.23
GAMMA ... .. . vedaaesan 0.997
bHe Ceedaaiieetananas e 1.907

SO UL ULV U ¢ |




. ,-/-

Rox 12 - 15/8/8’?

mmmagmm—m o e e e d e s ————

Deita-H = 2.00  ~.

Dry Gas Meter Average Temp.... 85.0
Wet Test-Meter Average Temp... 73,0

Vd{initial) ... cccviavavasa.. BB82.809
Vd{final) tesssssnsnsvsssss BB7.88!
Net Dry Gas Meter VYol........ 5,072
Net Wet Test Meter Vol..,..... 5.800

Run Time (min.sec) ....evanss 6.356
oe-BAMMA i iii e veseaeaaa 1.003

DH® Pheseraansnanns Ceesseas 1.916

mm e —— e ——— e e e

Delta-H = 1.00

Dry Gas Meter Average Temp.... B2.8
Wat Test Meter Average Temp... 74.0
Vd{inittal) ...... feerrenaean E33.982
Vd(final) Wesera e vedenaas B95.0@75
Net Dry Gas Meter Uol........ 5.093
Net MWet Test Meter Vol...... . $.000
Run Time (min.sec) ......... . 9.1
BAMMA .. ... it 0.996
DHe@ Chreaeateserasans e 1.802
B e o e e e e e e o e
G-2
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-
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gox 12 //5/E2

o e e ket e o 2 i e b ot i i

Delta-H = @.50 S

—-_—

Vw Td
2.0 83.0
1.0 83.0
2.9 84.0
3.0 84.9
4.0 B4.0
5.9 85.0
Dry Gas Meter Averace Temp.... 83.8
Wet Test-Meter Average Temp... 74.0
Ud{initial) ......... Cenans .. T00.088
— . Udifinal) Cesanennan vesere. TO5.1B4
Net Dry Bas Meter Vol........ 5.@96
Net Wet Test Meter Vol..... . 5,200
Run Time (Min.se€C) ivinnrenas 12.35
T—-GAMMA L....... Cerecias s . 9.998
oHe e essaentrtares teesane 1.751
o
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BOX NUMBER:- 14 o
paTE: oz-153ge PR E TEST]

BAROMETRIC PRESSURE: 3@.130
OPERATOR: R.T.M. .

-

LEAKRATE (CFM):  @.000

P e o mom e e e m f m m  ff w  w e

Delta-H = 5.00

Dry Gas Meter Average Temp.... 78.7
Wet Test Meter Average Temp... 68.0

-Vddinitial) s.eeiians senranan 139,879
Vd(final} resriii e ve. 144,983
Net Dry Gas Meter Uol........ S.e84
Net Wet Test Meter Vol....... S.q00 -
Run Time {(min.sec) .......... 3.59 (:;
GAMMA ... ciiunen- Ceesaaanan 1.007
pHe  ..... Cees e cesrraaa 1.676

L=
m
i
-
]
]
=
1
5]
=
=

0.0 76.90

1.0 75.0

2.0 76.@

3.0 76.0

4.0 76.0

5.0 77.0
Ory Gas Meter Average Temp.... 76.0
Wet Test Meter Average Temp... E0.90
Udlinitial) c.v.niivraniacens 145.986
Ud{ final) C bt as e ‘e 151.@83
Net Dry Gas Meter Vol........ 5.897
Net Wet Test Meter Vol....... 5.000
Run Time (min.sec) «..v...... 4.56 (iff‘
GAMMA L. L et ia e 1.004
OHe Gt et tersaeeanen e e 1.550

i———-i-——-;----n-——--o----i——--’---—s--c-‘ﬂ‘

|

<
£
o)
a
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Delta-H = 2,00  ~.

