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ADDENDUM FOR THE U.S. ENVIRONMENTAL PROTECTION AGENCY TEST
REPORT FOR THE DECEMBER 1991 SOURCE TEST AT THE PRECISION
ENGINEERING, INC. ELECTROPLATING FACILITY IN SEATTLE, WASHINGTON

At the request of Midwest Research Institute, this addendum
has been prepared for the Precision Engineering Test Report. The
changes are minor and correct field data and calculations found in
the report.

After the first run of the source test, it was discovered that
the thermocouple indicator readings used to determine inlet and
outlet stack temperatures were biased about 20 degrees F toc high.
For the remaining runs, dial thermometers were used for stack
temperature readings.

In the original version of the test report stack temperatures
obtained from the thermocouple were used in the data reduction for
Run 1. For this addendum, the average stack temperatures from Runs
2 and 3 are used in the reduction of the data from Run 1. Changes
were made throughout Chapter 3 wherever the corrected temperatures
had an effect.

This addendum is composed of two parts: (1) revisions to
Chapter 3 and (2) computer print outs. The addendum for Chapter
3 contains the entire chapter and completely replaces the original
Chapter 3. The new computer print outs replace the original print
outs for Run 1 data from both the inlet and the outlet locations.
For reports with appendices, replace both Chapter 3 and the
computer print out sheets; for reports without appendices only
Chapter 3 need be replaced.
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INTTIAL DATA VALDES CALCULATED VALUBS
DIA. OF STACK O CROSS SECTION Nilligrams/Dry Std. Cubic Meter =  0.0139
30.0000 IN. OR  0.0000 L 0.0000 W IN.
Graips/Dry Std. Cubic Ft. = 6.098-06
CATCH
FROUNT HALP 146.0000 ug. Lbs. /Rur = 7.449B-04 Kilograms/Hour = 3,379B-04
BACK HALF 0.0000 ug.
T0TAL 146.0000 ug. ARCH DSCPN
14474.42 14271.74
BARONETRIC PRESSURE Pbar  Ym MEYER CORRECYION FACTOR | W ges Wa Std. STACK GAS PRESSURR Ps
30.01 in. Hg 0.9910 3.6261 (7 370.0069 C¥ 30,0247 in. BOH
STACK SPATIC PRESSURR Pst  NET YINE OF YES? Tt TRUE ¢ X AVE. DELTA P i WL WI. OF STACK GAS
0.20 in. BOH 360 min. 0.97%7 0.7671 in. BOR  28.9520
ESTINATED § MOISTURE PITO? CORFFICIENT M AVE. DELYA B AVE. SQRT DELTA P
1.0 0.84 0.9900 3.63 in, BOE  20.1391
DIA, OF NOBILE Vv T0TAL 20 COLLECTRD Bus(est) ME. Ts PER CEWT ISOKINETIC 41
0.2480 in, 77.00 ml 0.0100 nF 105, 4450
NETER DELTA RO Hp # OF POINYS mWHRL  AE.Ta Vs STACK GAS VELOCITY
1.8260 in. BOR 7 373.8870 CF 7 ¥ 49.1451 f/s
1002 $02 1Y) B WL. WP, OF STACK GAS WEP= 28.8425
0.70 21.00 78.30
| . 1o x| .
GAS NETER READING
STAR? STOP CONENTS
1 0.0000 0.0000 N
2 0.0000 0.0000
3 0.0000 0.0000
4 0.0000 0.0000
5 0.0000 0.0000




PLAFI-  PRECISION ENGINEERING
DATE-  DECEMBER 17, 1991 CALCULATED VALUES
LOCATION-SRATPLE, WASHTEGTON
RON-  0-1 Total Cr
DIA. OF STACK OR SECTION Hilligrams/Dry Std. Qubic Meter = 0.0131
30,0000 IN. OR  0.0000 L 0.0000 ¥ IN.
Grains/Dry Std. Cubic Ft. = 5.71E-06
caTcH
FROONT HALF  137.0000 ug. Lbs. /Hour =  6,990B-04 Kilograms/Bour = 3.171E~04
BACK BALF 0.0000 ug.
TOTAL 1370000 ug. AFCK DSCRH
14474.42 U211
BARONETRIC PRESSURE Pbar  Yn NEYER CORRECYION FACTOR | Ve gas Va std. STACK GAS PRESSTRE Ps
30,01 in. Hg 0.9910 3.6267 CF  370.0069 CF 30,0247 in. HOH
STACK STATIC PRESSURR Pst  NET TINE OF TESY 1t TRUE$ M AVE. DELTA P Wi WL WP. OF STACK GAS
0.20 in. HoH 360 min, 0.9707 0.7671 in. BOR  28.9520
ESTINATED § ROISTURE PIT0T CORFFICTENT | AVE. DELTA B AVE. SQRT DELTA P
1.0 0.34 0.9900 3.63 in. BOH 20,1391
DA, OF NOZ3LE Vv TOTAL 20 COLLECTED Bus(est) AVE. Ts PER CENY ISOKINESIC 31
0.2480 in. 77.00 ul 0.0200 72 F 105. 4450
WETER DELTA HE Np # OF POINYS WML AR T Vs STACK GAS VELOCITY
1.8260 in. BOR 72 373.8870 CF 75 19.145) £/s
3002 302 e W4 WL, W2, OF STACK GAS WET=  28.8425
0.70 21.00 78.30
| ok s || .
GAS NETER READING
START | SY0P CORENTS
1 0.0000 0.0000 -
2 0.0000 0.0000
3 0.0000 0.0000
& 0.0000 0.0000
5 0.0000 0.0000




sm====ax PLAN?-  PRECISTON ENGINEERING

KU¥ DATA DATE-  DECEMBER 17, 1991
TeRRases IOCATIOB~SRATTLE, WASHINGTON
RO~ -1GVI
TINE  {GAS NETER{VELOCITY | ORIFICE PRESSURE | STACRX  |DRY GAS NEYER TENP. I
READING |DELTA P | ACYUAL,  DESIRED | YENP IN QU |PER POINY
0,00 | 474,035 0.83 3.90 3.15 n 39 38 108.0
5.00 | 479.200 0.84 4.00 3.2 72 45 39 107.3
10.00 | 484.400 0.84 4.00 3.23 7 51 40 102.5
15.00 | 489.400 0.82 3.90 3.17 n 56 {2 113.3
20.00 | 494.900 0.83 3.9 .23 72 60 & 105.8
25.00 | 500.100 0.82 3.9 3.2 72 63 46 105.9
30,00 | 505.300 0.81 3.80 3.18 ) 66 43 104.0
35.00 | 510.400 0.81 3.80 3.20 72 63 50 105.6
40.00 | 515.600 0.80 3.80 .10 n 70 53 105.8
45.00 | 520.800 0.80 3.80 318 72 n 54 103.6
50.00 | 525.900 0.76 3.60 3.03 72 £] 57 105.7
55,00 | 531.000 0.76 3.60 3.04 72 (L 58 103.4
60.00 | 536.000 0.72 3.40 2.89 72 76 5 105.9
65,00 | 541.000 0.72 3.40 2.89 72 76 60 179.9
70.00 { 5¢9.500 0.72 3.40 2.90 72 77 62 50.6
75.00 | 551.900 0.68 3.20 2.75 I} 78 64 82.2
$0.00 | 555.700 0.66 3.10 2,67 72 78 65 105.3
85.00 | 560,500 0.66 .10 2.67 2 & 66 100.6
90.00 | 565.100 0.58 2.70 2.35 72 80 67 109.5
95,00 | 569.800 0.61 2.80 2.47 s 80 67 104.5
100.00 | 574.400 0.60 2.%0 2.44 72 80 68 107.6
105,00 | 579.100 0.66 3.10 2.69 72 Y3 69 100.2
110.00 | 583.700 0.64 3.00 2.61 72 82 70 110.4
115.00 | 583.700 0.64 3.00 2.61 72 82 n 103.7
120.00 | 593.400 0.66 .10 2.69 72 83 n 108.6
125.00 | 598.400 0.66 3.10 2,70 7 83 L] 9.5
130.00 | 602.800 0.66 3.10 2.70 12 LX) 72 110.6
135.00 | 607.900 0.69 3.20 2.82 7 R R 7 101.8
140.00 | 612.700 0.65 3.08 2.66 n 85 Ei 115.5
145.00 | 618.000 0.65 3.08 2.68 72 85 " 86.7
150,00 | 622.000 0.69 3.2 2.83 72 8 74 116.3
155.00 | 627.500 0.67 3.20 2.75 17 86 " 105.1
160.00 | 632.400 0.66 3.10 2.7 72 86 KL 108.0
165.00 | 637.400 0.69 3. 2.83 72 3] -] 97.2
170.00 | 642.000 0.70 3.30 2.88 72 86 ] 113.2
175,00 | 647.400 0.67 3.20 2.75 72 26 ) 109.5
180.00 | 652.510 1.10 5.20 4.46 72 73 73 103.7
185.00 | 658.600 1.2 5.70 4.88 72 78 (73 105.7
190,00 | 665.100 1.2 5.70 4.90 2 82 73 108.5
195.00 | 671.800 1.10 5.20 4.50 72 84 n 109.6
200.00 | 678.300 1.00 M 4.10 72 86 73 107.5
205.00 | 684.400 1.00 4.74 4.11 72 86 " 9.9




B 3| 210.00 | 689.900 0.93 4,40 3.8 72 86 (L 109.5
215.00 | 695.900 0.93 .40 3.83 i 87 ) 92.9

220,00 | 701.000 0.93 .40 3.83 72 88 76 114.6

B 4| 225.00 | 707.300 0.82 3.9 3.38 | 88 76 98.6
230.00 | 712.400 0.83 3.90 3.42 73 88 7% 111.5

235,00 | 713.200 0.83 3.9 3.42 24 88 76 90.4

B 5| 240,00 | 722.900 0.74 3.50 3.05 72 83 7% 119.8
245.00 | 728.800 0.74 3.50 3.05 72 8 T 89.4

250.00 | 733.200 0.73 3.50 3.01 72 88 i 116.6

B 6| 265.00 | 738.900 0.66 3.10 2.72 4 88 77 107.5
260.00 | 743.900 0.69 3.30 2.85 /3 88 78 109.3

265,00 | 749.100 0.69 3.30 2.84 ) 87 i 103.2

B 7 270.00 | 754.000 0.72 3.40 2.97 72 28 n 113.3
275.00 | 759.500 0.72 3.40 2,97 72 8 n 9.9

280.00 | 764.200 0.73 3.40 3.01 (7] 87 n 106.5

B 8 285.00 | 769.400 0.73 3.40 3.0 72 87 m 104.4
290.00 | 774.500 0.75 3.60 3.0 173 88 78 %.8

295,00 | 779.300 0.74 3.50 3.05 1] 87 T 113.9

B 9| 300.00 | 784.900 0.76 3.60 3.14 7] 88 78 104.2
305.0000 | 790.100 0.7% 3.60 3.10 13 88 78 9.8
310.0000 | 795.000 0.75 3.60 3.10 n 38 7% 117.0

B 10|315.0000 | £00.800 0.73 3.50 3.01 72 88 78 104.2
320.0000 | 805.900 0.73 3.50 3.0 73 87 78 102.3
325.0000 | 810.900 0.74 3.50 3.05 72 87 m 107.8

B 11]330.0000 | 816.200 0.74 3.50 3.05 n 8 78 105.7
< 335.0000 | $21.400 0.73 3.50 3.0 n 87 n 106.5
340.0000 | $26.600 0.74 3.50 3.05 n 86 m 105.9

B 12{345.0000 { 831.800 0.78 3.70 .2 (73 §6 m 105.1
350.0000 | 837.100 0.80 3.80 3.29 72 36 n 105.8
355.0000 | 842.500 0.81 3.80 3.3¢4 72 86 7% 105.5
360.0000 | 847.922 0.00 0.0




PLANY- Precision Engineering

DATE-  Decesber 17, 1991 CALCULAYED VALUES
LOCATION-Seattle Washington
RN Inlet 1-1 Cr VI
DIA. OF STACK OR  CROSS SECTION Killigrass/Dry Std. Cubic Neter = 0.2939
24,0000 I8. OR  0.0000 L 0.0000 ¥ IN.
Grains/Dry Std. Cubic Ft. = 1,28E-04
CATCE
FRODNT HALF  2839.0000 ug. Lbs./Bour = 1.004B-02 Kilograms/Bour = 4.555K-03
BACK HALF 0.0000 ug.
OTAL 2389,0000 ug. ARCH DSCEX
9344.66 9121.74
BAROMEFRIC PRESSURE Pbar  ¥a NEYER CORRECTION FACYOR | W gas va Std. SYACK GAS PRESSURE Ps
30.01 in. Hg 0.9780 3.4208 CF 347.1130 CF 29.6129 in, W&
SPACK STATIC PRESSURE Pst  NET TTHE OF YEST Tt TROES N  AVE. DELTA P WRd NOL, T, OF STACK GAS
-5.40 in, HOB 360 mia. 0.9784 0.7747 in. BOB  28.9520
ESTINATED § NOISTURE PITOT CORFPICIRNT N AVE. DELTA B AVE. SQRT DELYA P
1.0 0.8 0.9900 3.65 in. BOE  20.17%5
DIA. OF NOZILE Ve ORI 20 COLLECYED Bus(est) AVE. Ts PER CENT ISOKINEYIC %I
0.2480 in. n.2u 0.0100 % F 99.0527
RETER DELTA Ee ¥p # OF FOINYS WIOML  AVE. T Vs STACK GAS VELOCTTY
1.8000 in. HOH 7 350.6830 CF 68 ¥ 19.5750 £/s
3002 202 X0 Kd ROL. WI. OF STACK GAS WET=  28.8425
0.79 21.00 78.30
|| LEAR CHECK || . _ _ N
GAS NETER READING
START ST0P COMEWTS
1 0.0000 0.0000 -
20,0000 0.0000
3 0.0000 0.0000
4 0.0000 0.0000
50,0000 0.0000
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PLANT-  Precision Engineering

INTTIAL DATA VALURS DATE-  December 17, 1991 CALCULAYED VALUES
LOCATION-Seattle Rashington
¥~  Inlet 1-1 Total &r
DIA. OF STACK OR SECTION Rilligrams/Dry Std. Cubic Meter =  0.3082
24.0000 TK. OR  0.0000 L 0.0000 ¥ IN.
Grains/Dry Std. Cubic Ft. = 1.35E-04
CAYCH
FROUNT HALF  3029.0000 ug. Ibs./Bour = 1.053E-02 Kilograss/Hour = 4.776E~03
BACK HALF 0.0000 ug.
TOTAL 3029.0000 ug. AFCH DSCPE
9344.66 92NN
BARONETRIC PRESSURE Pbar Y NEYER CORRECTTON FACTOR | Vv gas a Std. STACK GAS PRRSSORE Ps
30.01 in. Bq 0.97%0 3.4208 CF  347.1130 CF 29.6129 in. BOH
STACK STATIC PRESSURE Pst  NET YINR OF TEST Tt TRUE § X AVE. DELTA P WRd BOL WI. OF STACK GAS
5,40 in. HOH 360 min, 0.9784 0.7747 in. BB 28.9520
ESTIMATED ¢ MOISTORE PIYOT CORFFICTERNT ] AVE. DEITA B AVE. SQRT DELTA P
1.0 0.84 0.9900 3.65 in. M  20.17%5
DIA. OF WOZ3LE V¥ TOTAL 20 COLLECTED Pus(est) AVE. %5 PER CENT ISOKINETIC %I
0.2480 in. 72.82 nl 0.0100 0¥ 99,0577
NETER DELTA B ¥p } OF POINTS MUBL  MWE T Vs STACK GAS VELOCTTY
1.8900 in. HOH 7 350.6830 CF 63 F 49.5750 £/s
3002 t02 1 7) W WOL. WY, OF STACK GAS WET= 28.8425
0.70 21.00 78.30
- || LeRcEEx || I
Qs READING
START STOP CONERYS
1 0.0000 0.0000 N
2 0.0000 0.0000
3 0.0000 0.0000
4 0.0000 0.0000
5 0.0000 0.0000




ssezsTeT= PIANT-  Precision Engineering

RUN DATA DATE-  Decesber 17, 1991

B LOCATION- Seattle Washington
RUB- Inlet 1-1 Cr VI

POINT §| TINE |GAS NEYER|VELOCITY | ORIFICE PRESSURE | STACK |DRY GAS NEYER YENP. |
READING |DELTA P | ACTUAL  DESIRED | TRWP H 00T |PER POINY
AL o 0.00 | 386.718 1.10 5.20 .25 70 37 36 97.1
1 5.00 | 392,000 1.00 470 3.89 70 43 37 | 114.8
2| 10.00 | 398.000 1.00 4,70 3.92 70 48 39 | 108.3
3| 15.00 | 403.700 1.00 4.70 3.95 70 52 4] 1001
4| 20.00 | 409.000 1.00 4.70 3.96 70 55 3 105.2
5| 25.00 | 414.600 1.00 4.70 3.98 0 58 S| 1047
22 0] 30.00 | 420.200 0.98 4,50 3.92 70 60 48 95.8
1| 35.00 | 425.300 0.98 4.50 3.94 70 62 9| 103.0
2| 40.00 | 430.800 0.98 4.50 3.95 70 64 51 95.2
3| 45.00 | 435.900 0.98 4.50 3.95 70 64 52 | 104.4
4| 50,00 | 441.500 0.98 4.50 3.97 70 66 54 | 100.3
5| 55.00 | 446.900 0.98 4.50 3.98 70 67 55 | 100.1
A3 0| 60.00 | 452.300 0.84 3.98 3.42 70 9 571 105.6
1] 65,00 | 457.600 0.84 3.98 3.43 70 69 58 | 103.5
21 70.00 | 462.800 0.84 3.98 3.43 70 70 59 97.3
3] 75.00 | 467.700 0.84 3.98 3.44 70 n 60 99.1
4| 80.00 | 472.700 0.84 3.98 .44 7 n 61| 103.0
5| 85,00 | 477.900 0.83 3.93 3.4 70 72 62| 105.4
M 0| 90.00 | 483.200 0.54 2.60 2.22 ). 72 63 5.7
1| 95.00 | 487.100 0.54 2.60 2.2 70 n 63| 105.7
2| 100.00 | 491.400 0.58 2.70 2.38 70 n 63 99.6
3| 105.00 | 495.600 0.58 2.70 2.38 70 n 63 99.6
¢ | 110,00 | 499.800 0.57 2,70 2.3 20 72 64 97.9
5| 115.00 | 503.900 0.57 2.70 2.34 70 72 64 97.9
35 0| 120,00 | 508.000 0.55 2.60 2.26 70 72 65 | 104.4
11 125.00 | 512.300 0.67 3,20 2.76 70 72 65 96.9
21 130.00 | 516.700 0.67 | 3.20 2% 1 73 65 | 101.2
3| 135.00 | 521.300 0.67 3.20 2.76 70 e 65| 1011
4| 140,00 | 525.900 0.67 3.20 2.77 70 75 66 | 101.0
5| 145.00 | 530.500 0.67 3.20 2.77 70 7 67 93.7
A6 0| 150.00 | 535.000 0.66 1.10 2.13 70 76 67 9.3
1| 155,00 | 539.500 0.65 3.10 2.69 70 76 67 | 111.2
2| 160.00 | 544.500 0.65 3.10 2.69 70 7% 68 88.9
3| 165.00 | 548.500 0.64 3.00 2.65 70 7 671 100.9
4| 170.00 | 553.000 0.64 3.00 2.65 70 7 68 | 100.8
5| 175.00 | 557.500 0.69 3.30 2.86 70 7 68 9.7
BL 0| 180.00 | 562,118 0.7% 3.70 3.19 70 66 6| 106.5
1| 185.00 | 567.300 0.78 3.70 3.20 70 68 64 96.5
2| 190.00 | 572.000 0.78 3.70 3.2 70 n 65 93.2
3| 195.00 | 576.800 0.77 3,70 1.17 70 72 65| 107.0
4 | 200.00 | 582.000 0.75 3.50 3.0 7 | 74 65 93.6
5 | 205.00 | 586.500 0.77 3.70 3.18 70 7 66 | 102.6
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PLANT- Precision Engineering
THIYIAL DATA VALUES DATE-  December 13, 1991 CALCULATED VALUES
LOCATION-Seattle, Washington
RUN- Inlet 2«1 Cr VI

DIA. OF STACK OR  CROSS SECTION Nilligrans/Dry Std. Cubic Meter = 0.1526
18.0000 IN. OR  0.0000 L 0.0000 ¥ IN.
Grains/Dry Std. Cubic Pt. = 6.678-05
CATCE
FROUNT HALF 15890000 ©g. ths./Bour =  3.031B-03 Kilograns/Hour = 1.375E-03
BACK HALP 0.0000 9.
T0TAL 15890000 ug. AFCK DSCPH
5408.34 5301.38
RAROHETRIC PRESSURE Pbar ¥ NETER CORRRCTION PACTOR | W gas a Std. STMX CGAS PRESSURE Ps
30,01 in. Hg 0.9790 2.4977 CF  357.6283 CF 29.5009 in. HOH
SPACK STATIC PRESSURE Pst  NEY TINE OF TEST Tt TRES N AVE. DEETA P Wid ML Wr. OF STACK GAS
-5.70 in. BOH 360 min. 0.6748 0.841¢ in. BOH  28.9520
ESYINATED § NOISTURE PITOT COEFFICTERT M AVE. DELSA E AVE. SORT DELTA P
0.7 0.84 0.9930 3.98 in. HOE  20.7629
DIA. OF NOSZLE W YOTAL H20 COLLECTED Bws(est) AVE. 95 PER CENT ISOKINEFIC 31
0.2490 in. 53.03 0l 0.0070 6 ¥ 100.7210
NETER DELTA He W § OF POINTS VAL AR T Vs STACK GAS VELOCITY
1.9470 in. HoH 7 369.6190 CF 66 ¥ 51.0083 £/s
$002 t02 ) ¥i NOL. WT. OF STACK CAS WET=  29.8753
0.70 21.00 78.30
|| LEX cEEx ||
GAS NETER READING
START | STOP COMEHTS
1 0.0000 0.0000 ~
2 0.0000 0.0000
3 0.0000 0.0000
4 0.0000 0.0000
5 0.0000 0.0000




PLANT- Precision Engineering

DATE-  December 18, 1991 CALCULATED VALUES
[OCATION-Seattle, Washington
JE-  Inlet 2-1 Total Cr
DIA. OF STACK OR  CROSS SECYION Nilligrams/bry Std. Cubic Meter = 0.1511
18.0000 T§. OR  0.0000 L 0.0000 W IN.
Grains/Dry Std. Cubic Ft. = 6.608~05
CATCH
FROUNT EALF  1573.0000 ug. Lbs./How =  3.0008-03 Rilograns/Bour = 1.361E-03
BACK EALP 0.0000 ug.
0TAL 1573.0000 ug. AFCH DSCFI
5408.34 5301.38
BARONETRIC PRESSURE Pbar  Ym METER CORRECTION FACTOR | W gas a Std. STACK GAS PRESSTEE Ps
30.01 in. Hg 0.97%0 24977 P 367.6283 CF 29.5009 in. HOR
STACK STATIC PRESSURE Pst  WET TINE OF TBSY Tt TRUES N AVR. DELTA P 16 NOL WI. OF SIMK @S
-5,70 in. BOH 360 uin. 0.6748 0.8414 in, BOH  28.9520
ESTINATED § NOISTURE PIYO? CORFFICIENT M AVE. DELYA E AVE. SORT DELTA P
0.7 0.84 0.9930 3.98 in, BOE  20.7629
DIA. OF NOLE Vv 10TAL H20 COLLECYED Bus(est) AVE. 15 PER CENT ISOKIBEYIC i1
0.2490 in. §3.03 0.0070 6 F 100.7210
NETER DELTA EE ¥p # OF FOINTS VWIOTAL  AVE. Tu Vs STACK GAS VELOCTTY
1.9470 in. HOR 7 369.6190 CF 6 P 51,0083 £/s
$002 102 ) i WOL. W. OF STACK GAS WET=  28.8753
0.70 21.00 78.30
|| LExK cuEck || -
GAS NETER RRADING
STARY STOP CONERTS
1 0.0000 0.0000 -
2 0.0000 0.0000
3 0.0000 0.0000
t  0.0000 0.0000
5  0.0000 0.0000




===zz=z== PLANT-  Precision Engineering

ROK DATA DATE- Decesber 18, 1991

ss==mem== LOCATION- Seattle, Washington
XON- Inlet 2-1 Total Cr

POINT §| TIME |GAS MRTER|VELOCTTY | ORIFICE PRESSURE | STACK  |DRY GAS NETER TERP.| &I
READING |DELTA P | ACTUAL  DESIRED | TENP v 00T |PER POINT
At o 0.0000 | 269.99 0.80 3.70 3.25 69 36 36 67.5
1| 5.0000 | 273.20 0.78 3.80 3.18 69 38 35| 108.4
2 | 10,0000 | 278.30 0.78 3.80 3.20 69 u“ 36 | 107.6
3 { 15.0000 | 283.40 0.78 3.80 3.22 69 49 38| 104.8
4| 20,0000 | 288.40 0.78 3.80 3.4 69 52 0 1063
5 | 25.0000 | 293.50 0.78 3.70 3.2% 69 54 42| 103.8
A2 0| 30.0000 | 298.50 0.55 2.60 2.30 69 57 4| 108.0
1] 35.0000 | 302.%0 0.57 2.70 2.39 69 58 46| 105.8
2 | 40,0000 | 307.30 0.55 2.60 2.31 69 59 47 202.6
3 | 45.0000 | 311.50 0.56 2.65 2.36 69 60 9 2038
4 | 50.0000 | 315.80 0.55 2.60 2.33 69 61 50 | 104.5
5 | 55.0000 | 320.10 0.55 2.60 2.33 69 62 51| 104.3
23 0] 60.0000 | 324.40 0.38 1.80 1.61 69 63 52 | 107.6
1 | 65.0000 | 328.10 0.37 1.7 1.57 69 63 5¢ | 102.9
2 | 70.0000 | 331.60 0.37 1.75 1.58 69 64 55 | 108.6
3| 75.0000 | 335,30 0.36 1.7 1.54 69 64 56 | 118.9
4 | 20,0000 | 339.30 0.36 .1 1.54 69 67 58 88.7
5 | 85.0000 | 342.30 0.36 1.1 1,54 69 65 §7 { 103.8
M 0| 90.0000 | 345.80 0.95 4.50 4.07 9| . 66 58 99.1
1| 95.0000 { 351.20 0.97 4.60 417 69 | 69 59 [ 103.1
2 [100.0000 | 356.90 0.98 4.65 422 69 70 60 | 100.6
3 |105.0000 | 362.50 0.98 4.65 4,22 69 7 60 | 102.3
4 |110.0000 | 368.20 0.96 4.55 4.15 69 7 6l | 103.2
5 |115.0000 | 373.90 0.9 4.55 1.15 69 7 62{ 103.0
35 0 [120.0000 | 379.60 1.50 7.10 6.50 69 73 63 93.0
1 {125.0000 | 386.00 1.10 5.21 4,77 69 7 64 | 102.8
2 |130.0000 | 392.10 1.2 569 52t 6| ™ 64| 100.2
3 |135.0000 | 398.30 1.20 5.69 5,22 69 B 6| 100,07
4 [140.0000 | 404.50 1.20 5.69 5.22 69 7% 65 103.1
5 ]145.0000 | 410.90 1.10 5.20 4.7 69 7% 66 99.1
36 0 ]150.0000 | 416.80 1.10 5.20 4.80 69 I 66 | 102.3
1 |155.0000 | 422.% 1.40 6.60 6.11 69 il 67 93.9
2 |160.0000 | 429.20 1.40 6.60 6.12 69 78 68 84.8
3 |165.0000 | 434.90 1.4 6.60 6.12 69 7 68 74.5
¢ 1170.0000 | 439.90 1.40 6.60 6.12 69 Yyl 68 | 105.7
5 |175.0000 | 447.00 1.40 6.60 6.12 69 78 68 89.9
Bl 0 [180.0000 | 453,05 0.65 3.10 2.80 69 65 65 | 108.9
1 [185.0000 | 458.00 1.10 5.20 1,76 69 69 65 93.0
2 1190.0000 | 463.50 1.10 5.20 4,77 69 72 65 | 101.2
3 |195.0000 | 469.50 1.10 5,20 4,78 69 7 6 | 102.7
4 1200.0000 | 475.60 1.10 5.20 4,79 69 ™ 66 | 100.8
5 1205.0000 [ 481.60 1.10 5,20 .79 69 76 66 | 102.4
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Section 3

SUMMARY OF SAMPLE COLLECTION,
EMISSION CALCULATIONS AND RESULTS

3.1 Sample Collection

Emission samples were collected using a modification of U.S. EPA Method 13-B. The samples
were collected simultaneously from Inlets No. 1 and No. 2 and from the Qutlet of the MPME
under nbrmal operating conditions. Three tests were conducted at each sampling location.
Sampling times of 4 or 6 hours per test run were used to ensure that adequate quantities of

chromium were collected for subsequent chemical analysis.
Grab samples from the plating tank solutions (Tanks 1, 2 and 7) and the MPME water were also
collected during each sampling run. These samples were obtained at the beginning, middle and

at the end of each Method 13-B test run.

3.2 Stack Gas Parameters

Stack gas parameters, at each sampling location, are shown in Table 3-1. At Inlet No. 1, the
stack gas velocity averageda8 . 92fect per second (fps), the average stack temperature was 70°F
and the average moisture content was 1.11%. The volumetric flow rates at Inlet No. 1 were
9473 actual cubic feet per minute (acfm) and 9254 dry standard cubic feet per minute (dscfm).
At Inlet No. 2, the stack gas velocity averaged49 .-'96fps, the average stack temperature was
69°F and the average moisture content was 0.75%. The volumetric flow rates at Inlet No. 2

were 52.97 acfm and 5198 dscfm.

3-1




At the Outlet, the stack gas velocities averaged49.53 fps, the average stack temperature was
72°F and the average moisture content was 0.98%. The average volumetric flow rates at the

Outlet were 14588 acfm and 14406 dscfm,

The stack gas at all sampling locations was essentially ambient air and thus was assigned a dry
molecular weight of 28.95 1b/lb-mole. Variation in isokinetic sampling rates were within
allowable limits for all sampling runs of Method 13-B except Run 2 of Inlet 2 which had an

isokinetic rate of 88.81%.

The evaluation of particle size, from previous test runs, indicate that more than 85% of the
particles emitted from a controlled electroplating process are less than 2.5 microns in diameter.
Particles less than 2.5 microns behave like a gas rather than a particulate. In gaseous sampling
the isokinetic sampling rate is not considered to be significant. Therefore, no adjustments were

made to the data and the results are acceptable.

3.3 Emission Calculations and Discussion_of Results

This subsection of the report provides the following information: 1) Cr-VI results from
colorimetry and ICPCR analyses; 2) Cr-T results from ICP analysis; 3) Cr-VI and Cr-T
concentrations in the plating tank solutions, MPME water and sampling train blank samples;
4) computerized spreadsheet calculations of emission concentrations and mass emission rates;

5) MPME removal efficiencies; and 6) MPME penetration.



Table 3.1 SUMMARY OF STACK GAS CONDITIONS

Inlet No.1

Velocity Stack Flow Rate %
Run No. fps* Temp. °F Moisture | Isokinetic
| acfm® dscfm* % Rate
r 1 45.58 70 9345 | 9122 0.98 99.05
E 48.53 6 | 9148 | 8830 1.14 98.99
| 3 | 5266 70 o027 | 9810 | 121 93.32
‘ Average | 18-92 70 9473 9254 L1l 97.12
" InletNo.2 . ) ' | ] _
| Velocity Stack Flow Rate %
Run No. fps* Temp. °F %# Moisture | Isokinetic
acfm® dscfm® % Rate
1 51.01 69 | 5408 | 5301 0.67 100.72
2 52.02 70 5,516 5,350 0.65 88.81
3 46.85 68 4,968 4,943 0.94 98.37
Average | 49.96 | . 69 5297 5198 | 0.75 95.97
# — — — |
Velocity %
fps Moisture | Isokinetic
_ . & Ge Rate
1 s9.15 | 72 | 14474 | 14272 0.97 105.45
2 49.03 72 14,442 14,065 1.08 99.68
ﬂ 3 50.41 72 14,847 14,882 0.90 99.48
49.53 - 14406 0.98 101.54

e —

eet per second
® Actual cubic feet per minute
¢ Dry standard cubic feet per minute at 68 °F and 29.92° Hg
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3.3.1 Cr-VI Results From Colorimetry and ICPCR Analyses

Table 3.2 1list Cr-vI results obtained from two analytical
techniques, namely: 1) colorimetry using diphenylcarbazide; and 2)
ICPCR. The colorimetric technique , used in the field to determine
cr-vi, provided a rapid analysis of chromium concentrations. The
results were not used in the emission calculations in this report
and are provided in Appendix E for information only. RTIS’s

analytical results for total chromium (Cr-T) and hexavalent

___n___qﬂchromium_LCr—VI)_were_used_to-make-emission.galculations.in this

report.

Table 3.3 provides analytical results of Cr-VIi mass emission

testing at the Precision Engineering, Inc plant. The samples were

analyzed using Ion-Chromatography with a Post Column Reactor

(ICPCR). RTIL’s analytical data report is provided in Appendix D.
The average concentration at the outlet was 0.0103 mg/m*. The
average mass emission rate (lbs/hr) of the two inlets combined was
1.44 x 10 1lb/hr and the outlet had an emission rate of 5.57 x 10™

1b/hr.

3.2.2 Total Chromium Results From ICP Analysis

Presented in Table 3.4 are the total chromium (CR-T) emission
results. RTIL’s analytical data report is provided in Appendix D.
The Cr-T emission concentration at the outlet averaged 0.0108
mg/m*. The average Cr-T mass emission rate from Inlets No. 1 and
No. 2 combined was 1.51 x 102 1b/hr and the outlet average emission

rate was 5.83 x 10™ lb/hr.



Table 3.2. COMPARISON OF EMISSION SAMPLE
ANALYSIS RESULTS* FOR CHROMIUM-VI USING
COLORIMETRY® AND ICPCR® TECHNIQUES

Inlet No. 1
e
Total Cr-VI (ug) “
Test Run No. Sampling Time =
(min) Colorimetry® ICPCR® [
Run No.1 360 2,862 2,889
Run No. 2 240 743 1,774
Run No. 3 848 2,891
Average

Inlet No.2 _ - _ ]
ll Run No. 1 [ 360 i 1,517 T 1,589- “
| Runmo.2 240 - 308  om |
“ Run No. 3 240 |

Average

| Outlet -

Run No. 1 [ 360

Run No. 2 240

Run No. 3 240
Average

» Results are expressed as total microgram of Chromium-VI
b Colormetric quantification on-site using diphenylcarbazide organic analytical reagent
¢ Jon-chromatography with a post column reactor.




Table 3.3.

ANALYTICAL®* RESULTS OF CHROMIUM-V1

MASS EMISSION TESTING
Inlets®
Test Total Cr-VI1 Emission Mass Mass
Run No. e° Concentration Emission Rate Emission
(mg/m’)° (b/br)* Rate
(kg/hr)*
1 4,478 1.30 3 1072 5.93 x 10~
2 2,544 1.175 x 1072 5.33x 103
3 3,704 1.838 x 107 8.33x 103
Average 3,575 1.44 % 10| 6.53 x 10

Outlet .
Test Total Cr-VI Emission Mass Mass
Run No. (ue)* Concentration Emission Emission
(mg/m’) € Rate Rate
~ (bMry (kgfhr)*
1 146 0.0139 7.45 x 10| 3.38 x 10~
E 60.6 0.0093 491x10* | 220x10% |
3 53.5 0.0078 4.34 x 10° 1.97 x 10* “
0.0103 5.57 x 104 2-52 x 10-4l

NOTE:
inlets combined is omitted from the inlet data.
rates for the two inlets were different, a combined concentration
number would not reflect the concentration of either inlet™and is

not needed in this report.
hexavalent chromium while Inlet #2 averaged 0.1353 Mg/M®

hexavalent chromium.

Inlet #1 averaged

* Analysis method, Ion-Chromatography with Post Column Reactor.
® The control device has two inlets (Inlet No.1 and Inlet No.2).
¢ Sum of Cr-VI emissions from Inlet No.1 and Inlet No.2.
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Table 3.4. ANALYTICAL® RESULTS OF TOTAL CHROMIUM
MASS EMISSION TESTING
Inlets®
I Test Emission Mass Emission | Mass Emission
Run No. Cr-T (ug)F Concentration Rate Rate
(ng/m*)* (Ib/br)* (kg/hr)*
1 4,602 1.35 x 1072 6.14 x 10~
2 2,728 1.25 x 107 5.656 x 107
3 3,921 1.93x 107 8.741 x 103
em 3750~ fe-oe e —o - 1.51 % 102 | 6.846 x 10
Outlet B
Test Emission Mass Emission Mass Emission
Run No. Cr-T (ug)* Concentration Rate Rate
(mg/m’)° (Ib/hr)* (kg/hr)¢
I 1 137.0 0.0131 6.99 x 10™* 3.17 x 10~
| 2 68.3 0.0105 5.53x 10* 251 x 10*
TE 61.3 0.0089 4.97 x 10° 226 x 10%
| Average 88.9 0.0108 5.83 x 10 | 2-65 x 10~
NOTE: The concentration in milligrams per cubic meter for the two

inlets combined is omitted from the inlet data.

Since the flow

rates for the two inlets were different, a combined concentration
number would not reflect the concentration of either inlet and is
Inlet #1 averaged 0.3492 Mg/M® of total
chromium while Inlet #2 averaged 0.1478 Mg/M*® of total chromium.

not needed in this report.

* Analysis method, Inductively Coupled Plasma (ICP)

® The control device has two inlets (Inlet No. 1 and Inlet No. 2)
¢ Sum of total chromium emissions from Inlet No. 1 and Inlet No. 2




3.3.3 Concentrati Plating Tank Solution, MP Water and Train Blank Sampl
Cr-VI and Cr-T concentrations in the plating tank solution, MPME water and train blank
samples were determined by RTIL using ICPCR and ICP. The sample concentrations are

presented in Table 3.5. The concentrations of chromium remained essentially constant

throughout the testing period.
3.3.4 Computeri dsheet Calculati

A computerized spreadsheet, provided by Mr. Frank Clay (U.S. EPA, Task Manager), was used
" to calculate the _emissibn concentrations and mass emission rates in this report. Manual
 calculations were made by AST personnel to verify that the computer results were accurate. The
computefi pﬁhtouts are provided in Appendix A. Appendix F presents the equations used to

make these manual verifications.

3.3.5 Removal Efficiency of The Mesh Pad Mist Eliminator
" Chromium removal efficiencies for the MPME system were determined by simultaneously
sampling the two inlets and outlet of the MPME. The mass emission rates were used 10

calculate removal efficiencies. Removal efficiency is calculated using the equation below.

‘Where:
RE = % Removal Efficiency

C, = Y. of mass emission rates at Inlets 1 and 2, Ibjhr

C, = Mass emission rate at the outlet, lb/hr
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Table 3.5. ANALYSIS OF PLATING TANK SOLUTIONS,
MPME WATER AND BLANK SAMPLES

—— e ———

SAMPLES* Cr-VI* (pg/mD) Cr-T® (pg/ml)
Tank 1 Run No. 1 1.22 x 10** 1.31 x 10*°
Tank 1 Run No. 2 8.59 x 10** 1.30 x 10*3
Tank 1 Run No. 3 1.08 x 10%* 1.26 x 10*3
Tank 2 Run No. 1 1.15 x 10*3 1.27 x 10**
Tank 2 Run No. 2 1.22 x 10%° 1.25 x 10**

Tank 2 Run No. 3 1.14 x 10* 1.24 x 10*°

Tank 7 Run No. 1 1.23 x 10%° 1.23 x 10*°

Tank 7 Run No. 2 . 1.23 x 10** 1.26 x 10*°

H Tank 7 Run No. 3 1.20 x 10* 1.25 x 10*?
Sampling Train

Blank ¢ 7.37 x 103 3.20 x 102

MJ Outlet Run No. 1 7.59 x 102 (6.4 x 10%7) 2.69 x 107

MJ Outlet Run No. 2 7.43 x 102 (5.00 x 10°2™) 2.86 x 107

MJ Outlet Run No. 3 1.81 x 107 (2.03 x 107™) 6.00 x 107

* Liquid grab samples from tanks 1, 2, 7 and the MPME were collected at the beginning,
middle and end of each Method 13-B run. All samples are composites.

* JCPCR was used for analysis

b JCP was used for analysis

¢ The Method 13-B sampling train was cleaned between test runs. The blank sample, is a
rinseate, was collected after cleaning the train components.

+* [n-field colorimetric analysis results for MPME water



Mass emission rates are presented in Tables 3.3 and 3.4. The data in Tables 3.3 and 3.4
indicate that more than 95% of the mass emissions are of Cr-VI and less than 5% of the

emissions are of Cr-III.

3.3.6 Penetration of The Mesh Pad Mist Eliminator

Penetration can be used to evaluate the performance of a chromium emission control device such
as a MPME. Penetration is defined as the percentage of chromium that escapes or is not
collected by an emission control device. Percent penetration is calculated using the equation

below.

Percent Penetration= 100% - RE

‘Where:

RE = % Removal Efficiency

Often, the percent penetration results reveal more about the process conditions than the percent

efficiency results.

The calculated removal efficiencies are tabulated in Table 3.6. The average removal efficiency
for Cr-VI was 95.94%. The average removal efficiency for Cr-T was 95.96%. The removal
efficiencies for Cr-T and Cr-VI are essentially the same. As pointed out earlier, most of the
mass emissions are of Cr-VI (~-95%). The percent penetration for each test run was also
calculated. Table 3.7 lists the results of the removal efficiency and the percent penetration
calculations. Table 3.7 shows that about 4% of the chromium emissions penetrated the mesh

pad mist eliminator.
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Table 3.6. SUMMARY OF THE MESH PAD MIST ELIMINATOR
CHROMIUM REMOVAL EFFICIENCIES

Analyte Analytical Test Mass Mass Removal
Technique Run Emission Emission Efficiency
Used No. Rates at Rate at (%)
Inlets No. 1 Outlet
and No. 2* (Ib/hr)
L= — - ——
Cr-vVI ICPCR 1 1.307 x 1072 [7.449 x 107 94.30
Cr-VI ICPCR 2 1.175x 10 | 4.906 x 10* 95.82
Cr-VI ICPCR 3 1.838 x 107 4.340 x 10 97.64
Average NA NA 1.440 x 107*| 5.65 x 10~* 95.92
Cr-T ICP 1 1.353 x 10| 6.990 x 10°*| 94.83
Cr-T ICP 2 1.247 x 102 5.530 X 10°* 95.57
Cr-T ICP 3 1.927 x 107 4972 x 10¢ 97.42 1
Average NA NA 1.509 x 10°2|5.831 x 107* 95.94 H

# _Inlets 1 and 2 mass emission rates were combined.
NA - Not Applicable
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Table 3.7. REMOVAL EFFICIENCY AND PERCENT
PENETRATION* OF CHROMIUM THROUGH THE

MESH PAD MIST ELIMINATOR
| Test Run No. % Removal l;‘ﬁciency % Penet:ation
Cr-VI1 Cr-T Cr-VI Cr-T
1 94.30 94.83 . 5.70 5.17
2 1~ 9582 |- 9557 - 4.18 4.43
3 97.64 97.42 2.36 2.58
Average 95.92 95.94 4.08 4.06

* Percent Penetration = 100% - %Removal Efficiency
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ERRATA SHEET FOR ELECTRONIC CHROME AND GRINDING TEST REPORT

In February 1992, the U.S. Ehvironmental Protection Agency
performed a source test for hexavalent chromium emissions from the
scrubber at the Electronic Chrome and Grinding Company in Santa Fe
Springs, California. The purpose of the test was to determine if
the addition of polypropylene balls and a foam blanket to the
plating tank bath would reduce hexavalent chromium emissions from
the scrubber to a level that would be acceptable by the air
regulatory agency of the State of california.

After the final report of the source test was distributed, an
error was found in Chapter 3; Table, 3-5, which summarizes
scrubber emissiong in milligrams per ampere-hour, was found to be
in error. Table 3-5 has been revised to present the correct data
and is attached; it completely replaces the original Table 3-5,.
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ERRATA SHEET FOR ELECTRONIC CHROME AND GRINDING TEST REPORT

In February 1992, the U.S. Environmental Protection Agency
performed a source test for hexavalent chromium emissions from the
scrubber at the Electronic Chrome and Grinding Company in Santa Fe
Springs, California. The purpose of the test was to determine if
the addition of polypropylene balls and a foam blanket to the
plating tank bath would reduce hexavalent chromium emissions from
the scrubber to a level that would be acceptable by the air
regulatory agency of the State of California.

After the final report of the source test was distributed, an
error was found in Chapter 3; Table, 3~5, which summarizes
scrubber emissions in milligrams per ampere-hour, was found to be
in error. Table 3-~5 has been revised to present the correct data
and is attached; it completely replaces the original Table 3-5.
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Re:

Electronic Chrome Test Report

Run I-3 Discrepancy (Original Data vs EMB Final Report)

Frank Clay’s original data was changed after he submitted them to

us.

Specifically, run I-3 results in the EMB test report were about

double compared to Frank’s original data.

Upon reviewing Lab

Reports, Custody sheets, etc., I have determined:

Run I-3 catch was reported by Frank to be 2914 ug.

EMB Test Report value for this catch is 5829 ug.

Lab report in Test Report shows 2 parts to catch:
one at 3345 ug and one at 2484 ug.

Frank apparently used average of two (2914 ug),

Final Test Report used total

of two (5829 ug).

e

Lo
For Iﬂggg;égggt%;ehae&ogy Report, I used results in Final Test

Report, as the value of the catches added together (5829 ug) more
accurately matches values of catches for other runs.

Marge Cassidy

February 20, 1993

Re: Electronic Chrome Test Report
Discrepancy for Process Emission Values
On July 30, 1992, at the request of AST,

process emissions to AST.

I faxed the values for

outlet process emission values provided

to them (in mg/Ah) were as follows:

Run 0-1 0.061 Run
Run 0-2 0.081 Run
Run 0-3 0.074 Run

Their Final Test Report presented

Run 0-1 8.312 x 10°% Run
Run 0-2 9.696 x 10° Run
Run O0-3 8.49 x 10° Run

.

- Using the data from their Final Test

values (in mg/Ah) as:

Run 0-1 0,062 Run
Run 0-2 0.082 Run
Run 0-3 0.073 Run

0-4 0.011
0-5 0.010
0-6 0.007

these values (in mg/Ah) as:

0-4 1.415 x 10°
0-5 1.156 x 10%
0-6 8.88 x 107

Report, I recalculated the
0-4 0.011 PQ,/
0-5 0.010 OAQ) n&”ﬂg}l
0-6 0.007 7l

on 3/22/93, I spoke to Frank Clay about this and faxed him the

above numbers.

He will have an errata sheet issued.

Marge Cassidy
March 23, 1993




ADDENDUM FOR THE U.S. ENVIRONMENTAL PROTECTION AGENCY TEST
REPORT FOR THE MAY 1991 SOURCE TEST AT THE REMCO HYDRAULICS
INCORPORATED ELECTROPLATING FACILITY IN WILLITS, CALIFORNIA

At the request of Midwest Research Institute, this addendum
has been prepared for the Remco Hydraulics Test Report. The
changes are minor and adjust the control device efficiency values
found in the report.

At Inlet B on run three, it is suspected that the probe
touched the stack wall and produced a high bias for that run. The
emission results from that run are nearly an order of magnitude
greater than the emission results from the other two runs at Inlet
B. The sample from Inlet B for run three was analyzed twice to
insure that the bias was not due to an analytical error. The
second analysis confirmed that the first analytical value was
correct. For this addendum, run three was not used in the pounds
per hour emission rate or the control device efficiency
calculations. The attached page shows the differences that occur
when run three is not used in data results.