Dry Gas Meter Average Temp.... 75.0
Wet Test-Meter Average Temp... £Q.0

Udlinitial) ..o iiianinnen . 152.108
Vd{final} caererrear e wea. 167.209
Net Dry Gas Meter Vol..... . 5.101
Net Wet Test Meter Vol....... 5.00¢
Run Time (min.sec) ..... N 6.02
BAMMA . ... . ssnewncscas Chaeas 1.004
DHE ..... eeaeaa Ceererreans 1.549
P e i e e s e

Vw Td

0.0 73.0 -

1.9 73.0

2.2 73.0

3.0 72.0

4.0 73.0

5.9 74.0
Dry Gas Meter Average Temp.... 73.2
Wet Test Meter Average Temp... 6(0.9
Vdlinitial) (..o uinniinainens 158,237
Udifinmal) ..o innnns 162.250
Net Ory Gas Meter Vol........ S.113
Net Wet Test Meter Vol....... 5.000
Run Time (min.sec) .......... g.22
GAMMA ..........- et 1.000
DHe ....... e r e et 1.4894
B - s e ——g e —— = — —— f ————
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Delta-H = ©.50 i

Dry Gas Meter Average Temp.... 72.0
Wat Test-Meter Average Temp... 60.8

o0 000

. e

voglinitial) et iiinssnans 164.370
Ud( final)} ceetanaas wssanses 169,485
Net Dry Gas Meter Vol........ 5.115
Net Wet Test Meter Vol....... 5.000
Run Time {(MiN.Se€C) .viveaunen 11.40

GAMMA ... i Ceeee s - @.399
OH® hedrr e . craa . 1.456

G~6
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BOX NUMBER: 12

DATE: @3-12-13990
QOPERATOR: tommy

DH cAMMA DHe
5.00 0.3 1.914
3.80 0.993 1.887
2.00 ©.998 t,811
1.00 2.992 1.827
.0.50 ©.9495 1.727

LEAKRATE (CFM} = 0.000

PosT TEST
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BOX NUMBER: 12 POST TEST
DATE: @3-12-1990

BAROMETRIC PRESSURE: 31,020
OPERATOR: tommy

LEAKRATE- (CFM): ©.000

o m—m— et e —— e — - — =

Delta-H = 5.0

Vw Td

0.0 79.0
1.@ 78.0
2.@ 80.0
3.0 81.0
4.0 8.0
5.8 82.0

Dry Eas Meter Average Temp.... 80.2
~- et Test Meter Averape Temp... B3.0

Vd(initial) vvevreseesavsness B45.423
Vd{ final} Ceereeaan eeasse.s B50.573
Nat Dry Gas Meter Vol........ 5.150
Net Wet Test Meter Vol....... 5.000

Run Time (Min.sec) ....svoeas 4.18
GAMMA ... iiriinrmeaansassannna .99}
DHe erteesteraseeens s 1,914

» —— §am e e o e e

Delta~-H = 3.00

Dry Gas Meter Average Temp.... B81.0
Wet Test Meter Average Temp... £63.0

Vd{initial) +.vueronnnans .-». BG1.595
Ud(final) tee-srsrssssnsras BBS6.788
Net Ory Gas Meter Vol........ 5.173
Net Wet Test Meter Vol....... 5.000
Run Time (Min.s€C) tvuiveasan 5.31

GAMMA ... ...iiisricrarassnrnen E.SS;_B
DHe sessiasaessnssrneataeny 1.88

0000000000000000 000
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BoX 12 3 /2/9
. Rr—re e e ——— e e ———
Delta-H = 2.00
. Vu Td
0.0 g81.0
1.0 80.0
. _ 20 81.0
) 3.0 81.0
4.0 8z.9
. 5.0 82.0
Dry G6as Meter Average Temp.... B81.2
Wat Test Meter Average Temp... 63.0
. Vdlinitial) (.ecieiannnn e-es BS57.807
Ud{final? Ciersaresaasan-.. BBZ.968
Nat Dry Gas Meter Vol........ S.161
Net Wet Test Meter Vol....... S.000
"™ Rurr Time (Min.sec) ........ .- 6.48
. 77 GAMMA vererereeeesennareeees  0.998
- DHE Cereanaas . verrenaes 1,911
. W e e e e e e o et e e
Delta-H = 1.20
. Vu Td
0.0 B1.D !
. 1.0 80.0
2.0 80.0
3.2 81.0
4.0 81.0
Dry Gas Meter Average Temp.... 80.8
. Wet Test Meter Average Temp... B64.0
Ud{initial) .vvvvnrienannanan BG4 .09
; Ud{final) ... inviiiiannaan 869.199
. Net Dry Gas Meter VUol........ S.19@
Net Wet Test Meter Vol....... 5.000
Run Time {min.sec) ..... 9.23
. GAMMA ....... Ceeeriartaraas .e @.9392
OH® ..... tteestearae s 1.827
®
B g e e m fp m  — f an e e e e




Delta-H = @.59

Dry Gas.Meter Average Temp....

Wet Test Meter Average Temp...

Vd{initial) voicinvinnnennns

Yd{ final) Chesearaasenas ‘e
Net Dry Gas Meter Uol -
~ Net UYet Test Meter Uol.......
T Run Time (min.sec) c.e.ieenees

L BAMMA v ertereenerieracaeannan
DHE overnnnnnnn

ge.7
64.0

869.199
874.378
5.179
5.000
12.54

0.99S5
1.727

G-10
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BOX NUMBER: 14

DATE: ©@Z-88-13390
OPERATOR: wdp

DH GAMMA DHE
5.00 ©.99@ 1.583
5.0 ©.993 1.572
3.00 ©.833 i.544
2.08 ©.898 1,509
1.0  9.897 1.481
2.50 ©9.998 1.414
LEAKRATE (CFM) =

PosST TEST

G-11




BOX NUMBER: 14 ]:%5:5ﬂr—'#7153;7‘

DATE: ©03-08-1990@
BAROMETRIC PRESSURE: 3@.080
OPERATOR: wdp

LEAKRATE (CFM): ©.00@

o v e o e e v e o e ot Y e it e e e

Delta-H = 5.00

Vw Td
0.0 78.0
1.0 78.0
2.0 79.0
3.0 806.0
4.0 80.9
5.0 81.0
Ory Gas Meter Average Temp.... 79.3
Wet Test Meter Average Temp... 68.0
TUdETNIE1al) tiiiee e 188.155
Vdifinal) . ieviinirnisenns 193.251
Net Dry Gas Meter Vol..... . 5.286
Net Wet Test Meter Vol....... 5.000
Run Time (Min.SeC) +ivvavenns 3.47
GAMMA . i et 2.9390
DHB i iiiesncanns Ceraar 1.563
W o o s B i et b it s o o B o
Delta-H = 5,00
Vu Td
2.2 79.0
1.8 78.0
2.9 79.0
3.0 BG.0
4,0 g81.@
5.0 82.0
Dry Gas Meter Average Temp.... 79.8
Wet Test Meter Average Temp.,. 58,0
Udlinitial) c.oceineniinennns 193,252
Yd{final) ..o iiiiiat, 198,338
Net Dry Gas Meter Vol........ 5.086
Net Wet Test Meter Vol....... 5.000
Run Time (min.sec) .......... 3.48
GAMMA Cereeb e . ©.993
oHe . ... ch et e . 1.872
G-12
e e e = o — =
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Lox 14 3/5/%0

B o e m i e o t e ot o e o et e R o ——

Delta-H = 1.00

Yu Td

9.0 78.0

1.0 78.9

2.0 79.9

3.0 79.9

4.0 £0.0

5.0 80.0
Dry Gas Meter Average Temp.... 79.0
Wet Test Meter Average Temp... BB8.5
Vdl(imitial) ........ Ces e 211.578
Vd(final ) . iieivansnnmnnans Z216.688@
Net Dry Gas Meter Vol........ 5.182
Net Wet Test Meter Wol....... 5.0800
Run Time (min.sec) ......u0... 8.14
BAMMA ....... et 9.997
bHe . . eeaan ‘e 1.481
Fomm e e o e e e o e
JDelta-H = 0.50

Vuw Td

@.0 79.9

1.9 79.@

2.9 79.0

3.0 80.0

4.0 50.0@

5.0 80.0
Dry Gas Meter Average Temp.... 78.5
Wet Test Meter Average Temp... 68.5
Ud(initial ) cvieeniinvassnans 217.702
Vd{final) ... iineaeronnnn 222.805
Net Dry Bas Meter Vol........ 5.103
Net Wet Test Meter Vol....... 5.000
Run Time (min.sec) ....-ce-n. 1.2
GAMMA . .cviveacnaeanearnanna 0.3999
DHB L iviiieennassessssnrnns 1.414
Hmm e g —— e  — —— o e — i ————
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X 14 3/7/20

- —_- — g e e — e ——

Delta-H = 3.00

Uy Td

2.0 76.@

1.0 76.0

2.0 77.0

3.0 77.0

4.0 78.0

5.0 78.0
Dry Gas Mater Average Temp.... 77.@
Wet Test Meter Average Temp... G68.0
Vd(initial) v.cviivnnirieonnn 199,354
Udi{final?} fheerra s e 204.439
Net Dry Gas Meter Uol..... . S.085
Net Wet Test Meter Vol....... .00
Run Time (Min.SeC) ..iaavneren 4.51
BAMMA v uvvrneenreans e 2.993
DHE ..t iieevcttasarasnnnss . 1.544
e e e o e =
Delta-H = 2.00