The addendum changes pertain to Chapter 3 only, and a
replacement for the entire chapter is provided.




REMCO HYDRAULICS - COMPARISON OF AVERAGE EFFICIENCIES

The table below presents a comparison of the efficiencies of
the control device when the averages of runs one, two and three are
compared with the averages of runs one and two only.

Three analytical techniques were used: (1) the
diphenylcarbazide (colorimetric) method for hexavalent chromium,
(2) ion chromatography with a post column reactor (IC) for
hexavalent chromium, and (3) inductively coupled argon plasmology
(ICP) for total chromium.

During run three at inlet B, it is suspected that the probe
touched the stack wall and introduced a high bias into the data.
This is the reason for comparing the averages of runs one, two and
three with the averages of runs one and two only.

. AVERAGE AVERAGE AVERAGE
ANALYSTS TYPE % _EFFICIENCY 3 EFFICIENCY DIFFERENCE
RUNS 1,2, & 3 RONS 1 & 2 {PERCENT)

HEX CHROMTUM 99.9908% 99.9887% -0.0021%

COLORTMETRIC

TOTAI. CHROMTUM 99.9917% 99.9930% +0.0013%
ICP ANALYSTS

HEX CHROMTUM 99.9922% 99.9937% +0.0015%
IC ANALVSIS

AVERAGE 99.9916% 9= = 99.9918% +0.0002%

- . . -

Note: The extreme right hand column gives the percent difference
when the average of all three runs is compared with the average of
runs one and two only. A plus sign (+) indicates that the
efficiency of the control device went up when run three was
eliminated and a minus sign (=) indicates that the efficiency went
down when run three was eliminated.



SECTION 3

SUMMARY AND DISCUSSION OF RESULTS

Simultaneous sampling was conducted at Inlets IA and IB and at the outlet of the packed bed
scrubber (see Figure 1 on page 4-2) under normal operating conditions of the plating processes
and control system. Three isokinetic tests were conducted at each site. A sampling time of 360
minutes was employed on each run to insure collection of adequate quantities of chromium at
the outlet.

t .. .. Inaddition to the emission samples, grab samples of the operating plating baths and of the
‘ scrubber water were composited during each sampling run. All of these samples were
( - colorimetrically analyzed on-site for Cr*¢. All of the emission samples and a set of scrubber

water samples were later analyzed off-site for Cr*® and total chrome using ion chromatography
with a post column reactor for Cr*®. Inductively Coupled Argon Plasmology was used to
determine total chrome.

In order to meet the California standard for chromium emissions, the outlet location must
: emit no more than 0.006 milligrams per amp hour or the control device must achieve an
@ efficiency of 99.8%. Emissions at the outlet averaged 0.004 milligrams per amp hour and the

: efficiency of the control device averaged 99.994 % based on the average of Cr*
; emigsions from runs one and two only’ :

Summary of Stack Conditions =~

Stack gas conditions at each sampling location are presented in Table 1. Volumetric flow
rates at each location showed little variation between runs. At Inlet A, the velocity averaged
\ 41.02 feet per second (fps), with average temperature of 72°F and moisture content of 1.05%.
Volumetric flow rates averaged 13,428.4 actual cubic feet per minute (acfm) and 12,643.0 dry
standard cubic feet per minute (dscfm).

At Inlet B, the velocity averaged 44.43 fps, with average temperatures of 73°F and moisture
content of 1.29%. Average volumetric flow rates were 10,599.0 acfm and 9,901.5 dscfm.
Conditions at the outlet averaged 38.18 fps, 70°F, and 1.88% moisture. Volumetric flow rates
at the outlet averaged 25.613.2 acfm and 24,022.8 dscfm.

The stack gases at all sampling locations were essentially ambient air and were assigned a
dry molecular weight of 29.0 1b/lb mole. Variations of isokinetic sampling rates were within
allowable limits on all sampling runs.

*  puring run tlgree, it is suspected that the probe touched the
stagk. wal_l during the test. The emission calculations and
efficiencies are based on the average of runs one and two only.
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1 April 1993

REMCO HYDRAULICS, INC.
(AMP HOUR RESULTS)

Run No. mg/ah (gr/ah)
TA-1 144.00 (2.22)
IA-2 107.00 (1.65)
IA-3 138.00 (2.13)
" AVERAGE 130.00 (2.01)
IB-1 0.52 (0.008)
IB-2 0.83 (0.013)
IB-3 8.20% (0.127) *
AVERAGE "0.68 (0.011)
o-1 0.004 (6.25 x 107%)
0-2 0.002 (3.1 x 107%)
0-3 0.006 (9.3 x 107)
AVERAGE 0.004 (6.2 x 107)

* Results for this run not included in average; it is suspected
that the probe may have contacted the duct wall during testing.
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Discussion_of Chromium Samples

Following completion of each sampling run, chromium samples were recovered and
analyzed on-site for Cr*® using the diphenylcarbazide method (sce Appendix D). Results of
these analyses are summarized in Table 2.

Table 2 shows that Inlet A accounts for more than 96% of the chromium going to the
scrubber. This finding is consistent with the layout of the process (see Section 2). Inlet A
receives emissions from the large rectangular plating tanks while Inlet B receives emissions from
the deep cylindrical tanks. The rectangular tanks account for the majority of surface area and
would be expected to account for a proportionately larger share of total emissions to the

The total mass of Cr*¢ sampled and the volumetric flow rates at each sampling location were
used to calculate emission concentrations and mass:emission rates. The average over three

samplingmnsresultsinamassemissionmteus.99'poundsperhour(lblhr)allnletAand 0.0556

Ib/hr at Inlet B. For the outlet, an average mass emission rate of6.30% 10* Ib/hr was
calculated with this analysis procedure.

After the completion of on-site sampling and analysis, chromium samples were stored on
ice and shipped to the Research Triangle Institute Laboratory. lon chromatography analyses
were employed at this location using a post column reactor to determine Cr*® and total
chromium was determined by Ion Chromatography. Results of these analyses are reported in
Table 3 (ICP analysis for Cr*®) and Table 4 (IC analysis for total Cr).

These analytical procedures produced results which were highly consistent with the
colorimetric results reported on Table 2. All three methods exhibited a high degree of
consistency from sample to sample. It is normal for ICP analysis for total chromium to result
in lower mass quantitation than are found by IC analysis for Cr*°.

. ... AtlInlet A, IC analysis for Cr*S produced an average mass emission rate 0.6 . 37 Ib/hr while

ICP analysis for total Cr resulted in a calculation 6.02 lb/hr. At InletB, emission rates were
. 0558 Ib/hr for Cr*¢ (IC) and . 0534 Ib/hr for total Cr (ICP). At the outlet, emission rates were
4 .12 x 10* Ib/hr for Cr*® (IC) and4 . 34x 10* Ib/hr for total Cr (ICP).

3-2




Summary of Scrubber Removal Efficiencies

Chromium removal efficiencies for the scrubber system were determined by simultaneously
sampling the two inlets and the outlet of the scrubber to determine the mass emission rate at
each location. Capture efficiency is represented by the equation:

CE = Ci-Co x 100
Ci

where: CE = % Capture Efficiency
Ci = Sum of mass emission rates at inlets to scrubber
Co = Mass emission rate at the scrubber outlet

Mass emission rates for the three analytical procedures presented in Tables 2, 3, and 4 are
_discussed above. The resultant removal efficiencies are reported in Table 5. Once again the
various analytical procedures produced highly comparable results. It is also apparent that the
scrubber performed at a high level of efficiency during the test. All of the analysis procedures

resulted in chromium removal efficiencies of greater than 99.9%.

33




ution rubber

During each sampling run, grab samples of the plating solution were obtained from plating
tanks 1-6 and a sample of rinsewater was obtained from the scrubber. During the final run,
scrubber samples were taken during the beginning, middle, and end of the sampling period.
These samples were analyzed on-site for Cr*® and the resultant concentrations are summarized
in Table 6. The scrubber water samples were also shipped out for Ion Chromatography analysis.
These results are summarized in Table 7.
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April 29, 1993

NOTE:

Attached is an addendum to the source test at
electroplating facility in Seattle, Washington.

Frank R. Clay

the



ADDENDUM FOR THE U.S. ENVIRONMENTAL PROTECTION AGENCY TEST
REPORT FOR THE DECEMBER 1991 SOURCE TEST AT THE PRECISION
ENGINEERING, INC. ELECTROPLATING FACILITY IN SEATTLE, WASHINGTON -

At the request of Midwest Research Institute, this addendum
has been prepared for the Precision Engineering Test Report. The
changes are minor and correct field data and calculations found in
the report.

After the first run of the source test, it was discovered that
the thermocouple indicator readings used to determine inlet and
outlet stack temperatures were biased about 20 degrees F too high.
For the remaining runs, dial thermometers were used for stack
temperature readings.

In the original version of the test report stack temperatures
obtained from the thermocouple were used in the data reduction for
Run 1. TFor this addendum, the average stack temperatures from Runs
2 and 3 are used in the reduction of the data from Run 1. Changes
were made throughout Chapter 2 wherever the corrected temperatures
had an effect.

This addendum is composed of two parts: (1) revisions to
Chapter 3 and (2) computer print outs. The addendum for Chapter
3 contains the entire chapter and completely replaces the original
Chapter 3. The new computer print outs replace the original print
outs for Run 1 data from both the inlet and the outlet locations.
For reports with appendices, replace both Chapter 3 and the
computer print out sheets; for reports without appendices only
Chapter 3 need be replaced.



szs===reveesmezase PLANT-  PRECISION ENGINEERIHG
INITIAL DATA VALUES DAYE-  DECEMRER 17, 1991 CALCULATED VALUES
' LOCATION-SEATYLE, WASHEHGTON
HE- O01CWVI
DIA. OF SEACK OR CROSS SECTION Nilligrams/Dry Std. Cubic Neter = 0.0139
30,0000 IN. OR  0.0000 L 0.0000 W IN.
rains/Dry Std. Cubic Ft. = 6.09E-06
CATCH
FROUNT HALF 146.0000 ug. Lbs. /Hour =  7.449E~04 Kilograms/Hour = 3.379B-04
BACK HALF 0.0000 ug.
T0TAL 146.0000 ug. AFCH DSCFH
1447442 1271.74
BAROMETRIC PRESSURE Pbar Y NEYER CORRECTION FACYOR | W qas va Std. STACK GAS PRESSURE Ps
30.01 in. Hg 0.9910 3.6267 CF  370.0069 CF 30,0247 in.
STACK STATIC PRESSURE Pst  NET YINE OF TEST Tt TR § X AVE. DELTA P ¥Rd HOL WP, OF STACK GAS
0.20 in. HOH 360 min. 0.9707 0.7671 in. BOE  28.9520
ESTTMATED § NOISTURE PITOT COEFFICIRMY ) AVE. DELTA B AVE. SQRT DELTA P
1.0 0.34 0.9900 3.63 in. BOR  20.1391
DIA. OF WOZSLE Ve 7001 B20 COLLECTED Bus(est) ME. s PER CENT ISOKINEYIC %I
0,2480 in. 77.00 ul 0.0100 nE 105. 4450
XETER DELTA BO Hp # OF POINYS WML  AVE. Ta Vs STACK GAS VELOCITY
1.8260 in. HOR 72 373.8870 CF %F 49.1451 £/s
3002 102 m H§ WL. WI. OF STACK GAS WE®= 23,8425
0.70 21.00 78.30
I )
GAS NETER READING
START STOP CONENTS
1 0.0000 0.0000 -
2 0.0000 0.0000
3 0.0000 0.0000
4 0.0000 0.0000
5 0.0000 0.0000




PLANT-  PRECISION ENGINEERING

INTTIAL DATA VALUES DATE-  DRCENBER 17, 1991 CALCULAYED VALUES
LOCAYTON-SEATTLE, WASHTHGTON
RN-  0-1 Total Cr
DIA. OF STACK OR CR0SS SECTION Nilligrams/bry Std. Cubic Neter = 0.0131
30.0000 N, OR  0.0000 L 0.0000 W IN.
Grains/Dry Std. Cubic Ft. = 5.71E~06
cATCE
FROUNT HALF 137.0000 ug. Lbs./Bour =  6.990E-04 Kilograms/Bour = 3.171B-04
BACK HALF 0.0000 ug.
T07AL 137.0000 ug. AFCH DSCRN
14474.42 U7
RARONETRIC PRESSURE Pbar  Ym KEYER CORRECTIOR FACTOR | Ww gas Vo Std. STACK GAS PRESSURE Ps
30.01 in. Hg 0.9910 3.6267 CF  370.0069 CF 30.0247 in. HOH
STACK STATIC PRESSURE Pst  NET TINE OF TEST Tt TROE ¢ X AVE. DELTA P i WL WP. OF STACK GAS
0.20 in. HOH 360 min. 0.9707 0.7671 in. BOH  28.9520
ESTINATED ¢ BOISTURE PITOT CORFFICIENT )] AVE. DELTA § AVE. SQRT DELTA P
1.0 0.84 0.9900 3.63 in, BOH  20.1391
DIA. OF WOZ3LE Vv TOTAL H20 COLLECYED Bus(est) AVE. s PER CEET ISOKINETIC &I
0.2420 in. 77.00 ml 0,0100 TF 105, 4450
NEYER DELTA BE §p { OF POINTS VaTOTAL  AVE. Ta Vs STACK GAS VELOCTTY
1.8260 in. HOR 7 373.3870 CF 7% P 19.1451 /s
$002 102 ) HW MOL. WP. OF STACK GAS WET= 28,8425
0.70 21.00 78.30
|| ik cncx || 3
GAS NETER READING
START STOP CONENTS
1 0.0000 0.0000 -
2 0.0000 0.0000
3 0.0000 0.0000
‘ 0.0000 0.0000
5 0.0060 0.0000




ssesemres PLANY-  PRECISTON BNGINEERING

e

KUN DATA DATE-  DECRHBER 17, 1991
sE=TTIE=S LOCATION-SEAYTLE, WASHINGTON
RON- O-1C VI
POINT §| TINE |GAS MEYER|VELOCTYY | ORIFICK PRESSURE | STACK  |DRY GAS NEYER YENP. I

READIWG |DELTA P | ACTUAL  DESIRED | TEWP IN 00T |PER POINR
A1 0.00 | 474.035 0.83 3.90 3.15 n 39 38 108.0
5.00 | 479.200 0.84 4.00 3.a 1] 45 39 107.3
10.00 | 484.400 0.84 4.00 3.3 2 51 40 102.5
A 2 15.00 | 489.400 0.82 3.9 3.1 72 56 42 13,3
20.00 | 494.900 0.83 3.9 3.23 72 60 L1 105.8
25.00 | 500.100 0.82 3.9 3.2 13 63 46 105.9
A3 30,00 | 505.300 0.81 3.80 3.18 72 66 48 104.0
35.00 | 510.400 0.81 3,80 3.20 7 68 50 105.6
40.00 | 515.600 0.80 3.80 3.17 72 70 53 105.8
A 4 45.00 | 520.800 0.80 3.80 3.18 3 n 54 103.6
50.00 | 525.900 0.76 3.60 3.03 72 73 57 105.7
55.00 | 531.000 0.76 3.60 3.04 72 " 58 103.4
P 60.00 | 536.000 0.72 .40 2.89 12 76 59 105.9
65.00 | 541.000 0.72 3.40 2.89 7 76 60 179.9
70.00 | 549.500 0.72 3.0 2.9 7 T 62 50.6
A 6 75.00 | 551.900 0.6% 3.20 2.75 72 78 64 82.2
$0.00 | 555.700 0.66 3.10 2.67 72 78 3] 105.3
85.00 | 560.500 0.66 3.10 2.67 72 &0 66 100.6
A7 90.00 | $65.100 0.58 2.70 2.3% | . % 67 109.5
95,00 | 569.800 0.61 2.80 2.47 72 80 67 104.5
100.00 | 574.400 0.60 2.80 2.4 72 80 68 107.6
A 8| 105.00 | 579.100 0.66 3.10 2.69 173 82 69 100.2
110.00 | 583.700 0.64 3.00 2.61 7 8 70 110.4
115.00 | 588.700 0.64 3.00 2.61 72 82 n 103.7
A 9| 120,00 | 593.400 0.66 3.10 2.69 72 83 n 108.6
125,00 | 598.400 0.66 3.10 2.70 72 83 72 95.5
130.00 | 602.800 0.66 310 2,70 72 83 72 110.6
A 10{ 135.00 | 607.900 0.69 3.20 2.82| - 2| M T 101.8
140.00 | 612.700 0.65 3.08 2.66 n § 73 115.5
145.00 | 618.000 0.65 3.08 2.68 72 8 M 86.7
A 11) 150.00 | 622,000 0.69 3.20 2.83 72 ) " 116.3
155.00 | 627.500 0.67 3.2 2.7 72 86 74 105.1
160.00 | 632.400 0.66 3.10 2.7 72 86 7 108.0
A 12| 165.00 | 637.400 0.69 .2 2.83 72 $5 75 97.2
170.00 | 642.000 0.70 3.30 2.88 n 86 L] 13.2
175.00 | 647.400 0.67 3.2 2.75 72 36 % 109.5
B 1] 180.00 | 652.510 1.10 5.20 4.46 72 (£] 73 103.7
185.00 | 658.600 1.20 5.70 4.88 72 78 7 105.7
190.00 | 665.100 1.2 5.70 4.90 2 82 73 108.5
B 2| 195.00 | 671.800 1.10 5.20 4.50 Ly 84 73 109.6
200.00 | 678.300 1.00 4.4 4.10 72 86 73 107.5
205.00 | 684.400 1.00 4.7 4.11 72 86 74 9.9




3] 210.00
215.00
220.00
4 | 225.00
230.00
235.00
5 240.00
25.00
250.00
6 255.00
260.00
265.00
71 270.00
275.00
280.00
8| 285.00
290.00
295.00
9 { 300.00
305.m
310.0000
10}315.0000
320.0000
325.0000
11{330.0000
335.0000
340.0000
12{345.0000
350.0000
355.0000
360.0000

689.900
695.900
701.000
707.300
72.400
718.200
722.900
728.800
733.200
738.900
743.900
749.100
754.000
759.500
764.200
769.400
774.500
779.300
784.900
790.100
795.000
800.300
805,900
810,900
816,200
$21.400
826.600
831.800
837.100
842.500
847.922

0,93
0.93

0.93

0.82
0.83
0.83
0.7¢
0.74
0.73
0.66
0.69
0.69
0.72
0.72
0.73
0.73
0.7
0.74
0.76
0.7
0.75

0.73

0.73
0.7¢
0.
0.73
0.7¢
0.78
0.80
0.81
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3.8
3.83
3.83
3.38
.e
3.2
3.05
3.05
3.01
2.72
2.8
2.84
2.97
2.97
3.00
3.01
3.10
3.05
.u
3.10
3.10
3.0
3.00
3.06
3.05
.0
3.05
3.21
3.9
3.34
0.00

72
72
73
n
72
2
72
73
72
72
72
72
[
72
72
n
72
72
72
72
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72
72

88
88
88
88

88
88
87

87
87
87

87
88

88
88
87
8
87
87

86
86
86

109.5
92.9
114.6
98.6
111.5
9.4
119.8
89.4
116.6
107.5
109.3
103.2
113.3
%.9
106.5
104.4
9.8
113.9
104.2
98.8
117.0
104.2
102.3
107.8
105.7
106.5
105.9
105.1
105.8
105.5
0.0




PLANT- Precision Engineering

pAYE-  Decesber 17, 1991 CALCTLATED VALUES
LOCATION-Seattle Washington B e
RON- Inlet1-1Cx VI
DIA. OF STACK OR CROSS SECTION Hilligrams/Dry Std. Cubic Meter = 0.2939
24.0000 I§. OR  0.0000 L 0.0000 ¥ IN.
Grains/Dry Std. Cubic Ft. = 1.28E-04
CATCH
FROUNT HALF  2889.0000 ug. Ihs./Hour =  1.004E-02 Rilograms/Hour = 4.555E-03
BACK HALF 0.0000 ug.
T07AL 2489,0000 ug. ARCK DSCPR
9344.66 9121.74
BARONETRIC PRESSURE Phar Y NEYER CORRECTION FACTOR | Ww gas Va Std. STACK GAS PRESSTRE Ps
30,01 in. Hg 0.9780 3.4208 P 347.1130 CF 2.6129 in. HOH
STACK STATIC PRESSURE Pst  KET YINE OF TEST Tt SUESE  AVE.DELTAP . I MOL WP, OF SEMK GiS
-5.40 in. BOB 360 min. 0.9784 0.777 in. BOH  28.9520
ESTINATED § NOISTURE PITOT CORFPICIERY M AVE. DELTA B AVE. SQRT DELYA P
1.0 0.8 0.9900 3.65 in, BB 20.1755
DIA. OF HOJZLE Ve 707AL 220 COLLECTED Bes(est) MVE. Is PER CENY ISORINEYIC &I
0.2480 in. 72.82 0 0.0100 NF 99.0527
NETER DELTA B ¥p # OF POINIS WML  AE T Ve STACK GAS VELOCTTY
1.8900 in, HOH 7 350.6830 CF 63 F 49.5750 /s
1002 202 1Y) % KL, W, OF STACK GAS WRY- 28,8425
0.70 21.00 78.30
- | ek ok | ,
GAS NETER RRADING
START | SToP | CONENTS
10,0000 0.0000 -
2 0.0000 0.0000
3 0.0000 0.0000
‘ 0.0000 0.0000
5  0.0000 0.0000




PLANT- Precision Bngineering

DATE-  Decesber 17, 1991 CALCULATED VALUES
LOCATION-Seattle Rashington
Wi~  Inlet 1-1 Total Cr
DIA, OF STACK OR CROSS SECYION Nilligrams/Dry Std. Cubic Meter =  0.3082
24.0000 IE. OR  0.0000 L 0.0000 % IN.
Grains/Dry Std. Cubic Ft. = 1.35B-04
CATCH
FROUNT HALF  3029.0000 ug. Lbs. fBour =  1.053E-02 Kilograms/Hour = 4.776E-03
BACK HALF 0.0000 ug.
TOTAL 3029.0000 u. ARCH DSCPN
9344,66 9121.74
BARONRTRIC PRESSURE Pbar  Ym NEYER CORRECYION FACTR | W gas Vn Std. STACK GAS PRESSURE Ps
30,01 in. Hq 0.9780 34298 C7  347.1130 CF 29,6129 in, HOH
SYACK STATIC PRESSURE Pst  WET TINE OF TEST Tt TRUE § ¥ AVE. DELTA P Mid WL WT. OF STACK GAS
-5.40 in. HOH 360 min. 0.9784 0.7747 in. BOR  28.9520
ESTIMATED § NOISTURE PITOT CORFFICTENT M AVE. DELTA B AVE. SQRT DELTA P
1.0 0.84 0.9900 3.65 in. HOE  20.1755
DIA. OF MOZILE Vv TOTAL 820 COLLECTED Bus(est) AVE. s PER CENT ISORINETIC %I
0.2480 in. 72.82 a1 0.0100 7F 99.0527
NETER DELTA H@ Np § OF POINTS VmiBL AR T Vs STACK GAS VELOCITY
1.8900 in. EOH 7 350.6830 CP 63 F 49,5750 £/s
1002 302 S 7] ¥ HOL. WP. OF STACK GAS WET= 28.8425
0.70 21.00 78.30
|| LEAR cEECK || o _ .
GAS WETER READING
STARY | STOP CONEN?S
1 0.0000 0.0000 -
2 0.0000 0.0000
3 0.0000 0.0000
4 0.0000 0.0000
5 0.0000 0.0000




RUF DATA DATE-  Decesber 17, 1991
s==zzsE=s LOCATION- Seattle Washington
.0 8 Inlet 1-1 Cr VI
TINE  |GAS NETER|VELOCITY | ORIFICE PRESSURE | STACK |DRY GAS NETER TEP.| I
READING |DELYA P | ACTUAL  DESIRED | YENP ¥ 007 |PER FOLRT
0 0.00 | 386.718 1.10 5.20 4,25 70 37 36 97.1
1 5,00 | 392.000 1.00 4.70 3.89 70 9 37| H4.s
2| 10.00 | 398.000 1.00 4.70 3.92 7 48 39| 108.3
3| 15.00 | 403.700 1.00 4,70 3.95 70 52 | 100.1
4| 20.00 | 409.000 1.00 4.70 3.96 70 55 31 105.2
5| 25,00 | 414.600 1.00 4.7 3.98 70 58 5| 1047
0| 30.00 | 420.200 0,98 4.50 3.92 70 60 18 9.8
1| 35.00 | 425.300 0.98 4.50 3.94 70 62 9 103.0
2| 40,00 | 430.800 0.9¢ 4.50 3.95 70 64 51 95,2
3| 45.00 | 435.900 0.98 4.50 3.95 70 64 52| 104.4
4| 50,00 | 441.500 0.98 4.50 3.97 20 66 5¢ | 100.3
5| 55,00 | 446.900 0.98 4.50 3.98 70 67 55 | 100.1
0 60.00 | 452,300 0.84 3.98 3.42 70 69 57| 105.6
1| 65.00 | 457.600 0.84 3.98 3.43 70 69 58 { 103.5
2] 70.00 | 462.800 0.84 3.98 3.43 70 70 59 97.3
3] 75.00 | 467.700 0.34 3.98 3.44 70 n 60 99.1
41 80,00 | 472.700 0.84 3.98 3,44 70 n 61| 103.0
5| $5.00 | 477.900 0.83 3,93 3.41 70 y 7] 621 105.4
01 90.00 | 483.200 0.54 2.60 2.22 70 72 63 5.7
1| 95.00 | 487.100 0.54 2.60 2.22 70 n 63| 105.7
2| 100.00 | 491.400 0.58 2.70 2.38 70 7 63 9.6
3| 105.00 | 495.600 0.58 2.70 2.38 70 n 63 99.6
4 | 110.00 | 499.800 0.57 2,70 2.34 70 72 64 97.9
5| 115.00 | 503.900 0.57 2.70 2.34 70 72 64 97.9
0| 120.00 | 508.000 0.5 2.60 2,26 70 72 65 | 104.4
1] 125.00 | 512.300 0.67 3.20 2.76 70 72 65 9.9
21 130.00 | 516.700 0.67 3.20 2% 10 73 6 | 101.2
3| 135.00 | 521.300 0.67 3.20 2.7 20 74 6| 1011
4| 140,00 | 525.900 0.67 3.20 2.77 70 7 66| 101.0
5| 145.00 | 530.500 0.67 3.2 2.77 70 % 67 93.7
0] 150.00 | 535.000 0.66 3,10 2.7 70 7 67 99.3
1| 155,00 | 539.500 0.65 3.10 2.69 70 76 67 | 111.2
2 | 160.00 | 544,500 0.65 3.10 2.69 70 7% 68 88.9
3| 165.00 | 548.500 0.64 3.00 2,65 70 i 67| 100.9
4| 170.00 | 553.000 0.64 3.00 2,65 70 75 68 | 100.8
5| 175.00 | 557.500 0.69 3.30 2.86 70 7% 68 99.7
0| 180.00 | 562.118 0.78 3.70 3.19 20 66 65| 106.5
1| 185.00 | 567.300 0.78 3.70 3.20 70 68 64 96.5
2| 190.00 | 572.000 0.7¢ 3.70 3.21 70 n 65 98.2
3| 195.00 | 576.800 0.77 3.70 3.17 70 7 65 | 107.0
4| 200,00 | 582.000 0.75 3.50 3.09 70 ' 65 93.6
51 205.00 | 586.500 0.77 3.70 3.18 70 74 66 | 102.6




B2 0| 210.00 | 591.500 0.88 4.20 3.64 0 76 66 97.8
1| 215.00 | 596.600 0.90 4.2 3.1 70 76 67 102.3
2| 220.00 | 602.000 0.87 4.10 3.61 70 7 67 9.2
3] 225.00 { 607.000 0.87 4.10 3.61 0| 78 68 96.1
4 | 230.00 | 612.000 0.87 4.10 3.62 70 78 69 105.6
5| 235.00 | 617.500 0.87 4.10 3.6 70 79 70 101.5
B3 0 240.00 | 622,800 0.83 3.9 3.46 70 7 70 98.0
1| 245.00 | 627.800 0.83 3.90 3.46 70 ) 70 9.1
2| 250,00 | 632.600 0.83 3.90 3.46 70 " 70 101.9
3| 255.00 | 637.800 0.83 3.90 346 70 80 n 95.9
4 | 260.00 | 642.700 0.82 3.9 3.2 70 80 ! 84.6
5| 265.00 | 647.000 0.83 3.90 3.46 70 80 n 117.4
B4 0| 270.00 | 653.000 0.83 3.9 3.46 70 80 n 97.8
1] 275.00 | 658.000 0.85 4.00 3.95 70 80 n 96.7
2| 280.00 { 663.000 0.85 £.00 3.55 70 80 n 9.7
3] 285,00 | 668.000 0.86 4,10 3.99 70 80 T 101.9
4| 290.00 | 673.300 0.86 4.10 3.59 70 80 7 96.2
5 | 295.00 | 678.300 0.86 4.10 3.59 0 80 n 109.6
B5 O 300.00 | 684.000 0.86 £.10 3.%9 70 80 n 9.2
1 ]305.0000 | 689.000 0.62 2.90 2,59 70 80 n 94.9
2 |310.0000 | 693.200 0.62 2.9 2,58 70 7 n 104.0
3 1315.0000 | 697.800 0.62 2.90 2.58 0 9 n 97.2
4 1320,0000 | 702.100 0.62 2.9 2.58 70 78 n 99.6
5 [325.0000 | 706.500 0.63 3.0 2,62 70 78 n 98.8
B6 0 {330.0000 { 710.900 0.63 3.00 2.62 70 78 n 2.3
1 ]335.0000 | 715.300 0.62 2.% 2.58 n 78 70 9.6
2 {340,0000 | 719.700 0.63 3.00 2.62 0. 7 70 99.0
3 1345,0000 | 724.100 0.62 2.90 2,58 70 T 70 102.0
4 [350.0000 | 728.600 0.63 3.00 2.62 70 76 70 %.8
5 1355.0000 | 732.900 0.63 3.00 2,61 70 76 69 101.4
6 |360.0000 | 737.401 0.63 3.00 2.60 70 72 68 0.0




PLANT~ Precision Engineering
THITTAL DATA VALUES DATE-  December 18, 1991 CALCHLAYED VALUES
LOCATION-Seattle, Washington
RN~ Tnjet 2-1 Cr VI

DIA. OF STACK OR  CROSS SECTION Nilliqrams/Dry Std. Cubic Meter =  0.1526
18.0000 IH. OR  0.0000 L 0.0000 W IN.
Grains/Dry Std. Cubic Ft. = 6.67B-05
CATCE
FROUNT HALF 1589.0000 ug. Ibs./Bour = 3.031E-03 Kilograms/Howr = 1.375E-03
BACK EALF 0.0000 ug.
oML 15890000 ug. AFCH DSCRN
5408.34 5301.38
BARGNETRIC PRESSURE Pbar  Tm NETER CORRECTION FACTOR | Wi gas va Std. STMX CAS PRESSURR Ps
30.01 in. Hg 0.97%0 2.4977 CF 367.6283 OF 29,5909 ip. HOA
SPACK STAYIC PRESSURE Pst  NEY YINE OF ¥EST Tt YRUE$H AV, DELTA P Wd KL ¥F. OF STACK GaS
-5.70 in. HOH 360 min. 0.6748 0.8414 in, BOH  28.9520
ESTDATED § BOISTURE PIT0T COEFPICIENT M AVE. DELTA H AVE. SRT DELTA P
0.7 0.84 0.9930 3.98 in. BOB  20.762
DIA. OF HOSLE Vv YOTAL 20 COLLECTED Bus{est) AVR. PER CEN? ISOKINETIC &1
0.2490 in. 53.03 a1 0,0070 6 F 1007219
NETER DELTA He Kp § OF FOINTS WWHL AME T Vs STMK GAS VELOCITY
1.9470 in. HOH 72 369.6190 CF 66 F 51.0083 £/s
1002 %02 tn Wi KOL. Y. OF STACK GAS WES=  28.8753
0.70 21.00 78.30
- | imak cERx ||
GAS NETER READTNG
START | SToP CORERTS
1 0.0000 0.0000 -
2 0.0000 0.0000
3 0.0000 0,0000
& 0.0000 0.0000
S  0.0000 0.0000




PLANT- Precision Engineering

INITIAL DATA VALUES DAYE-  December 18, 1991 CALCULATED VALUES
LOCATION-Seattle, Washington
RUON-  Inlet 2-1 Total Cr
DIA. OF STACK OR CROSS SECYION Nilligrams/bry Std. Cubic Meter = 0.1511
18,0000 IN. OR  0.0000 L 0.0000 W IN.
Grains/Dry Std. Cubic Ft. = 6.608-05
CATCH
FROUNT HALF 1573.0000 ug. Lbs./Bour =  3.000E-03 Kilograss/Hour = 1,361E-03
BACK HALF 0.0000 ug.
OTAL 1573.0000 ug. AFCH DSCEH
5408.34 5301.38
BARONETRIC PRRSSURE Pbar  Ym METER CORRECTION FACTOR | W gas Va Std. STACK €AS PRESSURR Ps
30.01 in. Bq 0.97% 2,4977 CF  367.6283 CF 29,5909 in. HOH
STACK STATIC PRESSURE Pst  NET TINE OF TEST T% TROE ¢ K AVE. DELTA P W3 MOL W, OF STACK GAS
-5.70 in. ROE 360 min. 0.6748 0.3414 in. BOH 28,9520
ESTINATED § ROISTURE PTTO? COEFFICIENT M AVE. DELTA B AVE. SQRT DELYA P
0.7 0.34 0.9930 3.98 in. BOE  20.7629
DIA. OF HOZILE V& TOTAL H20 COLLECYED Bus(est) AVE. 15 PER CErt ISOKINETIC I
0.2490 in. 53.03 al 0.0070 69 F 100.7210
NETER DELTA HE ¥p # OF POTNYS VaTOTAL  AVE. Tu Vs STACK GAS VELOCITY
1.9470 in, EOH g7 369.6190 CF 66 F 51.0083 £/s
3002 302 m MW ¥OL. WP, OF STACK GAS WET= 28.8753
0.70 21.00 78.30
|| ex cmx || ]
GAS NEYER READING
START | STOP CONENTS
1 0.0000 0.0000 -
2 0.0000 0.0000
3 0.0000 0.0000
4 0.0000 0.0000
5 0.0000 0.0000




1

PLANT-  Precision Engineering

ROK DATA DATE-  December 18, 1991
o LOCATION~ Seattle, Washington
RON- Inlet 2-1 Total Cr

POINT | TINE |GAS NETER|VELOCITY | ORIFICE PRESSURE | STACK  |DRY GAS METER YENP.| iI
READING |{DELTA P | ACTUAL  DESIRED | TEWP ¥ 00T |PER POINT
AL o] 0.0000 | 269.99 0.80 3.70 3.5 69 36 36 67.5
1] 5.0000 | 273.20 0.7 3.80 3.18 69 38 35| 108.4
2 | 10.0000 | 278.30 0.78 3.80 3.20 69 M 3% | 107.6
3| 15.0000 | 283.40 0.78 3.80 3.22 69 49 38 | 104.8
4 | 20,0000 | 288.40 0.78 3.80 3.24 69 52 401 106.3
5 | 25.0000 | 293.50 0.78 3.70 3.2 69 54 2] 103.8
A2 0] 30.0000 | 298.50 0.55 2.60 2.30 69 57 M| 108.0
1| 35.0000 | 302.90 0.57 2.70 2.39 69 58 46| 105.8
2 | 40.0000 | 307.30 0.55 2.60 231 69 59 7 102.6
3 | 45.0000 | 311.50 0.56 2.65 2.36 69 60 49| 103.8
4 | 50.0000 | 315.%0 0.55 2.60 2.3 69 61 50 | 104.5
5 | 55.0000 | 320.10 0.55 2.60 2.33 69 62 51| 1043
A3 0| 60.0000 | 324.40 0.38 1.80 1.61 69 63 52 | 107.6
1| 65.0000 | 328.10 0.37 1.75 1.57 69 63 5| 102.9
2 | 70,0000 | 331.60 0.37 1.7 1.58 69 64 55 | 108.6
3 | 75.0000 | 335.30 0.36 1.7 1.54 69 64 56 | 118.9
4 | 80.0000 | 339.30 0.36 1.1 1.54 69 67 58 88.7
5 | $5.0000 | 342.30 0.36 1.1 1.54 69 6 57 103.8
A 0] 90.0000 | 345.80 0.95 4.50 4.07 69 66 58 9.1
1| 95.0000 | 351.20 0.97 4.60 4.17 69 | €9 50 | 103.1
2 {100.0000 | 356.90 0.98 4.65 w2 69 70 60 | 100.6
3 1105.0000 | 362.50 0.98 1 4,66 .22 69 n 60 | 102.3
¢ |110.0000 | 368.20 0.96 4.55 4.15 69 7 61| 103.2
5 [115.0000 { 373.90 0.96 4.55 4.15 69 73 62| 103.0
35 0 |120,0000 | 379.60 1.50 7.10 6.50 69 73 63 93.0
1 {125,0000 | 386.00 1.10 5.21 .77 69 " 64 | 102.8
2 1130.0000 | 392.10 1.20 5.69 5.21 69 7 64 | 100.2
3 ]135.0000 { 398.30 1.20 5.69 5,22 69 7 65 | 100.0
4 {140.0000 | 404.50 1.20 5.69 5.22 69 76 6 | 103.1
5 1145.0000 | 410.90 1.10 5,20 4.79 69 76 66 99.1
A6 0 |150.0000 | 416.80 1.10 5.20 4.80 69 7 66 | 1023
1 {155,0000 | 422.90 1.40 6.60 6.11 69 77 67 93,9
2 |160.0000 | 429.20 1.40 6.60 6.12 69 78 68 84.8
3 [165.0000 | 434.90 1.40 6.60 6.12 69 77 68 4.5
4 {170.0000 | 439.90 1.40 1 6.60 6.12 69 T 68 | 105.7
5 [175.0000 | 447.00 1.40 6.60 6.12 69 78 68 89.9
Bl 0 [180.0000 | 453.05 0.65 3,10 2.80 69 65 65 | 108.9
1 {185.0000 | 458.00 1.10 5.20 4,76 69 69 65 93.0
2 |190.0000 | 463.50 1.10 5,20 .77 69 72 6 | 101.2
3 |195.0000 | 469.50 1.10 5.20 4.78 69 7! 6 | 102.7
4 {200.0000 | 475.60 1.10 5.20 .79 69 7 66 | 100.8
5 {205.0000 | 481.60 1.10 5.20 4.7 69 7 66 | 102.4




B2 0 {210.0000 | 487.70 1.10 5.20 4.79 69 76 66 100.7
1 {215.0000 | 493,70 1,10 5.2 4.80 3 () 67 100.5

2 ]220.0000 | 499.70 1.10 5.20 4.80 69 78 67 102.1

3 [225.0000 | $505.80 1.10 5.2 4.81 69 78 68 102.0

4 1230.0000 | 511.90 1.10 5.20 4.81 69 79 68 101.9

5 |235.0000 | 518.00 1.10 5.20 4.82 €9 ] 69 100.2

B3 0 |240.0000 | 524.00 0.83 3.9 3.64 69 80 69 107.2
1 1245.0000 | 529.60 0.79 3.70 3.46 69 i) 70 102.0

2 1250,0000 | 534.80 0.79 3.70 3.46 69 79 70 9.1

3 1255.0000 | 539.30 0.7% 3.70 3.2 69 79 70 106.6

4 |260.0000 | 545.20 0.79 3.70 3.46 69 ) 70 93.1

5 {265.0000 { 550.20 0.77 3.60 3.38 69 )] 70 91.3

B4 0 |270. 554.80 0.52 2.8 2.28 69 78 70 130.2
1 (275.0000 | 560.20 0.50 2.4 2.19 69 T 70 105.9

2 [280.0000 | 564.50 0.50 2.4 2.19 69 T 70 103.4
.3 ]285.0000 | 568.70 0.50 2.4 2.19 69 76 70 101.0
4 {290.0000 | 572.80 0.50 2.40 2.18 69 76 69 103.6

5 1295.0000 | 577.00 0.50 2.40 2.18 69 76 69 106.1

BS 0 |300.0000 | 581.30 0.62 2.9 2.7 69 76 69 20.9
1 |305.0000 | 585.40 0.74 3.%0 .23 69 76 69 2.6

2 |310.0000 [ 590.30 0.74 3.50 3.4 69 m 69 101.5

3 1315.0000 | $95.30 0.7 3.50 3.28 69 7 69 100.9

4 1320.0000 | 600.30 0.75 3.5 3.28 69 77 69 100.9

5 |325,0000 | 605.30 0.7 3.% 3.10 69 T 69 10L.5

B6 0 |330.0000 | 610.20 0.71 3.30 3.10 69 77 69 101.5
1 1335.0000 | 615.10 0.71 3.30 3.10 69 n 69 101.5

2 [340.0000 | 620.00 0.71 3.30 3.10 ). 7 68 101.7

3 [345.0000 | 624.90 0.75 3.50 3.28 69 76 69 101.0

4 [350.0000 | 629.90 0.70 .30 3.05 69 75 68 100.5

5 1355.0000 | 634,70 0.74 3.50 .23 69 75 68 99.9

6 |360.0000 | 639.60 0.00 Addl 0.0




Section 3

SUMMARY OF SAMPLE COLLECTION,
EMISSION CALCULATIONS AND RESULTS

3.1 Sample Collection

Emission samples were collected using a modification of U.S. EPA Method 13-B. The samples
were collected simultaneously from Inlets No. 1 and No. 2 and from the Outlet of the MPME
under ﬁorma] operating conditions. Three tests were conducted at each sampling location.
Sampling times of 4 or 6 hours per test run were used to ensure that adequate quanﬁties of

chromium were collected for subsequent chemical analysis.

Grab samples from the plating tank solutions (Tanks 1, 2 and 7) and the MPME water were also
collected during each sampling run. These samples were obtained at the beginning, middle and

at the end of each Method 13-B test run.

3.2 Stack Gas Parameters

Stack gas parameters, at each sampling location, are shown in Table 3-1. At Inlet No. 1, the
stack gas velocity averaged48 . 92feet per second (fps), the average stack temperature was 70°F
and the average moisture content was 1.11%. The volumetric flow rates at Inlet No. 1 were
94773 actual cubic feet per minute (acfm) and 9254 dry standard cubic feet per minute (dscfm).
At Inlet No. 2, the stack gas velocity averaged 4'9';'96fps, the average stack temperature was
69°F and the average moisture content was 0.75%. The volumetric flow rates at Inlet No. 2

were 52.97 acfm and 5198 dscfm.
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At the Outlet, the stack gas velocities averaged49.53 fps, the average stack temperature was
72°F and the average moisture content was 0.98%. The average volumetric flow rates at the -

Ouﬂet were 14588 acfm and 14406 dscfm.

The stack gas at all sampling locations was essentially ambient air and thus was assigned a dry
molecular weight of 28.95 Ib/lb-mole. Variation in isokinetic sampling rates were within
allowable limits for all sampling runs of Method 13-B except Run 2 of Inlet 2 which had an
. isokinetic rate of 88.81%.

~ The evaluation of particle size, from previous test runs, indicate that more than 85% of the
particles emitted from a controlled electroplating process are less than 2.5 microns in diameter.
Particles less than 2.5 microns behave like a gas rather than a particulate. In gaseous sampling
the isokinetic sampling rate is not considered to be significant. Therefore, no adjustments were

made to the data and the results are acceptable.

3.3 Emission Calculations and Discussion of Results

- This subsection of the report provides the following information: 1) Cr-VI results from
colorimetry and ICPCR analyses; 2) Cr-T results from ICP analysis; 3) Cr-VI and Cr-T
concentrations in the plating tank solutions, MPME water and sampling train blank samples;

4) computerized spreadsheet calculations of emission concentrations and mass emission rates;

5) MPME removal efficiencies; and 6) MPME penetration.




Table 3.1 SUMMARY OF STACK GAS CONDITIONS

eet per second
b Actual cubic feet per minute
¢ Dry standard cubic feet per minute at 68 °F and 29.92" Hg

Inlet No.1 _ -
Flow Rate %
| Moisture | Isokinetic
dscfm® % Rate
9122 0.98 99.05
8,830 1.14 98.99
3 52.66 70 9,927 9,810 1.21 93.32
“ Average | *8:92 70 9473 | 9254 L1 97.12
" Imlet No.2 -
Velocity Stack Flow Rate %
Run No. fps" Temp. °F Moisture | Isokinpetic
acfm® dscfm® % Rate
1 51.01 69 .| s408 | 5301 0.67 100.72
2 52.02 70 5,516 5,350 0.65 88.81
4685 | 68 4968 | 4,943 0.94 98.37
Average | 49.96 | 69 | 3297 5198 0.75 95.97
| e =
utlet
Velocity Stack Flow Rate %
Run No. fps* Temp. °F Moisture | Isokinetic
acfm® dscfm* % Rate
1 49.15 | . 72 14474 | 14272 0.97 105.45
I 2 49.03 72 14,442 | 14,065 1.08 99.68
E 50.41 72 14,847 | 14,882 0.90 99.48
Average 49.53 -1 72 14588 14406 0.98 101.54




3.3.1 Cr-VI Results From Colorimetry and ICPCR Analyses

Table 3.2 1list Cr-VI results obtained from two analytical
techniques, namely: 1) colorimetry using diphenylcarbazide; and 2)
ICPCR. The colorimetric technique , used in the field to determine
cr-VI, provided a rapid analysis of chromium concentrations. The
results were not used in the emission calculations in this report
and are provided in Appendix E for information only. RTIS’s

analytical results for total chromium (Cr-T) and hexavalent

_chromium_(Cr-=VI) were used.to.make emission calculations in this .

report.

Table 3.3 provides analytical results of Cr-vi mass emission
testing at the Precision Engineering, Inc plant. The samples were
‘analyzed using Ion-Chromatography with a Post Column Reactor
(ICPCR). RTIL‘s analytical data report is provided in Appendix D.
The - average concentration at the outlet was 0.0103 mg/m°. The
average mass emission rate (lbs/hr) of the two inlets combined was
1.44 X 107 1lb/hr and the outlet had an emission rate of 5.57 x 107

1lb/hr.

3.2.2 Total Chromium Results From ICP Analysis

Presented in Table 3.4 are the total chromium (CR-T) emission
results. RTIL’s analytical data report is provided in Appendix D.
The Cr-T emission concentration at the outlet averaged 0.0108
mg/m*. The average Cr-T mass emission rate from Inlets No. 1 and
No. 2 combined was 1.51 x 10~ 1lb/hr and the outlet average emission

rate was 5.83 x 10™ lb/hr.



Table 3.2. COMPARISON OF EMISSION SAMPLE
ANALYSIS RESULTS* FOR CHROMIUM-V1 USING
COLORIMETRY® AND ICPCR* TECHNIQUES

Inlet No. 1 )
u ) Total Cr-VI (ug)
Test Run No. Sampling Time
(min) Colorimetry® ICPCR*
Run No.1 360 2,862 2,889
Run No. 2 240 743 1,774
] RuNes 240 %i
Average 1,484 2,518 |
| Inlet No. 2
Run No. 1 360 1,517 1,589
Run No. 2 240 808 770
Run No. 3 240 779 813 J
Average 1,035= | B 1,057
| Outlet
Run No. 1 360 123 146
Run No. 2 240 37.8 60.6
Run No. 3 240 50.3 53.5
Average 70.4 86.7

* Results are expressed as total microgram of Chromium-VI
b Colormetric quantification on-site using diphenylcarbazide organic analytical reagent
¢ Jon-chromatography with a post column reactor.