Vuw Td

0.0 78.0

1.8 78.90

2.9 79.0

3.0 79.0

4.9 80.0

5.0 B0.Q
Dry 6as Meter Average Temp.... 79.0
Wet Test Meter Average Temp... ©68.0
Vdlinitial) .o vieecvraanenonss 205.466
Ud{final) v vrsnnncarnnnnns 210.558
Net Dry Gas Meter Vol........ 5.@92
Net Wet Test Meter Vol....... 5.000
Run Time {min.sec) ...ecvaevn 5.53
GAMMA ... ..o rsannraannns @.998
DHE . it intesncnansasnn 1.509
B gt ot o e e o e e e

G~14
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5-TYPE PITOT TUBE CALIBRATION WORKSHEET PRETEST 15FER90
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 0.830 0.818 0.012 NO NOZZLE
2 0.300 0.460 0.808 -0.011
3 6.500 0.745 0.819 0.001
4 0.700 1.050 0.816 -0.002
3-1 A 1 0.200 0.295 0.823 0.823 .000 NO NOZZLE
2 0.300 0.420 0.845 0.022
3 0.500 0.765 0.808 -0.015
- 4 0.700 1.050 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 G.700 1.000 0.837 0.002
G-15




S-TYPE PITOT TUBE CALIBRATION WORKSHEET POST-TEST 08MAR90
CALIBRATED BY: DAN
VELOCITY PRESSURES
S-TYPE PITCT RUN NBS-S5TD 5-TYPE
NO. SIDE NO, ({IN H20) (IN H20) CP(S) MEAN DEV. COMMENTS

3-6 A 1 0.177 0.280 0.795 (.792 Q.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 0.210 0.379 0.744 0.748 -0.003 3/8" QUARTZ
2 0.310 0.534 0.748 .000
3 0.500 0.890 0.750 0.002
4 0.690 1.230 0.749 0.001
5 1.000 1.790 0.747 .000
3-1 A 1 0.200 0.310 0.803 0.801 0.002 NO NOZZLE
- 2 0.330 0.510 0.804 0.003
T 3 0.580 0.900 0.803 0.002
4 0.820 1.300 0.79% -0.007
3-1 A 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 G6.710 1.250 0.754 0.001
5 0.970 1.720 0.751 -0.002
6 1.700 2.980 0.753 0.003
G-~16

.




APPENDIX H
RESUMES OF TEST PERSONNEL

|



THIS PAGE INTENTIONALLY LEFT BLANK

. |




-

DREK A. NEWTON

1984
1984-1986

1987 -Present

RESUME

Mechanical Engineer

B.S. Mechanical Engineering
Cal Poly State University
San Luis Cbispo, CA

Research and Development Engineer
VETCO 0Offshore, Inc.
Ventura, CA

Mechanical Engineer

Coal /Air Department

Naval Energy and Environmental Support
Activity

Port Hueneme, CA




MANUEL L. PEREZ

1979-1980

1981-1983

1983-1984

1985 to Present

RESUME

SET Engineering Technician

Engineering Technician Aid
Frequency Management Division
Point Mugu, California

Student Aid

Energy Office

Navy Energy Support Office
Port Hueneme, California

Engineering Aid

Coal/Air Department

Naval Energy and Environmental
Support Activity

Port Hueneme, California

Engineering Technician

Coal /Air Department

Naval Energy and Environmental
Support Activity

Port Hueneme, California
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JAMES C. REICHLE, P.E.

- 1982

1982-1983

1983-1985

1985-Present

RESUME

Mechanical Engineer

B.S. Mechanical Engineering
University of Portland
Portland, OR

Mechanical Engineer
FPH
Forest Grove, OR

Mechanical Engineer
Flakt Evaporator AB
Jénképing, Sweden

Mechanical Engineer
Naval Energy and

Environmental Support Activity

Port Hueneme, CA




DENE EGAMI

1987 -Present

1990 -Present

RESUME

Engineering Technician

University of the Pacific
Stockton, CA

Engineering Technician
Naval Energy and

Environmental Support Activity
Port Hueneme, CA
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