Table 3.3. ANALYTICAL® RESULTS OF CHROMIUM-VI
MASS EMISSION TESTING
Inlets®
Test Total Cr-VI Emission Mass Mass
Run No. ()¢ Concentration | Emission Rate Emission
(mg/m’)* (b/hr)¢ Rate
(kg/hr)*
1 4,478 1.30 x 10| 5.93 x 10~
2 2,544 1.175 x 1072 5.33x 10°
3 3,704 1838x10° | 833x10° |
Average 3,575 1.44 x 10| 6.53 x iO'au
Outlet L
Test Total Cr-VI Emission Mass Mass
Run No. we* Concentration Emission Emission
(mg/m’) € Rate Rate
(ib/hr)¢ (kg/br)*
1 146 0.0139 7.45 x 10| 3.38 x 10™*
E 2 60.6 0.0093 491 x 10° 2.22 x 10* “
3 53.5 0.0078 434x10° | 1.97x10¢ |
Average 86.7 0.0103 5.57 x 104 2.52 x 10"ﬂ
NOTE: The concentration in milligrams per cubic meter for the two

inlets combined is omitted from the inlet data.
rates for the two inlets were different, a combined concentration
number would not reflect the concentration of either inlet and is

not needed in this report.

Inlet #1 averaged

Since the flow

0.3364 Mg/M® of

hexavalent chromium while Inlet #2 averaged 0.1353 Mg/M* of

hexavalent chromium.

* Analysis method, Ion-Chromatography with Post Column Reactor.
® The control device has two inlets (Inlet No.l and Inlet No.2).
¢ Sum of Cr-VI emissions from Inlet No.1 and Inlet No.2.
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Table 3.4. ANALYTICAL* RESULTS OF TOTAL CHROMIUM

inlets combined is omitted from the inlet data.

MASS EMISSION TESTING
Inlets®
Test Emission Mass Emission Mass Emission
Run No. Cr-T (ug) Concentration Rate Rate
(mg/m’) (Ib/br) (kg/hr)*
1 4,602 1.35 x 102 6.14 x 107
2 2,728 1.23x 107 5.656 x 1072
3 3,921 1.93x 107 8.741x 10° _
- FAverage -~ 4--- 3,750 - |--vev - -v o 1.51 x 102 |” 6.846 x 107 |.
— ——
Outlet |
Test Emission Mass Emission Mass Emission
Run No. Cr-T (pg)* Concentration Rate Rate
(ng/m’)° (Ib/hr)* (kg/hr)*
1 137.0 0.0131 6.99 x 10~ 3.17 x 10
2 68.3 0.0105 5.53x 10° 2.51x 10*
3 61.3 0.0089 497x 10° 226x10° |
Average 88.9 0.0108 5.83 x 10™ 2.65 x 10™* !
NOTE: The concentration in milligrams per cubic meter for the two

Since the flow

rates for the two inlets were different, a combined concentration
number would not reflect the concentration of either inlet and is

not needed in this report.

Inlet #1 averaged 0.3492 Mg/M’ of total

chromium while Inlet #2 averaged 0.1478 Mg/M’ of total chromiunm.

* Analysis method, Inductively Coupled Plasma (ICP)

® The control device has two inlets (Inlet No. 1 and Inlet No. 2)
¢ Sum of total chromium emissions from Inlet No. I and Inlet No. 2




3.3.3 Concentrations In Plating Tank Solution, MPME Water and Train Blank Sampl

Cr-VI and Cr-T concentrations in the plating tank solution, MPME water and train blank
samples were determined by RTIL using ICPCR and ICP. The sample concentrations are
presented in Table 3.5. The concentrations of chromium remained essentially constant

throughout the testing period.

3.3.4 Computeri heet Calculati

A computerized spreadsheet, provided by Mr. Frank Clay (U .S. EPA, Task Manager), was used
1o calculaté the emission concentrations and mass emission rates in this report. Manual
 calculations were made by AST personnel to verify that the computer results were accurate. The
computer printouts are provided in Appendix A. Appendix F presents the equations used to

make these manual verifications.

3.3.5 Removal Efficiency of The Mesh Pad Mist Eliminator

Chromium removal efficiencies for the MPME system were determined by simultaneously
sampling the two inlets and outlet of the MPME. The mass emission rates were used to

calculate removal efficiencies. Removal efficiency is calculated using the equation below.

‘Where:
RE = % Removal Efficiency

C = E of mass emission rates at Inlets 1 and 2, Ib/hr

i

C. = Mass emission rate at the outlet, Ibjhr

o
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Table 3.5. ANALYSIS OF PLATING TANK SOLUTIONS,
MPME WATER AND BLANK SAMPLES

SAMPLES* Cr-VI* (pg/ml) Cr-T® (pg/ml)
Tank 1 Run No. 1 1.22 x 10%3 1.31 x 10*%
Tank 1 Run No. 2 8.59 x 10** 1.30 x 10*3
Tank 1 Run No. 3 1.08 x 10*° 1.26 x 103
Tank 2 Run No. 1 1.15 x 10*° 1.27 x 10*?
Tank 2 Run No. 2 1.22 x 10*° 1.25 x 10**
Tank 2 Run No. 3  1.14x 10 1.24 x 10**
Tank 7 Run No. 1 1.23 x 10%° 1.23 x 10*3
Tank 7 Run No. 2 1.23 x 10*3 1.26 x 10*3
Tank 7 Run No. 3 - 1.20 x 10** 1.25 x 10*®

Sampling Train
—
Blank © 7.37 x 10? 3.20 x 10?2
MJ OQutlet Run No. 1 7.59 x 102 (6.4 x 10°*") 2.69 x 10
MJ OQutlet Run No. 2 7.43 x 10 (5.00 x 102™) 2.86 x 10"
MJ Outlet Run No. 3 1.81 x 10" (2.03 x 107™) 6.00 x 10°

* Liquid grab samples from tanks 1, 2, 7 and the MPME were collected at the beginning,
middle and end of each Method 13-B run. All samples are composites.

* ICPCR was used for analysis

® ICP was used for analysis

¢ The Method 13-B sampling train was cleaned between test runs. The blank sample, is a
rinseate, was collected after cleaning the train components.

** In-field colorimetric analysis results for MPME water



Mass emission rates are presented in Tables 3.3 and 3.4. The data in Tables 3.3 and 3.4
indicate that more than 95% of the mass emissions are of Cr-VI and less than 5% of the

emissions are of Cr-IIl.

3.3.6 Penetration of The Mesh Pad Mist Eliminator

Penetration can be used to evaluate the performance of a chromium emission control device such
as a MPME. Penetration is defined as the percentage of chromium that escapes or is not
collected by an emission control device. Percent penetration is calculated using the equation

below.

Percent Penetration= 100% - RE

‘Where:

RE = % Removal Efficiency

Often, the percent penetration results reveal more about the process conditions than the percent

efficiency results.

The calculated removal efficiencies are tabulated in Table 3.6. The average removal efficiency
for Cr-VI was 95.94%. The average removal efficiency for Cr-T was 95.96%. The removal
efficiencies for Cr-T and Cr-VI are essentially the same. As pointed out earlier, most of the
mass emissions are of Cr-VI (——95%). The percent penetration for each test run was also
calculated. Table 3.7 lists the results of the removal efficiency and the percent penetration
calculations. Table 3.7 shows that about 4% of the chromium emissions penetrated the mesh

pad mist eliminator.
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Table 3.6. SUMMARY OF THE MESH PAD MIST ELIMINATOR
CHROMIUM REMOVAL EFFICIENCIES

Analyte Analytical Test Mass Mass Removal
Technique Run Emission Emission Efficiency
Used No. Rates at Rate at (%)
Inlets No. 1 Outlet
and No. 2* (b/hr)
(Ib/hr)
— —
Cr-VI ICPCR 1 1.307 x 107 [7.449 x 107 94.30
Cr-VI ICPCR 2 1.175 x 10? 4.906 x 10 95.82
Cr-V1 ICPCR 3 1.838 x 107 4.340 x 10* 97.64
Average NA NA 1.440 x 10*| 5.65 x 10™* 95.92
Cr-T ICP 1 1.353 % 10°2|6.990 x 10™* 94.83
Cr-T ICP 2 1.247 x 10?2 5.530 X 10° 95.57
| crt ICP 3 1.927x 102 | 4.972x 10° 97.42
II Average NA NA 1.509 x 10°%|5.831 x 107 95.94

* _Inlets 1 and 2 mass emission rates were combined.
NA - Not Applicable

3-11




Table 3.7. REMOVAL EFFICIENCY AND PERCENT
PENETRATION* OF CHROMIUM THROUGH THE
MESH PAD MIST ELIMINATOR

Test Run No. % Removal Efficiency % Penetration H
Cr-V1 Cr-T Cr-V1 Cr-T
1 94.30 94.83 . 5.70 5.17
s 7 1t 9582 -t 95.57 4.18 1 4.43
3 97.64 97.42 2.36 258 |
Average 95.92 95.94 4,08 4.06

* Percent Penetration = 100% - %Removal Efficiency
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EXECUTIVE SUMMARY

The objective of this project was to evaluate the chromium removal efficiency of the mesh pad
mist eliminator (MPME) system at Precision Engineering, Inc., in Seattle, Washington. This
objective was achieved by concurrently measuring hexavalent chromium (Cr-VI) and total
chromium (Cr-T) mass emissions at the inlets and outlet of 2 mesh pad mist eliminator (MPME)

using a modification of U.S. EPA Method 13-B.

During the field work, Precision Engineering, Inc. operated three of its six plating tanks.
Plating Tanks 1, 2 and 7 were- being used to chrome plate pieces of industrial equipment. The
hood exhaust ducting from tanks 1 and 2 were combined in a common duct and formed one leg
of the inlet (Inlet No. 1) to the MPME. Tank 7 was ducted separately, forming the second leg
(Inlet No. 2) of the inlet to the MPME. The MPME used for controlling chromium mass
emissions was located on the roof of the plant shop and consisted of a set of chevron-blades

followed by a series of three graded mesh pads.

Field testing was conducted during the week of December 16, 1991. Sampling was performed
at the two inlets (Inlet No. 1 from Tanks 1 and 2 and Inlet No. 2 from Tank 7), and at the outlet
of the mesh pad mist eliminator (MPME) under its normal operating conditions for the plating
processes. Three separate isokinetic test runs were conducted during field testing. Sampling
times of 240 or 360 minutes assured collection of adequate quantities of chromium for
subsequent chemical analysis. In addition, grab samples of MPME water and plating bath
solutions were also obtained during each of the Method 13-B test runs for Cr-VI and Cr-T

analyses.




Upon completion of each test run, the mass emission samples were recovered in the field,
labeled, and stored in a cooler. Each sample was analyzed on-site for Cr-VI using the
diphenylcarbazide colorimetric method (see Appendix E). Upon completion of field testing, all
samples were packed in a cooler and trén#orted to Research Triangle Institute Laboratory
(RTIL), Research Triangle Park, North Carolina. RTIL performed analysis for Cr-VI using Ion-
Chromatography with a Post Column Reactor (ICPCR) and Cr-T using Inductively Coupled
Plasma (ICP). Plating tank solution and MPME water samples were also analyzed for Cr-VI

and Cr-T at RTIL.

This project work has provided an opportunity to assess the accuracy of the analytical results
which form the basis to measure control device efficiencies. Field samples were analyzed for
Cr-VI using the diphenylcarbazide colorimetric method on-site and later the same samples were
analyzed off-site with ICPCR. The analytical data obtained were compared and indicate,

colorimetric and ICPCR methods gave overall similar results (see Section 3).

Table S-1 summarizes the chromium removal efficiencies for the mesh pad mist eliminator
(MPME) system. Based upon the measurements performed during this project, the MPME has
an average chromium removal efficiency of 96.0%. The average total chromium (Cr-T)
concentration at Inlets No. 1 and No. 2 combined was 0.4970 mg/m®. The total chromium
emission concentration at the outlet averaged 0.0108 mg/m®. The average Cr-T mass emission
rate from Inlets No. 1 and No. 2 combined was 1.50 x 102 Ib/hr and for outlet average was 5.75
x 10* Ib/hr. The average hexavalent chromium (Cr-VI) concentration at Inlets No. 1 and No.
2 combined was 0.4717 mg/m’ and for the outlet 0.0103 mg/m®. These averages translate into
Cr-VI mass emission rates of 1.430 x 107 1b/hr and 5.48 x 10 Ib/hr for the MPME inlets and

the outlet respectively.

i




TABLE S-1

SUMMARY OF CHROMIUM* REMOVAL EFFICIENCIES

Mass Emission Rate Removal Efficiency
(Ib/hr) (%)
Run No. 1
Inlet** 1.32 x 102 94.9
Outlet 6.75 x 10
Run No. 2
Inlet** 1.25 x 102 95.6
Qutlet 5.53x 10*
Run No. 3
Inlet** 1.93 x 10?2 97.4
Qutlet 4.97 x 10*
AVERAGE REMOVAL EFFICIENCY 96.0

* Expressed as Total Chromium (Cr-T)
** Represents Sum of Inlet No. 1 and Inlet No. 2
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Section 1

INTRODUCTION

The objective of this project was to evaluate the chromium removal performance of the mesh
pad mist eliminator (MPME) system at Precision Engineering, Inc., in Seattle, Washington.
Chromium emission concentrations were measured at the two inlets (Inlet No. 1 and Inlet No.

2) and the outlet of the MPME to determine the efficiency of the system for chromium removal.

Testing was conducted during the week of December 16, 1991. Emission samples were
collected using a modification of U.S. EPA Method 13-B. This method is briefly described in
Section 4 of this report. The emission samples were collected simultaneously from Inlets No.
1 and No. 2 and from the Outlet of the MPME under normal operating conditions. The
sampling locations are identified in Figure 2-1. MPME water samples apd plating tank solution
samples wefe also collected under the normal operating conditions of the MPME and plating

processes.

Samples were analyzed on-site, using the diphenylcarbazide method, for hexavalent chromium.
The plating tank solution samples were analyzed off-site. After the field activities were
completed, the samples were shipped to Research Triangle Institute Laboratory (RTIL) for
chromium analyses . RTIL is located in Research Triangle Park, North Carolina. The Inlet and
Outlet samples were analyzed at RTIL for total chromium using Inductively Coupled Plasma
emission spectrometry (ICP) and for hexavalent chromium using Ion-Chromatography with a
Post Column Reactor (ICPCR). MPME water samples and plating tank solution samples were
analyzed using ICPCR and ICP. The analytical techniques employed in this test program are

described in Section 4 of this report.
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The primary organizations involved in this test program were Advanced Systems Technology,

Inc. (AST), Precision Engineering, Inc. (PEI), Midwest Research Institute (MRI) and the U.S.

EPA, Emission Measurement Branch (EMB).
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Section 2

PROCESS OPERATION

2.1 Process Description

Precision Engineering is a medium-size job shop that performs hard chromium plating of
industrial rolls, hydraulic cylinders and miscellaneous small parts. The plating shop has six hard
chromium plating tanks. The plating shop normally operates 24 hours per day, five days per

week.

During this source test, tank Nos. 1, 2 and 7 were tested. Plating tank Nos. 1 and 2 are

2.0-meters (m) (6.5-feet) [ft]) long, 1.3-m (4.2-ft) wide, and 3.7m (12.0 ft) deep and hold
approximately 9,280 liters (L) (2,450 gallons [gal]) of plating solution. Plating tank No. 7 is
1.2-m (4.0-ft) long, 1.8-m (5.9-ft) wide and 5.5-m (18.0-ft) deep and holds approximately
11,830 L (3,120 gal) of plating solution. The plating solution contains chromic acid at a
concentration of about 250 grams per liter (g/L) (33 ounces per gallon [oz/gal]) of water.
Sulfuric acid is used as a catalyst at a bath concentration of 2.5 g/L (0.33 oz/gal). The

temperature of the plating solution is maintained at approximately 60°C ( 140°F).

The three plating tanks are divided into two cells and each cell is equipped with a rectifier to
to control the current flow. Current ratings per cell are 5,000 amperes, 3,000 amperes, and
10,000 amperes for tanks Nos. 1, 2 and 7, respectively. Each rectifier is also equipped with

ampere-hour meters that measure the amount of current supplied to the plating tanks over time.

All of the plating tanks are serviced by overhead hoists that are used to transfer parts in and out

of the tanks. Heating and cooling systems are located in each tank to maintain uniform solution
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temperature, In addition, each tank is equipped with an air agitation system to aid in

maintaining uniform bath concentration and temperature.

2.2 Air Pollution Control Device

A schematic of the ventilation and control system on the plating tanks is shown in Figure 2-1.
The mesh pad mist eliminator system was manufactured by KCH Services, Inc., in Forest City,
North Carolina. The system was installed during 1991 by plant personnel. Each tank is
equipped with a double-sided ventilation hood. Moisture extractors are located in the hood
uptakes to remove large chromic acid mist droplets prior to the mist eliminator. The purpose
of the moisture extractors is to reduce the plugging tendency of the mist eliminator by reducing
the inlet loading to the device. The takeoffs from tank Nos. 1 and 2 are ducted together and
form one inlet leg to the mist eliminator, while tank No. 7 is ducted separately and forms a
second leg to the mist eliminator. The ventilation system is rated at 470 cubic meters per minute
(16,500 cubic feet per minute). The pressure drop across the mist eliminator is 1.7 kiloPascals

(7 inches in water column).

The mist eliminator is installed on the roof of the plating shop and consists of a set of chevron-
blades followed by a series of three mesh pads. The mist eliminator is designed to remove
chromic acid mist in stages depending upon the particle size. The larger droplets (particles
greater than 10 microns), which comprise the majority of the emissions, are removed by the
moisture extractor located above tanks 1, 2 and 7 but before the mist eliminator and also by the
chevron-blade stage of the MPME. The first mesh pad is designed to remove smaller particles
(particles between 5 and 10 microns). The first mesh pad is composed of multiple layers of
mesh pad material, and each layer is woven from fibers with diameters of 0.09 centimeter (cm)

(37 thousandths of an inch [mils]. The second mesh pad (the composite mesh pad) is designed
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such that the material layers in the center of the pad are composed of extremely small -diameter
fibers (0.02 cm [8 mils]). The smaller the fiber diameter, the more dense the material layer.
The material layers on either side of the center are composed of progressively larger diameter
fibers (0.04 to 0.09 cm [16 to 37 mils]). As the gas stream flows through the composite pad,
the small particles that escape the first mesh pad (particles below 5 microns) impinge on the
composite pad and coalesce into larger droplets. These enlarged particles are then removed in
the backside of the composite pad or in the backup mesh pad located downstream of the
composite pad. The third pad or backup mesh pad is composed of layers of material with a fiber
diameter of 0.09 cm (37 mils). The thickness of each pad is 15.7 cm (6.2 inches [in.]), 9.7 cm

(3.8 in.), and 18.3 cm (7.2 in.) for the first, second, and third pads, respectively.

Prior to each mesh pad is a series of spray nozzles that are used to wash down the pads and
remove any chromium that has built up on the pads. The pressure drop across each mesh pad
is monitored to determine the amount of chromium buildup on the pad. An increase in pressure
drop above the normal operating range for a given pad indicates that the pad needs to be washed
down. Spray nozzles are also located in the chevron-blade section to allow periodic washing of

the blades.

2.3 Process Conditions During Testing

Three mass emission tesf runs were conducted at the two inlet locations and the outlet of the mist
eliminator to characterize the performance of a mesh-pad mist eliminator system that
incorporated the use of a composite mesh pad. Each test run was 4 or 6 hours in duration. All
of the test runs were interrupted briefly to change test ports. No other interruptions occurred

during sampling.




Sampling of Inlet No. 1 and Inlet No. 2 was performed at distances of 18 feet from the nearest
downstream disturbance and 4 feet from the nearest upstream disturbance (mist eliminator).
Sampling of the Outlet was performed at a distance of 60 inches from the nearest downstream
disturbance (outlet base) and 35 inches frqm_ _the nearest upstream disturbance (top of exhaust

stack).

Process operating parameters monitored and recorded during each test run included the voltage,
current, ampere-hours, and the plating solution temperature for each plating tank. A description
(dimensions and surface areas) of each part plated also was recorded for each test run. Process
data sheets documenting the process and control device operating parameters during mass
emission testing are presented in Appendix H. Data on the average operating parameters
recorded during the mass emission test runs are presented in Table 2-1. The total amount of
current supplied to the tanks during each test run is calculated in terms of ampere-hours and is

included in Appendix H.

A tabular summary of the total current values is presented in Table 2-2. As noted previously,
the ampere-hours supplied during testing were monitored and recorded from the ampere-hour

meters on each rectifier. However, the sum of the ampere-hours for each rectifier will not

‘match the ampere-hours calculated in Appendix H because of the difference between the actual

sampling time and the time required for testing. These time periods are not equal because of
the time required to change test ports. Therefore, the ampere-hours measured by the ampere—-

hour meters will be slightly higher than the actual ampere-hours calculated in Appendix H.
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Table 2.1. AVERAGE OPERATING PARAMETERS
MONITORED DURING EACH MASS EMISSIONS TEST RUN

Test Tank Operating Operating Operating
Run No. No. Voltage, Current, Temperature
Volts Amperes OF
1 1A 7.0 4,300 140
1B 7.0 3,700 140
2A 7.6 2,300 140
2B 7.6 1,400 140
7A - - 140
7B 8.0 7,000 140
2 1A 6.4 3,600 140
- 1B 6.3 3,400 140
2A 7.2 1,700 140
2B 7.4 1,850 140
7A 6.6 1,300 140
7B . N 6.4 2,000 140
3 1A 6.4 2,970 140
1B 6.4 2,800 140
2A 1.7 2,000 140
2B 7.8 1,700 140
7A 6.0 1,000 140
7B 7.3 7,200 140
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Table 2.2, TOTAL AMPERE-HOURS SUPPLIED TO

PLATING TANKS DURING MASS EMISSION TEST RUNS

TOTAL CURRENT, AMPERE-HOURS

Test Run No. Inlet No. 1* Inlet No. 2° Outlet
1 67,020 42,025 109,045
2 42,000 28,690 70,690
3 37,975 32,750 70,725

a Total current for Tanks 1 and 2 combined

b Total current for Tank 7
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Composite samples were taken from each plating tank to determine the chromic acid

_concentration of the plating solutions during each mass emission test run. The data obtained are

reported in Section 3 of this report.

MPME operating parameters monitored during each test run consisted of the pressure drop
across the unit, and the overall system pressure drop. The Magnahelic gauges are located
downstairs in the plating shop; therefore, the pressure drop readings on the Magnahelic gauges
are not indicative of the vactua'l'pressure drop but are approximate values because of the pressure
losses in the tubing that connect the Magnahelic gauges to the mist eliminator. However, the
important factor in monitoring the pressure drop is any decrease or increase from the normal
operating range. An increase in pressure drop over its normal range indicates that the pad is
beginning to plug, an_d a decrease in pressure drop indicates that the gas stream is bypassing the
pad. The pressure drop readings recorded across each pad and the overall unit were consistent

for all test runs.
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Section 3

SUMMARY OF SAMPLE COLLECTION,
EMISSION CALCULATIONS AND RESULTS

3.1 Sample Collection

Emission samples were collected using a modification of U.S. EPA Method 13-B. The samples
were collected simultaneously from Inlets No. 1 and No. 2 and from the Outlet of the MPME
under normal operating conditions. Three tests were conducted at each sampling location.
Sampling times of 4 or 6 hours per test run were used to ensure that adequate quantities of

chromium were collected for subsequent chemical analysis.

Grab samples from the plating tank solutions (Tanks 1, 2 and 7) and the MPME water were also

collected during each sampling run. These samples were obtained at the beginning, middle and

at the end of each Method 13-B test run.

3.2 Stack Gas Parameters

Stack gas parameters, at each sampling location, are shown in Table 3-1. At Inlet No. 1, the
stack gas velocity averaged 50.66 feet pér second (fps), the average sﬁck temperature was 78°F
and the average moisture content was 1.11%. The volumetric flow rates at Inlet No. 1 were
9,548 actual cubic feet per minute (acfm) and 9,180 dry standard cubic feet per minute (dscfm).
At Inlet No. 2, the stack gas velocity averaged 50.34 fps, the average stack temperature was

77°F and the average moisture content was 0.75%. The volumetric flow rates at Inlet No. 2

were 5,337 acfm and 5,159 dscfm.

3-1




At the Outlet, the stack gas velocities averaged 50.11 fps, the average stack temperature was
85°F and the average moisture content was 0.98%. The average volumetric flow rates at the

OQutlet were 14,758 acfm and 14,241 dscfm.

The stack gas at all sampling locations was essentially ambient air and thus was assigned a dry
molecular weight of 28.95 Ib/lb-mole. Variation in isokinetic sampling rates were within
allowable limits for all sampling runs of Method 13-B except Run 2 of Inlet 2 which had an

isokinetic rate of 88.81%.

The evaluation of particle size, from previous test runs, indicate that more than 35% of the
particles emitted from a controlled electroplating process are less than 2.5 microns in diameter.
Particles less than 2.5 microns behave like a gas rather than a particulate. In gaseous sampling
the isokinetic sampling rate is not considered to be significant. Therefore, no adjustments were

made to the data and the results are acceptable.

3.3 Emission Calculations and Discussion of Results

This subsection of the report provides the following information: 1) Cr-VI results from
colorimetry and ICPCR analyses; 2) Cr-T results from ICP analysis; 3) Cr-VI and Cr-T
concentrations in the plating tank solutions, MPME water and sampling train blank samples;

4) computerized spreadsheet calculations of emission concentrations and mass emission rates;

5) MPME removal efficiencies; and 6) MPME penetration.

3-2




Table 3.1 SUMMARY OF STACK GAS CONDITIONS

Inlet No.1

Velocity Stack Flow Rate %

Run No. fps* Temp. °F Moisture | Isokinetic
: acfm” dscfm" % Rate

1 50.77 96 9,570 8,901 0.98 101.52

2 48.53 69 9,148 8,830 1.14 98.99

3 52.66 70 9,927 9,810 1.21 93.32

Average 50.66 78 9,548 9,180 1.11 97.94

Inlet No. 2

Velocity Stack Flow Rate %

Run No. fps" Temp. °F Moisture | Isokinetic
o acfm® | dscfm® % Rate

1 52.14 93 5,528 5,183 0.67 103.02

2 52.02 70 5,516 5,350 0.65 88.81

Average 50.34 77 5,337 5,159 0.75 96.73

‘ Outlet

Velocity Stack Flow Rate %

Run No. fps* Temp. °F Moisture | Isokinetic
acfm® dscfm® % Rate

1 50.88 111 14,986 13,776 0.97 109.24

2 49.03 72 14,442 14,065 1.08 99.68

3 50.41 72 14,847 14,882 0.90 99.48

Average 50.11 85 14,758 14,241 0.98 102.80

"Feet per second
® Actual cubic feet per minute
¢ Dry standard cubic feet per minute at 68 °F and 29.92" Hg
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3.3.1 Cr-VI Results From Colorimetry and ICPCR Analyses

Table 3.2 lists Cr-VI results obtained from two analytical techniques namely: 1) colorimetry
using diphenylcarbazide; and 2) ICPCR. The colorimetric technique, used in the field to
determine Cr-VI, provided a rapid analysis of chromium concentrations. The results were not
used in the emission calculations in this report and are provided in Appendix E for information
only. RTIL’s analytical results for total chromium (Cr-T) and hexavalent chromium

(Cr-VI) were used to make emission calculations in this report.

Table 3.3 provides analytical results of Cr-VI mass emission testing at the Precision
Engineering, Inc. plant. The samples were analyzed using Ion-Chromatography with a Post
Column Reactor (ICPCR). RTIL’s analytical data report is provided in Appendix D. The
average concentration of Inlets No. 1 and No. 2 combined was 0.4717 mg/ m’ of Cr-VI and the
outlet average concentration was 0.0103 mg/m* . These averages translate into Cr-VI mass

emission rates of 1.43 x 102 Ib/hr and 5.48 x 107 Ib/hr for the inlets and the outlet respectively.

3.3.2 Total Chromium Results From ICP Analysis

Presented in Table 3.4 are the total chromium (Cr-T) emission results. RTIL’s analytical data
report is provided in Appendix D. Table 3.4 shows an average Cr-T emission concentration of
0.497 mg/m? at Inlets No. 1 and No. 2 combined. The Cr-T emission concentration at the outlet
averaged 0.0108 mg/m®. The average Cr-T mass emission rate from Inlets No. 1 and No. 2

combined was 1.50 x 102 Ib/hr and the outlet average emission rate was 5.75 x 10* 1b/hr.
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Table 3.2. COMPARISON OF EMISSION SAMPLE
ANALYSIS RESULTS* FOR CHROMIUM-VI USING
COLORIMETRY"® AND ICPCR® TECHNIQUES

Inlet No. 1
Total Cr-VI (ug)
Test Run No. Sampling Time
(min) Colorimetry® ICPCR*
Run No.1 360 2,862 2,889
Run No. 2 240 743 1,774
Run No. 3 240 848 2,891
Average 1,484 2,518
Inlet No. 2
Run No. 1 360 1,517 1,589
Run No. 2 240 808 770
Run No. 3 240 779 813
Average 1,035 ’ 1,057 “
Outlet
Run No. 1 360 123 146
Run No. 2 240 37.8 60.6
Run No. 3 240 50.3 53.5
Average 70.4 86.7 x

* Results are expressed as total microgram of Chromium-VI
b Colormetric quantification on-site using diphenylcarbazide organic analytical reagent
¢ Jon-chromatography with a post column reactor.
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Table 3.3. ANALYTICAL® RESULTS OF CHROMIUM-VI
MASS EMISSION TESTING

Inlets®
Test Total Cr-VI Emission Mass Mass
Run No. (re)*¢ Concentration Emission Rate Emission
(mg/m%° (Ib/hr)¢ - Rate
(kg/hr)®
1 4,478 0.4465 1.276 x 107 5.79 x 103
2 2,544 0.4045 1.175 x 10?2 5.33x 10°
3 3,704 0.5640 1.838 x 10? 8.33 x 103
Average 3,575 0.4717 1.430 x 10 6.48 x 10°
Outlet
Test Total Cr-VI Emission Mass Mass
Run No. (ng)€ Concentration Emission Emission
(mg/m°®) © Rate Rate
S (b/hr)* (kg/hr)*
1 146 0.0139 7.19 x 10 3.26 x 10*
2 60.6 0.0093 491 x 10* 2.22 x 10
3 53.5 0.0078 4.34 x 10* 1.97 x 10
Average 86.7 0.0103 5.48 x 10 2.48 x 10°*

* Analysis method, Jon-Chromatography with Post Column Reactor.
® The control device has two inlets (Inlet No.1 and Inlet No.2).
¢ Sum of Cr-VI emissions from Inlet No.1 and Inlet No.2.
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Table 3.4. ANALYTICAL® RESULTS OF TOTAL CHROMIUM

MASS EMISSION TESTING
Inlets®
Test Emission Mass Emission Mass Emission
Run No. Cr-T (ug)* Concentration Rate Rate
(mg/m’)° (Ib/hr)* (kg/hr)*
1 4,602 0.4592 1.32 x 10?2 5.991 x 10?
2 2,728 0.4341 1.25 x 102 5.656 x 10?
3 3,921 0.5976 1.93 x 10? 8.741 x 10°
Average 3,750 0.4970 1.50 x 107 6.796 x 10°
Outlet
Test Emission Mass Emission Mass Emission
Run No. Cr-T (ng)* Concentration Rate Rate
(mg/m’)® (Ib/hr)* (kg/hr)*
1 137.0 0.0131 6.75 x 10* 3.06 x 10
2 68.3 0.0105 5.53 x 10* 2.51 x 10*
3 61.3 0.0089 4,97 x 10* 2.26 x 10
Average 88.9 0.0108 5.75 x 10 2.61 x 10

* Analysis method, Inductively Coupled Plasma (ICP)
b The control device has two inlets (Inlet No. 1 and Inlet No. 2)
¢ Sum of total chromium emissions from Inlet No. 1 and Inlet No. 2
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3.3.3 Concentrations In Plating Tank Solution, MPME Water and Train Blank Samples

Cr-VI and Cr-T concentrations in the plating tank solution, MPME water and train blank
samples were determined by RTIL using ICPCR and ICP. The sample concentrations are
presented in Table 3.5. The concentrations of chromium remained essentially constant

throughout the testing period.

3.3.4 Computerized Spreadsheet Calculations

A computerized spreadsheet, provided by Mr. Frank C_lay (U.S. EPA, Task Manager), was used
to calculate the emission concentrations and mass emission rates in this report. Manual
calculations were made by AST personnel to verify that the computer results were accurate. The
computer printouts are provided in Appendix A. Appendix F presents the equations used to

make these manual verifications.

3.3.5 Removal Efficiency of The Mesh Pad Mist Eliminator
Chromium removal efficiencies for the MPME system were determined by simultaneously
sampling the two inlets and outlet of the MPME. The mass emission rates were used to

calculate removal efficiencies. Removal efficiency is calculated using the equation below.

c,-C,
RE = % 100
c

Where:
RE = % Removal Efficiency

C, = Y. of mass emission rates at Inlets 1 and 2, Ib/hr

C, = Mass emission rate at the outlet, Iblhr
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Table 3.5. ANALYSIS OF PLATING TANK SOLUTIONS,
MPME WATER AND BLANK SAMPLES

SAMPLES* Cr-VI* (ug/ml) Cr-T* (ug/ml)
Tank 1 Run No. 1 1.22 x 10*° 1.31 x 10*3
Tank 1 Run No. 2 8.590 x 10** 1.30 x 10+°
Tank 1 Run No. 3 1.08 x 10*° 1.26 x 10*°
Tank 2 Run No. 1 1.15 x 10*3 1.27 x 10*°
Tank 2 Run No. 2 1.22 x 103 1.25 x 10+°
Tank 2 Run No. 3 1.14 x 10*3 1.24 x 10*°
Tank 7 Run No. 1 1.23 x 10*° _ 1.23 x 10*°
Tank 7 Run No. 2 1.23 x 10*3 1.26 x 10*3
Tank 7 Run No. 3 1.20 x 10*° 1.25 x 10*°

Sampling Train
Blank °© 7.37 x 10° 3.20 x 102

MTJ OQutlet Run No. 1 7.59 x 102 (6.4 x 107™) 2.69 x 10

MIJ Qutlet Run No. 2 7.43 x 102 (5.00 x 107™) 2.86 x 10

MJ OQutlet Run No. 3 1.81 x 107 (2.03 x 107"*) 6.00 x 103

* Liquid grab samples from tanks 1, 2, 7 and the MPME were collected at the beginning,
middle and end of each Method 13-B run. All samples are composites.

* ICPCR was used for analysis

® JCP was used for analysis

® The Method 13-B sampling train was cleaned between test runs.
rinseate, was collected after cleaning the train components.
** In-field colorimetric analysis results for MPME water

39
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Mass emission rates are presented in Tables 3.3 and 3.4. The data in Tables 3.3 and 3.4
indicate that more than 95% of the mass emissions are of Cr-VI and less than 5% of the

emissions are of Cr-IIL.

3.3.6 Penetration of The Mesh Pad Mist Eliminator

Penetration can be used to evaluate the performance of a chromium emission control device such
as a MPME. Penetration is defined as the percentage of chromium that escapes or is not
collected by an emission control device. Percent penetration is calculated using the equation

below.

Percent Penetration= 100% - RE

Where:

RE = % Removal Efficiency

Often, the percent penetration results reveal more about the process conditions than the percent

efficiency results.

The calculated removal efficiencies are tabulated in Table 3.6. The average removal efficiency
for C1-VI was 95.94%. The average removal efficiency for Cr-T was 95.96%. The removal
efficiencies for Cr-T and Cr-VI are essentially the same. As pdinted out earlier, most of the
mass emissions are of Cr-VI (—-95%). The percent penetration for each test run was also
calculated. Table 3.7 lists the results of the removal efficiency and the percent penetration
calculations. Table 3.7 shows that about 4% of the chromium emissions penetrated the mesh

pad mist eliminator.

3-10




'1“able 3.6. SUMMARY OF THE MESH PAD MIST ELIMINATOR

CHROMIUM REMOVAL EFFICIENCIES

Analyte Analytical Test Mass Mass Removal
Technique Run Emission Emission Efficiency
Used No. Rates at Rate at (%)
Inlets No. 1 Qutlet
and No. 2# (Ib/hr)
(Ib/hr)
Cr-VI ICPCR 1 1.276 x 10 7.190 x 10* 94.37
Cr-VI ICPCR 2 1.175 x 10? 4.906 x 10* 95.82
Cr-VI ICPCR 3 1.838 x 10? 4.340 x 104 97.64
Average NA NA 1.430 x 10 5.479 x 10* 95.94
CrT ICP t | 1.320x10% | 6.747x 10* 94.89
Cr-T ICP 2 1.247 x 107 5.530 X 10* 95.57
Cr-T ICP 3 1.927 x 107 4,972 x 10* 97.42
Average NA NA 1.498 x 10? 5.750 x 10 95.96

* - Inlets 1 and 2 mass emission rates were combined.
NA - Not Applicable
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Table 3.7. REMOVAL EFFICIENCY AND PERCENT
PENETRATION* OF CHROMIUM THROUGH THE
MESH PAD MIST ELIMINATOR

Test Run No. % Removal Efficiency % Penetration
Cr-VI Cr-T Cr-VI Cr-T
1 94.37 94.89 5.63 5.11
2 95.82 95.57 4.18 4.43
3 97.64 97.42 2.36 2.58
Average 95.94 95.96 4.06 4.04

* Percent Penetration = 100% - %Removal Efficiency
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Section 4

SAMPLING AND ANALYSIS METHODS

4.1 Types of Samples Collected and Sample Recovery Descriptions
Two types of samples were collected during field testing at the Precision Engineering, Inc. plant:
1) liquid grab samples; and 2) gaseous stack samples. A description for each sample type

collected is provided below.

4.1.1 Liquid Grab Samples

The plating tank solution and the mesh pad mist eliminator water samples were collected during
each sampling run, in pre-cleaned Mason jars. For example, one plating tank solution sample
consisted of three sample fractions collected in the same Mason jar. Each sample fraction was
collected at different periods (i.e., beginning, middle and end) of a test run. Nine (9) composite
plating tank solution samples were collected from plating tanks (1, 2 and 7) and 3 composite
samples were collected from the mesh pad mist eliminator during this project. Each sample was

labeled with date, run number and sample location.

4.1.2 Gaseous Stack Samples

Gaseous stack samples were collected from two inlet locations (Inlet No. 1 and Inlet No. 2) and
one Outlet location, using Method 13-B. Method 13-B stack samples were recovered
immediately after each test run. The contents of impingers 1 and 2 were measured for volume
increase and then transferred to a pre-weighed and pre-cleaned plastic bottle. The nozzle, probe
and glass tubing connecting the impingers were washed with 0.IN NaOH. These washings were

added to the same plastic bottle. Silica gel from the fourth impinger was weighed to determine
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weight gain from moisture absorption. The silica gel was then placed in a container, labeled and

stored in the cooler.

A sampling train blank sample was collected after each Method 13-B test run. This was
performed by thoroughly rinsing the inside of the sampling train components with a 0.1N NaOH
solution and then placing the rinseate into a container labeled "Sampling Train Blank." The
sampling train blank was stored in the cooler. Field blank samples were also prepared, labeled

and stored in the cooler.

4,1.3 Sampling Locations
Inlet No. 1

Inlet No. 1 was located on a straight run of 24-inch diameter duct work just before the mesh pad
mist eliminator. Sampling ports were cut at a location approximately 18 feet downstream and
4 feet upstream from thé neafest disturbance, According to U.S. EPA Method 1 criteria, this
location required 12 traverse points, six along each of the two perpendicular diameters. Figure

4.1 shows Inlet No. 1 traverse point locations.

Inlet No. 2

Inlet No. 2 was located on a straight run of 18-inch diameter duct work just before the control
device. Sampling ports were cut at a location approximately 18 feet downstream and 4 feet
upstream of the nearest disturbance. Twelve traverse points were also required at this location.

Figure 4.2 shows Inlet No. 2 traverse point locations.




Qutlet

The Outlet of the mesh pad mist eliminator was a 30-inch diameter stack. The total height of
the stack was about 95 inches. This total height included a 24-inch stack extension attached to
the stack during the test. A butterfly-type cap was installed to prevent extraneous materials from
entering into the stack. Sampling ports were cut at a location approximately 60 inches
downstream and 35 inches upstream of the nearest disturbance. Figure 4.3 shows the Outlet
traverse point locations. Twenty-four traverse points v?ere required at this location; 12 along
each of the two perpendicular diameters. Figure 4.3 shows the Outlet traverse point locations,
Figures 4.1 through 4.3 show traverse point locations along one perpendicular diameter. The

total number of traverse points, in these figures, are obtained by multiplying the traverse point

locations shown by two.
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4.2 Air Sampling Test Methods

The test methods used during this project were in accordance with U.S. EPA Methods 1,2, 4
and a modification of Method 13-B. Method 13-B, designed for total fluoride emission testing
was used for the chromium particulate collection. A brief description of each method used in

given below.

4.2,1 Traverse Points
U.S. EPA Method 1 "Sample and Velocity Traverses for Stationary Sources” was used to
determine the location of traverse points. Cyclonic flow checks were made prior to testing.

These checks indicated that cyclonic flow conditions did not exist at the sampling locations.

4.2,2 Stack Gas Velocity

U.S. EPA Method 2 "Determination of Stack Gas Velocity and Volumetric Flow Rate (Type "S"
Pitot Tube)" was used to measure the stack gas velocity and temperature at each test point.
Type K" thermocouples were affixed to type "S" pitot tubes having an assigned coefficient of
0.84. The velocity pressure was measured on an inclined manometer. The volumetric flow rate
was calculated from the stack gas velocity and the stack cross-sectional area. Since this was an

ambient source, a dry molecular weight of 28.95 1b/Ib-mole was used.

4.2.3 Stack Gas Moisture
U.S. EPA Method 4 "Determination of Moisture Content in Stack Gas" was used to determine
the stack gas moisture content. These moisture determinations were made during the modified

Method 13-B test runs,

4-7




4.2.4 Modified Method 13-B Sampling Train

A modification of U.S. EPA Method 13-B "Determination of Total Fluoride Emission from
Stationary Sources” was used to collect chromium emission samples. The sampling train
consisted of a glass button-hook nozzle, an unheated "Pyrex" glass-lined probe and a series of

four impingers.

Isokinetic samples were collected during each test run. During sampling, stack gases were
pulled through the nozzle, past the probe and then through four impingers, where the chromium
was collected and retained. The contents and the configuration of the impingers are given
below.

1. The first impinger contained 100 ml of 0.1N NaOH.

2. The second impinger contained 100 ml of 0.1N NaOH.

3. The third impinger was empty.

4, The fourth impinger contained a weighted amount of silica gel (200 grams).

The remainder of the train consisted of a vacuum pump, dry gas meter, calibrated orifice and
related temperature and pressure measuring equipment. Figure 4.4 shows a Schematic of the

Modified U.S. EPA Method 13-B Sampling Train.

4.3 Sample Analysis Methods

The samples collected during the Modified 13-B testing were analyzed using one of thrée
analytical techniques. The techniques were: 1) Colorimetry; 2) Inductively Coupled Plasma
(ICP); and 3) Ion-Chromatography with a Post Column Reactor (ICPRC).. Each analytical
technique is briefly described below. ICP and ICPCR analyses were done by RTIL. The

colorimetric analyses for hexavalent chromium were performed by AST personnel in the field.
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CONTAINER LD. CONTAINER CONTENT
Impinger #1 Modified Greenburg-Smith - 100 mi
of 0.1N NaOH
Impinger #2 Standard Greenburg-smith - 100 ml
Impinger #3 Modified Greenburg-Smith - Empty
Impinger #4 Modified Greenburg-Smith 200 grams
of Silica Gel
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Figure 4.4. Schematic of the Modified U.S. EPA Method 13-B
Sampling Train
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4.3.1 Colorimetry

Colorimetry was used on-site to analyze samples (i.e., inlet, outlet, sample train blank and
MPME water) for Cr-VI. A known aliquot of the sample was made to react with a
diphenylcarbazide solution at a pH of 2.00+ 0.5. Optimum color development requires 10
minutes. The intensity of the color is measured at 540 nm. The details of this procedure are

given in Appendices G and K.

4.3.2 Inductively Coupled Plasma (ICP)

ICP was used to determine total chromium in plating tank solution, MPME water, blank and
emission samples. ICP is a simple and fast technique used for analysis of major and minor trace
clements in samples of ﬂl kihds and matrices. It has a detection limit of one part per billion
(ppb) or less. Samples are aspirated into a high temperature argon plasma. The argon plasma
causes molecular breakdown, atomization and/or ionization and excitation of metals in solution.
The excited atoms release characteristic radiation which is detected by a photomultiplier tube
(PMT). The PMT produces an electrical current which is transformed into concentration values

by reference to a standard.

4.3.3 Ion-Chromatography With Post Column Reactor (ICPCR)

ICPCR was used to determine hexavalent chromium (Cr-VI) in the plating tank solution, MPME
water, blank and emission samples. Hexavalent chromium is chromatographed as CrO,2 on an
ion column. After separation, the Cr-VI diphenylcarbazide compléx is quantified by visible
spectrometry at 520 nm. ICPCR has a sub-part per billion detection limit. Typically, ICPCR
instrumentation consists of: 1) an ion column; 2) a visible spectrophotometer detector; and 3)

an integrator. Details of the ICPCR analytical technique are provided in Appendix I.
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Section 5

QUALITY ASSURANCE PROGRAM, TEST PROGRAM
PERSONNEL AND SUMMARY OF FIELD ACTIVITIES

5.1 Quality Assurance Program
AST’s QA program consisted of the field-related procedural activities and contract laboratory
activities. A discussion of the QA activities is given below. The quality assurance activities

employed during this project were performed to assure the quality of the data collected.

5.2 Data Review Prior To Report Preparation

All field data were recorded on standard data sheets. The field data sheets are in Appendix B.
Field data were also recorded on sampling summary sheets. The sampling summary sheets are
in Appendix C. Upon returning to the office, AST personnel reduced the field data collected.
Afterwards, the results were summarized in a tabular format and reviewed for inconsistencies
or other incidences that may indicate errors (data entries or calculations). Prior to reviewing

the summary, spot checks of the field data reductions were made to ensure that all raw data were

correct and complete.

5.3 Contract Laboratory Quality Assurance Procedures

The contract laboratory’s QA program was established to ensure that its personnel produce valid
analytical results. This goal is accomplished by regularly monitoring the reliability (i.e.,

precision, accuracy, reproducibility) of the reported results.
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Quality assurance activities taken to ensure high quality analytical results include the following:
® Reagent blank samples were prepared and analyzed

® QC check standards were analyzed at the beginning of a test run to verify a standard
curve

® Spiked blanks were prepared and analyzed to assure there were no interferences
® Duplicate samples were prepared and analyzed to assure the analytical precision
¢ Instrumentation performance was regularly monitored and repairs were made when

required

5.4 Test Program Personnel
The personnel involved in the completion of this test program, their titles and their job

affiliations are listed below.

Frank Clay - Task Manager, U.S. EPA
Tom Yaroch -  Project Manager, AST
James Parker . -  Technician, AST

Michelle Knox

Laboratory Analyst, AST

Ron Kirkland - Meter Reader, AST
Jim Dini - Meter Reader, AST
Chuck Hames - Meter Reader, AST
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5.5 Field Activities

The following is a summary of the field activities:

12/16/91

12/17/91

12/18/91

12/19/91

12/20/91

Traveled to Seattle, Washington, inventoried equipment, prepared site

Conducted one, six-hour measurement run at each site, recovered and analyzed

emission samples

Conducted one, four-hour measurement run at each site, recovered and

analyzed emission samples

Conducted one, four-hour measurement run at each site, recovered and

analyzed emission samples; restored site, packed and shipped equipment

Traveled to Atlanta, Georgia
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APPENDIX A

COMPUTER PRINT OUT OF FIELD DATA

Note:

The percentages of CO,, O, and N, entered into the computerized spreadsheets
were 0.70, 21.0 and 78.30 respectively.




| PLANT- pPrecision Engineering
DATE- December 17,1991
LOCATION- Seattle, Washington
I RUN- Inlet 1-1
POINT #| TIME |GAS METER |VELOCITY | ORIFICE PRESSURE | STACK |JORY GAS METER TEMP. | %1 |
| |[READING  |DELTA P | ACTUAL  DESIRED | TEmp | IN OUT  |PER POINT|
l ------- fmmmrtasmahrmr s d-mummmr- e R L L E L fmmmrmmmmu T LR LR L $owmmmann +
A1 0 0.00 | 386.718 | 1.10 | 5.20 4,22 | 7% | 37 36 | 96.2 |
1 5.00 | 392.000 | 1.00 | 4.70 3.86 | 7S | 43 37| 3.7 |
l 2| 10.00 | 398.000 | 1.00 | 4.70 3.86 | 78 | 48 39| 107.6 |
3| 15.00 | 403.700 | 1.00 | 4.70 3.87 | 81 | 52 41 | 99.7 |
4| 20.00 | 409.000 | 1.00 | 4.70 3.86 | 84 | 55 43 | 105.1 |
5| 25.00 | 414.600 | 1.00 | 4.70 3.88 | 84 | 58 45 | 104.6 |
l A2 6| 30.00 | 420.200 | 0.98 | 4,50 3.85 | 80 | 60 48 | 95.4 |
1] 35.00 | 425.300 | 0.98 | 4.50 3.80 | 89 | 62 49 | 103.4 |
2| 40.00 | 430.800 | 0.98 | 4,50 3.80 | 9 | &4 51 | 95.7 |
l 3| 45.00 | 435.900 | 0.98 | 4.50 3.80 | 92 | 64 52 | 105.1 ]
4 | 50.00 | 441.500 | 0.98 | 4.50 3.81 | 92 | 66 54 | 100.9 |
5| 55.00 | 446.900 | 0.98 | 4.50 3.80 | 9% | 67 55 | 100.9 |
A3 6| 60.00 | 452.300 | 0.84 | 3.98 3.27 | 95 | 69 57 | 106.5 |
l 1] 65.00 | 457.600 | 0.84 | 3.98 3.27 | 9 | 69 58 | 104.5 |
2| 70.00 | 462.800 | 0.84 | 3.98 3.27 | 9 | 70 59 | 98.3 |
3| 75.00 | 467.700 ) 0.84 | 3.98 3.27 | 97 | 71 60 | 100.2 |
l 4| 80.00 | 472.700 | 0.84 | 3.98 3.27 | 97 | 71 61 ] 1041 |
5| 85.00 | 477.900 | 0.83 | 3.93 3.24 | 98 | 72 62 | 106.6 |
A4 6| 90.00 | 483.200 | 0.54 | 2.60 2.1 | 98 | 72 63 | 96.9 |
l 1] 95.00 | 487.100 | 0.54 | 2.60 2.1 | 98 | 71 63 ] 106.9 |
2| 100.00 | 491.400 | 0.58 | 2.70 2.25 | 100 | 71 63 | 101.0 |
3| 105.00 | 495.600 | 0.58 | 2.70 2.24 | 103 | 71 63 | 101.2 |
4| 110,00 | 499.800 | 0.57 | 2.70 2.21 | 102 | 72 &4 | 99.4 |
l 5| 115.00 | 503.900 | 0.57 | 2.70 2.21 | 101 | 72 66| 99.3 |
A5 6| 120.00 | 508.000 | 0.55 | 2.60 2.17 | 93 | 72 65 | 105.2 |
1| 125.00 | 512.300 | 0.67 | 3.20 2.64 | 93 | 72 65 | 97.7 |
l 2| 130.00 | 516.700 | 0.67 | 3.20 2.64 | 9 | 73 65 | 102.1 |
3| 135.00 | 521.300 | 0.67 | 3.20 2.64 | 9% | 74 65 | 102.0 |
4| 140.00 | 525.900 | 0.67 | 3.20 2.65 | 9 | 5 66 | 101.8 |
l 5] 145.00 | 530.500 | 0.67 | 3.20 2.65 | 9% | 75 67 | 99.5 |
A6 6| 150.00 | 535.000 | 0.66 |  3.10 2.61 | T I 67 | 100.2 |
1| 155.00 | 539.500 | 0.65 | 3.10 2.57 | 95 | 76 67 | ma.2|
' 2| 160.00 | 544.500 | 0.65 | 3.10 2.58 | 93 | 76 68 | 89.5 |
' 3| 165.00 | 548,500 | 0.64 | 3.00 2.54 | 92 | 7 &7 | 101.6 ]
4 | 170.00 | 553.000 | 0.64 ] - 3.00 2,55 | 91 | 7 68 | 101.4 |
l 5| 175.00 | 557.500 | 0.69 | 3.30 2.75 | 90 | 75 68 | 100.2 |
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l So=sss=== PLANT- Precision Engineering
RUN DATA DATE- December 17,1991
==zzzzaas LOCATION- Seattle, Washington
l RUN- Intet 1-1
POINT #| TIME |GAS METER |VELOCITY: | ORIFICE PRESSURE | STACK " |PRY GAS METER TEMP.|  ¥I |
l | [READING  |DELTA P | ACTUAL DESIRED | TEMP | 1IN ouUT  |PER POINT|
swrtimafammmer—a ELEE R Rl rapamme = fecmcmrerrocssmear t-cmmmm——- drrr-—assmser-c—saaa Hmr———am== +
BI 0] 180.00 | 562,118 | 0.78 | 3.70 3.09 | 88 | 66 65 | 106.8 |
1| 185.00 | 567.300 | 0.78 | 3.70 3.10 | 87 | 68 64 |  96.7 |
I 2| 190.00 | 572.000 | 0.78 | 3.70 3.10 | 88 | 71 65| 98.5 |
3| 195.00 | S76.800 | 0.77 | 3.70 3.05 | 91 | 72 65 | 107.6 |
4 | 200.00 | 582.000 | 0.75]| 3.50 2.96 | 93 | 74 65 | 943 |
l 5| 205.00 | S86.500 | 0.77 | 3.70 3.04 | 9% | 74 66 | 103.4 |
B2 0] 210.00 | 591.500 | 0.88 | 4.20 3.48 | 94 | 76 66 |  98.6 |
1| 215.00 | 596.600 | 0.90 |  4.20 3.55 | 9% | 76 67 | 105.3 |
2| 220.00 | 602.000 | 0.87 ] 4.10 3.42 | 98 | 77 67 | 97.4 |
l 3| 225.00 | 607.000 | 0.87 | 4.10 3.42 | 99 | 78 68| 97.3 |
4| 230.00 | 612.000 | 0.87 | 4.10 3.43 | 99 | 78 6 | 106.9 |
5| 235.00 | 617.500 | 0.87 | 4.10 3.43 | 100 | 79 70 | 102.9 |
l B3 0] 24000 | 622,800 | 0.8 | 3.90 3.26 | 102 | 79 70 ] 99.5 |
1] 245.00 | 627.800 | 0.83 | 3.90 3.26 | 101 | 79 70 ] 95.5 |
2| 250.00 | 632.600 | 0.83 | 3.90 3.26 | 102 | 79 70 | 103.5 |
3| 255.00 | 637.800 | 0.83 | 3.90 3.25 | 104 | 80 | 975
' 4| 260.00 | 642.700 | 0.82 | 3.9 3.21 | 105 | 80 7} 8.2 |
5| 265.00 | 647.000 | 0.83 | 3.90 3.25 | 105 | 80 M| 119.6 |
B4 0| 270.00 | 653.000 | 0.83 | 3.90 3.25 | . 105 | 80 | 99.6 |
' 1| 275.00 | 658.000 | 0.85 |  4.00 3.34 | 103 | 80 71| 983 |
2| 280.00 | 663.000 [ 0.85 |  4.00 3.34 | 103 | 80 7| 9.3 |
3| 285.00 | 668.000 | 0.8 | 4.10 3.36 | 105 | 80 71| 103.8 |
I 4| 290.00 | 673.300 | 0.86 | 4.10 3.37 | 104 | 80 7| 97.8 |
5| 295.00 | 678.300 | 0.86 |  4.10 3.38 | 103 | 80 7] 1.4 |
B5 O | 300.00 | 684.000 | 0.8 ] 4.10 3.38 | 102 | 80 |  9r.7|
1 |305.0000 | 689.000 | 0.62 | 2.90 2.44 | 102 | 80 7] 96.3 |
l 2 |310.0000 | 693.200 [ 0.62 | 2.90 2.43 | 103 | 79 7] 105.7 |
3 |315.0000 | 697.800 | 0.62 | 2.90 2.42 | 105 | 79 M| 9.0 |
4 |320.0000 | 702.100 | 0.62 | 2.90 2.43 | 106 | 78 1] 101.3 |
' 5 |325.0000 | 706.500 | 0.63 | 3.00 2.47 | 103 | 78 71 ] 100.4 |
86 0 [330.0000 | 710.900 | 0.63 | 3.00 2.46 | 106 | 78 71| 1005 |
1 |335.0000 | 715.300 | 0.62 | 2.90 2.42 | 104 | 78 70 | 101.4 |
l 2 |340.0000 | 719.700 | 0.63 |  3.00 2.46 | 105 | 77 70 | 100.8 |
3 |345.0000 | 724.100 | 0.62 | 2.90 2.41 | 106 | 77 70 ] 104.0 |
4 }350.0000 | 728.600 | 0.63 | 3.00 2.45 | 105 | 76 70| 98.6 |
5 |355.0000 | 732.900 | 0.63 | 3.00 2.46 | 104 | 76 69 | 103.2 |
l 6 |360.0000 | 737.401 | 0.63 |  3.00 2.46 | 100 | 72 68 | 0.0 |
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N PLANT- Precision Engineering

RUN DATA DATE- December 17,1991
smas===z= LOCATION- Seattle, Washington
RUN- Inlet 1-2

TIME  |GAS METER |VELOCITY | ORIFICE PRESSURE | STACK  [DRY GAS METER Teme.| w1 |

| [READING  |DELTA P | ACTUAL  DESIRED | TEMP | 1IN OUT  |PER POINT|
------- +---------+----------+-------—-+-------------------+--~---—--+---—---------------+---------+
0 0.00 | 639.925 | 1.00 |  4.40 4.07 | 58 | 53 511 95.7 |
1 5,00 | 645.200 | 0.98 |  4.30 4.00 | 58 | 57 52 | 102.1 |
2 10.00 | 650.800 | 0.98 |  4.30 3.94 | 70 | &2 53] 99.0 |
3 15.00 | 656.200 | 0.98 |  4.30 3.95 | 70 | 65 S4 | 96.8 ]
0 20.00 | 661.500 | 0.87 | 3.70 3.52 | 70 | 66 55 1 110.1 |
1 25.00 | 667.200 | 0.96 |  4.10 3.89 | 70 | 67 56 |  91.8 |
2 30.00 | 672,200 | 0.92 | 3.95 3.72 | | 68 57 | 103.1 |
3 35.00 | 677.700 | 0.92 | 3.95 3.76 | 67 | 69 58 | 102.5 |
0 40.00 | 683.200 | 0.83] 3.56 3.38 | 7| 71 60 | 94.1
1 45.00 | 688.000 | 0.83 | 3.56 3.40 | 71 | 75 62| 95.5 |
2 50.00 | 692.900 | 0.83 | 3.56 3.41 | 7 | 76 63 |  103.1 |
3 55.00 | 698.200 | 0.82 | 3.52 3.37 | 7| 77 65 ] 97.5 |
0 60.00 | 703,200 | 0.73 | 3.13 3.01 | 70 | 77 66 | 99.0 |
1 65.00 | 708.000 | 0.51 | 2.20 2.1 | 68 | 77 67 | 122.7 |
2 70.00 | 713.000 | 0.65 | 2.70 2.69 | 68 | 77 67 | 9.6 |
3 75.00 | 717.200 | 0.64 |  2.80 2.65 | 68 | 76 67 | 103.2 |
0 80.00 | 721.900 | 1.10 ]  4.70 4.58 | 65 | 76 67| 87.3 |
1 85.00 | 727.100 | 0.94 | 4.00  3.93 | 65 | 78 68 | 101.2 |
2 90.00 | 732.700 | 0.964 | 4,00 3.95 | 65 | 82 ni 90|
3 95,00 | 738.100 | 0.94 | 4.00 3.95 | 65 | 82 71| 98.7]
0| 100.00 | 743.600 | 0.55 | 2.36 2.29 | 71| 82 72| m2.7 |
1] 105.00 | 748,400 | 0.60 |  2.58 2.50 | 70 | 81 72 9.5 |
2| 110.00 | 752.600 | 0.60 | 2.58 2.51 | 68 | 80 72| 98.9 |
3] 115.00 | 757.000 | 0.62 | 2.70 2.59 | 68 | 80 el 97.3 |
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I Ss==csss= PLANT- Precision Engineering
RUN DATA DATE- pecember 17,1991
==z=====c LOCATION- Seattle, Washington
l RUN- Inlet 1-2
POINT #| TIME |GAS METER |VELOCITY | ORIFICE PRESSURE | STACK |DRY GAS METER TEMP.|  XI |
l | |READING  |DELTA P | ACTUAL  DESIRED |  TEMP | N ouUT  |PER POINT|
------- +--o------+——--------+-----—---+-----—-------—-----+---------+-------—-----------+---------+
B1 0] 120.00 | 761.400 | 0.68 ]  2.90 2.80 | 69 | 69 69 | 107.2 |
' 1| 125.00 | 766.400 | 0.70 |  3.00 2.88 | 70 | 72 6| 92.8 |
2| 130.00 | 770.800 | 0.73 | 3.10 3.01 | 70 | 74 68| 9.9 |
3| 135.00 | 775.400 | 0.70 |  3.00 2.89 | 70 | 76 68| 98.8|
B2 0] 140.00 | 780.100 | 0.70 |  3.00 2.89 | 71 | 76 68| 96.8 |
' 1| 145.00 | 784,700 | 0.75 | 3.20 3.09 | 7 | 76 68 | 97.7 |
2| 150,00 | 789.500 | 0.75 | 3.20 3.10 | 70 | 7 & | 97.4 |
3] 155.00 | 794.300 | 0.75 [  3.20 3.10 | 70 | 77 & | 101.4 |
I B3 0] 160,00 | 799.300 | 0.70 |  3.00 2.9 | 67 | [44 68| 9.3 |
1] 165.00 | 803.800 | 0.83 | 3.60 3.43 | 70 | 77 68 | 985 |
2| 170.00 | 808,900 | 0.85 | 3.70 3.51 | 70 | 77 68 | 97.4 |
l 3| 175.00 | 814.000 | 0.8 | 3.70 3.56 | 70 | 78 68 |  96.7 |
B4 4 | 180,00 | 819.100 | 0.60 |  2.60 2.49 | 68 | 78 & | 88.1 |
1| 185.00 | 823.000 | 0.74| 3.20 3.06 | 70 | R 69 | 112.3 ]
2] 190.00 | 828.500 | 0.74 ] 3.20 3.06 | 70 | 7 69 | 96.0 |
. 3| 195.00 | 833.200 | 0.74 | 3.20 3.06 | 70 | 78 69 | 100.0 |
BS ©0 | =200.00 | 838,100 | 0.65 | 2.80 2.69 | 70 | 78 6| 97.9 |
1| 205.00 | 842.600 | 0.64 | 3.00 2.65 | 70 | 78 69 | 103.1 |
l 2| 210.00 | 847.300 | 0.70 |  3.00 2.90 | 70 | 78 6|  96.5 |
3| 215.00 | 851.900 | 0.70 |  3.00 2.90 | 70 | 78 69| 98.6 |
' B6 0] 220.00 | 856.600 | 0.66 |  2.80 2.73 | 70 | 78 6| 103.6 |
1] 225.00 | 861.400 | 0.20 | 0.90 0.83 | 70 | 78 69| 97.6 |
' 2| 230.00 | 863.900 | 0.6 | 0.70 0.66 | 70 | 75 69 | 100.6 |
3| 235.00 | 866.200 | 0.41 |  1.80 1.69 | 70 | 7% 6| 99.0 |
' | 240.00 | 869.809 | | 0.00 | | | 0.0 |
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' ss==ss==z PLANT- Precision Engineering
RUN DATA DATE- December 17,1991
sSzsssss=s LOCATION- Seattle, Washington
l RUN- Inlet 1-3
POINT #] TIME |GAS METER |VELOCITY | ORIFICE PRESSURE | STACK  [DRY GAS METER TEMP.| %I |
| | [READING  |DELTA P | ACTUAL  DESIRED | TEMP | 1IN ouT  |PER POINT|
L TR e LR T B LR T L L PR e L] 4v-nacaaan R L L LR E L ] N +
A1 0| 0.00 | 965.906 | 0.77 | 3.30 3.03 | 67 | 45 44 | 93.9 |
I 1] 5.00 | 970.300 | 0.77 | 3.30 3.05 | 67 | 49 45 | 97.8 |
2| 10.00 | 974.900 | 0.76 | 3.30 3.02 | 67| 54 46 | 93.6 |
3] 15.00 | 979.300 | 0.77 | 3.30 " 3.08 | 67 | 57 48 | 96.8 |
A2 0] 20,00 | 983.900 | 0.91 | 3.90 3.64 | &9 | 59 49| m2.3 |
l 1] 25.00 | 989.700 | 0.92 | 4.00 3.69 | 69 | 62 51| 101.6 |
2| 30,00 | 995.000 | 0.92 | 4.00 3.71 | 69 | 65 52 | 89.7 |
3] 35.00 | 999.700 | 0.91 | 3.90 3.68 | 69 | 66 54 | 93.8 |
I A3 0| 40.00 | 1004.600 | 0.92 | 3.87 3.73 | 69 | 67 55 | 91.2 |
1| 45.00 | 1009.400 | 0.9 | 3.%0 3.70 | 69 | 69 57 | 93.2 |
2| 50.00 | 1014.300 | 0.92 | 4.00 3.75 | 69 | 70 58 | 92.6 |
3| 55.00 | 1019.200 | 0.92 | 4.00 3.76 | 69 | 71 59 | 77.3 |
l A4 0] 60,00 | 1023.300 | 0.69 | 2.96 2.82 | 70 | 72 60 |  110.7 |
1] 65.00 | 1028.400 | 0.78 | 3.40 3.19 | 70 | 72 61 | 93.9 |
2| 70.00 | 1033.000 | 0.78 | 3.40 3.19 | 70 | 3 62 | 93.7 |
' 3| 75.00 | 1037.600 | 0.77 | 3.30 3.15 | 70 | 73 63 | 94.2 |
A5 0| 80.00 | 1042,200 | 0.92 | 4.00 3.78 | &9 | 74 63 | 91.8 |
1] 85.00 | 1047.100 | 0.90 | 3.90 3.71 | 69 | 75 64 | 88.8 |
' 2] 90.00 | 1051.800 | 0.85 | 3.70 3.50 | 69 | 75 65 | 93.2 |
3| 95.00 | 1056.600 | 0.87 | 3.70 3.59 | 69 | 76 66 | 90.0 |
A6 0] 100.00 | 1061.300 | 0.87 | 3.70 3.58 | 70 | 76 66 | 94.0 |
1| 105.00 | 1066.200 | 0.85 | 3.70 3.51 | 70 | 7 67 | 9.9 |
l 2| 110.00 | 1071.100 | 0.85 | 3.70 3.51 | 70 | 78 67 | 92.9 |
3| 115.00 | 1075.900 | 0.86 | 3.70 3.56 | 70 | 78 68 | 92.2 |
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POINT #|

B2
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1
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TIME
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120.00
125.00
130.00
135.00
140.00
145.00
150.00
155.00
160.00
165.00
170.00
175.00
180.00
185.00
190.00
195.00
200.00
205.00
210.00
215.00
220.00
225,00
230.00
235.00
240.00

|GAS METER |VELOCITY | ORIFICE PRESSURE

READING

1080.700
1085.900
1091.000
1096.200
1101.000
1106.400
1111.300
1116.600
1121.500
1126.700
1131.700
1136.700
1141.900
1146.800
1151.700
1156.600
1161.600
1166.200
1170.000
1175.700
1180.700
1185.300
1189.900
1194.800
1199.503

e — — — — — — — — — — — — — — — — — — — — —— —

PLANT-
DATE-

RUN-

DELTA P

Precision Engineering
December 17,1991
LOCATION- Seattle, Washington

Inlet 1-3

ACTUAL

| sTAck

DESIRED | TEMP

R
4.10 |
4.07 |
4.12 |
4.05 |
4.12 |
4.12 |
4.13 |
4.13 |
3.88 |
3.88 |
3.93 |
3.93 |
3.32 |
3.70 |
3.70 |
3.70 |
3.44 |
3.44 |
3.44 |
3.44 |
3.44 |
3.46 |
3.43 |
3.43 |
0.00 |

A-7
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[DRY GAS METER TEMP.| %I |

ouT

|PER POINT|



POINT #|
Al 0
1
2
3
4
5
A2 6
1
2
3
4
5
A3 6
1
2
3
4
5
A6
1
2
3
4
5
A5 6
1
2
3
4
5
A6 6
1
2
3
'A
5

TIME

100.00
105.00
110.00
115.00
120,00
125.00
130.00
135.00
140.00
145,00
150.00
155.00
160.00
165.00
170.00
175.00

PLANT-

DATE-
LOCATION- Seattle, Washington

RUN-

Precicion Engineering
bDecember 18,1991

|GAS METER |VELOCITY | ORIFICE PRESSURE |

READING
269.985
273.200
278.300
283.400
288.400
293.500
298.500
302.900
307.300
311.500
315.800
320.100
324 .400
328.100
331.600
335.300
339.300
342,300
345.800
351.200
356.900
362.500
368.200
373.900
379.600
384.000
392.100
398.300
404.500
410.900
416.800
422.900
429.200
434.900
439.900
447.000

DELTA P

Inlet 2-1
ACTUAL  DESIRED |
................... +
3.70 3.26 |
3.80 3.16 |
3.80 3.17 |
3.80 3.7 |
3.80  3.17 |
3.70 3.18 |
2.60 2.25 |
2.70 2.33 |
2.60 2.26 |
2,65 2.28 |
2.60 2.25 |
2.60 2.25 |
1.80 1.55 |
1.75 1.51 |
1.75 1.52 |
1.7 1.49 |
1.7 1.48 |
1.7 1.48 |
4.50 3.91 |
4.60 3.98 |
4.65 4.02 |
4,85 4.00 |
4.55 3.92 |
4.55 3.93 |
7.10 6.34 |
5.21 4.60 |
5.69 5.00 |
5.69 4.99 |
5.69 5.00 |
5.20 4.58 |
5.20 4.56 |
6.60 5.92 |
6.60 5.94 |
6.60 5.96 |
6.60 5.97 |
6.60 6.01 |
A-8

100
99
82
89
1
93
93
9%
96

a5
83
82
79

|DRY GAS METER TEMP.| %I

| N OUT  |PER POINT]|

------------------- L LT
36 36| 67.6 |
38 35 | 108.7 |
44 36 | 108.1 |
49 38| 105.6 |
52 40 | 107.4 |
54 42 | 1049 |
57 4 | 109.2 |
58 46 |  107.3 |
59 47 | 104.2 |
60 49 | 105.6 |
61 50 | 106.4 |
62 51 ]  106.3 |
63 52| 109.7 |
63 54 ] 105.0 |
64 $5 ]  110.7 |
64 56 | 120.9 |
67 58 | 90.5 |
65 57 | 105.7 |
66 58 | 101.1 |
69 59 | 105.5 |
70 60 | 103.1 ]
7 60 | 105.2 |
72 61| 106.1 |
3 62 | 105.8 |
3 63 | 9.1
74 64 | 104.7 |
74 64 | 102.2 |
75 65 | 102.2 |
7% 65 | 105.4 |
76 66 | 101.4 |
77 66 | 104.9 |
77 67|  95.4 |
78 68| 86.1 |
77 68| 75.4 |
77 68 | 107.0 |
78 68 | 90.8 |



. PLANT- Precicion Engineering
DATE- December 18,1991
LOCATION- Seattle, Washington
l RUN- Inlet 2-1
POINT #| TIME |GAS METER |VELOCITY | ORIFICE PRESSURE | STACK  |DRY GAS METER TEMP.| %1 |
l | |READING  |DELTA P | ACTUAL  DESIRED | TEMP | IN Ut |PER POINT|
------- futrammsmmfpummveerdaafaanamnsr-fotanesanamroo-m-ssefusmrr e feanamma e —ttass s oand
BT 0| 180.00 | 453.045 | 0.65 |  3.10 2.70 | 88 | 65 65 | 110.8 |
1| 185.00 | 458.000 | 1.10 |  5.20 4.59 | 88 | 69 65 | 94.7 |
l 2| 190,00 | 463.500 | 1.10 |  5.20 4.60 | 88 | 72 65 | 103.0 |
3] 195.00 | 469.500 | 1.10 | 5.20 4.61 | 88 | 74 65 | 104.5 |
4| 200,00 | 475.600 | 1.10 |  5.20 4.61 | 89 | 75 66 | 102.7 |
l S| 205.00 | 481.600 | 1.10 ]  5.20 4.59 | 92 | 76 66 | 104.6 |
B2 0| 210.00 | 487.700 | 1,10 |  5.20 4.58 | 9% | 76 66 | 103.1 |
1] 215.00 | 493,700 | 1.0 |  5.20 4.57 | 96 | 77 67 | 103.1 |
I 2| 220.00 | 499.700 ] 1.10 |  5.20 4.58 | 95 | 78 67 ] 104.6 |
3| 225.00 | 505.800 ] 1.10 | .5.20 4,58 | 96 | 78 68 | 104.6 |
4| 23000 ] S11.900 | 1.10 |  5.20 4.57 | 97 | 79 68 | 104.6 |
5| 235.00 ] s518.000 ] 1.10] 5.20 4.58 | 96 | 79 69 | 102.7 |
l B3 0| 240.00 | 526.000 | 0.83 | 3.90 3.46 | 96 | 80 69 | 109.9 |
1] 245,00 | S529.600 | 0,79 | 3.70 3.29 | 97 | 79 70 | 104.6 |
2| 250.00 | 534.800 | 0.79 | 3.70 3.28 | 99 | 79 70 | 100.8 |
l 3| 255.00 | 539.800 | 0.78| 3.70 3.23 | 100 | 79 70 | 109.6 |
4| 260.00 | S45.200 | 0.79 | 3.70 3.26 | 102 | 79 70 | 101.1 ]
5| 265.00 | 550.200 ] 0.77 | 3.60 3.18 | 102 | 79 70| 94.2 |
B4 O | 270,00 | 554.800 | 0.52 | 2.40 2.14 | 102 | 78 70 | 134.2 |
l 1] 275.00 | 560.200 | 0,50 | 2.40 2.06 | 102 | 77 70 | 109.1 |
2| 280.00 | 564.500 ] 0.50 |  2.40 2.06 | 102 | 77 70 | 106.6 |
3| 285.00 | 568.700 | 0.50 |  2.40 2.06 | 102 | 76 70 | 104.1 |
' 4| 290.00 | 572.800 | 0.50 |  2.40 2.06 | 101 | 76 69 | 106.7 |
5| 295.00 | 577.000 | 0.50 |  2.40 2.06 | 102 | 76 6| 109.3 |
B5 0| 300.00 | 581.300 | 0.62 | 2.90 2.55 | 102 | 76 69 ] 93.7 ]
l 1 |305.0000 | 585.400 | 0.74 |  3.50 3.04 | 103 | 76 6 | 102.8 |
2 [310.0000 | 590.300 | 0.74 |  3.50 3.06 | 103 | 77 69 | 104.8 |
3 |315.0000 | 595.300 | 0.75 |  3.50 3.07 | 105 | 77 69 | 104.2 |
4 |320.0000 | 600.300 [ 0.75 |  3.50 3.07 | 105 | 7 69 | 106.2 |
' 5 |325.0000 | 605.300 | 0.71 | 3.30 2.9 | 105 | 77 & | 1049 |
B6 0 |330.0000 | 610.200 | 0.71 |  3.30 2.91 | 106 | 77 69 | 104.9 |
1 |335.0000 | 615.100 | 0.71 |  3.30 2.91 | 104 | 77 69| 1049 ]
' 2 |340.0000 | 620.000 | 0.71 |  3.30 2.9 | 106 | 76 68 | 105.0 |
3 |345.0000 | 626.900 | 0.75 |  3.50 3.07 | 105 | 76 69 | 104.3 |
4 |350.0000 | 629.900 | 0.70 | 3.30 2.86 | 104 | 75 68 | 103.7 |
l 5 |355.0000 | 634.700 | 0.74 |  3.50 3,03 104 | 75 68 | 103.1 |
6 |360.0000 | 639.604 | | 0.00 | | | 0.0 |
l A-9




POINT #]

L3
*
L]
1
1
[]
1

>
-

A2

A3

Ab

AS

AS

WA a0 WN <O WN=SOWN2OWMN- O WN-sOo

e s ——— — ——— —— — — . —— — — — o —

110.00
115.00

PLANT-  Precision Engineering
DATE- becember 18,1991
LOCATION- Seattle, Washingten
RUN- Inlet 2-2

|GAS METER |VELOCITY | ORIFICE PRESSURE |

READING
739.815
744,600
749.700
754,700
759,200
764.700
769.500
774.300
779.000
783.000
786.100
789.400
792.700
796.700
801.600
806.500
811.500
816.500
821.500
826.600
831.700
837.200
842,800
848.400

DELTA P | ACTUAL  DESIRED |
--------- e )
0.95 | 4.18 3.89 |
0.93 | 4.09 4.00 |
0.93 |  4.09 3.97 |
0.95 |  4.18 4.07 |
0.83 |  3.60 3.56 |
0.83 |  3.60 3.58 |
0.83 |  3.60 3.56 |
0.83 |  3.60 3.57 |
0.36 | 1.50 1.56 |
0.35 |  1.50 1.52 |
0.38 | 1.70 1.66 |
0.40 |  1.80 1.74 |
0.89 | 3.80 3.88 |
0.88 |  3.80 3.85 |
0.88 |  3.80 3.85 |
0.88 |  3.80 3.85 |
0.92 |  4.00 4.03 |
0.92 |  4.00 4.06 |
0.95 |  4.10 4.20 |
0.95 | 4.0 4.20 |
1.50 | 6.45 6.65 |
1.50 | 6.45 6.64 |
1.50 | 6.45 6.63 |
1.50 | 6.45 6.63 |
A-10

STACK
TEMP

|[DRY GAS METER TEMP.| %I

] N oUT  |PER POINT|

------------------- fmmmmmmmr =}
57 56 | 89.8 |
68 60 |  93.6 |
63 57|  92.5 |
66 58 | 82.1 |
&7 59 | 106.9 |
7 61| 92.8 |
69 60 |  93.2 ]
70 61 ] 910
74 64 | 116.3 |
76 66| 91.0|
77 67| 92.9 |
77 68| 90.5 |
77 69| 73.8|
79 69 | 90.8 |
78 70 | 90.8 |
78 70| 92.6 |
79 70|  90.5 |
79 72 ] 90.3 |
84 7% ] 90.0 |
B84 7% ] 90.0 |
83 7% 1.7
82 %] 791
80 7% 793 |
79 7%} 79.4 |




B2

B3

B4

BS

B6

POINT #|

TIME

120.00
125.00
130.00
135,00
140.00
145.00
150.00
155.00
160.00
165.00
170.00
175.00
180.00
185.00
190.00
195.00
200.00
205.00
210.00
215.00
220.00
225.00
230.00
235.00
240.00

|[READING  |DELTA P | ACTUAL
Frmmmnnrana t-mmmaoraa R e E L T e
| 854.000 | 1.00 |  4.30 4.37
| 8s8.300 | 1.00 | 4.30 4,38
| 863.300 | 1.00 | 4.30 4.40
| 868.600 | 1.00 | 4.30 4.4
| 873.800 | 1.00 |  4.30 4.4
| 879.000 | 1.00 | 4.30 4.41
| 884.300 | 1.00 |  4.30 441
| 889.500 | 1.00 |  4.30 4.42
| 894.900 | 0.90 | 3.80 3.98
| 89.700 | 0.92| 3.9 4.06
| 904.600 | o0.90 | 3.80 3.97
| 909.500 | 0.927| 3.80 . 4.05
| 914.400 | 0.48 |  2.10 2.1
| 918300 |  o0.31 | 1.30 1.36
| 921.300 | 0.31 | 1.30 1.36
| 924.200 | 0.31 | 1.30 1.36
| 927.210 | o050 | 2.20 2.19
| 930.800 | 0.56 |  2.40 2.46
| 934.800 | 0.56 |  2.40 2.46
| 938.700 | 0.56 | 2.40 2.46
| 942.600 | 1.10 | 4.70 4.84
| 947.800 | 1.10 |  4.70 4.85
| 953.100 | .20 | 5.10 5.30
| 958.600 | 1.30 | 5.50 5.75
| 964.306 | | 0.00
A-11

PLANT-
DATE- ‘De;ember 18,1991

LOCATION- Seattle, Washirgton

RUN- Inlet 2-2

Precision Engineering

|GAS METER |VELOCITY | ORIFICE PRESSURE | stack

+
|
|
I

I
|
I
I
l
I
I
I
|
I
|
I
|
|
I
I
I
!
l
I
I
I

DESIRED | TEMP

I

[DRY GAS METER TEMP.| %I
| ouT  |PER POINT|
AR L LT LEELET TR +
| 70 niy| 7.
I 73 70 | 87.1 |
| 78 70| 91.9 |
| 80 7| 89.9 |
| 81 | 89.9 |
| 81 | 91.6 |
| a1 | 89.9 |
| 81 72| 93.2 |
] 81 72| 87.3 |
| 81 72| 881
| 81 2] 8.2 |
| 80 72| 88.3 |
| 80 72| 96.8 |
| 78 2] e2.7|
| 77 | 89.8 |
| 76 7| 93.3|
| 7 70| 87.9 |
| (4 7| 92.3 |
| 77 71] 0.0 |
| 78 7| 900 |
| 78 71| 86.0 |
| 80 7| 87.5 |
| 81 7| 859 |
I 82 72| 86.6 |
| | 0.0




=mzsssso= PLANT- Precision Engineering
RUN DATA DATE- December 19, 1991
zesssssos LOCATION- Seattle, Washington
RUN~ Inlet 2-3
POINT #| TIME |GAS METER |VELOCITY | ORIFICE PRESSURE | STACK |ORY GAS METER TEMP.|  XI |
| [READING  [DELTA P | ACTUAL  DESIRED | TEMP | [N OUT  |PER POINT|
temmean dmmreranan hemmaaa T L Frreer s sss s, $mmmmmeann #emmmemaacrnrennan frmacnrana +
Al 0| 0.00]| 870.010 ] 0.85 | 3.65 3.53 | 68 | 47 46 | 96.3 |
1| 5.00] 876,800 | 0.79 | 3.40 3.26 | 68 | 46 421 100.5 |
2| 10.00 | 879.600 | 0.80 | 3.40 3.32 | 68 | 51 3] 9.3
3] 15.00 | 884,400 | 0.80 ] 3.40 3.34 | 68 | 55 45 | 98.7 |
A2 0| 20.00| 889.200 | 0.45] 1.93 1.90 | 65 | 58 47 1 16.6 |
1] 25.00] 893.500 | o0.50 | 2.15 2.12 | 65 | 59 49| 97.5 |
2| 30.00| 897.300 | 045 1.93 1.91 | 65 | 61 S1]  99.7 |
3| 35.00| 901.000 | 0.48 | 2.06 2.04 | 65 | 62 52| 78.1 |
AS 0] 40.00] 904.000 | 032 1.37 1.36 | 67 | 63 53} 121.0 |
1] 45.00 ] 907.800 | 0.30 | 1.29 1.28 | 67 | 63 54| 98.5 |
2| 50.00 | 910.800 | 0.30 | 1.29 1.28 | 67 | 64 55 |  98.3 |
3| 55.00| 913.800 | 0.30 | 1.29 1.28 | 67 | 64 56 | 78.6 |
A6 0| 60.00| 916,200 0.74 | 3.18 3.17 | 66 | 65 57 | 112.8 |
1] 65.00 | 921.600 | 0.75 | 3.20 3.23 | 66 | 68 58 |  97.1 |
2| 70.00 | 926,300 | 0.75 | 3.20 3.26 | 66 | 70 59| 96.9 |
3] 75.00| 931.000 | 0.75 | 3.20 3.24 | 65| 7 60 | 96.7 |
A5 0| 80.00] 935.700 | 1.00 |  4.30 4.31°| 68 | 72 61| 9.7
1] 85.00| 941.000 ] 1.00 | 4.30 4.32 | 68 | 73 62| 96.3 |
2| .90.00 | 946.400 |  1.00 |  4.30 4.33 | 68 | 73 63 | 98.0 |
3| 95.00 ] 951,900 [ 1.00 |  4.30 4.33 | 68 | 74 64 | 97.8 |
A6 0] 100.00 | 957.400 | 1.00 |  4.30 4.35 | 67 | 75 66 | 94.0 |
1] 105.00 | 962.700 | 0.95 |  4.00 4.14 | 67 | 76 65|  99.9 |
2| 110,00 | 968.200 | 0.95 | 4.00 6.4 | 67 | 76 66 |  94.3 |
3| 115.00 | 973.400 | 0.97 |  4.17 4.24 | 67 | 77 67 |  95.0 |
A-12




==mmswuss PLANT- Precision Engineering

RUN DATA DATE- December 19,1991

====mmaso LOCATION- Seattle, Washington
RUN- Inlet 2-3

POINT #| TIME  |GAS METER [VELOCITY | ORIFICE PRESSURE | STACK |DRY GAS METER TEWP.| %I |

| [READING  |DELTA P | ACTUAL  DESIRED | TEMP | 1IN QT |[PER POINT|
L T ratenememaana L L L P LT L L e LT LT PN D +
Bl 0| 120.00 | 978,700 | 1.00 |  4.30 4.34 | 67 | 70 67 | 101.3 |
1] 125.00 | 984.400 | 1,20 | 5.16 5.22 | 67 | 73 66 | 95.8 |
2| 130.00 | 990.300 | 1.20 | 5.16 5.24 | 67 | 76 67|  95.4 |
3] 135.00 | 996,200 | 1.20 |  5.16 5.25 | 67 | 78 68 | 96.7 |
B2 0| 140,00 | 1002.200 | 1.20 | 5.16 5.22 | 70 | 78 68 | 92.2 |
1| 145.00 | 1007.900 | 1.20 | 5.16 5.22 | 70 | 78 68 | 100.2 |
2| 150.00 | 1014.100 | 1,20 | 5.16 5.23 | 70 | 79 69| 93.6 |
3] 155.00 | 1019.900 | 1.20 |  5.16 5.23 | 70 | 79 69| 96.8 |
835 0| 160.00 | 1025.900 | 0.95 |  4.08 4.14 | 70 | 80 6|  99.4 |
1] 165.00 | 1031.400 | 0.95 | 4.08 4.16 | 70 | 79 0] 976 |
2 | 170.00 | 1036.800 | 0.97 |  4.17 $.23 | 70 | 79 70| 96.6 |
3| 175.00 | 1042.200 | 0.95 |  4.08 4.15 | 70 | 80 701 95.7 |
B4 4| 180.00 | 1047.500 | 0.35 |  1.50 1.52 | 71| 79 70 | 145.2 |
1] 185.00 | 1052.400 | 0.37 |  1.60 1.61 | 7 | 78 71|  98.0 |
2| 190,00 | 1055.800 | 0.36 | 1.50 1.56 | 71 | 76 0] 99.6 |
3| 195.00 | 1059.200 i 0.36 | 1.50 1.56 | 7| 76 70 | 99.6 |
B5 0| 200.00 | 1062.600 [ 0.37 |  1.60 1.61 | 68 | 75 70 | 98.1 |
1] 205.00 | 1066.000 | 0.40 | 1.72 1.74 | 68 | 75 69 |  83.3 |
2 | 210.00 | 1069.000 | 0.40 | 1.72 1.74 | 68 | 75 69 | 1.1 |
3| 215.00 | 1073.000 | 0.48 | 2.06 2,09 | 68 | 75 69 | 96.4 |
B6 0| 220.00 | 1076.800 | 0.45 | 1.93 1.96 | 68 | 74 68| 97.1 |
1] 225.00 | 1080.500 | 0.42 | 1.80 1.82 | 69 | 7 68 | 103.3 |
2 | 230.00 | 1084.300 |  0.45 |  1.93 1.95 | 70 | 73 68 | 97.4 |
3| 235.00 | 1088.000 | 0.42 | 1.80 1.82 | 70 | 73 67 ]  98.3 |
0 ] 240.00 | 1091.605 | [ 0.00 | | | 0.0 |
A-13



=sssasszs PLANT- Precision Engineering
RUN DATA DATE- December 17,1991
LOCATION- Seattle, Washington
RUN- Outlet 1

[DRY GAS METER TEMP.| %I |

POINT #] TIME [GAS METER |VELOCITY | ORIFICE PRESSURE | STACK

| [READING  [DELTA P | ACTUAL  DESIRED | TEMP | 1IN OUT  [PER POINT|
mmressepmmacanaa thrmmmmmaaaa $oucammnna e LT dmmsameana R Y T T T L ] +
A 1] 0.00] 474.035 ] ©0.83 |  -3.90 3.10 | 80 | 39 38 | 108.8 |
| 5.00 | 479.200 | 0.84 |  4.00 3.16 | 80 | 45 391 108.1 |
| 10.00 | 484.400 | 0.84 | 4.00 3.16 | 83 | 51 40 | 1035 |
A 2| 15.00 | 489.400 | 0.82 ] 3.9 3.09 | 87 | 56 2| 149
| 20.00 | 494,900 | 0.83 | 3.9 3.13 | 89 | 60 4 | 107.5 |
| 25.00 | 500.100 | 0.82| 3.9 3.10 | 91 | 63 46 | 107.8 |
A 3| 30.00| 505.300 | 0.81| 3.8 3.07 | 92 | 66 48 | 106.0 |
| 35.00 ] 510.400 | 0.81] 3.8 3.06 | 95 | 68 50 | 107.9 |
| 40.00 | 515.600 | 0.80 |  3.80 3.02 | 98 | 70 53 | t08.4 |
A 4| 45.00 ] 520.800 | 0.80| 3.8 3.01 | 101 | 71 54 | 106.3 |
| 50.00 | 525.900 | 0.76| 3.60 2.88 | 101 | 3 57 | 108.5 |
| 55.00 | 531.000 | 0.76 | 3.60 2.89 | 100 | 74 58 | 106.1 |
A 5| 60.00] 536.000| 0.72] @ 3.40 2.73 | 102 | 76 59 | 108.9 |
| 65.00 | 541.000 | 0.72 | 3.40 2,74 | 102 | 76 60 | 106.6 |
| 70.00 | 545.900 | 0.72 | 3.40 2.74 | 103 | 77 62 | 130.2 |
A 6] 75.00| 551900 | 0.68| 3.20 2,58 | 107 | 78 64| 849 |
| 80.00| 555.700 | 0.66 | 3.10 2,50 | 107 | 78 65 | 108.7 |
| 85.00 | 560.500 | 0.66 | 3.10 2,50 | 110 | 80 66 | 104.2 |
A 7| 90.00| 565.100 | 0.58 | 2.70 2.20 | 109 | 80 67 | 113.2 ]
| 95.00 | 569,800 | 0.61] 2.80 2.30 | 112 | 80 67 | 108.4 |
| 100.00 | 574.400 | 0.60 | 2.80 2.26 | 113 | 80 68 ] 111.6 |
A 8] 105.00 ] 579,100 | 0.66 | 3.10 2.48 | "7 | 82 69 |  104.3 |
| 110.00 | 583.700 | 0.64 |  3.00 2.41 | 116 | 82 70 ] 14.9 |
| 115.00 | 588.700 | 0.64 | 3.00 2.41 | 16 | a2 71 ] 107.9 |
A 9| 120.00 | 593,400 | 0.66 | 3.10 2.49 | 116 | 83 7] 13.0]
| 125.00 | 598.40 | 0.66| 3.10 2.49 | 17 | 83 72| 9.4 |
| 130.00 | 602.80 | 0.66| 3.10 2.49 | 17 | 83 72| 15.2|
A 10 135.00 | 607.90 | 0.69 |  3.20 2.59 | 119 | 84 2] 106.2 |
| 140.00 | 612,70 | 0.65| 3.08 2.45 | 118 | 85 73] 12044 |
| 145.00 [ 618.00 | 0.65| 3.08 2.47 | 18 | 85 79 103.9 |
A 11] 150.00 | 622,60 | 0.69 | 3.20 2.60 | 120 | 85 74| 108.2 |
| 155.00 | 627.50 | 0.67 | 3.20 2.52 | 120 | 86 h| 1097 |
| 160.00 | 632.40 | 0.66 | 3,10 2,49 | 119 | 86 %] 112.6 |
A 12| 165.00 | 637.40 | 0.69 | 3.20 2.61 | 118 | 85 751 1013 |
| 170.00 | 642.00 | 0.70 | 3.30 2.64 | 119 | 86 75| 1181 |
| 175.00 | 647.40 | 0.67 | 3.20 2.54 | 17 | 86 75| 1140 |
A-14




So=====xc PLANT- Precision Engineering

RUN DATA DATE- December 17,1991

szzoo==ss LOCATION- Seattle, Washington
RUN~- Outlet 1

POINY #] TIME |GAS METER [VELOCITY | ORIFICE PRESSURE | STACK [DRY GAS METER TEMP.|  XI ]

| [READING  [DELTA P | ACTUAL  DESIRED | TEMP | 1IN QUT  |PER POINT|
------- i e R R et T R
B 1] 180.00 | 652.51| 1.10 | 5.20 4.17 | 108 | 3 | 107.2 |
|185.0000 | 658.6000 | 1.2000 | 5.7000 4.60 | 105 | 78 72 ] 109.0 |
|190.0000 | 665.1000 | 1.2000 | 5.7000 4.59 | 108 | 82 73] 112.1 |
B 2 [195.0000 | 671.8000 | 1.1000 | 5.2000 4.23 | 106 | 84 73] 113.0 |
|200.0000 | 678.3000 | 1.0000 | 4.7400 3.86 | 106 | 86 3] 10.9 |
|205.0000 | 684.4000 | 1.0000 | 4.7400 3.85 | 107 | 86 7 | 100.0 |
B 3 |210.0000 | 689.9000 | 0.9300 [ 4.4000 3.57 | 109 | 7% | 113.2 ]
[215.0000 | 695.9000 | 0.9300 | 4.4000 3.58 | 109 | 87 5] 9.1 |
|220.0000 | 701.0000 | 0.9300 | 4.4000 3.58 | 110 | 88 76 | 118.6 |
B 4 |225.0000 | 707.3000 | 0.8200 | 3.9000 3.15 | 110 | 88 76 | 102.1 |
[230.0000 | 712.4000 | 0.8300 | 3.9000 3.20 | 109 | 88 76 | 115.3 |
[235.0000 | 718.2000 | 0.8300 | 3.9000 3.20 | 108 | 88 76| 93.4 |
B 5 |240.0000 | 722.9000 | 0.7400 | 3.5000 2.85 | 10 | 88 78 | 124.0 |
|245.0000 | 728.800 | 0.740 | 3.500 2.84 | 112 | 88 7] 92.7 |
[250.0000 | 733,200 | 0.730 | 3.500 2.79 | 114 | a8 7| 1210 |
8 6 [255.0000 | 738.900 | 0.660 |  3.10 2,51 | 17 | 88 7] 1119 |
| 260.00 | 743,900 | 0.69 |  3.30 2.62 | 18 | 88 7B 113.9]
| 265.00 | 749.100 | 0.69 | 3,30 2.62 | 118 | 87 77 | 107.5 |
B 7| 270.00 | 754.000 | 0.72 | 3.40 2.73 | 119 | 88 7| 118.2 |
| 275,00 | 759.500 | 0.72 |  3.40 2.72 | 120 | 87 77| 101.2 |
| 280.00 | 764,200 | 0.73 |  3.40 2.76 | 120 | 87 | o112 |
B8] 285.00 | 769.400 | 0.73| 3.40 2.76 | 120 | 87 7 | 109.0 |
| 290.00 | 774.500 | 0.75 | © 3.60 ‘2.84.]. . 120 | 88 78 | 101.1 |
| 295.00 | 779.300 | 0.74 |  3.50 2.79 | 121 | 87 7] 119.0 |
B 9| 300.00 | 784.900 | 0.76 | 3.60 2.87 | 121 | 88 78 | 108.9 |
[305.0000 | 790.100 | 0.75 | 3.60 2,84 | 120 | 88 78 | 103.2 |
[310.0000 | 795.000 | 0.75 | 3.60 2.8 | 119 | as 78| 122.1 |
B 10[315.0000 | 800.800 | 0.73 | 3.50 2,77 | 19 | 88 78 | 108.8 |
[320.0000 | 805.900 | 0.73 | 3.50 2.77 | 118 | 87 78| 106.6 |
I325.0000 | 810.900 | 0.74 | 3,50 2.81 | 118 | 87 77| 112.4 |
8 11]330.0000 | 816.200 | 0.74 |  3.50 2.80 | 119 | 87 78| 110.2 |
[335.0000 | 821.400 | 0.73 | 3.50 2.76 | 119 | 87 7| 1|
[340.0000 | 826.600 | 0.74 |  3.50 2.80 | 119 | 86 7] 1104 |
B 12|345.0000 | 831.800 { 0.78 | 3.70 2.95 | 120 | 86 7| 109.8 |
I350.0000 | 837.100 | 0.80 | 3.80 3.03 | 119 | 86 77| 11044 |
[355.0000 | 842,500 | 0.81 | 3,80 3.07 | 119 | 86 78 | 110.0 |
|360.0000 | 847.922 | | 0.00 | | | 0.0 |
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=m===so=z PLANT- Precision Engineering

RUN DATA DATE- December 18,1991

Sz===ssco LOCATION- Seattle, Washington
RUN- outlet 2

POINT #| TIME |GAS METER |VELOCITY | ORIFICE PRESSURE | STACK [ORY GAS METER TEMP.[ %1 |

| |READING  [DELTA P | ACTUAL  DESIRED | TEMP | N QUT  |PER POINT|
R e L L L] +edmmmmmatti s manaa Frmmremaaa AR i L LT 2 +
A 1] 0,00 848.068 | -0.72 | 3.08 2.84 | 67 56 55 | 103.7 |
1] 5.00] 82900 0.73] 3.0  2.87 | 71 58 5 | 94.0 |
A 2| 10.00 | 857.300 | 0.82] 3.50 3.24 | 70 | 62 55 | 114.4 |
2| 15.00 | 863.000 | 0.83 | 3.60 3.29 | 7 | 66 56 |  97.4 |
A 3| 2000 867,900 | 0.81] 3.50 3.22 | 72 | 69 58 |  106.2 |
3] =2s5.00} 875.200 | 0.81| 3.50 3.24 | 70 | n 58 | 101.8 |
A 4] 30,00 | 878.300 | 0.79 | 3.40 3.15 | 73| 3 60 |  100.9 |
4| 35.00| 883.300 | 0.79] 3.40 3.17 | 71 75 60 | 106.6 |
5| 40.00 | 888.600 | 0.75| 3.20 3.03 | 70 | 7 62| 98.6 |
5| 45.00 | 893.400 | 0.74 ] 3.20 2,99 | 71 | 7% 64 | 103.1 ]
A 6] 50.00 | 898.400 | 0.68 | 2.9 2.76 | 70 | 81 65 | 102.8 |
6| 55.00| 903.200 | o0.68] 2.90 2.75 | 72 | 80 67 | 98.6 |
A 7] 60.00] 907.800 | 0.68 | 2.90 2,77 | 7 83 68 | 104.5 |
7| &5.00 912.700 | 0.68 | 2.90 2.76 | 73| 83 69| 102.5 |
A 8| 70,00 917,500 | 0.57 | 2.40 2.32 | 72 | 84 70 | 102.2 |
8| 75.00| 921.900 | o0.64 | 2.70 2.60 | 73 a3 7] 98.8 |
A 9| 80.00 | 926.400 | 0.66 | 2.80 2,69 | 73| 8 2] 69|
9| 85.00 | 929.600 | 0.66 | 2.80 2,69 | 73 | 84 72| 144.6 |
A 10] 90.00 | 936.300 | 0.68 | 2.90 2.78 | 74 | 87 74| 95.4 |
10| 95.00 | 940.800 | 0.68 | 2.90 2.78 | 74 | 87 ] 995 |
A 11| 100.00 | 945.500 | 0.72 | 3.10 2,95 | 7% | 88 75| 102.8 |
11| 105.00 | 950.500 | 0.76 | 3.30 3.92 | 73| 88 76 | 103.9 |
A 12] 110.00 | 955.700 | 0.75 |  3.20 3.07 | 75 | aa 76 | 102.8 |
12| 115.00 | 960.800 | 0.75 |  3.20 3.07 | 76 | 88 9| 98.6 | .
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==e=zzoos PLANT- Precision Engineering
RUN DATA DATE- December 18,1991
S=====sss LOCATION- Seattle, Washington
RUN- outlet 2
POINT #| TIME |GAS METER [VELOCITY | ORIFICE PRESSURE | STACK |DRY GAS METER TEMP.] %I
| [READING  |[DELTA P | ACTUAL  DESIRED | TEMP | IN OUT  |PER POINT|
e A L R e L L L R L L L +
B 1] 120.00 | 965.700 | 0.75 | 3.20 3.10 | 70 | 88 76 | 80.2 |
1] 125.00 ] 969.700 | 0.75 | 3.20 3.07 | 70 | 78 71 90|
B 2] 130.00 ] 974.200 | 1.10 | 4.70 4.49 | 70 | 78 73] B82S |
2| 135.00 | 979.100 | 1.10 |  4.70 4.50 | 71| 82 | 97.3 |
B 3| 140.00 | 984,900 | 0.89 | 3.80 3.65 | 7 | 85 W] 105.7 |
3| 145.00 | 990.600 | 0.92 | 4.00 3.76 | 74 | 87 6] 804 |
B 4] 150,00 | 995.000 | 0.79 | - 3.40 3.23 | 73 | 85 74 | 108.4 |
4| 155.00 | 1000.500 | 0.81 | 3.50 3.31 | 73| 85 75 | 105.0 |
B 5| 160.00 | 1005.900 | 0.70 |  3.00 2.86 | 73 | 85 7% | 98.3 |
5| 165.00 | 1070.600 | 0.72 | 3.00 2.95 | 73| 85 75 e |
B 6] 170.00 | 1016.000 | 0.67 | 2,90 2.7 | 74 | 85 75| 85.5 |
6| 175.00 | 1020.000 | 0.67 | 2.0 2.74 | 74 | 86 76 | 100.2 |
B 7| 180.00 | 1024.700 | 0.65 | 2.80 2.66 | 76 | 86 5| 9.7
7| 185.00 | 1029.300 | 0.72 | 3.00 2,95 | 73 | 86 7% ] 98.7 |
B 8| 190.00 | 1034.100 | 0.72 | 3.00 2.95 | 74 | 86 7% | 96.7 |
8| 195.00 | 1038.800 | 0.68 |  2.90 2.78 | 7% | 86 76| 101.6 |
B 9| 200.00 | 1043.600 | 0.68 | 2.9 2.78 | 7% | 87 7%6 ] 97.3 |
9| 205.00 | 1048.200 | 0.68 |  2.90 2.78 | 7 | 87 76| 973 |
8 10| 210.00 | 1052.800 |. 0.80 | 3.40 3.27 | 74 | 86 76| 115.3 |
10] 215.00 | 1058.700 | 0.80 |  3.40 3.29 | 72 | 87 7| 85.7 |
B 11| 220.00 | 1063.100 | 0.80 |  3.40 3.29 | 72 | 88 7| 973 |
11| 225.00 | 1068.100 | .0.79 | 3.40 3.25 | 73| 88 T 9.9
B 12| 230.00 | 1073.200 | 0.79 | 3.40 3.2 | 72 | 88 78| 97.8 |
12] 235.00 | 1078.200 | 0.79 | 3.40 3.25 | 72 | 85 7] 105.0 |
0 | 240.00 | 1083.555 | | 0.00 | | | 0.0 |
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POINT #]
I
A1
1]
A2
2|
A3
3|
A 4|
4 |
A S|
5
A 6|
6 |
A7
7|
A 8|
8 |
A9
9 |
A 10]
10]

A 1
1]

A 12
12|

RUN DATA

i b

TIME

|READING

5.00
10.00
15.00
20.00
25.00
30.00
35.00
40.00
45.00

100.00
105.00

115.00 |

98,700
103.800
108.900
113.900
119.000
124.200
129.400
133.900
139.100
144.200
148.900
153.600
158.300
163.500
167.900
172.500
177.400
181.900
187.300
191.700
196.400

PLANT~
DATE-

LOCATION- Seattle, Washington

RUN-

DELTA P

Precision Engineering

December 19,1991

Outlet 3

ACTUAL

|GAS METER |VELOCITY | ORIFICE PRESSURE
DESIRED |

| STACK  [DRY GAS METER TEMP.| %I
TEMP | N OUT  |PER POINT|
------------------- R L T T T A S
| 70 | 43 43 ] 1023 |
| 70 | 50 45 | 106.1 |
| 7| 56 48|  95.3 |
| 7 60 48 | 100.4 |
| 71| 64 50 | 102.1 |
| 7| 67 52| 98.4 |
| 72 | 69 53] 101.4 |
| 72 | 71 55 | 103.0 |
| 72 | 72 57 | 103.3 |
I 72 | 75 59 | 88.9 |
| 70 | 76 60 | 104.2 |
| 70 | 77 62 | 1001 |
| 7| 78 64 | 96.8 |
| 7| 79 6|  99.9 |
| 7| 79 66 | 98.4 |
I 7| 80 67| 108.7 |
| 72 | 80 68 1 914 |
| 72 | 82 69| 972
| 72 | 82 70 | 103.4 |
| 72 | 83 Nl 9.8 |
| 72 | 83 71| 113.8 ]
| 72| 84 72| 92,5 |
| 72 | 85 | 97.4 |
| 72 | 85 73] 1015 |
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==zzzo=zz PLANT-  Precision Engineering

RUN DATA DATE- December 19,1991
ss=====o= LOCATION- Seattle, Washington
RUN- Outlet 3

POINT #| TIME |GAS METER |VELOCITY | ORIFICE PRESSURE |
[READING  [DELTA P | ACTUAL  DESIRED |

l I

------- e e L L L T T T T T T T PP
B 1] 120.00 | 201.300 | 1.00 |  4.30 6.07 |
1| 125.00 | 207.000 | 1.00 | 4.30 4.09 |

B 2] 130.00 | 213.000 | . 1.10 ]| 4.70 4.51 |
2| 135.00 | 218.400 | 1.10 | 470 T 4.52 |

B 3| 140.00 | 224.600 | 0.92] 3.95 3.78 |
3| 145.00 ] 229.800 | 0.96 | 4.10 3.95 |

B 4] 150,00 | 235.500 | 0.85| 3.60 3.50 |
4 | 155.00 | 240,500 | 0.85 | 3.60 3.50 |

B 5| 160.00 | 245.500 | 0.84 | 3.0 3.646 |
5| 165.00 | 251.700 | 0.81 | 3.40 3.34 |

B 6| 170.00 | 255.800 | 0.80 | 3.40 3.30 |
6| 175.00 | 260.000 | 0.80 ] 3.40 3.30 |

B 7] 180.00 | 266.000 | 0.80 ] 3.40 3.30 |
7| 185.00 | 270500 | 0.76 | 3.20 3.4 |

B 8| 19000 | 275.700 | 0.78 | 3.30 3.22 |
8| 195.00 | 280.500 | 0.82 | 3.50 3.38 |

B 9| 200.00 | 285.700 | 0.82 | 3.50 3.38 |
9 | 205.00 | 290.400 | o0.82 ] 3.50 3.38 |

B 10| 210.00 | 295.600 | 0.77 | 3.30 3.18 |
10| 215.00 | 300.300 | 0.77 | 3.30 3.18 |

B 11| 220.00 | 305.900 | 0.76 ] 3.26 3.13 |
11] 225.00 | 310.500 | 0.73 | 3.13 3.01 |

B 12| 230.00 | 314.900 | 0.73| 3.13 3.01 |
12] 235.00 | 319.900 | 0.74 | 3.18 3.05 |

0| 240.00 | 324.891 | | 0.00 |
A-19

[DRY GAS METER TEMP.| %I

| 1IN OUT  [PER POINT|

------------------- Frmmmmmanag
75 73| 102.1
81 | 6.9
84 Bl 9
86 7% | 104.8
86 7% | 95.9
86 75| 102.9
87 75| 95.7
87 5| 95.7
87 76| 119.3
87 76 | 80.3
87 76| 82.8
a7 76| 118.2
87 76|  88.7
87 77 ] 105.0
a7 7] 95.7
87 | 101.9
87 7| 9.4
87 77| 101.1
a7 77| 9.3
87 ] 123
8 77| 93.0
86 7| 9.7
85 7] 103.2
85 76 | 102.4

| 0.0



PLANT-  Precision Engineering

INITIAL DATA VALUES DATE- December 17,1991 CALCULATED VALUES
LOCATION-Seattle, Washington
_ RUN- Inlet 11 Total cr

[DIA. OF STACK OR CROSS SECTION | Milligrams/Dry std. Cubic Meter =  0.3081

| 24.0000 IN, OR  0.0000 L ©.0000 W IN. | |
| | Grains/bry std. Cubic Ft. = 1.356-04 |
|cATCH | |
| FRONT HALF 3029.0000 ug. | Lbs./Hour =  1.027e-02 Kilograms/Hour = 4.660E-03 |
| BACK HALF 0.0000 ug, | |
| ToTaL 3029.0000 ug. | AFcM DSCFM |
| | 9570.39 8900.62 |
[ | |
[BAROMETRIC PRESSURE Pbar Ym METER CORRECTION FACTOR | VW gas Vm Std. STACK GAS PRESSURE Ps ]
| 30.01 in. Hg 0.9780 | 3.4298 CF  347.1318 CF 29.6129 in. HOH ]
| | I
|STACK STATIC PRESSURE Pst NET TIME OF TEST Tt | TRUE % M AVE. DELTA P MWd MOL WT. OF STACK GAS i
| +5.40 in. HOM 360 min. | 0.9784 0.7747 in. HOH  28.9520 |
| | [
|ESTIMATED % MOISTURE PITOT COEFFICIENT | wd AVE. DELTA H AVE. SQRT DELTA P ]
| 1.0 . 0.84 | 0.9900 3.65 in. HOH  20.6629 |
| | : |
|pIA. OF NozZzLE VW TOTAL H20 COLLECTED | Buws(est) AVE. Ts PER CENT ISOKINETIC %I |
| 0.2480 in. 72.82 ml | 0.0100 9 F 101.5190 |
| | ' |
|METER DELTA Ha Np # OF POINTS | vm TOTAL AVE. Tm Vs STACK GAS VELOCITY |
| 1.8900 in., HOH 72 | 350.6830 cF 68 F 50.7725 f/s |
[ I |
|%co2 %02 %N2 | MW MOL. WT. OF STACK GAS WET= 28,8425 |
| 0.70 21.00 78.30 | |
T R, R, S Am et meiimmemeeaeesceeemenn ermmeiemmemeceeeaneoan |
I |
| Il LEAK cuECK || |
| [
I |
| GAS METER READING |
| START | STOP | COMENTS |
l ---------------------------- L Lt T T Y PUN IR e e e ceedeceeecccmeadcnaaa |
| 1 0.0000 | 0.0000 | BF29 = # of Points Read in Spreadsheet |
| 2 0.0000 | 0.0000 | 12 Traverse Points used at Inlet 1 |
| 3 0.0000 | 0.0000 | |
| 4 0.0000 | 0.0000 | |
| 5 0.0000 | 0.0000 | |
| |
| i
I !
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PLANT-  Precision Engineering

INITIAL DATA VALUES DATE-  December 17,1991 CALCULATED VALUES
LOCATION-Seattle, Washington
RUN-  Intet 1-1 Total Cr(VI)

|DIA. OF STACK OR CROSS SECTION | Milligrams/Dry Std. Cubic Meter =  0,2939 I
| 24.0000 IN. OR  0.0000 L 0.0000 W IN, | |
| | Grains/Dry Std. Cubic Ft, = 1.28E-04 [
|CATCH | |
| FRONT HALF 2889.0000 ug. | Lbs./Hour =  9.7996-03 Kilograms/Hour = 4.445E-03 |
| BACK HALF 0.0000 ug. | |
| ToTAL 2889.0000 ug. | AFcM DSCFM |
| | 9570.39 8901.44 |
| | |
|BAROMETRIC PRESSURE Pbar Ym METER CORRECTION FACTOR | Vw gas Vm std. STACK GAS PRESSURE Ps |
|  30.01 in. Hy 0.9780 | 3.4298 CF  347.1318 CF 29.6129 in. HOH |
| I |
|STACK STATIC PRESSURE Pst  NET TIME OF TEST Tt | TRUE % M AVE, DELTA P MWd MOL WT. OF STACK GAS |
| =-5.40 in. HoW 360 min. |  0.9784 0.7747 in, HOH  28.9520 |
| | |
|ESTIMATED % MOISTURE PITOT COEFFICIENT | Md AVE, DELTA H AVE. SORT DELTA P

| 1.0 0.84 | 0.9900 3.65 in. HOH  20.6629 |
I I [
[DIA. OF NOZ2LE Vw TOTAL H20 COLLECTED | Bus(est) AVE. Ts PER CENT ISOKINETIC %I ]
| 0.2480 in. 72.82 ml | 0.0100 9 F 101.5095 |
| | I
|METER DELTA Ha Np # OF POINTS | vm TOTAL AVE. Tm Vs STACK GAS VELOCITY ]
| 1.8900 in. HoH 72 | 350.6830 cF 68 F 50.7725 f/s |
[ I |
|%coz2 %2 N2 | MW MOL. WT. OF STACK GAS WET= 28.8425 ]
| 0.70 21.00 78.30 | |
oo e |
I I
] || LEAK cHECK || |
| I
I |
| GAS METER READING |
| START | STOP | COMENTS |
R L L L LT T T T rreppappp, e eeecderseemceaccicnsrssseeaa |
| 1 0.0000 | 0.0000 | BF29 = # of Points Read in Spreadsheet |
| 2 0.0000 | 0,0000 | 12 Traverse Points used at Inlet 1 |
| 3 0.0000 |~ - 00000 . | |
| 4 0.0000 | 0.0000 | |
| 5 0.0000 | 0.0000 | |
| |
| |
I I
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INITIAL DATA VALUES

|pIA. OF STACK OR
| 24.0000 IN. OR

CROSS

PLANT-
DATE-

Precision Engineering
December 17,1991

LOCATION-Seattle, Washington

RUN-

SECTION

0.0000 L 0.0000 W IN.

jcaTeH

| FRONT HALF 1834.0000 ug.
BACK HALF 0.0000 uy.
TOTAL 1834.0000 ug,

|BAROMETRIC PRESSURE Pbar

|  29.69 in. Hg

|STACK STATIC PRESSURE Pst

| =-6.00 in. HOM

|

|ESTIMATED % MOISTURE
] 1.1

[

|pIA. OF NOZZLE

| 0.2480 in.

|

|METER DELTA Ha

| 1.8900 in. HoOH

|| LEAK cH

ECK ||

1 0.0000
2 0.0000
3 0.0000
4 0.0000
5 0.0000

GAS METE

Ym METER CORRECTION FACTOR

0.9780

NET TIME OF TEST Tt
240 min.

PITOT COEFFICIENT
0.84

Vw TOTAL H20 COLLECTED
54.70 ml

Np # OF POINTS
48

R READING

0.,0000
0.0000
0.0000
0.0000
0.0000

Milligrams/Dry Std. Cubic Meter =

Grains/Dry Std. Cubic Ft. =

Lbs./Hour = 9.568E-03
AFCM DSCFM
9148.13 8830.28
VW gas vm Std.
2.5764 CF 223.8736 CF

|

|

|

I

|

|

|

|

|

I

|

|

| TRUE % M AVE, DELTA P

] 1.1377 0.7433 in. HOH
I
I
|
[
|
I
|
I
I
I
|
|

Md AVE. DELTA H
0.9890 3.20 in. HOH
Bus(est) AVE. Ts
0.0110 69 F
v TOTAL AVE, Tm
229.8840 CF 70 F

| COMENTS

CALCULATED VALUES

0.2893

1.26E-04

Kilograms/Hour =

STACK GAS PRESSURE Ps
29.2488 in. HOH

MWd MOL WT. OF STACK GAS
28.9520

AVE. SQRT DELTA P
19.6257

PER CENT ISOKINETIC %I
98.9903

Vs STACK GAS VELOCITY
48.5323 f/s

| BF29 = # of Points Read in Spreadsheet

| 12 Traverse Points used at Inlet 1
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INITIAL DATA VALUES

PLANT-
DATE-

Precision Engineering
December 18,1991

LOCATION-Seattle, Washington

Inlet 1-2 Total Ct(VI)

CALCULATED VALUES

|DIA. OF STACK OR
| 24.0000 IN. OR

CATCH

FRONT HALF
BACK HALF

TOTAL

CROSS

SECTION

0.0000 L 0.0000 W IN.

1774.0000 ug.
0.0000 ug.

1774.0000

|BAROMETRIC PRESSURE Pbar
29.69 in. Hg

|STACK STATIC PRESSURE Pst
-6.00 in, HOH

|ESTIMATED % MOISTURE

1.1

[DIA. OF NOZZLE
0.2480 in.

[METER DELTA Ha

ug.

Ym METER CORRECTION FACTOR

0.9780

NET TIME OF TEST Tt

240 min.

PITOT COEFFICIENT
0.84

Vu. TOTAL H20 COLLECTED

54.70 ml

Np # OF POINTS

v

| Milligrams/Dry Std. Cubic Meter =
I

| Grains/Dry Std. Cubiec Ft. =

I

| lbs./Hour =  9.255E-03

l

| AFCM DSCFM

| 9148.13 8530,28

|

| Vw gas Vm Std.

| 2.5764 CF  223.8736 CF

I

| TRUE % M AVE. DELTA P

| 1377 0.7433 in, HOH
I

| Md AVE. DELTA H

|  0.9890 3.20 in. HOM
I

| Buws(est) AVE. Ts

| - 0.0110 69 F

I

| vm TOTAL AVE. Tm

| 229.8840 CF 70 F

|

| M4 MOL. WT. OF STACK GAS WET=

|

1.226-04

Kilograms/Hour = 4.198€-03

STACK GAS PRESSURE Ps
29.2488 in. HOH

MwWd MOL WT. OF STACK GAS
28.9520

AVE. SORT DELTA P
19.6257

PER CENT ISOKINETIC %I
98.9903

vs STACK GAS VELOCITY
48.5323 /s

28.8315

L]
[l
[l
1
1
1
1
1
13
]
]
]
]
]
]
L
[l
L]
1
1
1
b
]
.
]
L
.
]
]
]
1
1
]
]
1
]
[
]
[l
]
1
]
]
1
1
1
b
]
»
]
]
]
L
[]
[}
1
1
1
]
]
]
]
]
]
1
[]
1
]
]
1
1
1
»
]
]
]
.
[}
[]
[]
1
1
.
]
]
]
]
]
]
]
[l
1
L
]
]
]
]
]
]
1
[]
1
1
»
]
]
]
]
]
[l
[l
1
1
»
»
]
]
]
1
1
[

1.8900 in. HOM 48
%co2 %02 %N2
0.70 21.00 78.30
[{ LEAK cHECK |]
GAS METER READING
START | STOP
T L T T T T R +
1 0.0000 ] 0.0000
2 0.0000 | 0.0000
3 0.0000 | 0.0000
4 0.0000 | 0.0000
5 0.0000 | 0.0000

| COMENTS

| BF29 = # of Points Read in Spreadsheet

| 12 Traverse Points used at Inlet 1
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INITIAL DATA VALUES

|DIA. OF STACK OR

PLANT- Precision Engineering
DATE- December 17,1991
LOCATION-Seattle, Washington
Intet 1-3 Total Cr

CROSS SECTION

CALCULATED VALUES

1.976-04

Kilograms/Hour = 7.501E-03

STACK GAS PRESSURE Ps
30.0409 in. HOH

MWd MOL WT. OF STACK GAS
28.9520

AVE. SORT DELTA P
21.5782

PER CENT ISOKINETIC %I
93.3233

Vs STACK GAS VELOCITY
52.6627 f/s

28.8206

I

| 26.0000 IN. OR  0.0000 L 0.0000 ¥ IN. |

| | Grains/Dry Std. Cubic Ft. =

| cATCH |

| FRONT HALF 2988.0000 ug. | Lbs./Hour = 1.654E-02

| BACK HALF 0.0000 ug. |

| TOTAL 2988.0000 ug. | AFcM DSCFM

| | 9926.68 9810.05

| I

|BAROMETRIC PRESSURE Pbar Ym METER CORRECTION FACTOR | Vw gas vm 5td.

| 30.46 in. Hg 0.9780 | 2.8707 CF  234.4752 CF

I I

|STACK STATIC PRESSURE Pst  NET TIME OF TEST Tt | TRUE % M AVE. DELTA P

| -5.70 in. HOH 260 min. ] 1.2095 0.8802 in. HOH

I I

|ESTIMATED % MOISTURE PITOT COEFFICIENT ] Md AVE. DELTA H

| 1.2 0.84 |  0.9880 3.75 in. HOM

| I

|DIA. OF NOZZLE VW TOTAL H20 COLLECTED | Bus(est) AVE. Ts

| 0.2480 in. 60.95 ml | 0.0120 70 F

I I

|METER DELTA H@ Np # OF POINTS | Vm TOTAL AVE. Tm

| 1.8900 in. HOH 48 | 233.5970 CF 68 F

I I

|%co2 %02 N2 | Mw MOL. WT. OF STACK GAS WET=

| 0.70 21.00 78.30 ]

|oemnnnen- eammcmcenn R EEEEERRRSEEP PR PP EEERERERPETER LR LS vammecemiemmsaeeeanns

|

| || LEAK CHECK ||

I

|

| GAS METER READING

| START ] STOP | COMENTS

I----~ ----------------------- e L L L T feemwmsasammmvr-ramemew-masss=mr-ans
1 0.0000 | 0.0000 | BF29 = # of Points in Spreadsheet
20,0000 | 0.0000 | 12 Traverse Points used at Inlet 1
3 0.0000 | 0.0000 |
4 0.0000 | 0.0000 |
5 0.0000 | |

0.0000
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' PLANT- Precision Engineering
INITIAL DATA VALUES DATE-  December 19,1991 CALCULATED VALUES
l LOCATION-Seattle, Washington
RUN- Inlet 1-3 Total Ct(VI)
|DIA. OF STACK OR CROSS SECTION | Milligrams/bry Std. Cubic Meter = 0. 4354
I | 24.0000 IN. OR  0.0000 L 0.0000 W IN. |
| | Grains/bry std. Cubic Ft. = 1.90E-04
|CATCH |
. | FRONT HALF 2891.0000 ug. | Lbs./Hour =  1.600E-02 Kilograms/Hour = 7.257€-03
| BACK HALF 0,0000 ug. |
| TOTAL 2891.0000 ug. | AFCM DSCFM
' [ | 9926.68 9810.05
| |
|BAROMETRIC PRESSURE Pbar Ym METER CORRECTION FACTOR | Vw gas vm Std. STACK GAS PRESSURE Ps
I | 30.46 in. Hg 0.9780 ] 2.8707 cF 234.4752 CF 30.0409 in. HOH
| |
[STACK STATIC PRESSURE Pst  NET TIME OF TEST Tt | TRUE % M AVE. DELTA P MuWd MOL WT. OF STACK GAS
' | -5.70 in. HOH 240 min. | 1.2095 0.8802 in. HOH  28.9520
| I
' |ESTIMATED % MOISTURE PITOT COEFFICIENT | Md AVE. DELTA H AVE. SORT DELTA P
| 1.2 0.84 | 0.9880 3.75 in. HOH  21.5782
| |
' |D1A. OF NOZZLE VW TOTAL H20 COLLECTED | Bus(est) AVE. Ts PER CENT ISOKINETIC %I
| 0.2480 in. 60.95 ml - ] 0.0120 70 F 93.3233
| |
' |METER DELTA Ha Np # OF POINTS | vm TOTAL AVE. Tm Vs STACK GAS VELOCITY
| 1.8900 in. HOH 48 | 233.5970 CF 68 F 52.6627 f/s
| |
' |%co2 %02 2 | MW MOL. WT. OF STACK GAS WET= 28.8206
| 0.70 21.00 78.30 ]
|---- ---------------- [ e ieieee—amemmesmsssmeEETo—AmmmEmTmeeemsse--ssEeEw-eesess-—asssmo-SsSse--ssssETso—sSsscmosSSmooooSS
|
' | [| LEAK cHEck ||
I
I
' ] GAS METER READING
| START | STOP | COMENTS
|=emmmm==- R L L LT fumn-cmessermmsssmsmso-asseeo. 4ecmemmmsimmmmrocessmmmmsasme-sas=er
I | 1 0.0000 | 0.0000 | BF29 = # of Points in Spreadsheet
| 2 0.0000 | 0.0000 | 12 Traverse Points used at Inlet 1
| 3 0.0000 | 0.0000 |
| 4 0.0000 | 0.0000 |
' | 5 0.0000 | 0.0000 i
|
|
l |
l A-25




INITIAL DATA VALUES

RUN- Inlet 2-1 Total Cr

|[DIA. OF STACK OR CROSS SECTION | Milligrams/Dry Std. Cubic Meter = 0.1511
] 18.0000 IN. OR 0.0000 L 0.0000 W IN. |
| | Grains/Dry Std. Cubic Ft, = 6.60E-05
|CATEN |
| FRONT HALF 1573.0000 ug. | Lbs./Hour =  2.933E-03 Kilograms/Hour = 1.331E-03
| BACK HALF 0.0000 ug. ]
| TOTAL 1573.0000 ug. | AFcM DSCFM
| | 5528.38 5183.08
| |
|BARGMETRIC PRESSURE Pbar Ym METER CORRECTION FACTOR | Vw gas Vm Std. STACK GAS PRESSURE Ps
] 30.01 in. Hg 0.9790 | 2.6977 CF 367.6283 CF 29.5909 in. HOH
I |
[STACK STATIC PRESSURE Pst  NET TIME OF TEST Tt | TRUE % W AVE. DELTA P MWd MOL WT. OF STACK GAS
| -5.70 in. HOW 360 min. ] 0.6748 0.8414 in. HOH 28.9520
I I
|ESTIMATED % MOISTURE PITOT COEFFICIENT | Md AVE. DELTA H AVE, SORT DELTA P
] 0.7 0.84 | 0.9930 3.98 in. HOH 21.2238
I I
|DIA. OF NOZZLE VW TOTAL K20 COLLECTED | Bus(est) AVE. Ts PER CENT ISOKINETIC XI
| 0.2490 in, 53.03 ml | 0.0070 93 F 103.0199
| I
|METER DELTA Ha Np # OF POINTS | vm TOTAL AVE. Tm Vs STACK GAS VELOCITY
| 1.9470 in. HOH T2 | 369.6190 CF 66 F 52.1404 f/=
| | '
| %c02 %02 N2 | MJ MOL. WT. OF STACK GAS WET= 28.8753
| o.70 21.00 78.30 I
[ememmmemr e T eemmeemeeee—sessseesmeesm-ssmamssssr=oesssss-es veemmammmeevmsaaaenan
|
| || LEAK CHECK ||
I
I
| GAS METER READING
| START | STOP ] COMENTS
l ----------- ssemsmmmme——— weajmmmmmmmwr—iiassssssssee-csas feemewr-cr-ssssssssmswr-scsmzEmEEET -

1 0.0000 | 0.0000 | BF29 = # of Points Read in Spreadsheet

2 0.0000 | 0.0000 | 12 Traverse Points at Inlet 2

3 0.0000 | 0.0000 |

4 0.0000 | 0.0000 |

5 0.0000 | 0.0000 |

PLANT- Precicion Engineering
DATE- December 18,1991
LOCATION-Seattle, Washington

A-26
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' PLANT-  Precicion Engineering
INITIAL DATA VALUES DATE-  December 17,1991 CALCULATED VALUES
' LOCATION-Seattle, Washington
RUN- Inlet 2-1 Total Cr(VI)
|DIA. OF STACK OR CROSS SECTION | Milligrams/Ory Std. Cubic Meter = 0.1526
' | 18.0000 IN. OR  0,0000 L 0.0000 W IN. |
| | Grains/bry std. Cubic Ft. = 6.67E-05
|cATCH ]
' | FRONT HALF 1589.0000 ug. | Lbs./Hour =  2.963E-03 Kilograms/Hour = 1.344E-03
| BACK HALF 0.0000 ug. |
| ToTAL 1589.0000 ug. | AFCM DSCFM
' I | s5528.38 5183.08
| |
|BAROMETRIC PRESSURE Pbar . Ym METER CORRECTION FACTOR | Vw gas vm Std. STACK GAS PRESSURE Ps
' | 30.01 in. Hg 0.9790 |  2.4977 CF 367.6283 CF 29.5909 in. HOH
I |
|STACK STATIC PRESSURE Pst  NET TIME OF TEST Tt | TRUE % M AVE. DELTA P MWd MOL WT. OF STACK GAS
| -5.70 in. HOH 360 min. | 0.6748 0.8414 in. HOH  28.9520
I |
' |ESTIMATED % MOISTURE PITOT COEFFICIENT | mud AVE. DELTA H AVE. SORT DELTA P
| 0.7 0.84 |  0.9930 3.98 in. HOH 21,2238
| |
' [DIA. OF NOZZLE Vw TOTAL H20 COLLECTED | Bus(est) AVE. Ts PER CENT ISOKINETIC %I
| 0.2490 in. 53.03 ml ]  0.0070 93 F 103.0199
| |
' |METER DELTA Ha Np # OF POINTS | vm TOTAL AVE. Tm Vs STACK GAS VELOCITY
| 1.9470 in. HOM 72 | 369.6190 CF 66 F 52.1404 f/s
| | .
l |%co2 %02 N2 | MW MOL. WT. OF STACK GAS WET= 28.8753
| o.70 21.00 78.30 |
l ..................................................................................... smassmmmmsmmmrE.. i
I _
l | || LEAK cHECK ||
I
|
l | GAS METER READING
| START | STOP | COMENTS
[-emmmmmmeme e T s 4eccacasscmccsssessror-ssiasamsm=sen= |
l [ 0.0000 | 0.0000 | BF29 = # of Points Read in Spreadsheet |
| 2 0.0000 | 0.0000 | 12 Traverse Points at Inlet 2 |
| 3 0.0000 | 0.0000 | |
| 4 0.0000 | 0.0000 | |
I | 5 0.0000 | 0.0000 | |
| I
I I
l I |
l A"27



INITIAL DATA VALUES

| 18.0000 IN. oOR

CROSS SECTION

0.0000 L 0.0000 W IN,

|caTeH
| FRONT HALF 894.0000 ug.
BACK HALF 0.0000 ug.

|
| TOTAL 894.0000 ug.
| .
[

|BAROMETRIC PRESSURE P
| 29.69 in. Hg

|STACK STATIC PRESSURE Pst

| =5.50 in. HOM

|

|ESTIMATED % MOISTURE
| 0.6

|

|DIA. OF NO2ZLE

| 0.2490 in.

|

|METER DELTA Ha

| 1.9470 in. HoW

bar Ym METER CORRECTION FACTOR

0.9790

NET TIME OF TEST Tt

240 min.

PITOT COEFFICIENT

0.84

Vu TOTAL H20 COLLECTED
30.30 ml

Np # OF POINTS

48

|l LEAK cH

ECK |]

1 0.0000
2 0.0000
3 0.0000
4 0.0000
3 0.0000

GAS METER READING

0.0000
0.0000
0.0000
0.0000

.0.0000

PLANT-
DATE-

Precision Engineering
December 18,1991

LOCATION-Seattle, Washington

RUN- Inlet 2-2

Grains/Dry Std. Cubic Ft. =

Lbs./Hour =

AFCH
5516.07

VW gas
1.4271 cF
0.6501

Md
0.9940

Bws(est)
0.0060

Vm TOTAL

|

|

|

|

|

I

I

|

|

|

[

|

| TRUE % M
I

|

|

|

|

|

|

I

I

| 224.4910 cF
I
|
I

| BF29 = # ofPoints in Spreadsheet
| 12 Traverse Points used at Inlet 2

A-28

Total Cr

2.901E-03

DSCFM
5350.26

vm Std.

218.0996 CF

AVE. DELTA P
0.8702 in. HOH

AVE. DELTA H
3.74 in. HOW

AVE. Ts
70 F

AVE. Tm
F

COMENTS

CALCULATED VALUES

6.33e-05

Kilograms/Hour = 1,316E-03

STACK GAS PRESSURE Ps
29,2856 in. HOH

MWd MOL WT. OF STACK GAS
28.9520

AVE. SQRT DELTA P
21.0710

PER CENT ISOKINETIC %I
88.8119 |

Vs STACK GAS VELOCITY
52.0243 f/s

:




INITIAL DATA VALUES

L N L L Y R e R rerm TR rETREEE TR TFEsCEEASSEEAEEEAEEA N T EEEEE SRS EEEEEEEESEEEEEESETATEETETEREETETW

CROSS SECTION

[DIA. OF STACK OR

| 18.0000 IN. OR  0.0000

I

|CATCH

| FRONT HALF 770.0000
BACK HALF 0.0000
TOTAL 770.0000

BAROMETRIC PRESSURE Pbar
29.69 in. Hg

[STACK STATIC PRESSURE Pst
| -5.50 in. HoH

[

[ESTIMATED % MOISTURE

| 0.6

l

[01A. OF NOZZLE

| 0.2490 in.

[METER DELTA Ha

PLANT-
DATE-

LOCATION-

RUN-

L 0.0000 W IN.

ug.
ug.
ug,

Ym METER CORRECTION FACTOR

0.9790

NET TIME OF TEST Tt
240 min.

PITOT COEFFICIENT
0.84

VW TOTAL H20 COLLECTED
30.30 ml

Np # OF POINTS

| 1.9470 in. HOM 48

I

|%co2 %02 uN2

| o.70 21.00 78.30
|

l .

| || LEAK cHECK ||

I

l

[ GAS METER READING

| START | sTOP
[+ommeememm e N L L LT T T
| 1 0.0000 | 0.0000
| 2 0.0000 | 0.0000
| 3 0.0000 | 0.0000
| 4 0.0000 | 0.0000
| 5 0.0000 | 0.0000
I

I

I

Precision Engineering
December 18,1991
Seattle, Washington

Inlet 2-2 Toptal Cr(VI)

Milligrams/Dry Std. Cubic Meter =

MW MOL. WT. OF STACK GAS WET=

|

I

| Grains/Dry Std. Cubic Ft. =
|

| Lbs./Hour =  2.499E-03

|

| AFCM DSCFM

| 5516.07 5350.26

I

| vu gas Vm Std.

| 1.6271 CF 218.0996 CF
|

| TRUE % M AVE. DELTA P
| 0.6501 0.8702 in. HOH
I

l Md AVE. DELTA H
| 0.9940 3.74 in, HOH
|

| Bus(est) AVE. Ts

|  0.0060 70 F

|

| vm TOTAL AVE. Tm

| 2264.4910 cF 3F

|

I

I

| COMENTS

| BF29 = # of Points Read in Spreads
| 12 Traverse Points used at Inlet 2

A-29

CALCULATED VALUES

0.1247
5.45€-05

Kilograms/Hour = 1.133E-03

STACK GAS PRESSURE Ps
29.2856 in. HOH

MWd MOL WT. OF STACK GAS
28,9520

AVE. SORT DELTA P
21.0710

PER CENT [SOKINETIC XI
88,8119

Vs STACK GAS VELOCITY
52.0243 f/s

28.8863

heet




INITIAL DATA VALUES

[DIA. OF STACK OR
| 18.0000 IN. OR
I
|cATCH
| FRONT HALF

BACK HALF

TOTAL

30.46 in. Hg

I

|

I

|

|BAROMETRIC PRESSURE Pbar
|

I

|STACK STATIC PRESSURE Pst
| =5.70 in. HOM

|

|ESTIMATED % MOISTURE

| 0.9

|

|DIA. OF NoZZLE

| 0.2490 in,

[METER DELTA Ha

| 1.9470 in. HOH 48

|

|%co2 %02 %N2

| 0.70 21,00 78.30

|

[

] || LEAk chEck |]

I

I

| GAS METER READING

| START | sTOP

EETEE trmrremssseessaa e Femmmmmmamii o mnmeemmema———a
1 0.0000 | 0.0000
2 0.0000 | 0.0000
3 0.0000 | 0.0000
4 0.0000 | 0.0000
5 0.0000 | 0.0000

PLANT-
DATE-

LOCATION-

RUN-

CROSS SECTION
0.0000 L 0.0000 W IN.

933.0000 ug.
0.0000 ug.
©33.0000 uy.

Ym METER CORRECTION FACTOR
0.9790

NET TIME OF TEST Tt
240 min.

PITOT COEFFICIENT
0.84

Vw TOTAL H20 COLLECTED
44.85 ml

Np # OF POINTS

Precision Engineering
December 19,1991
Seattle, Washington

Inlet 23 Total Cr

Milligrams/Dry Std. Cubic Meter =

MW MOL. WT. OF STACK GAS WET=

|

|

| Grains/bry Std. Cubic Ft. =
I

| Lbs./Hour = 2.733E-03

|

I AFCM DSCFM

| 4967.65 4942.64

|

| v gas vm Std,

] 2.1124 CF 223.1684 CF
I

| TRUE % M AVE. DELTA P
| 0.9377 0.7344 in. HOH
l

| Md AVE. DELTA H
] 0.9910 3.15 in. HOH
I

| Bws(est) AVE. Ts

| 0.0090 68 F

|

| Vm TOTAL AVE. Tm

| 221.5950 CF 67 F

I

|

l

| COMENTS

| BF29 = # of Points Read in Spreads
| 12 Traverse Points used at Inlet 2

A-30

CALCULATED VALUES

0.1476

6.45E-05

Kilograms/Hour = 1.240E-03

STACK GAS PRESSURE Ps
30.0409 in. HOH

MWd MOL WT. OF STACK GAS
28.9520

AVE. SORT DELTA P
19.2082

PER CENT ISOKINETIC %I
98.3705

Vs STACK GAS VELOCITY
46.8519 f/s

28.8534

heet




' PLANT-  Precision Engineering
INITIAL DATA VALUES DATE-  December 19,1991
LOCATION-Seattle, Washington
I RUN- “Inlet 2-3 Tota} Cr(VvIi)
|oIA. OF sTACK OR CROSS SECTION | Milligrams/bry Std. Cubic Meter =
l | 18.0000 IN. OR 0.0000 L 0.0000 W IN, |
| | Grains/bry Std. Cubic Ft. =
|cate |
I | FRONT HALF 813.0000 ug. | tbs./Hour =  2,382E-03
| BACK HALF 0.0000 ug, |
| TotAL 813.0000 ug, | AFcM DSCFM
l | | 4967.65 4942.64
| I
|BAROMETRIC PRESSURE Pbar Ym METER CORRECTION FACTOR | Vw gas vm Std.
| 30.46 in. Hg 0.9790 | 2.1126 CF 223.1684 CF
| L | '
l |STACK STATIC PRESSURE pst NET TIME OF TEST Tt ' | TRUE X M AVE. DELTA P
| +5.70 in. HOH 240 min. | 0.9377 0.7344 in. HOM
| |
I |ESTIMATED % MOISTURE PITOT COEFFICIENT | md AVE. DELTA H
| 0.9 0.84 | 0.9910 3.15 in. HOM
| |
l |DIA. OF NOZZLE VW TOTAL H20 COLLECTED | Bus(est) AVE. Ts
| 0.2490 in, 44.85 ml | 0.00%90 68 F
| I
l |METER DELTA Ha Np # OF POINTS | vm TOTAL AVE. Tm
| 1.9470 in. HoH 48 | 221.5950 c 67 F
| I
|%co2 %02 N2 | MW MOL. WT. OF STACK GAS WET=
l | 0.70 21.00 78.30 |
s e |
|
I | || LEAK cHECK 1
|
|
' | GAS METER READING
| START | STOP | COMENTS
I---- ------------------------- Fmmmmacnan teeessmescaeacamaca Fem e reecrneiremaaea. -
| 1 0.0000 | 0.0000 | BF29 = # of Points in Spreadsheet
l |- 2 0.0000 | 0.0000 | 12 Traverse Points used at INLET 2
| 3 0.0000 | 0.0000 |
| 4 0.0000 | 0.0000 |
' | 5 0.0000 | 0.0000 |
|
|
l l
' A-31

CALCULATED VALUES

0.1286

5.62E-05

Kilograms/Hour = 1,080E-03

STACK GAS PRESSURE Ps
30.0409 in. HOHW

MWd MOL WT. OF STACK GAS
28.9520

AVE. SORT DELTA P
19.2082

PER CENT ISOKINETIC %I
98.3705

Vs STACK GAS VELOCITY
46.8519 f/s

28.8534



PLANT-  Precision Engineering

INITIAL DATA VALUES DATE-  December 17,1991 CALCULATED VALUES
LOCATION-Seattle, Washington
RUN- Outlet 1 Total Cr
IDIA. OF STACK OR CROSS SECTION | Milligrams/bry Std. Cubic Meter = 0.0131 |
| 30.0000 IN. ©OR  0.0000 L 0.0000 W IN. | |
| | Grains/Dry std. Cubic Ft. = 5.71E-06 |
jcaTeH | |
| . FRONT HALF 137.0000 ug.- | Lbs./Hour =  6.747E-04 Kilograms/Hour = 3.060E-04 |
| BACK HALF 0.0000 ug. | |
| TOTAL 137.0000 ug. | AFCM DSCFM |
| | 14985.56 13776.23 |
I I I
|BAROMETRIC PRESSURE Pbar ¥Ym METER CORRECTION FACTOR | Vw gas Vm Std. STACK GAS PRESSURE Ps |
| 30.01 in. Hg 0.9910 |  3.6267 cF  370.0069 cF 30.0247 in. HOH |
I I I
|STACK STATIC PRESSURE Pst  NET TIME OF TEST Tt | TRUE % M AVE. DELTA P MWd MOL WT. OF STACK GAS |
| 0.20 in. HOH 360 min. | o0.9707 0.7671 in. HOH  2B.9520 ]
I | I
|ESTIMATED % MOISTURE PITOT COEFFICIENT | md AVE. DELTA H AVE. SGRT DELTA P I
| 1.0 0.84 |  0.9%00 3.63 in. HOH  20.8503 ]
I I I
|DIA. OF NozzLE Vw TOTAL H20 COLLECTED | Bws(est) AVE. Ts PER CENT ISOKINETIC %I ]
| 0.2480 in. 77.00 ml | o0.0t00 111 F 109.2376 |
I | I
|METER DELTA Ha Np # OF POINTS | vm TOTAL AVE. Tm Vs STACK GAS VELOCITY |
| 18260 in. Hou 72 | 373.8870 cF 75F 50.8805 f/s |
! | I
|4co2 %02 N2 | MW MOL. WT. OF STACK GAS WET= 28,8425 |
| 0.70 21.00 78.30 | ]
[-=-mmmmeeeee NS EL O LEELI LR T o o [
I I
| || LEAK CHECK || |
I I
I |
| GAS METER READING |
| START | STOP | _ COMENTS |
fmeeemmee o ceemnnn L GRCEET DRI LT T DT |
|1 0.0000 | 0.0000 | BF29 = # of Points Read in Spreadsheet |
| 2 0.0000 | 0.0000 | 24 Traverse Points used at Outlet 1 ]
| 3 0.0000 | 0.0000 | |
| 0.0000 | 0.0000 | |
| s 0.0000 | 0.0000 | |
| I
I I
I I
A-32




RUN-

CROSS SECTION
0.0000 L 0.0000 W IN.

[DIA. OF STACK OR
| 30.0000 IN. oRr

|carc

| FRONT HALF 146.0000 ug,
BACK HALF 0.0000 ug.
TOTAL 146.0000 ug.

BAROMETRIC PRESSURE Pbar

30.01 in, Hg 0.9910

STACK STATIC PRESSURE Pst
0.20 in. HOH

NET TIME OF TEST Tt
360 min.

ESTIMATED X MOISTURE
1.0

|
I
|
| PITOT COEFFICIENT
| 0.84

|
DIA. OF NOZZLE

| Vw TOTAL H20 COLLECTED
| 0.2480 in.
I

77.00 ml

METER DELTA Ha Np # OF POINTS
1.8260 in. HoM 72

Il LEAK check ||

GAS METER READING

PLANT-
DATE-
LOCATION-Seattle, Washington

Ym METER CORRECTION FACTOR

START | sTOP
e o mmmmi e areman e i m .
1 0.0000 | 0.0000
2 0.0000 I 0.0000
k] 0.0000 | 0.0000
4 0.0000 | 0.0000
S 0.0000 ] 0.0000

Precision Engineering
. December 17, 1991

Outlet 1 Total Cr(VI)
Milligrams/Dry Std. Cubic Meter = 0.0139
Grains/Dry Std. Cubic Ft, = 6.09E-06

3.261E-04

Lbs./Hour =  7.190E-04 Kilograms/Hour =
AFCM DSCFM

14985.56 13776.23

Vw gas vm Std. STACK GAS PRESSURE Ps

OF STACK GAS

3.6267 cF 370.0069 cF 30.0247 in. HoH
TRUE % M AVE. DELTA P Mud MoL wT,
0.7671 in. HOH 28.9520

Md AVE. DELTA H

0.9900 3.63 in. HOH 20.8503

AVE. SORT DELTA P

Bws(est) AVE, Ts PER CENT ISOKINETIC %I
0.0100 M F 109.2376
Vim TOTAL AVE. Tm Vs STACK GAS VELOCITY
373.8870 cF F 50.8805 f/s
28.8425

|
|
I
|
[
I
I
!
I
I
I
!
I
| o.9707
l
I
I
I
I
I
|
l
|
I
[
I

MW MOL. WT. OF STACK GAS WET=

| COMENTS

| BF29 = # of Points Read in Spreadsheet
| 24 Traverse Points used at Outlet 1

A-33




INITIAL DATA VALUES

|bIA. OF sTACK OR CROSS SECTION
| 30.0000 IN. OR 0.0000 L 0.0000 W IN,

|cATEH
| FRONT MALF 68.3000 ug.
BACK HALF 0.0000 uy.

TOTAL 68.3000 ug.

|BAROMETRIC PRESSURE Pbar Ym METER CORRECTION FACTOR

| 29.69 in. Hg 0.9910

PLANT-
DATE-

LOCATION-Seattle, Washington

RUN-

ISTACK STATIC PRESSURE Pst NET TIME OF TEST Tt

| 0.20 in. HOH 260 min,

!

|ESTIMATED % MOISTURE PITOT COEFFICIENT

| 1.1 : © 0,84 _
|

|0IA. OF NOZZLE VW TOTAL H20 COLLECTED
| 0.2480 in. 53.50 ml

| _ _

|METER DELTA Wa Np # OF POINTS

| 1.8260 in. HOH 48

I

|%c02 %02 N2

| 0.70 21.00 78.30

|| LEAK cHEck ||

GAS METER READING

START | STOP
e e e e e me e m e s
1 0.0000 | 0.0000
2 0.0000 | 0.0000
3 0.0000 | 0.0000
4 0.0000 | 0.0000
5 0.0000 | 0.0000

Precision Engineering
December 18,1991 CALCULATED VALUES

Outtet 2 Total Cr

|
|
| Grains/bry std. Cubic Ft. = 4.5%9€E-06
|
| Lbs./Hour =  5.530E-04 Kilograms/Hour = 2.508E-04
|
| AFcM DSCFM
| 14442.13 14064 .53
|
| vwgas vm Std. STACK GAS PRESSURE Ps
| 2.5199 cF 229.7886 CF 29.7047 in, HOW
|
| TRUE % M AVE. DELTA P MWd MOL WT. OF STACK GAS
| 1.0847 0.7531 in. KoM 28.9520
I
| md AVE. DELTA H AVE. SORT DELTA P
| 0.9890 3.22 in. HOH 19.9831
| o ‘
| Buws(est) AVE, Ts PER CENT ISOKINETIC %1
| 0.0110 T2 F 99.6753
I
| vm TOTAL AVE. Tm Vs STACK GAS VELOCITY
| 235.4870 cF 76 F 49.0354 f/s
I
| MW MOL. WT, OF STACK GAS WET= - 28.8315
I
| COMENTS

e
| BF29 = # of Points Read in Spreadsheet
| 24 Traverse Points used at Outlet 2
l
l
l
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PLANT-  Precision Engineering
INITIAL DATA VALUES DATE-  December 18,1991 CALCULATED VALUES
LOCATION-Seattle, Washington
RUN- Outlet 2 Total Cr(VI)
[DIA. OF STACK OR CROSS SECTION | Milligrams/Dry Std. Cubic Meter =  0.0093 |
| 30.0000 IN. ©OR  0.0000 L 0.0000 W . | |
| | Grains/bry std. cubic Ft. = 4.07E-06 |
|cATeH | |
| FRONT HALF 60.6000 ug. | Lbs./Hour =  4.906E-04 Kilograms/Hour = 2.225€-04 |
| BACK HALF 0.0000 ug. | |
| TOTAL 60.6000 ug. | AFcM DSCFM |
| | 14442.13 14064,53 |
1 I l
IBAROMETRIC PRESSURE Pbar Ym METER CORRECTION FACTOR | Vw gas vm Std. STACK GAS PRESSURE Ps |
| 29.69 in. Hy 6.9910 | 2.5199 ¢k 229.7886 cF 29.7047 in. HOH |
I [ I
[STACK STATIC PRESSURE Pst  NET TIME OF TEST Tt | TRUE % M AVE. DELTA P MWd MOL WT. OF STACK GAS |
| 0.20 in, HoH 240 min, | 1.0847 0.7531 in. HON  28.9520 ]
! I [
|ESTIMATED % MOISTURE PITOT COEFFICIENT | md AVE. DELTA H AVE. SORT DELTA P |
| 1.1 0.84 | 0.9890 3.22 in, HOH  19.9831 |
I I l
[DIA. OF NOZZLE Vu TOTAL H20 COLLECTED | Bws(est) AVE. Tg PER CENT ISOKINETIC %I
| 0.2480 in, 53.50 ml | o0.010 72F 99.6753 |
I I I
[METER DELTA Ha Np # OF POINTS | vm TOTAL AVE. Tm Vs STACK GAS VELOCITY
| 1.8260 in. HoM 48 | 235.4870 cF 76 F 49.0354 f/s |
| I !
| %coz2 %02 N2 | MW MOL. WT. OF STACK GAS WET= 28.8315 |
| o070 21.00 78.30 | |
O s Premeesestesesn ~eeeec]
I I
| Il LEAX chECK || |
l
I
GAS METER READING |
START | STOP | COMENTS |
e L T T P, e e B hEmsce. FEmALe .- l
1 0.0000 | 0.0000 | BF29 = # of Points Read in Spreadsheet |
2 0.0000 | 0.0000 | 24 Traverse Points used at Outlet 2 |
3 0.0000 | " 0.0000 | |
4 0.0000 | 0.0000 | |
5 0.0000 | 0.0000 | |
I
I
I




PLANT-  Precision Engineering
INITIAL DATA VALUES DATE-  December 19,1991 CALCULATED VALUES
LOCATION-Seattle, Washington
RUN- - - outlet 3 Total Cr
|DIA. OF STACK OR CROSS SECTION | Milligrams/bry Std. Cubic Meter =  0.0089
| 30,0000 IN. OR  0.0000 L 0.0000 W IN, [
| | Grains/bry Std. Cubic Ft. = 3.90E-06
|CATCH |
| FRONT MALF 61.3000 ug. | Lbs./Hour =  4.972E-04 Kilograms/Hour = 2.255€-04
| BACK HALF 0.0000 ug. |
| TOTAL 61.3000 ug. | AFcM DSCFM
I | 14846.68 14882.64
| I
|BAROMETRIC PRESSURE Pbar Ym METER CORRECTION FACTOR | Vu gas Vm Std. STACK GAS PRESSURE Ps
| 30.46 in. Hg 0.9910 |  2.2066 CF  242.6857 CF 30.4747 in. HOH
l I
|STACK STATIC PRESSURE Pst  NET TIME OF TEST Tt | TRUE % M AVE. DELTA P Mdid MOL WT. OF STACK GAS
| 0.20 in. HOH 240 min. | 0.9011 0.8175 in. HOH 28.9520
I I
|ESTIMATED % MOISTURE PI1TOT COEFFICIENT | Md AVE. DELTA K AVE. SQRT DELTA P
| 0.9 0.84 ] 0.9910 3.49 in. HoH 20.8153
I | .
[DIA. OF NOZZLE Vw TOTAL H20 COLLECTED | Bus(est) AVE. Ts PER CENT ISOKINETIC %I
| 0.2480 in. 46.85 ml | 0.0090 2F 99.4829
| |
|METER DELTA Ha Np # OF POINTS | vm TOTAL AVE. Tm Vs STACK GAS VELOCITY
| 1.8260 in. HoM 48 | 261.2110 cF 74 F 50.4090 f/s
I I
|%co2 %02 %2 | MW MOL. WT. OF STACK GAS WET= 28.8534
| 6.70 21.00 78.30 [

|| LEAK cHECK ||

GAS METER READING

START I sTOP l COMENTS
R LY L L “wermm——an- LRy L LT T reerrsaeae
1 0.0000 | 0.0000 | BF29 = # of Points Read Spreadsheet
2 0.0000 | 0.0000 | 24 Traverse Points used at Outlet 3
3 0.0000 | 0.0000 |
4 0.0000 [ 0.0000 |
5 0.0000 | 0.0000 |
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PLANT-  Precision Engineering

INITIAL DATA VALUES DATE-  December 19,1991 CALCULATED VALUES
LOCATION-Seattle, Washington
RUN-  outlet 3 Total Cr(VI)
|DIA. OF STACK OR CROSS SECTION | Milligrams/ory Std. Cubic Meter = 0.0078 |
| 30.0000 IN. ©OR  0.0000 L 0.0000 W IN, | _ |
| | Grains/Dry Std. Cubic Ft., = 3.40E-06 |
JcaTeH | i
| FRONT HALF 53.5000 ug. | Lbs./Hour =  4.340E-04 Kilograms/Hour = 1.968E-04 |
| BACK HALF 0.0000 ug., | |
| TOTAL 53.5000 ug. | AFcM DSCFM |
| | 14846.68 14882.64 |
I I I
|BAROMETRIC PRESSURE Pbar Ym METER CORRECTION FACTOR | Ww gas Vm Std. STACK GAS PRESSURE Ps |
| 30.46 in. Hg 0.9910 | 2.2066 CF  242.6857 CF 30.4747 in. HOH |
I I I
|STACK STATIC PRESSURE Pst  NET TIME OF TEST Tt | TRUE X M AVE. DELTA P MWd MOL WT. OF STACK GAS |
|  0.20 in. HoH 240 min, | 0.901 0.8175 in. HOH  28.9520 |
I I I
|ESTIMATED % MOISTURE PITOT COEFFICIENT | Md AVE, DELTA H AVE, SORT DELTA P |
| 0.9 . 0.86 | = 0.9910 3.49 in. HOH  20.8153 |
I ' HIRE - I
|DIA. OF NOZZLE VW TOTAL H20 COLLECTED | Buws(est) AVE. Ts PER CENT ISOKINETIC Xi |
| 0.2480 in. 46.85 ml |  0.00%0 72F 99.4829 |
I I !
|METER DELTA H3 Np # OF POINTS | vm TOTAL AVE. Tm Vs STACK GAS VELOCITY |
| 1.8260 in. Hod 48 | 241.2110 cF 74 F 50.4090 /s |
I I : I
|%co2 %02 %N2 | Md MOL. WT. OF STACK GAS WET= 28.8534 |
| o.70 21.00 78.30 | |
Jomeememnes semee- smemmonee- srosmnees T e e e s I
I [
| Il LEAK cueck || |
l I
I I
| GAS METER READING |
| START | sToP | COMENTS |
I----- ------- e mm——— mrtmmeaaa L e L R L Frevemcaarrenana EEEEET LT Srwmmmmmaa |
| 1 0.0000 | 0.0000 | BF29 = # of Points Read in Spreadsheet |
| 2 0.0000 | 0.0000 | 24 Traverse Points used at Outlet 3 |
| 3 0.0000 | 0.0000 | ]
| 4 0.0000 | 0.0000 | |
| s 0.0000 | 0.0000 | |
I I
I l
! I
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APPENDIX B

FIELD DATA SHEETS

Notes:

1. The estimated percent moistures entered into the computerized spreadsheets, for each test

Tun and sample collection site, are listed below.

est Run No. ample Collection Site % Moisture

Test Run No.
1 Inlet 1 1.0
2 Inlet 1 1.1
3 Inlet 1 1.2
1 Inlet 2 0.70
2 Inlet 2 0.60
3 Inlet 2 0.90
1 Outlet 1.0
2 Qutlet 1.1
3 Outlet 0.9

2. An assumed moisture content of 1% was recorded on each data sheet while in the field.

B-1




/s
PARTICULATE FIELD DATA

Client: ()jflt%/ﬁp("o/nm —E? A‘Ufmn‘fg’ ' Source: IV?/&% ,.Z
Time: 'ﬁ(‘b /C 1 Run #: [ Baro. Press. :35‘0L_
Test Method: E'DAI /3]3 Number of Points/ports: 4/42

Sample Time per Point: XJ)mMin Net Total Sample Time: ‘3¢0 mingtes

Stack Dimensions 24‘/” _ Staék Ht. - Stack Press "".5:. "/-

Upstr. Dist.%"IIDwnstr. DiSt/?j ;I Assumed Moisture: [ <.
C‘onsole #:_/4’57 #(2 OJ‘P Orifice Hz (W iBTi/ea Meter Cérr. : ) ?78'0
- EPA Box #:_—@LBIGLC& H Probe §:_ Y ¥ /ﬁhﬁ cp: O . FF
Nozzle #:__ ,’4 £/ Pre test size: 0 2¢9 O. Y OQSO C’Xé"ﬁ

K factor: Y. 7Y Post test size: S:/M\%/l‘ﬁﬂﬂf = (/7 ;1/8"
Filter #: —m—m——— Silica #: ,Qur) ‘ﬂl In/e-% #'l

LEAK_CHECKS Pre test Post test
sample Train _(.02 crme 9  1n. Hy G0y cPM @ _A/v_ 1n. Hg
Pitot Press. é-0 In. for 15 sec. '/In. for 15 sec.
Static Press. ﬁr() In. for 15 sec. /In. for 15 sec.
Method 3 T———iIn. for 15 sec, " In. for 15 sec.
MOISTURE

Inpinger (ml) 22V Gross 200 mare H)‘J"E Net
Silica Gel (g) Gross 220 —

Total.
Tare ___ 7 = Net
GAS COMPOSITION

l Sample type N“> - Pass 1 Pass 2 Pass 3 Average

%Co
l Analysis type M”l 2
l Notes: 6 /D//d?/[m a/ 74 / 7Z«/ n JM//]Z Wﬂr'v/fk

’/

I Allanta, Georgia _ Advanced Systems Technology, Inc. Washington, DC
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PARTICULATE FIELD DATA

Client:_ U/$ f/Z /e:ym'r,m T Source: A7 #]
Operators: K‘n(//zm)/b;“: Test Date: /#/7/9 __ Run #:_/
Time:___|i0 —~ (&40 Test Methoa: £/ 3-8
o KFtie 4y
PT CLOCK REIE\)SI;NG D Pl OH lr;gr)[(‘ Lhp ST’:;;\CK e _'El_;:)ﬂg SAMPLE
NO TIME | Vv (ft3) |(in.)|(in.) TEMP | TEMP TEMP | IN OYT | TRAIN
Hy0 | Hy0 [(TF) [(“F)| (°F) [(°F)| (OF)

ALIO| 1690 | 353 | 1l Loz |=| 31| 74 | 37 | 3¢ | %

5 243.1 |10 |47 |— |22 | 79 | 4y3|37]| g

10 2930 10 |47 | |z3| 7% |y8| 34| 7

/5 Y4os- 1 |10 |47 | = 13l % [s2]|4l |7

20 W80 | Lo |47 | ~ |3l [ef |ss |yz |7

25 UM | b M7 | — Jsz 34 |59 |45 |7
12 [ A |3 [MS | — |34y |8 140 [y |7

3 Y353 | /4% | 4% 132 §9 | b2|ye |

40 930-9 |99 |95 | —~|31| 9 [¢yls/ | _

2] 459 |43 |us | — 130 |93 |4y|e2 |

50 V915 .95 | 45| — 13 |92 |46 |Sy|>

2 Wadqd |43 | 45 | — 132 |94 |47 |S5 |7
A3 52,3 |59 378 — |32 95 |69 |59] ¢

65 957, ¢ | 84| 398 — | 33| g, L7 |$7s| 6

0 2.5 | 54| 39¢] — |33 [ 9¢ 2 159 | 6

] 967, 7 | gy |3495 | (20| 5> |2 |4o] €

70 42 24 890 39 ~ 130 97 [y 1] €

g5 1) 2.9] 831393 T 37| G5 |v2|62] ¢
A 190 7€3.2 | .54|2.6 | T (3% | 97 22 |63 | Y5

% 4871 1,27 26 |7 |90 |95 |7 |e3 |95
Alanla, Georgia ~ Advanced Systems Technology, Inc. Washingion. NG
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PARTICULATE FIELD DATA
Client: (/ § //:/’// ,/i:-'/"fs"[f"u/ .-4.5"-4'4--,:7,«,, €ource: /’7/f"7[
Operators: /('f/é'//‘ff////ﬁ/;/‘ Test Date:_/%7/7-7/Run 4: ]
Time:_/Oi20 = [E1MY Test Method: [ A /303
K= 49.7Y%
DGM HOT
PT CLOCK | READING AN RV BOX [IMP |STACK |_DGM TEMP| samMPLE
NO TIME | Vp(ft®) |(in.)|(in.)|TEMP |TEMP TEMP | IN [OUT | TRAIN
/'O;‘lu HZO 1120 (“F) ("F) ("F) ("F)|(°F)
Auleolo  |qga7.4 | S€1 20|~ 32 1j00 [ 21]63] v.5
. /o Y495.6 | 58| x| —~ 3| /93 | Y (3| 75
' /0 94§, % |57 27| 7|39 | jon 2 ey | %5
Al 5039 |5 | @2 — |9 | s [22]6Y |45
] ,451% 5080 |35 126 |~ 39193 |722|¢5]9r
| 53 | 3] 39| a3 |6l e s
l £ 16,7 | 0o | 3.2~ ilay |3 es| 5
i 'jy T3 |62 | 32— 140 | Y (29| LSS
b 5259 1. | 3. gy lay |25 (i 5
] P 5%0,5 .62 | 2| — |4l | 94 |25(¢7]| 5
N NAZL 525,01 .66 |30 — 149 | 95 | 7640 | 5
l /5] 5345 | .65 (3. ~ 4|95 W iler| 5
Jgo sy | 6S |30~ (90| 43 (4. 148 | S
' 143 sYgE 169130 = Jud | 92 |55 6)] 5
' 170 jji’.o_ Wyl 30 ~ | Y0 | 9y /5 L8 S
Il §59.5169133| - |90 ] 90 357 68| 5
AT sioy |78 (3.2 |— 42109 |6 |5 |50
l by 5672-3 195139 —lso| <> | ev|6U]| ¢
I8, £772 78137 = |9af g% [y |65 ¢4
1 s 5726:8 1,993 vyl a0 [ 72| ¢s| 6
| l Alanta, Georgia Advanced Systems Technology, Inc. Washinglon, DG
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PARTICULATE FIELD DATA

Client: VS///:/)/? //ﬁ re. //7.5'/l"rm~»"/l/ Source: | //1//1'

Operators: K//f/f///ﬂ///)/-”“‘ Test Date:_/4-)?2~9 run #:_ |
- Time: _/0: x v //(/‘ (/9 Test Method: 5/7/‘) /3"16
- L Y
DGM HOT
PT CLOCK | READING |OP |AH BOX [IMP |STACK |_DGM_TEMP| SAMPLE
NO TIME | V_(ft3) |(in.)|(in.) TEMP | TEMP| TEMP | IN [OYT | TRAIN
Hyo | H0 | (UF) | (OF)| (“F) |(YF)] (OF)
' 0 gy ki =5 - - __’
e | 20| TR S0 |44Ta 3% % vg 193 | oy [¢s
25 5865 017130 | ~ |99 | 94 | 2y 6é
§-2|30 549108 Ligv |9 x| —|yq |9y | 2| 46
35 594,¢ |4 |42 — |5) | 9¢ | 2¢| &
MO L0320 |29 | — |50 | 9¢ 21167
5] cu72.0 | .29 | — |52 94 |05 ~3-4
50 12 | 8Nya| - |53 94 |rg |0

55 615162 y1| ~ 15200 |29|€9
8-3|4 622.8 | 33|39 — |47 102 |79 |70
LS G & | B3 39| —|y7 (el |75 |70

i

N on o~ s QNN o [T o TN fon (TN | 0N o o~ (\\&

20 632, L .83 39| ~ |ys| /x| 29| )0
T 637 | /83| 39| ——uy | Joy | g0 |0
g0 ty.) g2 3.9 |93 | /05 |50 | i
|83 900 | 5313.:9| —|43\/08 ||/
81140 653.0|.,53139 | — |2 /105 |50 |/
75 658  |.s5|Y.0 REZARAERR T AR]
/o0, 665 | 55| Yo U3 | o3 | §0(7)
o5 Les |, &€ |4 Yz | /o5 | 8o | 9
/10 67‘3:3 (56| ) ba | /04 |&9 7/
" 6283 | §¢|y, Y2 | 703 |§5 | 7
Alanta, Georgia Advanced Syslems Technology, Inc. Washington, G
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PARTICULATE FIELD DATA

]
' Client: 05/[/;'” /gp/‘—: /’w’[ﬂv”"""é__ Source: ./” [/
Operators: /éf}/‘/ﬁ”////f'//?’- . Test Date:_/2~! 72 Run ¥: |
' Time:__[2:29 ~ /L1y Test Method: L A /34
- fi= .24
' PT CLOCK RERS%G AP AY 383{ IMP |STACK | DGM_TEMP| SAMPLE
NO TIME | Vp(ft®) |(in.)|(in.) TEMP | TEMP| TEMP N [our | TRAIN
' 0 [ 10 1(°F)y [ (OF)| (OF) [(F)|(OF)
B-si2q 689 |56 1M | = {9y jox | €0 |9 A
i J2st €87 | R129) = Jud| 50| | o
l /36 C93.20 | 62| a| | Y3 | jo3 291 5, | ¢
i35 CT72.9 | L] 2| “) 5290 | &
I L4 202V | bl g —~ [y ua ¢ 21| s
a5 706.5 | 3|2 | = |qx | 793 w0y
' L-L|159 710.9 163 3 —-_ g1 | foy ;)f v | 5 -
1 55T 52 | bnlza | — AN I
] ({0 9, 7. L3 |3 - 9o | o5 RANZAES -
1| /651 7290 |.6% | 2.9 S| oy |0 | 20| 5
|20 7286 | (63 | |~ (35 | o 2 ye | 5T
Vo i o= I
' (0449 |93).4901| . &3)-3 | ... [ 37] Joo -y tpg | N
1 _
1
1
i
' Alanta, Georgia Advanced Systems Technology, Inc, i . Washingion, )§
B-6
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PARTICULATE FIELD DATA Jk
Client: wg//iq'//%C&s‘/ﬁ’) Source: Iﬂ/e‘ll /

Time:_ A4~ [H: 5 Run {: ‘2 Baro. Press.:gcjaé?_
Test Method: /-BB Number of Points/ports: 4/‘2

Sample Time per Point: 20”\"\' Net Total Sample Time: -«240 P

L
Stack Dimensions%Stack Ht. Stack Press — 6
/ ) Vs
/8

Upstr. Dist. ‘/ Dwnstr. Dist. Assumed Moisture: / ?9_

Console §: /4’57”9'2 Orifice Il:meter Corr.:¢2—¢2gcl
EPA Box 1: bk ¥ 2 probe §: Lt F] o O, S

Nozzle #: 24" .ﬁ// Pre test size: &C’ }é"\ #/%m /9%1"[%
K factor: 4”40 Post test size: 5’7 ﬂm #/

Filter #: Silica #: /()(/njﬁ :D)‘@i —Z

LEAK_CHECKS Pre test Post test _
4 ) o

Sample Train 00 C/lfl; e _[H In. lig JO0S crm e Z() In. g

Pitot Press. 4{11. for 15 sec. # _In. for 15 sec.

Static Press. - In. for 15 sec. (” _In. for 15 sec.

Method 3 — In. for 15 sec. In. for 15 sec.

MOISTURE

Inpinger (ml) _22¢  Gross 2{2{1 Tare LJ( l LJ? Net

Total
Silica Gel (g) Gross ',’2 OO ___ Tare Net
GAS COMPOSITION
Sample type /4?§¢ Pass 1 Pass 2 Pass 3 Average
M *€02
Analysis type
Notes:
Alanta, Georgia Advanced Syslems Technology, Inc. Washinglon, DG
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PARTICULATE FIELD DATA

client: USERN] g /s,

Operators: V/%aj/é';/ﬂ/wc’s‘ D,,\ ‘

Source: ,Z/—7/é’7/ =

Test Date: /";/‘?7}7/ ﬁun #: "2

B-8

Time: [v'22 T | /5 Test Methoa: /33
= Y3
DGM nor | Y 3 &y
PT CLOCK | READING AY SN AV BOX |[IMP |STACK |_DGM TEMP| SAMPLE
NO TIME Vm(ft) (in.) | (1in.) TIOSMP 'I‘gMP- T]&MP SN OBT TRAIN
HyO | Hy0 [(CF) [ (YF)| (YF) | (°F) | (°F) .
A o [0:°° 1639 725|).0 4496 | — |50 |88 S30s) | & )
s cys e 1,98 |93 [ — |us | 5% |s7|=&| ¢
Jo 6508 ayiuz |~ lus | 10 |62|83| €
/s 656: % | a8 | y3 | — |99 | Vo |¢s|sv| &
4. |20 615 g7 (32| - Ys | 20 | 4|55 |y
25 667,21 7|4 | 5o |70 |62 |56 (7
30 6729 | .92 1395 _ |soel| 2 les 57| Z
351 G777 |.92 1395 | -~ |4\ ¢7 |og |5t |
A3 |4 ¢83.2 .87 |35 — |47\ 7/ |7 |@ |
ys GEC |83 |IS¢ | — |92\ 7 |Psle: |Z
50 C92.9 |, 3| 35L] ~ |92 | 1 [ 26|63 ¢
55 78X g2 |35% ~ 43| 71 | 2721685 |L
Ay Lo 02.2 | . 73\3:13| _ |3 | Sp|p21eC | ¢
Ls 2080 |51 (22| — |y |68 [ |[¢er|ss
79 /3.0 (652D — 1494 | 6% |65
)5 702,52 | 69281 7 |93] LY | V6|67 |5
-5 |50 2.9 |17 = B B % 7%
55 22010 |94 Y — |79 |65 (28165 |7
20 1327 {vay|Y |7y | es g2 |77
95 3.l g4 9 - B | 65 s |2
Allanla, Georgia Advanced Syslems Technology, Inc.

Washinglon, NG
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i PARTICULATE FIELD DATA
' Client: {/$ E/’/-},//),»rc/'g/).q Source: //]//’/ </
Operators: ﬁ/'h’l Test Date: /2'/5' “7/Run #:h_l_____
' Time: /9 20 — J4Y!/y Test Method: /2 &5
| Ke 4.3
' - DGM 1HoT
PT CLOCK | READING (AP |AH BOX IMP |STACK |_DGM TEMP| SAMPLE
' NO TIME | v, (ft3) (;‘;n(.)) (Ijiné) 'fgnF«;p 'fgl\Fq;? ?ng (Sg) ?8;‘) TRAIN
2 2—7 (
| IR Ao | fs| 45 |— |7 7/ 182 |72 | £o
1051 P+ W2Se | 9| 70 o |72] 50
i /10 2228 | W )255| = |us| g5 €032 .5
175 17257200 || T gy 68 |90 [On] &
N otk [0y |oev[avl= Y4 6g [¢aldq [+
1 |23 M3 | Fo |30 | ~ 45| 7, 72 17| S
- )31 7204 |23 |37 ~lys [ 70 77168 | 5
1 |3 275, 412 12 |~ lus| 30 26 (65| &
o By 7501 1,7 |3 | — | [ |7 e
1 95 7500 1552 = 17 5y [ 9 er |55
I /50 797:5 |75 13:2 |~ |ve 20 | 72067 |575
| 2 2745 1725132 | = |94/ 7, 2267 575
3] A%3_L70 126 | 1931 g 5 |75 166 |50
/45 703 .Y .53 136 |— |31 70 |77 1251 20
| /29 TR T U85 135 | ~wy] o | 75]L5 | &
' 1 Fl3.0 |56 |29 — |95 70 W lbs| 6
2~y |60 J19 \ |alp l,(a"‘“#- ASNAVIES
| e 8236 (79132 — [yz | 50 77169 |5 5
/90 82557 g | 3 = 7901700 |7 L9 |55
l 195] 8332 |y | 30| = 741 72 |25 |69 | 5 -
’ Nvanta, Georgin Advanced Systems Technology, ine. " Washinglon, DG
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.
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=z L{/
PARTICULATE FIELD DATA !

Client: Vs - E/}/, //)[""ff- 13001 Source: //7 4’/ #/
Operators: Lini Test Date: /27 13-9/ Rrun #: A
rine:_ /0:00 145 Test Method:_ /3
KZ .3
DGM HOT
PT CLOCK | READING OP {OH BOX |IMP [STACK |_DGM TEMP| SAMPLE
NO TIME | Vp(££%) |(in.)|(in.)|TEMP |TEMP| TEMP IN |oyT | TRAIN
H,0 | Hyo | (YF) | ("F) Fy | (YF) | ("F)
Be5pee 35 |-C5|28 | — |44 | 7 |Jgleq | Se
2051 %42, 6 64 | 2.0 — 193] 70869 |50
e ¢47.5 |70 |30 | — |us| 20 5|ge | S50
k] 504 |i10)30| ~ 144 101 72¢| 67| S
-1, [ 56,6 lLev |28 | — |71 Z |12 49 5.0
2] @) . 4 |20 |0y | — |47 | 79 |78 |&F | so
| €63,9 | 6| | — 197) 20 | 75|67 |
23y seb. L |41y | — w6 72 |y |k 3

2wl 25 | &6 .50

Allanla, Georgia Advanced Syslems Technology, Inc. Washington, DE
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I
/
PART'CULATE FIELD DATA

Client: (/bf’%l 742,(./)’0"7 Source: E@.’-?‘ ‘
—-3 Baro. Press, : W

Time:_ 7. 45 ~ /3050

Test Method: /f Number of Points/ports: /7 5046
.

Sample Time per Point: Z0O Net Tota] Sample Time: 22/0

Stack Dimensions%g_” . ‘5—.5
Upstr. pist. Dwnstr. pist, Assumed Moisture:__/:-_-c_)/_g_
Console #: «57 ﬂ 2 Orifice m Meter Corr.: Q' izg(j
EPA Box #: 5/\/‘73’2 Probe §: “FFout =7 cp:_ O .53

Nozzle #; @/ ’ZZ,( Pre test size: jfc éw\ 4 / ﬁ(ﬂ“’_@?&’-’-é’lﬂa

K factor: é . 3 Post test sfize: I/ i
. 2 3
Filter #: — Silica #: ,@Zﬂ 77’%) Z:—OZJZ
LEAK CHECKS Pre test Post test
. ) e
Samp;e Train 10‘3/ CFM @ | 2 In. Hg o0 CFM @ _/2-¢ In. Hg

Run #:

Pitot Press. bp/ In. for 35 sec. "  In. for 15 gec,
. [

Static Presg, In. for 15 sec. In. for 15 sec.

Method 3 ' In. for 15 gec. T

In. for 15 sec, _
MOISTURE '
Inpinger (ml) 22« Gross <) Tare Net '
Silica Gel (9) Gross ZGC? Tare Net _.___________Tota_l..
GAS_COMPOSITION - )
Sample type /V//J Pass 1 Pass 2 Pass 3 Average

/ %Co
Analysig type /U/J 2 e —_—
—_—

Notes: .
't
Aflanta, Georgia Advanced Syétems Technology, Inc. Washinglon, DG
B-11
N




PARTICULATE FIELD DATA

m sm
N

{;l Client: U-Sff%'/IDFQCCS'Of\ Source:- -2;7/9{’ /
;- Operators: _.pll)' Test Date:/%//}/ﬁ __Run #:,é
LI Time:_ 4:4y~ /3. 5v Test Method:._ /.3/5
] L £= 4.3
J PT CLOCK REI[\)([;)?lSIG VAY I PAY ¢ gg}(‘ IMP [STACK (_DGM TEMP| SAMPLE
' NO TIME V (£re-) (in.) (in.) ’I'ISMP 'I']OSMP TEMP SN OgT TRAIN
Ll H,0 | H,0 (°r) F) | (YF)
Ll Al 1O 9145 |96 5,90 .97 |3.3 |~ |43 G lys |44 1
b G103 99|33 |~ |Y2| 67 |9a|us| 1
1 /0 9244126133 | ™ 199 67 [SV]|us]|
/3 D93 33| - |y 2|88 1
AR W37 14139~ |50 |65 |59 |49 |#7.5
7 9897 | 920 | “15olcq |5 1] 45
l B | 49 5.0| 92 Y, 9 T | 50| 69 | 65|52 (5.5‘_
1 Bl 19%4.21-9/|39 59| €9 |66 sy | 4.5
A W) (O0F.6 | 21387 — 571169 (0755 .
i Bl 17007y Ly 39| =15/ [y |69 |50
50 (0)93 |92 40 | = |51]69 |Yol|s¥]| ¢
b T e 2w [~ o e orleel o5
g A (0233 | 3 |G| — |52 19 [92[60] 5
bS JO2rE Y | IE (3| ~ |52l 5o 22 [6) &Sy
l oL /@33.0 | 125 SY L =152 Yo |93 625 s
‘ )5 1932.¢1,97 133 | = [ 52] 5o |22 ]e5 | &
Ll S O R R P S P R A
1 8y P97 1 |90 |39 | ~ |54 | 69 |35 ¢4 |4
7 [051. 9 |, 55137 | = |91 69175 a5 | &
1 75 fost.c |87 (37 | — |5y |¢q |7¢[e€ | e
_' ' Allanta, Georgia Advanced Systems Technology, Inc. Washinglon.j?C

B-12




.

=
Client; 05 [_‘:fﬁ f’f(’f/}/‘dﬂ . Source:. //7/r"[ ,A:// _
Operators: ,ﬁ/"’)l Test pate: / 2-/7-9i Run #: 3
Time: 9. Ys ~ 1350 Test Method: /23
| K=Y73
DGM HOT
PT CLOCK READING | Ap JAY BOX |IMp STACK DGM_TEMpP SAMPLE
NO TIME | vy (£t3) |(in.) (in.) |TEMP |TEMP TEMP | "IN OUT | TRAIN
130 | 10 [ (9F) [ (OF) F) [(F) | (OF)

4-bljov [o¢/:3 |7 (37 < 551 70 1 %|ed| ¢

1

Jos (066, 285 |3) | = 55179 (57067 | ¢ B

o (0711 | ,¢c 33 = 15550 9§ 16| 6

5 (27579 g6 |27 < sel>55 15| 65| £
B-1 |1ao| [080 7 Jo [ 4.3 — S5 20 6] (s 4.5

/23 0859 |99 4201 ~ S5 |70 173 1é7 | o

)25 [02(.0 /.0 L3 |— |55 |70 ele| co
2L /0% 2| T2 — 5 7 1716% | C

p2 ) v0 fllls |10 42| — ley |79 |7 [ 45 7
s (ot |10 %2 o 55 (55 67| .5

L3 /o |93 [— 5353 (794 4$
155 L6 10 [y3 [ —Toy VRV VAV
23 g ale 39 1399 = S 52 (09| [ g _
145] (20 .99] 39 T S 2 e T G
e 21.7].951Y |~ sy 22|82 |20 | ¢
(7] 136,73 ,.ffs’_j_____; 591 72| 56 20| bo
By 9 M 218 B =555 N6
Vg5 HEF B30 - 152 5oTe 9,1 .
14 510 v ¢| - 53 5o [eals) R
1y Be ¢ 91055 [~ 5770 T4 nje

T ————— - — - e
, Allania, Georgia
_—

Advanced Syslems Technology, Inc, ] Washinglr.;n. DC
—_——
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Y
PARTICULATE FIELD DATA
client: (/5 £/ //jf‘fcl;f/;;ﬂ source: /nlet /
Operators: ﬁ/;’?/ Test Date: /'2‘/(7‘(7‘/Run $: 3
Time: 7. Y5 ~13.59 Test Method: /33
- K= Y3
DGM HOT
PT CLOCK | READING | AP OAH BOX |IMP |sTack | pem TEMP| SAMPLE
NO TIME | vy (£ft>) |(in.) (in.) TEMP TEMP TEMP §N_[oyT | TRAIN
, Hy0 | Hy0 | (9F) F)[ (°F) [ (%) [ F)
£-5]24 Lel G55 138 | — |57 [ 77 |50 7/ | 40
2057 lel. 2093 By | ~ |57 |77 77\ 7/ | &0
210 [£0.0 | g3 [25¢| < [ ¢ AR A RN
U5 (75,7 |.§313.¢ ] — I71 20 991 | ¢
e 1897 g3 3 T SI11 |9 |y | ¢4
5| 05,2153 (385 - 15, s ] 4
2% 879 | g3 2¢] = |35 2% 0| (
235] (199, & K3 36 =~ |sy 21 [ 99] Do G
Ff W )50 1199503 -
Aﬂanl_a. Georgia Advanced Systems Technology, Inc. Washington, DG
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PARTICULATE FIELD DATA
Client:Z[\SE?%/Q\ECJ'SJBID e | ‘Sc'x_urce:.z_ﬂ//£7£2*

Time: [0:20 - 16 40 rRun §:.2 Baro. Press.:&ﬁ_/_
Test Method: P4 #£/36 Number of Points/ports: é/,Z

Sample Time per Point: SQMJM' Net Total Sample Time: ,?é@ V420
Stack DJmensumsA/g Stack llt.——— stack Press_--[;-’_)

. .

Upstr. Dist. S‘Pﬂ'ﬁ"‘"‘ﬁ L/ Dwnstr. Dist. Assumed Moisture:j%
AST o . 0. 977

Console #§: orifice 11 Meter Corr.: /).

EPA Box f:.S//vep F& probe §:_4# *#2 cp: 0.5

Nozzle {: %1 %7 I're test size:/D ZL/S- 0. S o2 O. 5T = ﬂl‘/?\
K factor: Z{/ 77'"/ Post test size: 6!\1"'“((‘9"/ J."’ddeu :__, C) iqq
Filter f:. — _silica 1: fuw 7 Tawletd

LEAK CIIECKS . Pre test Post test

sample Train ~ 0.0l crm @ 70 _1n. ng 0.005 crm @ /¢ In. lig
Pitot Press. 2:0 _In. for 15 sec. v~ 1In. tor 15 sec.
Static Press. Z, S In. for 15 sec. ;ﬁ'\ "/In. for 15 sec.
Method 3 — In. for 15 sec. . In. for 15 sec.

MOISTURE

Inpinger (ml) 205 Gross __ 200 rare ;!)}(‘5 Net

. e Total’
Silica Gel (gy) Gross AP0 tare Net
GAS_COMPOSITION A/A

Sample type N A -~ pass 1 Pass 2 Pass 3 Average
$CO '
Analysis type NA 2 )
%0,
Notes:
Allania, Geogin A_d;;nced Systems Technology, Inc. Wael ung;lm_l)_(‘,
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PARTICULATE FIELD DATA &

Client:@fpﬁ( /@ms/'av ~ Source: __-/V/ ?Z
Operators:_]_Dﬂr‘kER /ﬁ)"k[ﬁ/ﬂb Test Date: /'2*"/7"’?/Run 1 Z
'I‘ime:_/()--'o? d — /& :@ Test Method: /& &

. K-E?(Z;f q07L{
B DGM Hor | LT c .
PT CLOCK | READING |Op |[Aj BOX |IMP |STACK |_DGM TEMp SAMPLE
NO TIME | vp(£t3) | (in.) (in.) |TEMP |TEMP TEMP | "IN OYT | TRAIN
Hyo | 10 | (OF) [ (OF, (“F) | (9F) | (9F)
" _ $2. 1
A1 0]/0ta0 | 269 965 | 3 2|/ (3¢ | Vo
' 0172 |35 |35 7

/
1| /5% 3 744

O . %7

-3 ”?7'3'1 7 |39 |—
25
S.0

258 Ris3 i%:ﬁm@&\g
21551 320, [ .55 %i::ﬂ&éiiéfﬁ
A e LB D 4 B 74 g P P
2|65 928, | ﬂ@:fﬁ%@i 3
12 87 e —lr (50 |y o5 |3
3% 5353 | .3 T Y 1 5F | 3

e ———— L

Allanla, Georgia Advanced Systems Technology, Inc. Washingion, N6
e ——— e i




N G S i Sm e Ge Sw e e e

- an o=

- am em am

[we 3
g€

PARTICULATE FIELD DATA :

Client: [)‘Sgpﬁ/ﬁr&_s,oq Source: L7/¢+ 2
Operators: /27\?’2(”'&7;/1(:'(‘/(7:«/?(( Test Date: /':2 -/ -9 Run #: /[
rime:_ () 20 —/& ) Test Method: _ /3/3 -
PT CLOS};; 5ER§E§G A.P &'H ngg IMP STACK |_DGM TEMP| SAMPLE
NO TI ( (}1{2(;)) (Ill;l(.)) (GF) I‘EMP TgMP (5?) (()8'%“) TRAIN
A0 35%.9 | % |45 |— || 9 |2 6o | 9
216 362.5 |, 95 |46 — B | 710D
74IT 3¢8,2 |, 9614%| — |59 o |72 16l |9
45 879 |9 \255| — 52199 B2 |d
AS |10 379.¢ | 15|71 | — 152¥2 |63/t

I5 35%.0 |11 |52|— W9 |8V "% |0

3 392. 1 |12 1567 Y9\ 21 "M\t |1/

35 3773 112 |5.49 — #9193 |n5|e5 |y

) 04,5 |2 |15.09|— ¥F193 |4165] 1

s #0.2 |l |52|— W9 oL |69
A|is 46 8|1 152 |— Y9196 77166 |10

155 4229|4166 — s |55 (N7 |l

% F27 24146 | — g5 |75 el

15 4349 |46 — | |53 |7l | o

W |39, 7Ly |t | — |95 |2 | 77| 65| 1

% ') O LA \5 6 | — |45 179 |09\ | [o
YR ys3obs |65 13/ | 45 |58 165 |65 |5

' 701152 — |49|gy |69|6s|10
ol 6350 S 2= Hlsx (7216 170

B 9.5 (1152~ [ |58 |65 o

B-

17



PARTICULATE FIELD DATA /?w/
UJ&-‘P/(/

B-18

e

Client:
] Source: _‘Lﬂ#% 7
Ti):ratc;rcs) jj(:xjer'///rk// Test Date:/Z 77/ Run #:_/
e: "‘/4 '70 Test Method: _/55
PT CLOCK REi?gqu G P T IHOT N |
NO TIME | v_(£d) {?il,;é) ?”2 ) fggg ﬁg% S$§§§ 'gﬁ” §§’T‘P TRALH
:20 Mjé | | ("F) [ (YF)
E 52— 46 |52 75| 70
.|/ 152 = 4 ’
> , 92 76 166 | 1
B %2721/ gz-—— T6 |97 | % |ée | /0
= Ll = W3 196 77167/
/.// .512 - 4‘? 5 . ¢ )
15 505 L ]522 e
: . [ |52 — |47 78 gz |2
20, 502 |/ ) |52 — 17197 |79 |eF |42
55 5120 1/ 152 |~ 47 oc [, g@ N
3160 S0 |.8|3.9 ] 5, N
1 6 S0 S e — 27 |50 69 |4
_ﬁr;z 5296|937 |5 777 179 | 4
- 5345 |.75 3.7 | 5 ¢ iR
I % 539 ¥ 3? J3)77 - Z’Jﬁ Iz )
" L - 1 N7 |l | 7
P %25 e AV A AL
) ‘ r7’73 6 “"#4'5 /O’
b e4ho 55Y. v 5224’“*?5/273/70 o
l e oz [ 25 a2 O2 |78 0|5
oo 5645 |5 |2 4|— 2;/0‘1 L7 s o
: p 2 5 S |02 D4
/ 08 [ | D |24 — 451/02 [ 170,.% .
] SR E|.5 DA = - N
Tl o5 T e
l & ® — 202U % [0 |
Allanta, Gmrm
Ll Georgin Advanced Systems Technology inc. ne. T T

W'r;hlnqlon [)C




i %
D
I PARTICULATE FIELD DATA
l Client: U\S’gpdj//%ff’:s'fﬂn Source: I"’/&"fll-.
Operators: /%r—k‘c’r;/kff‘/f/ﬂm/ Test. Date: /2//?/97Run ¥: /

. Time: /0 r 20 """'/d" ;¢0 Test Method: /3@

o Tom [ [ o 3 o e ] e

d. " 1,0 | 1,0 |(9F) (5F) 8 | o) Oy |

i 5z 58,3.624 29 |4 /00| 0e] &9 =+

123 754 | 35| — 44193 |76 L2 &,

1 ) S20.3 |7 35 | — 4103 |17149 | &
35 5753 | .513.5 | — I /05 |77169 | &

| H0 o0 3|.B13.5 | — |43|/05 |77 | ¢

) #5 6053 |, 133 | — W3 |)05 |77(69|

v |Bblso IO 233 | — | B llo4 70 |4

i 195 Q)5 |33 | — W3 s |76 &

| 0 1C20.0\V 133 | — |43 |Jo4+| T l6z | ¢

eV ar 9. B35 = /0576|694

| Y 22917032 — 14/ |10£|7516% | C

i ;gg z;;t&ﬂﬁt S| = |ylllo4 7568 &

[ ok df

1

]

]

1 _

#' Alanta, Georgia Advanced Syslems Tecl\nolfigy. Inc. Washinglnn-, _[_)_E
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PARTICULATE FIELD DATA /é’f

Client: OSEP)@/%-ECI‘;'HO/\ Source: j:ﬂle‘/' Q\

Time: /(/: w- /S

Run #: Q\ Baro. Press.'l 7162

Test Method: /3/3

Number of Points/portS';@‘ é/z_

Sample Time per Point: 20/7“7 Net Total Sample Time: @ ) #a

stack Dimensions ;é-&w«\/gstack Ht. =~ Stack Press -"5 5

Upstr. Dist. L/

Console §#: /457’ H—B

/ ¢
wnstr Dist. Assumed Moisture: /O

Orifice  H: / M&eter Corr.: ﬁ' 2275?

EPA Box #: Silver #3

Probe {: ‘?LFOO‘(' ‘ﬁ/.z Cp: 0?4

[
Nozzle #:__ /= 72

K factor: 4‘“,,47“0

Pre test size: Sﬁ’ %« #/%_///U-%Ofl/@ aﬂ-?f‘lq

Post test size: Sf{ /Qu« ﬁ/

Filter #:

Silica #: /(nt/-'ﬁ #02 I_ﬂé"(lz

LEAK CHECKS

Pre test Post test

& -8
Sample Train 00 CFM @ 1 In. g O,C’?.;_CFM @ in. Hg
Pitot Press. v In. for 15 sec. v In. for 15 sec.
Static Press. V" 1In. for 15 sec. v~ In. for 15 sec.
Method 3 —In. for 15 sec. In. for 15 sec.
MOISTURE

Inpinger (ml) ynsY

Silica Gel (g) .

GAS COMPOSITION

q
Gross - OQOO Tare

Net
- 140 jﬁ Total
Gross g( 2( 2 Tare “ D‘\ Net

Sample type [\M‘

Pass 1 Pass 2 Pass 3 Average
$CO T ~
. 2
Analysis type NA'
% O ar—a — —
2
Notes:
Allanta, Georgia Advanced Systems Technology, Inc. Washington, 1)C
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PARTICULATE FIELD DATA

Client: %
FHoirn e d_[ames

Source: ,Z;) ‘2
Operators:

MR \/ Test Dpate: /;’) FZ 7/ Run ., Q
Time: Cg Q0 ~ (S Test Method: /?29
ﬂé_h_ﬁ__“éfi_________________ '““‘“‘“‘“:T‘““““‘“‘T‘"

7o
ez

NO [‘* OHT
( F) ("F) | (“F)
Wil oliogg &ﬂéé_ﬁ_
RS 0 NeT 160 | pz
ol A CBI5T | fg
\[_%______ 10 Jge |55 £
A2 2059 /3]
b =7 /6( [z
— 165160 /3
_ s N4 3 _ZL@_L/_C—E___H
/3 & — ANy AN
o) __’_7_4__ A L
_ [ . /vl ran
5% a 7767 | &
MpO| D52 ; 172 | ¢q |z
| L )77 1eg s
Wz D70 |2
I N N700 |5
> 130 7 Al | /o A /Z
5 _20__%22__ -i_ﬂ
99 e BT | g
% 4266 (95 4, T— s AV
Ahnh Gmw&;_—-__‘____—-—_—“7QE;§£dSymmnsﬁxmﬁaairﬁg_‘h‘__—m‘mmm_ﬂmmﬂﬁﬁi;;a; IY

B-21
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i

{

L

'PARTICULATE FIELD DATA frez

._l " Client: U—ngad'//%eC/j'/OO

Source:

Time:

Id
Operators: /Qél'f’)?@f'

/000415

Ihle¥ 2

Wity sV .
Test Date: /f;/f")/y/ Run {: 2_

Test Method: /;,6)

B-22

DGM HoT qu:d'd n4— <
Vo | | TRHE | Up(zey | (iney | Cin.) |rgup |rpur| reus N Togr | TRAIN.
0 | 1m0 | (UF) [ (UF)| (°F) [ (OF)|(VF)

46 Yy §31. 7105 |6 || 68 53| 2| /F
/05 B2\ 5 el W | b5 |52 |7
)0 2.5 |].5 |[Col— |42 | 685 50| 2| 157
I/5 S .5 6 45— WF |68 | |2\ /8

Y 20| 2 |G O |0 43 |~ AT | L7 |03
/25 53 110 |93 |—|o< ¢y (72|78 =
% 3-8 /0 |43 — | 7¢]16% |74 |70| &
35 Jo8 G |/.0 (73 |~—— |47 | &5 |TO |7 |4

A3 [ Y138 |Lo |#3 1% (g7 71 7] |4
s 579.0 L0 |43 ||z [P |7/ |4
J50 §F.32 |/ O |#31— 0|08 |5/ |00 |<F
55 5575 )0 43 |7 | oy |70 |72 |4

B3 |l ¥ | P58 ~— |49 |ar |F |l
le§ %991 | =23 67 |7/ |72 F
/% Wb | 2135 — |0 | L2 57 72| F
% 9095 | TIBE T | 19 =D TR IF

64| || 44BN ] |~—150|69 |s| 2L
% Q8.2 1.3 | 1.3[™—1491¢9 |7z |12 |&

0 G212 | 33— 1#£91¢9 7] ]2
195 Do 2|3 [ .2 | —150( 69 |T6|T]| =2
X JH = S0 my



PARTICULATE FIELD DATA /2”""/7

Client: ULSC—/CH//DF(_C-» =4/7) Source: j;MQ— .

Operators: Aém@é Test pate: / /7/9/Run #:

Time: /0 00 /4/5 Test Method: /?/3

PT CLOCK REXSP;I[NG Ay OH gg’)I(‘ IMP |STACK _DGM_TEMP| SAMPLE

NO TIME | V_(ftd) (égé) (526) TEMP TEMP( TEMP (5g) ogT TRAIN

BS |20 9202 1.5 2.2 — 49169 [76|70] =
205 99.3 |.Se DM — | (B[] =
2)0 I3 8 | SR — |5 |17 7717 | 3
125 93 . "] | 56|24 | — g | c7 |7x|l7) | =

beps 1926 |1] 49| — e |5 (75|01
2 NE | FT |~ 5 (27 |50 |7 |~
20 qf,l/.zﬁ---fﬁjég’?/fz/\S ]
2] 058 G |3 155 | — s |45 |82 |02 &
20|15 (04304 — |45

Allanla, Georgia

Advanced Systems Technology, Inc. Washingin;ﬁ)_é

B-23
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FAGE 1
PARTICULATE FIELD DATA

Client: dg‘g’f'ﬁ/ﬁ@-’@fﬁbf?’ Source:_ Zabt 2
Time:'ﬁf%g — /389 Run #: 3 Baro. Press. %ﬁ_ﬁ
Test Method: /25 Number of Points/ports: 6/‘?‘- ‘50{/&'
Sample Time per Point: -20 71 1.Net Total Sample Time: /3140 e
Stack Dimensions "S:’Z
Upstr. Dist. Dwnstr Dist, Assumed Moisture:_/aﬁ

Console #:1457_#\3 Orifice H: QJM Meter cCorr.: '7 ()

EPA Box #: Sy ver— #3 Probe #: 4"‘74\70’7[{42 Cp: o S

Nozzle #: /4 ' #2 Pre test size:_ Oc £, #/"?M 0-2¢(9
K factor:__ 973 Post test size: f*t £ #/

Silica #: /&/4 #_3 —.Z;I/@L'Z

Filter #:
LEAK CHECKS Pre test Post test
Y g - .

Sample Train 0-'02 CFM @ /5 In. Hg J.0% cru @ /0O  1n. Hg
‘Pitot Press. 5’//E‘In. for 15 sec. L In. for 15 sec.
Static Press. i In. for 15 sec. In. for 15 gec.

— P
Method 3 In. for 15 sec, In. for 15 sec,
MOISTURE

-
Inpinger (ml) 2!() Gross =< Tare mo,;JfUﬁ Net

- Total
. [ ] - i
Silica Gel (q) Gross == Tare 5 Hl’ Net
GAS COMPOSITION
Sample type N/A Pass ] Pass 2 Pass 3 Average
%Co —_—
Analysis type A//A’ 2
%0
2
Notesg:
Atianta, Georgia Advanced Systems Technology, inc. Washinglon, DG
B-24




B-25

I ez
I PARTICULATE FIELD DATA
-l Client: USIZQA/M'S en Source: I_q/é%" =
Operators: mes Test Date: /2 /5/ 2 run
J Time: 945"‘ /3 50 Test Method: /‘57/[))/ ( e
l DGM K_\Q‘LU{BJ[ %/3
I 3 I el e N O et Tgﬁ’é ;g::p “rgup | N JoyT | TRATN
/f © H,0 | Hy0 ‘ (YF) 8)
101945 |570.016| .85|3.05|— |43 | 68 |
! 5 O A L j M e
| R T RAE 3| ¢x o HR |5
| 0| Y176 |8 |04 |— |43 é? S| | 5
5 FHA| 8 P | — 3| T |55 |45
| A2l 5 2
jo $89.2 | 45]],93| — |43 45 53 4=
i 5 §93.5 5 |25 — |3 c5 159149 =
30 1.3 |45 92| — 43 65 el st |2
i 35 7“0/:0 A 2.U|l— 43|15 (2|52 |3
. A3 Z) X% "7 I[N U3 b7 163123 <
| - V1.8 13’9 [ 29| — 431677 63|54 =2
- _ 9.5 .02 — 143147 Viflss |2
57| [7/3.8 |.301/29) — 3167 (|56 |2
e 92| M3 — 42 1¢t (51975
| (S RiL | V3.2 —z|¢e |(7|SE (s
] | 70 Q3 |15]32]| -~ 426 |70 159 |5
75 R, O [ N5 32 — 42|66 v
i 0o |5
As [fo 3 L) W — 1971 64 (| &
| z S NeRTG 64 "B lel | 6
i 5 O D43 — 4768 73162 |6.5
| e 34_{0;# [O3] — | 4968 B3 |77
51, /.0 4'/3‘-—',4/7(?7 Mt 7)
l Alianla, Georgia Advanced Systems Technology, Inc. Washing! I)C
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- PARTICULATE FIELD DATA '

l z;ien:: Cj{;;/o/f/ﬁ-ea/;,‘o,\ - Source: %é‘éj—
-era ors‘: ‘ f’h@SI Test Date:/l//,d/?/ RUN .2
l Time: ?"7”7— -~ /2,50 Test Method: //3/@ =
l PT CLOCK REI[:([;);’[ TAY VAN oy /( i : 3
o | |TrmeE | vpceed) | (ino) | Gin) |ne |k, [SIACK | Do TEMP| SAWPLE
P < |l 78 (1B T | SR | A
I [z G44.7 ,75“‘2;'09 _ jz fg [;Z f 25_
I el |9k s do [ = |y —
s )3 4|97 4.7 —= % 4;7 76 |46 |&.5™
V Blo ez |/, 93] = A R
7 o [Ty Y7162 |F6 |62 |5
i ,,,0 L /21506 — W 6"7173 |4 | &
9?0;3 /. 2516 — ) 17 -
45 09, . 47 7 776 167 |
I 71, 22 /el — WT167 94| ¢
- - [062.72)). 2|5 _ {QWQ % ZS’ s
[)/‘f,/ [, 215/ ~— T [Z0 c :
i - 4517¢ 179167 |75
SR A e o s
0 1025 .9 ; ’
I s 02 7 % 4’.0? ~ 570 |Fol69 | ¥
| (03495 4% [ Z 1570 179 | ¢
B2 L = 51 7 o | ¢
L NS |~ | Bl 5ol 4
il .5 |3 |12 — |46 ORI,
R R T i o A L e
IR RS L A
y W7 .26 |15 | = |45 |9] |7 | 012
lanta, Georgia Advanced Systems Technology, Inc !
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/2/@ qa
PARTICULATE FIELD DATA

client: USZ/%//’?E@WA Source: 4n@T 2

Operators: /ﬁ%&‘ﬂ&é Test Date:[@ﬁ/og>(g/ Run #:_ 2

rime:_ 795 [3Se Test Method: /3/5

DGM HOT
PT |CLOCK | READING TAY N FAVS BOX |IMP |STACK |_DGM_TEMP| SAMPLE
NO TIME Vm(ft) (1n.) | (1n.) TgMP 'I‘EMP TI&MP 8N 08T TRAIN
H,0 | Hy0 [ (°r) [(“®)| (P) |[(YF)|(OF)

35 |20 062 6| 37 (6 |\ —#] |6 |5 |70 | L
05 [066.0 A |12 47|67 5 62| 2
2/0 10690 .4 [)ox| ~ |yy|6e |95 L9 2
s [0 39| 8| 06) - |y ¢s | 25| 67 &

Az PG F A5\ 193 — | 47| ¢8 | p£63| 2
2 Joso S | el )go| ~ |92 169 | 74| 66|35
2% NF43 A5 1B — 4|70 |93léx | =
25 [088. 0| A2\ 80| — 46| 770 73| =

b7 | 1350 | 09).605 —

Adanla, Georgia Advanced Systems Technology, Inc. Washinglon, DG
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PARTICULATE FIELD DATA
Client: M5E-/0/9//;;’f&. //75‘7//‘1’/'@/77[5' Source: ()W//c;,é-

Time: M20- [6%0 Run #: / Baro. Press.; JC2.0f

LAY, ) /.
Test Methodff/)//,?é Number of Points/ports: [ /X

4 . ’ ‘/) . ;
Sample Time per Point: /Z/»». nNet Total Sample Time: 362w in

~ w7 ‘
Stack Dimensions__ 0~ Stack It. ?5 Stack Press_ (.2
Upstr. Dist.3§%§f Dwnstr. Dist. .z_ As.sumed Moisture:_Lj/ﬂ'
Console #:Ag’xj— blve Orifice H:-—é—/ BB Meter corr.:/).F7/4)
EPA Box #: /)’/67 #/ Z’/”C Probe #: S"ff #'/ Cp: 5

Nozzle #: %J/VY “3 Pre test size: O-245 (O.R5D . RY 9= 026“07
K factor: 4/71/7/ Post test size: 5\/"“0 C:?ﬂt'ly%@ ﬂm)

—’

- it
Filter #: - Silica #:_r«n /aﬁmn"/f’fl
LEAK _CHECKS Pre test Post test
sample Train OO0/ crM e /S In. ig _JO[ crm @ __F In. Hg
Pitot Press. 20 In. for 15 sec. /In. for 15 sec.
Static Press. - In. for 15 sec. In. for 15 sec.
Method 3 — — __In. for 15 sec. _ In. for 15 sec.
MOISTURE
Inpinger (ml) /27285 Gross ~AJ " Tare L Net
; _ Du Total
Silica Gel (gy) . Gross A0D Tare Net
GAS COMPOSITION
Sample type A///J Pass 1 Pass 2 Pass 3  Average
’ %CO
. 2
Analysis type /V//7L
%0, _
Notes:
Allanta, Georgia Advanced Syslems Technology, Ing. Wnslninwgl;;r:,-f;a
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PARTICULATE FIEL

D DATA %

_}/C’c.

Source: EXﬂyﬂ/ﬁ/

Client: Uf E/?/)//yr’/"é. ..//15//"&4 r"'?é

Operators: /4/"/""(//1\%»@ Test Date: /2717 Run #:_/
Time: /0-‘20 “M:L’/O Test Method: /jé
f= 4.7
DGM HOT
PT |, | CLOCK READIEIG QP QH BOX |IMP [STACK |_DGM TEMP| SAMPLE
NO ‘| TIME Vup(£E7) | (in.) | (1in.) TEMP T}6‘MP T]&‘MP EN OgT TRAIN
Shat 3 pee. H2.0 CHy0 [(OF) [ (U m)y| (Om) [(OF) | (OF)

Al D y035 | .83 |39 |1 8% 50 139 |35 |40

5 419.2 | 84| 4o |\ |3%| 50 |457|37] 25

/0 4844 | 34 |40 \ {7 | §3 |5/ |Yo | ¥
pAs 497 |92 137 | V4|37 |se|42ly

22 ©3¢.9 |83 |29 lyy | 29 l¢o |y | ¥

A< 800,/ |r2 |37 L9619/ |e3 |4t | Y
4330 5053 |.¢1 139 | 92172 |46 |48 1Y

35 s/0. 4 1.1 |3€ 474 95 |6F |So | ¢

Yo 515 ¢ |.80 |3.¢ y#H I3 | 70|53 | ¢
A5 5R0.8 .80 128 |yz|io) |71 59| &

50 5299 |76 |3¢ | | |gg |70/ |73 574

55 53/.0 |i26l3c| | |4s /00l |58
s |60 536.0 1.72139 | | 49|02 l7¢ |59 ¢

bs SH1.0 YERERY 50 | 2 |76 140 |35

79 5459 |72 3.4 | ' |s0 |03 |77 |42 |35
At 95 509 68 (3| 5] |7 |78 | 8¢ |35

B0 555. 7 VI EN |56 |07 |78 |65 |30

§5 5605 |66 |30 | g |uo  |so |44 |30
po) [0 S65.0 [ sz | |41 |01 (@ |57 |30

95 9.8 bl | 28 50 |1} |8 |47 (30
Atlania, Georgia Advanced Systems Technology, Inc. Washinglon, DG
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PARTICULATE FIELD DATA

Client: [((f/_fa/f //Q/LM/MU L%A,éum Source: kaﬂ

Operators: »A/ /(//MX /K FKLn ~_ Test Date: /01//7'/?/ Run #:_ /
Time: /0 120 160 Test Method:  /JAB
K=4.39
DGM HOT -
PT CLOCK READING Ap JAY | BOX [IMP |[STACK | _DGM TEMP| SAMPLE
NO TIME Vm ( ft3) (in.) [ (in.) TEMP 'I'IG-“MP TlgMP sN OgT TRAIN
H,0 | H,0 F)
AP o] Bes | 5794 | 4 |28 | — |50 |3 |90 |48 |3
AT oS 5191 |46 |30 | — lso ly7 |83 14913
6] T 9937 AY 130 | — |51 [N sz |70 |3
1§ 5887 144 | 30 | — |5 | Wb 217 |3
A (o 5934 | 46 |3\ | — 53 |4 lez |71 |3
25 598.3 6 130 | T 153 |n7 |93 | 7R |3
/50 £03.2 46 131 ~ 154 |z |83 |7” |3
4-0 135 66719 |69 |32 |~ |54 |19 |sy |’ |
/4o Gl2. 7 ¢S 13961 ~ 1Ss 1)/6 |55 | F# |3
/5] 6180 | 45 |306| — |55 |we |&s |# |5
411 |50 §22. 6 47 132 | — |sY {1a0 |85 | 7Y |3
/59| 6275 | .47 132 | — |&5 | R0 |86 |7Y |35
o §32.4 | 46 130 | — g5 | N9 | |74|3
AA2Yes” 63724 |41 |33 | — [s3|))3 |gg |75 |35
70 ICER 10 132 | — |52 119 |8 | 75(35
75 6474 b7z |[— 15| (7 |86 | 75130
B, 150 65251 | )0 | 5.2 — |45 | 0% |73 |73 |50
S| 4584 LR |57 | — |47 165 |18 |78 | 5.0
/o | |50 | 445.) J2 |57 | = |9 | 10 |z |73 |50
B2 | G5 |l |52 51_|soe Sy |72 |50
Alanta, Georgia Advanced Systems Technology, Inc. Washinglon, DG
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PARTICULATE FIELD DATA 4

Client: U6  EPL Persosom TasT: source: Evhel
Operators: /I-./rrk/élog' / rTest Date: MNIM  Run #: 1
rime: 020- 4240 Test Method: EPA I3-B
KR4 74
DGM HoT
PT CLOCK | READING |ADP OH BOX |IMP |STACK |_DGM.TEMP| SAMPLE
NO TIME | V,(£t%) [(in.)]|(in.) TEMP | TEMP| TEMP | IN TOUT | TRAIN
H,0 | Hy0 [(“F) [(°m) | (°F) | (“F) | (YF)
B |30 c7r3 o 47y |52 (€| pe B |73 | s
as Y \Jo \479| T |52 | p3 |8 |74 |$0
B3 |30 6679 .93 |4Y |~ |52 1 )09 |52 |74 |sis
35 6959 |13 |4y | = |s2 | p1 |82 |/ |50
4o 700 | 93144 | — 152 | |88 |76 |40
BY1YS 707.3 BR|lag | — 153110 g | 76 |Yp
b0 712.Y 83139 | — | 8%|109 |88 |7 | 42
55 7192 3| 39 | — | s2{10F |33 |7 | ¢
8 140 7229 JY 135 | — | BRI o |#2 | 73 | 4.2
f5 s |79 3 | = |5 |ur |8 | 77|38
70 733, 2 73 135 | — |50 |y |ggl|7z7 |Y
B¢ 175 /39 9 b6 3| — |30 17 29 | 77|35
2 w7 |49 |53 | — |w | | s |7 |35
les ™I 14 s | — 0 e &7l |3
B |70 7586 | TR 3 — |y |19 |83 |77 [35
95 ALS |72 |84 | — |47 |Re |87 |77 |35
d 242 |7 13y | — |9F|rz0 |57 |77 |35
8 |us 7694 |,7% |3 | — |46 | 120 |97 | 77 |35
It 7745 175 |26 | — |lys | po | & |75 S
)5 2793 | T35 | — | v | 13 27 |27 |35
Allanla, Georgia Advanced Systems Technology, Inc. Washinglon, DG
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%
PARTICULATE FIELD DATA

i
1
_l client: U5 E/%{ @'S“jﬁm oyl _ ‘Source: Exail
Operators: ,)ZH/‘)%M/' o . Test Date:_J)R~/7-9) Run #:_1
l Time: 10120~ /&40 Test Method: E/ﬂ/" 13-5
l PT CLOCK RER((;)DIENG AN IR AN | gg’}l{‘ IMP |[STACK |_DGM_TEMP| SAMPLE
NO TIME | V,(£t?) |(in.)|(in.) TEMP | TEMP| TEMP | IN TOUT | TRAIN
4' H,0 | 1,0 | (OF) | (OF)| (°F) |(OF)|(OF)
8 ol gw | oxyy | % |34 | — |us | R s |78y
_l IR5 790.) |.15 | 3.4 | — 4s | 1o |8 |72 |y
1 130 7950 |75 |34 | — |44 | 119 |3¥ |75 |/
B"’ 135( 359 200.8 |75 3.5 | — Yy 19 g | 7% |u
190 387 | .72 135 | — | (s |& |78 |Y
s 3109 |7y |35 | — | M| e |sr |77 |4

1 8" hso 6. A |71 (35 | — |1 |n7 |87 |78 |Y

55 XY | 73 3.6 |— (Y3 | W9 g7 |77 |35
Jéo 2246 | 74 3.5 — |4 | ug |8 |77 |35

B7|)s 838 I 137 | — |43 |1 |® | 77|40

L~

X

i

1

1

70 937 1 3 3.8 | — |43 |15 |¥ |77 |40

' )75 FYA.5 Bl 3T | — Y ln? |88 | A Y _
1 )52 g47.943 |

1

3

i _
i

l Allanla, Georgia Advanced Syslems Technology, Inc. ' Washinglon, DC
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PARTICULATE FIELD DATA /y

Client: 055’54//%&,;0” Source:._ OC)?L@\Z'
Time: /07.00 %/é Run #: 2 Baro. Press. :g 3, (;2
Test Method: /3/3 Number of Points/ports: /%2

Sample Time per Point: /ﬁ/”’? Net Total Sample Time: 5244{)/’7'% -

“ V4 /
Stack Dimensions é“"'@“’*“;}&bstack Ht. 76_ Stack Press -'Q

Upstr. Dist. 35'” Dwnstr. Dist. 60’/ Assumed Moisture:J,_}Q
Console #: 437?:’_2 Orifice H:M Meter Corr.: ﬂ' fﬂﬂ_
EPA Box #: / probe #: < Toort &/ cp:_ (. 5
Nozzle #: ,Zf— 11-7/"”3' 3 pre test size: Sf( KM ‘L/"?ﬂuewag/:: @Mg
K factor: L5 Post test size: —
Filter 4: : sitica t:_fn Z 2 bkl
- LEAK CHECKS Pre test . Post test .

Sample Train 291  crm e 570 In. Hg 0.02 crme ¢  1n. Hg

Pitot Press. v __In. for 15 sec. v~ _In. for 15 sec.
Static Press. \/ In. for 15 sec. gy In. for 15 sec.
Method 3 ~—  In. for 15 sec. ' In. for 15 sec.
MOISTURE w
Inpinger (ml) ;23(7 Gross '2 Tare S(f’ Net
, Total
Silica Gel (g) Gross ZQ) Tare )—du)&"ﬂ Net
GAS _COMPOSITION
Sample type M Pass 1 Pass 2 Pass 3 Average
%CO
. Y/ )
Analysis type /4
' L. %02‘ N
Notes:
Alanla, Georgia Advanced Systems Technology, Inc, Washinglon, DE
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PARTICULATE FIELD DATA 7

- s e im i

Client: Ms E/)j /2‘--":"6-""“‘ Zvé_/ri‘“ﬂ; Source: ﬂzﬁe_f
Operators: }{"fw"“ﬂ /P@Q/{ER Test Date: /'5?/)3/6// Run {: 3?
Time: 10:00 “'/C///f Test Method: EP/[ /35
q‘.Rg
DGM HOT

PT CLOCK READING JAY > AN i BOX |IMP |STACK DGM_TEMP| SAMPLE
NO TIME Vm(ft3) (in.) | (in.) TEMP | TEMP| TEMP | IN |OUT | TRAIN

H,0 | 0 [(OF) [("F)| (°F) [(F)|("F)

no | suz o | A2 | 20| — |3 |47 |56 | 85| )8
PSR 7313 | — | €517V |58 {55 |15
Az |16 3573 |.3a| 35 | — 53 | 7 X |55 |15
2 |1 3630 39 36 | — |58 |71 | 4h |54 [0
4380 8679 | 1 | 35| — |52 | 72 | 47|53 |20

- s - .
==
AN

3135 F73.9. UL 3s | — |s) | 7p |71 |58 []5
i Ay % 712,05 |.79054 | — 151173 |73 |40 |)5
' |39 %33.8 914 | — [5% ] 7] 75 140 |'s
N g |06 gz 6 | 15 132 | — |5 | 70 |77 {4 |)S
I BRI £93.4 |19 [32 | — [s& | 71 |79 |4y |15
| Ae |5 RN |48 9 | — s/ | 70 |3 |45 |8
1 A4|55 403 b8 M2y | = |so | TR |80 |87 s
| A 76 907.8 |65 |2t | — |50 | 7) |83 |g3|L5S
,_ 769 U7 |48 |24 | — | 42|75 |83 |69 |13
-l AP N5 57|24 | — |97 |72 | |20 |1
3 (79 a4 |41 12 l— 47|73 |33 |71 |15
1 A gy |46 |28 |~ |94 |73 |3 |73 |15
lL' | q (% 991 b db 123 | — M4 | 23 | | 7R |1y
) A | 934.% 83 |37 | — |45 | 7y g7 |74 |15
4 | od |4z 2q | = us |79 |7 |75 |ks
1] Allanta, Georgia ‘ Advanced Syslems Technology, Inc. Washinglon, DG
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b o] JoosAHEE- | - T013.0 |~— | |73 |55 | |<= O

'PARTICULATE FIELD DATA %

Client: HSEM /)er5-‘9-¥-« Iﬁﬂiwns Source:. 0“7/‘“T
Operators: K'fk)aMJ//Q?Rk#—R Test Date: /2/’?/6” Run #: R
Time: 00 //4//6 Test Method: E/M -13-8
g
DGM HOT
PT CLOCK READING AP OH BOX |IMP |STACK DGM_TEMP| SAMPLE
NO TIME | V,(£t3) [(in.)|(in.) TEMP |TEMP| TEMP | IN |OUT | TRAIN
H0 | Hy0 [ (°F) | (®°F)| (Om) [(OFm)|(®m)

A"V | g | aqss 7R OI3) | — |53 | 2y |88 |75 |15

" og 9s85 |76 |33 | T |sa | 73 | @ |76 |IS
|A=]a gss. '/ |78 | 2.2 |— g2 75 |g%| 76 |5

R |15 40y s [ — |SU | 74 8|79 | 15
il R | %57 |75 |za | — |So| 7o |23 |74 |1

1 125 9697 5 (32| — 50| Fo [ 177 |
B alie G742 LE [ — 47 A~ 175 |73 2.0

2 s G2 [ |1l |47 — 82| 7/ |92 |73 |2.0)

- [ ¥, 7 |- T |ZE | 5o |70 |& |42 0

3 | s 9706 |2 (40| — 51|74 (971792, D
By ie 995 T34 — |80|73 |55 | =0

q |3 Pp5.5/13:5| — |57173 95175 Q’Q

S 5. 0/0:6 |- 72130 | T S/ 73 ly5|75 |20
beym)|so foled |,(2|124 | — Vo | 2+ |6{ |7 |20
|78 DA0D 167177 | — 52| 74 |56 |7 |5-2
Bo[#) qo |Jody7 | 65129 | ~ %45 |79 166 |75 | zo

el Yoag3 | 7213, |80 173 %6 74|20
bs ol % Ypsa| |.72|3.01— |50 |74 |84 |76 |20
2|14 035,58 | 66|29 | — [so |74 |66 |76 |2¢

Atlanta, Georgia Advanced Systems Technology, Inc. Washington, DC
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PARTICULATE FIELD DATA 7%

Client: Ubf//}’ %/t)’cl,sw;\ /“,37[&64)rm7(/ Source: 0’-’7[/{’/[
Operators: )(éz)mjl/ﬁ/@\/ Test Date: /Z//ﬁl/ﬁ/ Run #:_ 2

l Time: /u;a) “"'—'/“//,é -'i'es.;t Method: 50/)’—/5"g
K> 43

h' DGM HOT

PT CLOCK READIgG Qp Qn BOX |IMP |[STACK |_DGM TEMP| SAMPLE
| NO TIME | V (ft”) |{(in.)|(in.) TEMP | TEMP| TEMP | IN |OYT | TRAIN
l H,0 | H,0 | (YF) | (YF) F) | (YF)|(VF)
1 B g0 Jo43.C | 066|149 |— |§7| 74 |87|7C |20

gs Iz o629 | - 17| P9 |JF %6 |20

] |Bul? 10528 | & R4 | ~— |fF|\7¢ 50 7% | 20
| i3 lose. 7 |.g |3 | — |75 |72 |8/ |72 ]| 20

g, |ioo (063.1 | . ¢ |3.9| — |43 |72 |s$127| 2.0
o5 [oc% N |, 77 |34 | — |95 |73 |91\ 77 | 2.2
Bi | (073 21,77 |34 | — |¥5| 72 |$5178 | RO
I [07€:2.1:77 |39 | — |5 72 |€6|77 |2 O
— |12 |/4/6 [OF 35K

Allanla, Georgia Advanced Syslems Technology, Inc. Washinglon, DG
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| | %
PARTICULATE FIELD DATA 7

Client: (/55/0 /{'/ ﬁ'(;’c,;sv'c)n Source: OW ;é7/'

. 7 - =
Time: 79( - [35¢ Run #: = Baro. Press. fffz‘aﬂ-’7é

Test Method: / S/ Number of Points/ports: /=

Sample Tlme per Point: (dmw Net Total Sample Time: 024() rAN

- ‘/ O
Stack Dimensions Stack Ht. 95 Stack Press 7‘0;)

Upstr. Dist. ag”’ Dwnstr. Dist. ébl/ Assumed Moisture:_lzé_
Console #ﬁéf‘#’!/ Orifice  H: Meter Corr.: (s a9
EPA Box #: /e #/ probe #: 3 Ffl Y/  cp. O&

Nozzle #: Z,f/ #3 Pre test size: &r / “/%M,QZ Jvl"{{

K factor: 4'3 Post test size:
Filter #:_ " — Silica #: KUO 7'47‘3 OJ—’%”IL'
LEAK _CHECKS Pre test | Post test
sample Train 0.0S  crM e (20 1n. ng 0,0/ cru e 720 1. Hg
Pitot Press. " 1In. for 15 sec. (/ In. for 15 sec.
Static Press, / In. for 15 sec. L~ In. for 15 sec.
Method 3 In. for 15 sec. — _In. for 15 sec.
MOISTURE
Inpinger (ml) _ZI6 Gross =0 Tare M et
Total
Silica Gel (qg) Gross =<0 Tare xe M pJNet
GAS COMPOSITION
Sample type MA' Pass 1 Pass 2 Pass 3 Average
%Co
Analysis type N/" 2
%0
2
l Notes
s ' Allanta, Georgia Advanced Systems Technology, Inc. Washinglon, DC
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| z
PARTICULATE FIELD DATA /

Client: Cbﬁfp/ﬁz//@c_-/:s;‘an

Source: | M/C)/‘é’

Operators: KMW{/]@)’RKER " pest pate: /2///,'.9/?7 Run §: =
rime: A4S —/362 Test Method: /. 343
k-4
rr | Jesoor | mmmenye e o | sk oo |omer | oo tmge| save
H,0 | 1,0 |(°F) [ (Om)[ ("F) [ (OF)[(PF)

AL @ 945 (083,660 |, 53 138¢ | — |43 70 431435 | 40
5 p98 6 | 949137 Y3170 |s0|45 | 4o

42 /0 0439 |.¢€ 137 | — 43| U |se|1Y|Z.o

1l 0957 |89 135 | — |43\ 7/ g |4¥ |40

43 120 1035 |,65|365| — |us |1/ |64 |50|35
25 0%:9 187187 | = 4517/ |67 |§2|4.0

U |30 [/8:9 | g3 (365 | " |46 72 169 |S3|%2

o lss 1195.0 Lvs 1365 = |lgg |74 |7/ |65 185

45 |40 242 | 84(3¢0 | = B | 7g |72 |5Z |40
| /5'\7’(‘/ 136l T gy | Fs| 78|67 |42

Al 150 (33.9 |.9/13.7| ~ |45\ Jo |7 162 |30
5% /39, ] |:<4q |36/ | — |45 70 |77 |62-|3: D

A7 160 w2 | 701320 — Y6 L 7] 25 |64 130
13 04 7 |7/ 13405\ — |46 |7/ 177 145713-D

4|70 /3.6 |.73134 | — |\ 7/ |77 16|30
% 8638 .73 12,0 | — |47 |71 90167130

4 |50 (3.5 |74 130 | — |4S172 8o les |30
% (62.9 |7/ \305| — |45\ 7X |9L167 |3-©O

A |90 /752 3 |70 35| — |14/3 1 74, RN70 173:D B
g 177,44 .7/ 1305\ — |43 | 72 |€3|7/13:0

Atlanta, Georgia Advanced Systems Technology, Inc. Washinglon, NG

B-38




PARTICULATE FIELD DATA

‘o ‘=

L' Client: (/-S Ep“4 ﬁ;’([&/m /h.S‘/fvn\”* 7/’ Source: 0\/7l-/f7[' %

| Operators: Wpﬁﬁkﬁﬂ _ Test pate:_/7 /19 /71 _run §: S

_' Time: 7:1'/5 - /ngl\’ Test Method: /fA

1' . DGM HoT

~ PT CLOCK REAmgG A_p Qn Box |IMP |STACK |_DGM_TEMP| SAMPLE
NO TIME | Vo(£t) |(in.)|(in.)|TEMP |TEMP| TEMP | TN |OYT | TRAIN

w' Hy0 | 10 [ (UF) | ("F) F) | (°F) | (“F)

T AL /8] T |, 7/ |35 |— 143|772 \F3 || S

los [57. 2 | 71 |3er 43 |72 |84 | 7213

§ BV [l 7| 731311 43 | 72 |gs 72| 3

- 15 [569 _:73 |3:14 43| 72 |$5173|35

1 — | — 2643 |45 — == =

201.3 o |43

f’; B, e - |3l 72 |75 |72 o

| M 2070 i) 143 — 43|72 |gy 173 |0

1 lalel R3O0 @ |#7|— 45\72 I (73 .5

| AE 14 | -7 = \ya | 728 77|48~

| BRPRPY 224 .0, |-9213.9— B3 | 7215¢ ||+

1 ] (297K gb\4h /| = |43] 72|56\ 7817

= |8 |® 2355 .85 3.0 — 43| 12|87\ 5|

1 % 240, S |,5513.6 | — |45 | 72 |87 |25 |4

_|p |4 2965 |34 (3.4 | — |94 72 \s7 |76 (Y

V Tl ezala laq| — 472 57| 22|35

AL 2568 [, 80124 | —|#\7 \§7|7¢| 3:0

55 %917 gﬁ 34 | 4/4/_ 72 YavAV/A f)lD

§ |5 20¢.0 |30 |34 — 44| N2 |57 | 3-0
6 A72 5. 76|92 | — |49 | 72157117130

1 gln (8957833 —ke |2 [ (5o

l Alanla, Georgia Advanced Syslems Technoloay, Inc. Washinglon. DG

B-39



=

f g

' -

[

'y ‘onm ons (SEE —m B fi ( ommm ( o 1-' | o | ol [‘-‘“‘“ {“—“ [I -

PARTICULATE FIELD DATA

\ ’ — — %
Client: %\SEPﬁ//%EC/S/OM Source: (OM/LE/
Operators:_f_)ﬁ‘? KER Test Date: Z;Z'ézz %/ Rrun §: =

Time: ?,'QS—_— ﬂ's“c} Test Method: /3"14?
L= ) 32
DGM or
PT CLOCK READI§G AP OH BOX |IMP |STACK DGM TEMP| SAMPLE
NO TIME | V. (ft3) |(in.)|(in.)|TEMP |TEMP| TEMP | ZN |OYT TRAIN
o | m0 |(°n) [(Om | On) | (O | (R

991 79 \8§7177) 3.5

ARl ER:

Yy |\ 72 ¥ 212721 80

49| IN|Z 72 32

94| 72 | &7 77| 32
72

s 50, S| 52135 —
— | 4 | 77| 3.6
P

Be |8 2857 |. 81|25
® ﬂ\?ﬂ'é/ /Kl 3'5
8,0 172 2954 | .77 33
il 300.3 |-77\3:3
18,122 30S9 | 76 |32

pel 13005 |23 13,2 i1 72 \§E|\ 77| 3.0
10 34 F |73 |343 Y5\ 72 |$5177| 3.2
[l 31949 |74 |38 ys |72 |5517¢6 8.0
1% 229 S
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APPENDIX C

SAMPLING SHEETS AND SUMMARY OF
RESULTS (AST AND U.S. EPA)




U. S. ENVIRONMENTAL PROTECTION AGENCY REVIEW
OF TEST AND EMISSION DATA

The following pages are provided by the U. S. Environmental Protection Agency to ensure that
all calculations pertaining to emission results presented in this report are correct. The pages
consist of a Sampling Summary Sheet that contains summarized field data, a Summary of
Emission Sheets that provides pollutant concentration data and mass emission data, and

photocopies of HP-41 printer tapes that were used to determine these values.
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B Ruw R
‘ Trlet #]
NETER BOY Y7

. 9788
l DELTA H?
=4 3.6589

BAR PRESS ?

ll § 30,2108
- NETER YOL ?
. 350.6838

5 NTR TENP F?

ll 3 68. 6080
— STATIC HOH IH 2

-5,4989

STACK TENP.
70,0080

ML. WATER ?

' b 72,8299
' 1 saTz=25
S INP. % HOH = 1.8

! % HoweLe
l1 % 0027

- % 0XYGEN?

8. 8683

20,9068

MHd =28.83
MW MET=28.73

. SORT PSTS ?

. . HpON "METH %

- R

Riit
RUY
RUN
PN
RUH
Pt
RUY

RUb

RUH

RUM

RUN

28,1755 Rub
_TINE HIN ?
: 360, 0000
o nozzLE DIA ? . .
A ~. 2488 ._.aun
g srx nxn INCH ?
ORI 24,0008

'-'hUn_ <

e S NI L L e
po

S0 % yOL MTR STD = 347,875
o STK PRES ABS = 29.61 -
ik VOL HOK GRS = 3.43
i % MOISTURE = 0.9

KOL DRY GAS = 8,999

% NITROGEN = 79.20

NOL WT DRY = 28.83

NOL MT WET = 28.73

VELOCITY FPS

STACK ARER =

STACK ACFR =
* STACK DSCFH = 9,142.

% 1SOKINETIC = 98.82

-

\D L XV | ]
-
(.[ *—- Iu
-

END GF FIELD DATA

- S

a KRN RASIFLO"
C _
1 RUN NUMBER
1

RUN

¥OL HMTR STD ?
347.8799998  RUN

STACK DSCFM ?
9,142,000008  RUN

FRONT 1/2 MG 2
2.5398088  RUM

BACK 1/2 MG ?

RUHN

E GR/DSCF = 8.8991285
LR NG/ = 0,293484 -
' E LB/HR = 0.0180657 ..

XROM 'HRSSFLU"
-Iii*ul\ Chrome.
RUN HUMBER
I-1-1

Rk

YoL MTR STD ?
347.8796088  RUN
STACK DSCFR ?
9,142,000880  RUM
FROHT 172 MG ?
3.029a080  RUN
BACK 1/2 MG ?
Rt

CR/DSCF = @.9801347
NG/NHN = 8.3881931
LB/HR = 8.8105535
KG/HR = 0.8047571

m|m M

F KGR = 0.8045658 .-

‘:ocld i*ﬂml JSis
93 ) l XRUH *BASSFLO"
.e MY Cairh S ide
RUN HUMBER
I-1-1 : .
: RUN

 YOL WTR STD 7

. 347.8756000  RUM
- GTACK DSCFM ? .
C . 9,142,000008  RUH
- FRORT 1/2 n? -

BACK 172 MG 2.

001273 ¢

F GRIBSCF 2
FNG/MMM = 8.2912521 | .
'F',LBIHR : 8. 88 9734 ~;;

“2.5605008 R [
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s
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oy
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-y

I VIR

% QHVGEN?Y

“0?

SQRT P5TS

MHd =25.83
KM WET=22.71

T TIME BIN?
: 246, 0502

RREM METH 27

73

3.2293

o
L
20
o0

LY <}
Le ]
L]

[
L]

ETACK TEAF.
639, 297¢

: Wi, WRTER ?
94,7958

20,9908

FOL HT OTHER?

v)
19,7497

gl

<Y ETTY

L
g
H

Bl

[ &4
M
RI!

RUi

T
87k PRE
¥iL HOM @

v MOTETHRE = L.
MG DRY LRD = R
¥ MITRQGEN = FE.20
MOL BT BRY 5 28.81
MOL HT HEY = 25T
VELGEITY FPe o= 48, %4
STACK AREG = 1.:4

"

STORCK ALFH = %226,
¢ CTRCH MSLERE = 3,89,
v IEDRINETIT = 8629

Eih OF FIELD RFA

FRUE CRSSER L
BUR HIREER

ey ¥ 40

oL MTR ST
4 mehae) R
CTRCK DECFY

ER/DSCF = B,R80122%
MG/RHE = 3, 2796303
LE/HR = 0,8093212
KC/HR = @8.€8:2281

el a i B |

R ETL

L e saatn

[

RUN HUNEER
1-1-2

To"'al Chm-‘.u..

yoL TR STD ?
224,0230000 AU

STACK DSCFM ?
8,899.0p0088 R

FRONT 1/2 %G ?
1.53¢0808 R
BACK 142 MG ?

Rin!

LAl

GR/DSCF = 8.0981263
WG/MMH = 82899972
LB/KR = B.00%536~
KS/HR = B,R843711

'11"1'71"‘1

RROM "MASIFLCT

T

O F MG/MMM = @,1171837

RUH HUMBER
Md,’f" lea rL\':.IJQ e
Field faalysis

I-1-2
: R

VoL HiR STD 2
224.0200088 B
STASK DSCFM

§,899.000048  RUH

FRONT 172 MG ?

7434008 R

BRCK 172 MG ?

RN

" F GR/DSCF = 9.8833512

FLB/HR = 0,8039861
“F XG/HR = 8,8917718

£ ¥ROM MASSFLO® &

oo

AP 1 1 E St
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h eyt "
3 {ROH "NETH S

i Pily HUMEZR

) 1-1-7

._' - & _
. L

i ®ETER BOY v7?

‘ L9 B

BELTA HT
3.7058 By

u QTHE
REMOVED EEFORE
8y G538 HETER 2

CTACK TEWD,

7o, g0 B
AL, WRTER T

£6.9563 et

€.0308  Rum

" 20.8089 AU
% o0 ?
i
MOL WT OTHER? |
RuM
. RE?‘?

Mid =28.82
NN WET=28.78

"SR PSTS 7

2.

21,5352 RU

D=

T'HE P 2 |
24p.0008 RN -

o NTETR Y

KG/HR = 6.89?3465

PUN WUFBEP

I-1-3
Totu| (:‘1h¢nq:|un,

voL MIR §TD 7
234, 7638809  Rix
STRCX DSCFH ?
© 9.885.000608  RuG
FRONT 172 MG ?
2.9%98082 R
BACK 1/2 WG ?

it
i

R

GR/DSCF = B.88219%7
MG/MHH = 6.4495519
LB/HR = B.B1631153
KG/HR = 8,8674295

M mnm

s VO ' i
Tl 3
Y0 g
%N ’
HOL T
HOL | §
RO b A
YELAD :
3

¥ E i
% )

END 7 TIEL: BOTS

XROH “HRS3FLO”
PUN HUMBER
1-1-3
e -
YOL MTR STD ?
234,7032006  RUM j
STRCK DSCFM ? ;
9,805.002009 RN :
FRONT 172 MG 2 3
2.8410888 RN ]
BACK 1/2 MG ? ;
R [
F GR/DSCF = 8.8982991 ;
FHG/MMN = 9,434957 :
F LB/HK = e.e:ssrss :
F

RUN HUMEER

I-1-3 _
Eield Aoalysis g
Dghtayl carbaz 1e
YOL MTR STD ? .
234,7830865 . RuM
STRCK DSCFM ?
9,005.80000y  RUM!
FRONT 172 NG 2 .
8420008  RUm -
BACK 172 MG ? .
Lt

F GR/DSCF = 8,9698558
FMG/MRM = 8.1275922
F LB/HR = 9.00463¢0

- F KG/HR = 8.8821235

g e it o L e




I

- o LTIy P L 4wy woesiwny & |
IR "N} TEET 2 89 § Ieel d)qnd paspuvig Lag - . *jomy 9 [] )
Hat o o ! . Tavp 3303g 30 IGBION aepndajon « g TN VOWSVT ‘eansseg sep woeag e 4 w s e 1 e
L3 . J738cj08] IU) AN = IT i eu_— sayoug "seg ’ L Y n= u =Lt 2
s *1eeq Lig wanag jo sanseeag 3janig « V2 TP AT (09Y ¢ 1) B 05Y60°0 ©
zw. ..u.i—l aed 398 o1qna pavpuriy £30 = RIDSQ 933 W3RE Jo IV ey Se(ndstod = TpH :
: . s3suje 28d 3995 OFAND TORIIY = NIDY 43¢ x sentos = 002 __-relu“-“”_-n “““u“uu._"u-.n“”u L3 1 L )
; o . . | )
SRR g3 U1 197P jO WRIY - ShIY £10 g swngos « tuy L4080 419 - s et n um.munu 09y « .uu .-.uﬂu X i .
; . seysuj ‘uamag Jo IvEiE & G Lag g emnjop = Poy 30 sen Lag jo wmajos S W, i ‘s v - v
P spuosse 38d Jeeg ‘eueyijpuey £1g g wunjop = Toop 'sanaranduay In1y --..-« « "1 . u-aer e Pw Puie
T v £3)30134 989 IR ’ [
i e as SOl o wns = 4 *rg dag Jo uopydeay » h 450 *euoyiypooy T8 1OH % Jey0p) + #8° ¥ (THE + 00} o (267 2 Top sy x Toox «
A Q J© USFIFRAL P1H = TH 2830 0 #w) 43g JO PEALOA @
. uu "Soyuado ese0y JO PRIY & ¢. . ‘ ¥ 9 43g 3 ok « A
R . semjos £q sInIefOR D 303 = HE R o . re.
S -ao.. ' systoy Buyyd sanjosqy ‘¥ ‘p n .
m\ w m. .\ h w 0 ¥ "seremrig sysrey Wony urg o n o._ . add8 *a13 20 -u.. 20T ‘wanesRig Dlalamoarg « *I0Q ¢ M - 001 = .= : . & 1i%0°0 »
t P . peIYE W] 1983 JO SN 184 » .-. P339 109 Jodea 2819A JO N0/ A o~= saysup *doag - . .
H - -
l.\ _ o u. R . v3uyod Suprdmes yaes moa) = 123 -um:u pur sansanag #3710 *IRIGAY = HY ..b . P8 A ) . (0S¥ + 1)
f sInywaedury N3wIe #INJOEqE BY) puw sasfupde] up PPIBRILO3 OB |PI0L = A .. —_—r .
Thegoen 5 ) n-u ) pooy Lagdoges syl o Janpoad ) d031384 0O1IIRNIIC) Nog INIAY & L . » :: x o0t =N wln_. T s x yoeuf h - "Pis
. h oy T ey 30 3003 sasnbe Y3 n_.u--- z sanyeandual ydeig 4 . d )
AR iq 1-_.._!-8-' o1 {Ogy ¢ &} dvA ¥ O°H Jo sanssnag dodes = g4 #3vted Suppdueg jo cof 1¥I0L « g
“..hu__..n,.‘ g . . , . —
- L4 L L . — _ .
s
. w.l.L. “mma ¥

A Q% [TS6F| &L6b| LCT{ . 3 |5C T ekc] OFT| TEOT B/ |FE |ELET[ERET = T &oe| 001¢C]
BT 5545 | A58 S | (L7, ST (FCS[6FC| OF¥| G/LG 7€ R3[| JL 8P| €8 BT PR KR
- BFoq| E€TES| B7F5 [ CZT| AT |ITTSepe | OTE| 4¢970F 55| JCRE[TE 3Y 74 X AR

P -— [ [4 ‘ [4

SR ¢ 1 RI08a z..Gw Iy q u> “a 1 (o9 + "n)’avfi M w T o o %o
. 0 o g @ @ ©® ® @ o & e @O
[TEEFGI| T 3I| ¥ L[ [G-| 7 | BBC TTC| LD| 545 TeX| I 0L STE|6LG | F7 [ 7o We1C-TT
TG ICT[sF T[T ARZAGEZESE YT RTT[ CL|T6r FET| F7CE| OLE[GLC | A ITH A ST[T-F1
. [ [Tre| SE[eTE R A G B L AN U (2 A A RO A N A WAL S L (R

. CEY g E E
H - WX A A dA L d d 4 *PiS > *aegq d

ez @ 8O 0 @ © 0 © ©® 0 ® ©

(9) Z# L% 30unos aziaws

LNVId

N a3eq uny

S A . pi _
oL YT S[EL™3S  NoravooT
e IAIHS Z¥V._.1S ONI'TIWVS
o GEE N T N IS G BN BN EE I EE IR B En S S .-




A %\.% \Jﬁ@\@%

€650 |

S.VlW%\‘I ve %ﬁ\QQ

s TP e I i R S go}mm o7 eI

PERSES S UM STy ey Fy P > uamﬂ.o* 53050 9 1T -1 ¥ caw PREL
€2 zz 12 0z 61 81 (1 o1 6 8 L 9
. [ wioaT] reoo] RO m;::.q.w
0799°| ¢roo’| YETI’ mw\?aﬁ Tlod Wlxoo | 8¢RI meﬁfo 1b1a| Iree] &L ozamN ¢-C1
T100°| 900 | botr | UAFLS N LN VYT TN LR [1oo | stoo | 22l %f....m el
cro0'| 6roe’| 8ski’ mm;nG 9¢/00°|bb ¥og’ \_.\M\. M_Imﬂwﬂ F107 | ogoo’| LT&l | oXLY 1TL|
a/8a | an/a1{ /3R (205T/3D ap/8% | /91 | A/BR | 20SA/3D | an/3x | /a1 (/3| 2080/30 |
t m—— N S— S b4 E.L e
(op=>q’ uo\hﬁk (3 it M A et SNOLLYSLNZONOD a PNgytY S .
$650°/
bece £€C° €650/ 3sceee| 16 2Ju| €-GL
- LY #63° ol o¥o 31 ¢[(5 > 8IIT-CT|
TZi5 ] 7Cs’] TEN LR L) (60 H|1-T1
TEENER Ap— wygms | ¥3UTI4 | GNOTOAD | 3H0Yd Haosa | 'pas A | diva | . NA¥
A . | L
- = © _ © O
D=y Avagd:q @ + 9442 SHVMOTTIIN SR
S 1y (9ol ATVR 1NO¥J _ eyl
h.sh\..a-_e( 1213 . : R ;
: (4) ¢ +# *U\ ﬂ\. F0UNOS QFATDIVS
Z Z
r\ovk‘ 1 *ﬂg 10\*4“ v@.m; NOILVOO1 \.mq.‘dﬂuwj-NW Q_Q..w wos m-ﬂ@\mw szm
SNOISSIHE ~~ AUVWHNS o
J ! | : : |
G GND GHD DND ) GED BN BED, BN BNN | ID N BN EE OGN GE G0 an - -



INIPVIPTi PRy

[E 5 LR e T
[

XEQ “NMETH 5°
NONESISTENT
4ROK “METH S°

N By By By BE BN NG N BN _BE BN AN

o 'nozzLE'nxn 2
SR 490
srx nrn INCH 2

RUN NUMBER )

- 360,80669

LR

Talet 45 RUY
KETER BOZ Y?
9799 RUM
DELTR H?
3.5400  RUY
BAR PRESS ?
36,9188 RUN
METER ¥OL ? |
69,6198 RN
WTR TENP F?
66,9098  Ru
STATIC HOW IN °
-5.7088  Run
STACK TENP.
69,9098  RUN
ML. WATER ?
53.8308 R
SAT % = 2.4
IMP. % HOH = 8.7
% HOH=8.7
% €022
9.0982  RUN
% OXYGEN?
26,2688  RUM
MNd =22.83
MK WET=28.76
SQRT PSTS 2
.. 28,7629
_nmnmv St

R En

* YOL MTR STD = 367,43¢
STK PRES RBZ = 29,59
YOL HCH GRS = 2.59
% MOISTURE = 8.47
NOL DRY GAS = 8,993
% NITROGEN = 79.28
HOL WT DRY = 28,83
MOL WT KET = 28.76
VELOCITY FPS = 51,11
STACK AREA = 1,77
STACK ACFN = 3,419,

* STACK DSCFM = 9,213,

% ISOKINETIC = 188,43

EHD OF FIELD DATA

SPPTAN

ﬂ
Io'fw'
] Chabmion, (ROK "NASSFLE®
RUN NUMBER
[-2-1 R
VoL MTR STD ?
28R, ¥SY
367.4840080 RUH
STACK DSCFM ?
3,313.000808 C{IE
FRONT 172 05 ?
1.5738088 Pk
BACK 172 MG ?
RU~

P
C/r'G

ARO® “HASSFLO"

RUN HUMBER
I-2-1

YOL MIR 57D ?

RUM

- T . T T i AL i W Bt e s ga L

RUK

367.4%4808e  RUM
STACK DSTFM ?
3,313.000088  RuM
* FRONT 172 MG ?
1.5898608  RUN
BACK 172 NG ?

F GR/DSCF = 9,08000661
F MG/HHM = @.1511681
F LB/HR = 8.0030682
F KG/HR = 9.8813645

o i B AR, e A

iy o £ 83T

Ficld 4—‘»«\, sy
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RESEARCH TRIANGLE INSTITUTE LN

Center for Environmental Measurements and Quality Assurance

February 14, 1992

Mr. Tom Yaroch

Advanced Systems Technology, Inc.
1627 Peachtree Road, Suite 222
Atlanta, GA 30309

‘SER (GEN (U8 (UED (GES

f
i

Dear Tom,

Enclosed are the Cr(VI) and Total Chromium analysis results
as determined by ion chromatography and ICP, respectively, for
the impinger samples received on December 23, 1991 for RTI
Project No. 4848-02L, Advanced Systems Technology, Inc. P.O. No.
0074-003-91 and 0004-101-92.

[ | ..

If you have any questions, please call me at 919-541-6569
or Peter Grohse at 919-541-6897.

{ .
.

Sincerely,

Kate K. Luk, Ph.D.

r
{

{ .

Ref: 4848-02L
cc: W. Gutknecht
P. Grohse
J. Merricks

C. Decker

(R (GEEB (NS

Post Olffice Box 12194 Research Triangle Park, North Carolina 27709-2194
I Telephone 919 541-6914 Fax: 919 541-5929
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-
l RTI Project No. : 4848—02L
~ Samples : Impinger Samples
' Company : Advanced Systems Technology (P.O. No. : 0074—003—91 and 0004-101--92)
‘ Analyte : Cr(VI) and Total Cr ‘
~ Methods of Analysis : Ion Chromatography / Post Column Reaction for Cr(VI); ICP for Total Cr
| Samples Received : 12—~23-92 |
Report Date : 2—14—92; Revised 9-2--92
! Total Total Vol.(mL) Total Total
Volume Cr(VI)  Cr(VI) Taken for Cr Cr
l Sample mL ug/mL ug  Digestion ug/mL ug
Sampling Train Bk 420 000737 3.10 200 0.0320 336
' Inlet1 Run 1 439 - 6.58 2889 100 138 - 3029
— Inlet 1 Run 2 799 222 1774 100 459 1834
Inlet1 Run3 769 3.76 2891 100 7.77 2988
l Inlet2Run 1 445 3.57 1589 100 1.07 1573
Inlet 2 Run 2 813 0.947 770 100 2.20 894
Inlet2Run 3 746 1.09 813 100 2.50 933
' Outlet Run 1 433 0.337 146 200 1.27 137
e Outlet Run 2 821 00738 60.6 200 0333 683
' Outlet Run 3 619 0.0865 535 200 0.39% 613
M.J. Outlket Run 1 497 0.0759 373 200 0.269 334
T M.J. Outlet Run 2 581 0.0743 43.2 200 0.286 415
' M.J. Outlet Run 3 497 0.181 90.0 200  0.00600 74.6
Tank 1 Run 1 —-— 122E+05 - 1.00* 13.1 131E+05
~ Tank 1 Run 2 -~ 8.59E+04 - 1.00° 130 130E+405
' Tank 1 Run 3 —— 108E+05 - 100° 126 1.26E+05
- Tank2Run 1 —— LISE+05 - 1.00* 127 1.27TE+05
- Tank 2 Run 2 ~~— 122E+405 - 1.00° 125 1.25E+05
l Tank 2 Run 3 -— L14E+05 -— 1.00* 124 1.24E+05
;_; Tank3 Run1l —— L23E+05 - 1.00* 123  1.23E+05
Tank 3 Run 2 -~ 123E+05 - 1.00* 126 1.26E+05
l Tank 3 Run 3 ~~— 120E+05 - 1.00* 125 1.25E+05
' Detection Limit 0.0015 0.006

ND : Non—detectable; less than detection limit
* : Sample was diluted 100 times with deionized water before taken for digestion

r
]

For Inlet— , Outlet—, M.J.— Samples

Total Cr(VI), ug = Cr(VI), ug/mL * Total Volume, mL
Total Cr,ug = (Total Cr, ug/mL * Diluted Vol. (50.00 mL) / Vol.(mL) Taken for Digestion) * Total Volume, mL

N i

For Tank— Samples :
Total Cr, ug = Total Cr, ug/mL * Diluted Vol.(100.00 mL) *100
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RTI Project No. : 4848—02L

Samples : QC for Impinger Samples

Company : Advanced Systems Technology (P.O. No. : 0074—003-91 and 0004-101-92)
Analyte ; Cr(VI) and Total Cr

Methods of Analysis : lon Chromatography / Post Column Reaction for Cr(VI); ICP for Total Cr
Samples Received : 12—-23~92

Report Date: 2— 14--92; Revised 9-2~-92

Calibration Check Sample
Cr(v1) crvi)  Toial Total
ug/mL ug/mL Cr Cr
Sample Measured Expected  Measured  Expected
QC 1.98 2.00 200 2.00
QC 201 2.00 1.99 2.00
QC 5.00 5.40 191 2.00

Results of Blank, Duplicate, and Spike Analysis

Spike Spike Spike

Cr(VI) Cr(VI) Cr(VI) Cr(VI1) Tot.Cr Tot.Cr

ug/mL ug/mL. ug/mL % ug/mL ug/mL
Sample Measured Measured Expected Recovery Measured  Expected
RTI DIW Blk ND - -— - - -
Inlet 1 Run 1 6.64 - - - - -
Inlet2 Run 1 3.60 - - -— - -
Inlet 1 Run 2 Spk - 493 5.00 98.6 - -
Qutlet Run 3 Spk - 2.67 2.50 107 ND -
Reagent Blk - - - - 0.00570 ——
Inlet 1 Run 1 Dup - - - - 134 -
Inlet 2 Run 1 Dup - - - - 7.08 -
SRM (WP481) - - - - 0.0556 0.0522
SRM (WP481) Dup - -— - - 0.0509 0.0522

D-4
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MOISTURE LABORATORY DATA

Client: Mgﬁ/q Source: 7f0fu.57<;“l' 551”

pate: 4/(7-#/%  sample Personnel: /- %mx

Date: 4[72 Recovery Personnel: \/.Igré'/

/n/c?l i Run 4 [/ Run #_2 Run #_3  Run {
' Impinger
[ —
Final Impinger

l Volume  (ml) £20 220 226
- Initial Impinger _

Volume (ml) 2o o) 209

Net Increase
l (9) i 2o 20
[
' Silica Gel .
— Final Weight (9) 252.82 234, 7o 24095
. Initial Weight (9) 00 200 200
- Weight Change (9) 5282 347 Yo-95
T TOTAL WEIGHT
l Silica Gel Wt.  (9) S252 3470 AN
I Impinger Weig_ht' (g) Zo Z9 20
- Weight Increase (9) 72.82 S47 AAAY
!
\
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MOISTURE LABORATORY DATA

Client: MS ﬂ// Source: jD/ZC‘SS(d;‘\ b’(/l’

Date: [2/17:19/%( sSample Personnel: 7 %7700[

Date: /[73 Recovery Personnel: J gﬂéﬂ

/I)/ﬂ/‘é‘Z Run #_L Run #_<Z  Run 4S5  Run

Impinger
Final Impinger

vgluge' (ml) 2/0-0 2206 2.0
Initial Impinger
' Volume  (ml) 200 Zoo 2u0
Net Increase

(9) /9.0 20.0 /0.0

Silica Gel
Final Weight (9) 243.03 2/0.30 234.85
Initial Weight  (9) A 200 200
Weight Change (9) 93.03 /o-30 3465
TOTAL WEIGHT
silica Gel Wt.  (g) 43.03 /0-30 34.95
Impinger Weight (9) /0:0 Zo.0 /0.0

Weight Increase (g) 5303 30-30 4/3. 658

¥ B ' D D G G N A S I I R (R G E.
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MOISTURE LABORATORY DATA
.Client: //\.S ﬁp4 source: ]%as/‘h 5?/'

Date:/zz/f‘/qch[ Sample Personnel: T >§ﬂ‘?

pate:_ /[ 72 Recovery Personnel: \/ 1(2/%/

a/f/ff Run # / Run # Z Run § S Run ¥

Impinger
Final Impinger
Volume (ml) . 2§89 220.0 2190
Initial Impinger -
~ Volume  (ml) 2090 Zv.0 2080

Net Increase

(9) 250 290 /0.0

Silica Gel

Final Weight (9) 252.00 233.50 296.85

Initial Weight  (9) Jo0-w0 250 -0 200 .00

Weight Change  (9) 52.00 23,50 26.85

4 B2 B B B B3 Bf B e I

TOTAL WEIGHT
Silica Gel wt. (g) 84249 3380 3465

i Impinger Weight (g) 25.0 20-© /o0°
o Weight Increase (9) 777'00 £3.5Y 4688
A
:_!
L
[
]
i
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! Allania, Ge_orgia . Advanced Systems Technology, Inc. Washington DC

1

! . Chain of Custody

! Team Leader: Tcr«-r\ \‘\W‘-\f\

Samples US EPA / Precision Instruments

- Run I: Run 2 Run 3:

! Infet 1 ~ — _

‘L Inlet 2 _\L _~_/.__ £_

l Qutlet _L . __é.

Mason Jar Qutlet . _4 __{_ ______/

1! Tank 1 L v -
Tank 2 | __{_ __-4 L

- Tank 3 L L v

[ o u
i

Analysis Instructions:

Please analyze for total chrome and hexavalent chrome as previously tested.

Sample levels clearly marked? yes / no

-

Visible Sample loss? yes / no

Containers Damaged? yes / no

(-

Rccéived By:

Date:

(o

D-8
16_2_7_ ifeachiree Slreel, N.E. . Suile 222 . Allanla, Georgia 30309 « (104) 876-3632




APPENDIX E

ON-SITE COLORIMETRIC ANALYSIS
FOR HEXAVALENT CHROMIUM

o oo op o o o o o on o o on o o o o on T o
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Lheomium Testhae $or EPA
Mickole Knox . TEavy. mmx...

[l

100 sheets + 200 pages

9% x7%in/24.7x 19.0 cm
wide ruled » 09910

© 1987 —The Mead Corporalion, Dayton, Ohio 45463 U.S.A.




Client: U.S. EPA/PRECISION ENGINEERING, INC. Source: MESH PAD MIST ELIMINATOR
Test Date: December 17-19, 1991
Analyst: M. L. Knox Analysis Date: December 17-19, 191

ON-SITE COLORIMETRIC ANALYSIS
FOR HEXAVALENT CHROMIUM®

TOTAL Cr-VI TOTAL
SAMPLE VOLUME (zg/ml) Cr-VI
(ml) (ng)

Inlet No. 1, Run 1 500 5.7250 2,862.5
Inlet No. 1, Run 2 900 0.8260 743.4
Inlet No. 1, Run 3 800 - 1.060 848.0
Inlet No. 2, Run 1 500 3.0350 1,517.5
Inlet No. 2, Run 2 900 0.8980 808.2
Inlet No. 2, Run 3 910 - 0.8560 779.0
Outlet, Run 1 500 ‘ 0.2460 123.0
Outlet, Run 2 900 0.0420 37.8
Outlet, Run 3 800 ' 0.0629 50.3
Sample Train Blank 500 0.00002 0.010
Mason Jar, Run 1 600 0.640 38.4
Mason Jar, Run 2 600 0.0500 30.0
Mason Jar, Run 3 600 0.2025 121.5

*Samples were analyzed at the end of each testing date, immediately after recovery and labelling.
Total Cr-VI (ug) = Cr-VI (ug/ml) x Total Volume (ml)
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APPENDIX F

SAMPLE CALCULATIONS
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l EPA AIR SAMPLING EQUATIONS
[_l 1. Dry Gas Volume at STP (¥, )

1 ver),

_ vor .

_‘ V"‘cno =1764 V.Y

l m

l Where

l gy | ft* corrected for standard temperature and pressure;
_l v, = fi’ as measured by the gas meter - not corrected for standard temperature
' and pressure;

' Y = dry gas meter calibration factor (deminsionless)

l P == inches of Hg

bor

l AH = inches of H,0

l T, = °R (°F + 460)

I . F 2




{

_ { ‘
- S —
. - as s

- ..

20 Concentration as grains/dser
K
?
. me (1543 x 10-
grainsldsef = -——‘»g——-—-—-————)-
V
'"(mn) )
Where
V‘"wa = " corrceled for standard wemperature and pressure
Conversions:
BB =g omp x 1,543 x 1072 prains/mp = graing
1000
Concentration as mg/ny?
35314
mglm* = ________0.0.1531 ( ‘5’2
: o M
Where
ey Sl carreeted for standar lemperature and pressure

Molccular Weight of Stack ¢

a5, Dry Basis (M,)

N M, = 0.440 (%COy) -+ 0.220 (% O) - 0.28 (% N, I %CO)
b) %N, = 100 - %Co, - % O,
Where

% CO, = 0.7

%0, =21

%CO =9

7.3



Volume of Water Vapor (VWM)

Voo = 0.04707ft>/ml(V,)

Where

Voo = ft® corrected for standard temp and pressure;

V, = ml of liquid collected in impingers and silica gel

Moisture Content as a Percent (B,,)

By =Wy, | Vi, * Vi) % 100

Where

B, = percent,

" _ 3.
V“'wa =15
= £

Pesedy S




T

Molecular Weight of Stack Gas, Wet Basis (M,)
a) M, =M,(-B,) + 18.0 (B,,)
Where .
M, = Ib/lb-mole;
M, = Ib/Ib-mole;
B,,, = dimensionless
b) Mole Fraction of Dry Gas (M,)
M, = 100 -B, /100 |
Where
M, = dimensionless;

B., = dimensionless

Average: Stack Gas Velocity (V,)

T,
8,5 [

PM,
Where
. 12
K, = 85.49 fijsec (lbllbo-mo.le)(m. Hg)
C Ry(in.H,0)
Vl = fUSeC;

» = dimensionless;
Ap = inches of H,0;
T, = °R (°F + 460);
P, = inches of Hg;
M, = lb/lb-mole



9. Actual Cubic Feet Per Minute (ACFM)
ACFM = V, (60 sec/min) (A) |

Where
V, = ft/sec;
= ft2

10.  Average Stack Gas Dry Volumetric Flow Rate (Q,)

Ta P,
Q. =60 (1-B )V, A T“" :

1
i
1
i
i
1
i
. St Fou
i
Where

. Qg = f2*/min;
1

B, = dimensionless,
i

V, = fisec;
i
' | A = fi?
' T, = °RCF + 460);
| ' tp " °R(C°F + 460);
l : P, = inches of Hg,
' P _, = inches of Hg
1 .
1



11.  Emission Rate in Pounds Per Hour (Ibs/hr)

1bs/hr= (Kg/hr)(2.2046)

12.  Emission Rate in Kilograms per hour (Kg/hr)
ke/hr = (dscfm)sracx( g (1.699x10°%)




13.  Percent Isokinetic Variation (% I)
I = 0.09450 T, VMM/P, V.A, 0 (1-B)
- Where
= Percent of isokinetic sampling;
T,=°R,
VMM = ft> corrected for standard temperature and pressure;
P, = inches of Hg;
V, = ft/sec;
A = fté;
¢ = minute;
B,, = dimensionless
14.  Concentration as 1bs/dscf

mg(2.2 x 107
Vv

L)

lbs]dscf =

Where

me = ft3 corrected for standard temperature and pressure

Conversion: mg(?..?.xlo"lbs/mg) = lbs

F -8
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! APPENDIX G
l DRAFT METHOD DETERMINATION OF HEXAVALENT
' CHROMIUM EMISSIONS FROM DECORATIVE AND
= HARD CHROME ELECTROPLATING

) !- o 'eom o ‘om o oI ‘U B
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DRAFT - 12/90

Method __ - Determination of Hexavalent Chromium

Emissions from Decorative and Hard Chrome Electroplating

1. Applicability and Principle

1.1 Applicability. This method applies to the determination of
hexavalent chromium (Cr*) in emissions from decorative and hard chrome
electroplating operations.

1.2 Principle. Emissions are collected from the source by use of
Method 5 (Appendix A, 40 CFR Part 60), with the filter omitted. The first and
second impinyers are charged with 0.IN sodium hydroxide. The collected
samples remain in an alkaline solution until analysis, and are analyzed for
Cr* by the diphenylcarbazide colorimetric method.

2. Range, Sensitivity, Precision, and Ipterferences

2.1 Range. A straight line response curve can be obtained in the range
5 ug Cr/100 m1 to 100 pg Cr*/100 m1. For a minimum analytical accuracy of
+10 bercent, the lower limit of the range is 10 pg/100 m1. The upper limit
can bk extended by appropriate dilution.

2.2 Sensitivity. A minimum detection limit of 1 gg Cr*/100 m1 has been

observed.

2.3 Precision. To be determined.

2.4 Interference. Molybdenum, mercury and vanadium react with
diphenylcarbazide to form a color; however, approximately 20 mg of these
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.

G-2
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3. Apparatus .
3.1 Sampling Train. Same as Method 5, Section 2.1, but omit filter,
and use quartz probe tip in place of stainless steel.

3.2 Sample Recovery. Same as Method 5, Section 2.2, but use 0.IN NaOH

in place of acetone.
3.3 Analysis. The following equipment is needed.
3.3.1 Beakers. Borosilicate, 250-m1, with watchglass covers.
3.3.2 Volumetric Flasks. 100-ml and other appropriate volumes.
3.3.3 Pipettes. Assorted sizes, as.needed.

3.3.4 Spectrophotometer. To measure absorbance at 540 nm.

4. Reagents
Unless otherwise indicated, all reagents shall 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.

4.1 Sampling.

4.1.1 0.IN NaOH.

4.2 Sample Recovery.

4.2.2 0.IN NaOH.

4.3 Analysis. The following reagents are required.

4.3.1 Water. Deionized distilled, meeting American Society for Testing
and Materials (ASTM) specifications for type 2 reagent - ASTM Test
Method D 1193-77 (incorporated by reference - see § 61.18).

4.3.2 Potassium Dichromate Stock Solution. Dissolve 141.4 mg of

analytical reagent grade K,.r,0, in water, and dilute to 1 Titer

(I ml = 50 ug Cre),

G-3



4.3.3 Potassium Dichromate Standard Solution. Dilute 10.00 ml KLCr.0,
stock solution to 100 m1 (1 ml = 5 pg Cr*) with water.

4.3.4 Sulfuric Acid, 10 Percent (v/v). Dilute 10 ml HSO, to 100 m} in

water.

4.3.5 Diphenylcarbazide Solution. Dissolve 250 mg of 1,
5-diphenylcarbizide in 50 ml acetone. Store in a brown bottle. Discérd when
the solution becomes discolored.

5. Procedure

5.1 Sampling. Same as Method 5, Section 4.1, except omit the filter
and filter holder, and place 100 ml of 0.IN NaOH in each of the first two
impingers.

5.2 Sample Recovery. Measure the volume and place all liquid in the
first, second, and third impingers in a labelled sample container (Container
Number 1). Use 200 m1 of 0.1N NaOH to rinse the probe, three impingers, and

connecting glassware. Place this wash in the same container. Place the

PR R B B By B AR (.

f

silica gel from the fourth impinger in Container Number 3.

5.3 Preservation. Analyze all samples within of collection.

.

5.4 Reagent Blank Preparation. Place 400 ml of 0.1N NaOH in a labelled

-

sample container (Container Number 2).

5.5 Silica Gel Weighing. Weigh the spent silica gel (Container

Number 3) or silica gel plus impinger to the nearest 0.5 g using a balance.

This step may be conducted in the field.

i
i

5.6 Analysis.

5.6.1 Color Development and Measurement. After stirring the sample in
Container Number 1, transfer a 50-ml or smaller measured aliquot to a 100 mi

vo lumetric flask and add sufficient water to bring the volume to approximately

G-4
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80 m1. Adjust the pH to 2 & 0.5 with 10 percent H,S0,, add 2.0 m} of
diphenylcarbazide solution, and dilute to volume with water. Allow the
solution to stand about 10 minutes for color development. For each set of
samples analyzed, treat an identical aliquot of reagent blank solution from
Container Number 2 in the same way. Transfer a portion of the sample to a
1-cm absorption cell, and measure the absorbance at the optimum wavelength
(Section 6.2.1). Measure and subtract the reagent blank absorbance reading,
if any, to obtain a net reading. If the absorbance of the sample exceeds the
absorbance of the 100 pg Cr** standard as determined in Section 6.2.2, dilute
the sample and the reagent blank with edua] volumes of water.

5.6.2 Check for Matrix Effects on the Cr™ Results. Since the analysis
for Cr* 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 method of additions as follows:

Obtain two equal volume aliquots of the same sample solution. The
aliquots should each contain between 30 and 50 #g of Cr*. Now treat both the
spiked and unspiked sample aliquots as described in Section 5.6.1.

Next, calculate the Cr* mass C,, in ug in the aliquot of the unspiked

sample solution by using the following equation:

Eq. -1

where:

C, = Cr™ in the standard solution, pg.
A, = Absorbance of the unspiked sample solution.
A. = Absorbance of the spiked sample solution.

Volume corrections will not be required since the solutions as analyzed

- . have been made to the same final volume. If the results of the method of

- e aE aE O oI I N U D D O R I (IR N e e
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additions procedure 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 this method of additions

procedure.
6. Calibration

6.1 Sampling Train. Perform all of the calibrations described in

Method 5, Section 5.

6.2 Spectrophotometer Calibration.

6.2.1 Optimum Wavelength Determination. Calibrate the wavelength scale
of the spectrophotometer_eyery 6 months. The calibration may be accomplished
by using an energy soJrce with aﬁ fnfénﬁe 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 Bureau of Standards. Specific details on the use of such
materials are normally supplied by the vendor; general information about
calibration techniques can be obtained from general reference books on
analytical chemistry.‘ The wavelength scale of the spectrophotometer shall
read correctly with +5 nm at all calibration points; otherwise, repair and
recalibrate the spectrophotometer. Once the wavelength scale of the
spectrophotometer is in proper calibration, use 540 nm as the opt imum
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 double-beam
spectrophotometer, scan the spectrum-between 530 and 550 nm using the 50 ug
Cr sténdard solution (Section 4.3.4) in the sample cell and a blank solution

in the reference cell. If a peak does not occur, the spectrophotometer is
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malfunctioning. When a peak is obtained within the 530 to 550 nm range,
record and use the wavelength at which this peak occurs as the opt imum
wavelength for the measurement of absorbance of both the standards and the
samples. For single-beam spectrophotometer, follow the scanning procedure
described above, except scan the blank and standard solutions separately. For
this instrument, the optimum wavelength is the wavelength at which the maximum
difference in absorbance between the standard and the blank occurs.

6.2.2 Spectrophotometer Calibration. Alternative calibration
procedures are allowed, prov{ded acceptable accuracy and precision can be
demonstrated. Add 0.0 m1, 1 ml, 2 ml, 5 ml, 10 ml, 15 ml, and 20 m of the
working standard solution (1 m1 = 5 ug Cr*) to a series of seven 100-m]
volumetric flasks. Dilute each to mark with water. Analyze these calibration
standards as in Section 5.6.1. Repeat this calibration procedure on each day
that samples are analyzed. <Calculate the spectrophotometer calibration factor

K. as follows:

A,+ 2A, + 5A, + 10A, + 15A, + 20A,
5

AP+ AT+ AT+ A+ AT+ A}

K. = Calibration factor.
A, = Absorbance of the 5 ug Cr*/100 m1 standard.
A, = Absorbance of the 10 gg Cr*/100 m1 standard.

>
]

Absorbance of the 25 pg Cr'*/100 mi standard.

>
"

Absorbance of the 50 ug Cr*/100 m1 standard.
A, = Absorbance of the 75 pg Cr*/100 ml standard.
A, = Absorbance of the 100 pg Cr*/100 m1 standard.

G-7
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6.2.2.1 Spectrophotometer Calibration Quality Control. Multiply the
absorbance value obtained for each standard by the K. factor (least squares
slope) to determine the distance each calibration point lies from the
theoretical calibration line. These calculated concentration values shall not
differ from the actual concentrations (i.e., 5, 10, 25, 50, 75, and 100 lg
Cr?/100 m1) by more than __ percent for five of the six standards.
7. Emissjon Calculatijons

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

7.1 Total Cr™ in Sample. Calculate m, the total ug Cr* in each sample,

as follows;

V.. K, AF
mes ———— Eq. -3
vl
where:

V., = Volume in ml of total sample.

A = Absorbance of sample.

F = Dilution factor (required only if sample dilution was needed to
to reduce the absorbance into the range of calibration).

V, = Volume in ml of aliquot analyzed.

7.2 Average Dry Gas Meter Temperature and Average Orifice Pressure

Drop. Same as Method 5, Section 6.2.

7.3 Dry Gas Volume, Volume of Water Vapor, Moisture Content. Same as

Method 5, Sections 6.3, 6.4, and 6.5, respectively.

[
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—
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7.4 Cr* Emission Concentration. Calculate c, (g/dscm), the Cr*

concentration in the stack gas, dfy"basis, corrected to standard conditions,

| -

as follows:

- S

cl = (10.‘ g/ﬂg)[m/v-(m)] Eq. ‘4
7.5 Isokinetic Variation, Acceptable Results. Same as Method §,

Sections 6.11 and 6.12, respectively.
8. Biblioaraphy
8.1 Test Methods for Evaluating Solid Waste. U.S. Environmental

ra

L4

(.

Protection Agency. SW-846, 2nd Edition. July 1982.

[ -

8.2 Cox, X.B., R.W, Linton, and F.E. Butler. Determination of Chromium

Speciétion in Environmental Particles - A Multitechnique Study of Ferrochrome

I3
]

Smelter Dust. Accepted for publication in Environmental Science and

Technology.
3.3 Same as in Bibliography of Method 5, Citations 2 to 5 and 7.
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AMPERE-HOUR CALCULATIONS
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Ampere-Hour Calculations
Test Run No. 1
Tank No. 1A

Date: December 17, 1991

Inlet - A Inlet - B Qutlet
Start time: 10:20 Start time: 10:20 Start time: 10:20
Stop time: 16:40 Stop time: 16:40 Stop time: 16:40
Time, 24-hr clock|Time interval, min Ampere-hours
. Current,
Inlet Outlet Inlet Outlet | amperes Inlet Outlet
10:20 10:20 |
10:45 10:45 - 25. © 25 - -- --
11:15 11l:15 30 30 4,100 2,050 2,050
11:45 11:45 30 30 4,000 2,000 2,000 |
12:15 12:15 30 30 4,000 2,000 2,000
12:45 12:45 30 30 4,100 2,050 2,050
13:15 13:15 30 30 4,350 2,175 2,175
13:20 13:20 5 5 4,500 375 375
Subtotal 180 180 10,650 10,650 |
13:40 13:40
13:45 13:45 5 5 4,700 392 392
14:30 . 14:30 45 45 4,700 3,525 3,525
15:00 15:00 30 30 4,800 2,400 2,400
15:30 15:30 30 30 4,900 2,450 2,450
16:00 16:00 30 30 4,000 2,000 2,000
16:30 16:30 30 30 4,100 2,050 2,050
16:40 16:40 10 10 4,000 667 667 |
Subtotal 180 180 13,484 13,484 I
Total 360 360 24,130 | 24,130
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Ampere-Hour Calculations
Test Run No. 1
Tank No. 1B
Date: December 17, 1991

Inlet - A Inlet - B Qutlet

Start time: 10:20 Start time: 10:20 Start time: 10:20
Stop time: 16:40 Stop time: 16:40 Stop time: 16:40
Time, 24-hr clock|Time interval, min Ampere-hours
Current,
Inlet Outlet Inlet Outlet amperes Inlet Outlet
10:20 10:20 |
10:45 10:45 25 25 -- -- -
11:15 11:15 30 30 4,000 2,000 2,000
11:45 11:45 30 30 4,000 2,000 2,000
12:15 12:15 30 30 4,000 2,000 2,000
12:45 12:45 30 30 3,800 1,900 1,900
13:15 13:15 30 30 3,500 1,750 1,750
13:20 13:20 s 5 3,400 283 283
Subtotal 180 180 9,933 9,933
13:40 13:40
13:45 13:45 5 5 3,300 275 275
14:30 14:30 45 45 3,300 2,475 2,475
- 15:00 15:00 30 30 3,200 1,600 1,600
15:30 15:30 30 30 3,100 1,550 1,550 {
16:00 16:00 30 30 4,000 2,000 2,000
16:30 16:30 30 30 3,800 1,900 1,900
16:40 16:40 10 10 4,000 667 667
Subtotal ) 180 180 10,467 10,461ﬂ
Total ' 360 - 360 20,400 | 20,400
H-3
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Ampere-Hour Calculations
Test Run No. 1
Tank No. 2A

Date: December 17, 1991

Inlet - A Inlet - B Qutlet

Start time: 10:20 Start time: 10:20 Start time: 10:20

Stop time: 16:40 Stop time: 16:40 Stop time: 16:40

Time, 24-hr clock|Time interval, min Ampere-hours “

Current,

Inlet Outlet Inlet Outlet | amperes Inlet Outlet
10:20 10:20

- 10:45 10:45 25 25 2,350 979 979
11:15 11:15 30 30 2,250 1,125 1,125
11:45 11:45 30 30 2,250 1,125 1,125
12:15 12:15 30 30 2,300 1,150 1,150
12:45 12:45 30 30 2,350 1,175 1,175
13:15 13:15 30 30 2,350 1,175 1,175
13:20 13:20 5 5 2,350 196 196

Subtotal 180 180 6,925 6,925
13:40 13:40
13:45 13:45 5 5 2,350 196 196
14:30 14:30 45 45 2,350 1,763 1,763
15:00 15:00 30 30 2,350 1,175 1,175
15:30 15:30 30 30 2,350 1,175 1,175
16:00 16:00 30 30 2,300 1,150 1,150
16:30 16:30 30 30 2,300 1,150 1,150
16:40 16:40 10 10 2,300 383 383

Subtotal 180 180 6,992 6,992

Total 360 360 13,920 13,920
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Ampere-Hour Calculations
Test Run No. 1
Tank No. 2B

Date: Decenber 17, 1891

Inlet - A Inlet - B Qutlet
Start time: 10:20 Start time: 10:20 Start time: 10:20
Stop time: 16:10 Stop time: 16:10 Stop time: 16:10
Time, 24-hr clock|Time interval, min Ampere-hours =1
Current,
Inlet Outlet Inlet Outlet | amperes Inlet Outlet “
10:20 10:20
10:45 10:45 25 25 ‘ 1,450 604 604
11:15 11:15 | - 30 - 30 1,400 700 700
11:45 11:45 30 30 - 1,400 700 700
12:15 12:15 30 30 1,400 ‘700 700
12:45 12:45 30 30 1,400 700 700
13:15 13:15 30 30 1,450 725 725
13:20 13:20 5 5 1,450 121 121
Subtotal 180 180 4,250 4,250
13:40 13:40
13:45 13:45 5 5 1,450 121 121
14:30 14:30 45 45 1,450 1,088 1,088
15:00 15:00 30 30 1,450 725 . 725
15:30 15:30 30 30 1,450 725 725
16:00 16:00 30 30 1,450 725 725
16:30 16:30 30 30 1,400 700 700
16:40 16:40 10 10 1,400 233 233
Subtotal 180 180 4,317 4,317|
Total 360 360 | 8,570 8,570 |
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Ampere-Hour Calculations
Test Run No. 1
Tank No. 7B

Date: December 17, 19591

Inlet - A Inlet - B Outlet

Start time: 10:20 Start time: 10:20 Start time: 10:20

Stop time: 16:10 Stop time: 16:10 Stop time: 16:10

—

Time, 24-hr clock|Time interval, min Ampere-hours

Current,

Inlet Outlet Inlet Outlet | amperes Inlet Outlet
10:20 10:20
10:45 10:45 25 25 7,000 2,917 2,917
11:15 11:15 30 30 6,900 3,450 3,450
11:45 11:45 30 30 6,800 3,400 3,400
12:15 12:15 30 30 7,000 3,500 3,500
12:45 12:45 30 30 7,000 3,500 3,500
13:15 13:15 30 30 7,000 3,500 3,500
13:20 13:20 5 5 7,000 583 583

Subtotal 180 180 20,850 | 20,850 |
13:40 13:40
13:45 13:45 5 5 7,000 583 - 583
14:30 14:30 45 45 7,100 5,325 5,325
15:00 15:00 30 30 7,000 3,500 3,500
15:30 15:30 30 30 7,100 3,550 3,550
16:00 16:00 30 30 7,100 3,550 3,550
16:30 16:30 30 30 7,000 3,500 3,500
16:40 16:40 10 10 . 7,000 1,167 1,167

Subtotal 180 180 _21,175 21,175

Total _ 360 360 _42,025 42,025




. Ampere-Hour Calculations
Test Run No. 2
Tank No. 1A

G .

Date: December 18, 1991

.

Inlet - A Inlet - B Qutlet
Start time: 10:00 Start time: 10:00 Start time: 10:00
! Stop time: 14:15 Stop time: 14:15 Stop time: 14:15
Time, 24-hr clock|Time interval, min Ampere-hours
Current,
! ‘Inlet Outlet Inlet Outlet | amperes Inlet Outlet
10:00 | 10:00
' 10:30 10:30 30 30 3,400 1,700 1,700
— 11:00 11:00 30 30 3,400 1,700 1,700
11:30 11:30 30 30 3,400 1,700 1,700
l 12:00 12:00 30 30 3,500 1,750 | 1,750
- Subtotal 120 120 6,850 6,850
l 12:15 12:15
- 12:30 12:30 15 15 3,700 925 925
13:00 13:00 30 30 3,700 1,850 1,850
13:30 13:30 30 30 3,700 1,850 1,850
14:00 14:00 30 30 3,650 1,825 1,825
- 14:15 14:15 15 15 3,700 925 925
l Subtotal 120 120 7,375 7,375
o Total 240 240 142?25 14,225
L




Ampere-Hour Calculations
Test Run No. 2
Tank No. 1B
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Date: December 18, 1991
Inlet - A Inlet - B Qutlet
Start time: 10:00 Start time: 10:00 Start time: 10:00
~Stop time: 14:15 Stop time: 14:15 Stop time: 14:15
Time, 24-hr clock|Time interval, min Ampere-hours
Current,
Inlet Outlet Inlet Outlet | amperes Inlet Outlet
10:00 10:00 _
10:30 10:30 30 30 3,500 1,750 1,750
11:00 11:00 30 30 3,500 1,750 1,750
11:30 11:30 30 30 3,500 1,750 1,750
12:00 12:00 30 30 3,500 1,750 1,750
Subtotal ] 120 . 120 7,000 7,000
12:15 12:15
12:30 12:30 15 15 3,300 825 825
13:00 13:00 30 30 3,300 1,650 1,650
13:30 13:30 30 30 3,400 1,700 1,700
14:00 14:00 30 30 3,300 1,650 1,650
14:15 14:15 15 15 3,400 850 850
Subtotal 120 120 6,675 6,675
Total 240 240 13,675 | 13,675
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Ampere-Hour Calculations
Test Run No. 2

Tank No. 2A
Date: December 18, 1991
Inlet - A Inlet - B Qutlet
Start time: 10:00 Start time: 10:00 Start time: 10:00
Stop time: 14:15 Stop time: 14:15 Stop time: 14:15
Time, 24-hr clock|Time interval, min Ampere-hours “
Current,
Inlet Outlet Inlet Outlet | amperes Inlet Outlet "
10:00 10:00
10:30 10:30 30 30 1,650 825 825
11:00 11:00 30 30 1,650 825 825
11:30 11:30 30 30 1,650 825 825
12:00 12:00 30 30 1,650 825 825
|[subtotal 120 120 3,300 | 3,300 “
12:15 12:15
12:30 12:30 15 15 1,700 425 425
13:00 13:00 30 30 1,700 850 850
13:30 13:30 30 30 1,700 850 850
14:00 14:00 30 30 1,700 850 850
14:15 14:15 15 15 1,700 425 425
Subtotal 120 120 3,400 3,400
|Total _ 240 240 6,700 6,70(ﬂ,
H-9




Ampere-Hour Calculations
Test Run No. 2
Tank No. 2B

Date: December 18, 1991

Inlet - A Inlet - B OQutlet
Start time: 10:00 Start time: 10:00 Start time: 10:00
Stop time: 14:15 Stop time: 14:15 Stop time: 14:15

Time, 24-hr clock|Time interval, min Ampere-hours “
Current,
Inlet Outlet Inlet Outlet | amperes Inlet | Outlet “

10:30 10:30 30 30 1,850 925 925 “
11:00 11:00 30 30 1,850 925 925
11:30 11:30 30 30 1,850 925 925
12:00 12:00 30 30 1,850 925 925

Subtotal 120 120 3,700 3,700

12:15 12:15
12:30 12:30 15 15 1,850 463 463
13:00 13:00 30 30 1,850 925 925
13:30 13:30 30 30 1,850 925 925
14:00 14:00 30 30 1,850 925 925
14:15 14:15 15 15 1,850 463 463 “

Subtotal 120 120 3,700 3,700|

Total ‘ 240 240 7,400 7,400 I

!

J

I

l 10:00 10:00
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Anipere -Hour Calculations
Test Run No. 2
Tank No. 7A

(N [

Date: December 18, 1981

' Inlet - A Inlet - B Outlet

— Start time: 10:00 Start time: 10:00 Start time: 10:00
Stop time: 14:15 Stop time: 14:15 Stop time: 14:15

! —— e e —
Time, 24-hr clock|Time interval, min Ampere-hours

Current,
l Inlet Outlet Inlet Outlet | amperes Inlet Outlet
10:00 10:00

' 10:25 10:25 25 25 1,300 542 542

- Subtotal: 25 25 542 542

. Total 25 25 540 540 H

. el | -

. e
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Ampere-Hour Calculations
Test Run No. 2
Tank No. 7B

/G G GER OGN IR R N O 4 O 4 &

Date: December 18, 1991

Inlet - A Inlet - B Qutlet

Start time: 10:00 Start time: 10:00 Start time: 10:00

Stop time: 14:15 Stop time: 14:15 Stop time: 14:15

Time, 24-hr clock|Time interval, min Ampere-hours “

Current,

Inlet Outlet Inlet Outlet | amperes Inlet Outlet "
10:00 | 10:00 |
10:30 10:30 30 30 5,900 2,950 2,950
11:00 11:00 30 30 7,100 3,550 3,550
11:30 11:30 30 30 7,300 3,650 3,650
12:00 12:00 30 30 7,200 3,600 3,600

Subtotal 120 120 13,750 13,750
12:15 12:15
12:30 12:30 15 15 7,200 1,800 1,800
13:00 13:00 30 30 7,200 3,600 3,600
13:30 13:30 30 30 7,200 3,600 3,600
14:00 14:00 30 30 7,200 3,600 3,600
14:15 14:15 15 15 7,200 1,800 1,800

Subtotal | 120 120 14,400 14,400

Total 240 240 28,150 28,15:_.(2::!I
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Ampere-Hour Calculations
Test Run No. 3
Tank No. 1A

Date: December 19, 1991

l Inlet - A Inlet - B Qutlet
= Start time: 9:45 Start time: 9:45 Start time: 9:45
! . Stop time: 13:50 Stop time: 13:50 Stop time: 13:50
Time, 24-hr clock |Time interval, min ' Ampere-hours “
Current,
! Inlet Outlet Inlet Outlet | amperes Inlet Outlet ||
9:45 9:45
| 10:00 10:00 15 15 2,800 700 700
_ 10:30 10:30 30 30 2,900 1,450 1,450
11:00 11:00 30 30 2,900 1,450 1,450
11:30 11:30 30 30 2,850 1,425 1,425
l 11:45 11:45 15 15 3,000 750 750
Subtotal 120 120 5,775 5,775 ||
' 11:50 11:50
= 12:00 12:00 10 10 3,000 500 500
12:30 12:30 30 30 3,000 1,500 1,500
' 13:00 | 13:00 30 30 3,000 | 1,500 | 1,500
- 13:30 13:30 30 30 3,000 1,500 1,500
13:50 13:50 20 20 3,000 1,000 1,000
' {{Subtotal 120 120 6,000 6,000
Total 240 240 11,775 11,775

- . ‘- G E
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Ampere-Hour Calculations
Test Run No. 3
Tank No. 1B

Date: December 19, 1991

inlet - A Inlet - B Qutilet
Start time: 9:45 Start time: 9:45 Start time: 9:45
Stop time: 13:50 Stop time: 13:50 Stop time: 13:50
Time, 24-hr clock|Time interval, min Ampere-hours
Current,
Inlet Outlet Inlet Outlet amperes Inlet Outlet
9:45 9:45 ‘ .
10:00 10:00 15 15 2,750 688 688
10:30 10:30 30 30 2,700 1,350 1,350
11:00 11:00 30 30 2,800 1,400 1,400
11:30 11:30 30 30 2,900 1,450 1,450
11:45 11:45 15 15 2,800 700 700
Subtotal 120 120 5,588 5,588
11:50 11:50 | _
12:00 12:00 10 10 2,800 467 467
12:30 12:30 30 30 2,800 1,400 1,400
13:00 13:00 30 30 2,800 1,400 1,400
13:30 13:30 30 30 2,800 1,400 1,400
13:50 13:50. 20 ‘ 20 2,800 933 233
lIsubtotal 120 120 . 5,599_ 5,600 i
Total 240 240 11,190 | 11,190 ||
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' Ampere-Hour Calculations
“— Test Run No. 3
l Tank No. 2A
— Date: December 19, 1991
l Inlet - A Inlet - B Outlet
- Start time: 9:45 Start time: 9:45 Start time: 9:45
l Stop time: 13:50 Stop time: 13:50 Stop time: 13:50
[ . = —— e . ——— ————————————
Time, 24-hr clock|Time interval, min Ampere-hours
l Current,
- Inlet Outlet Inlet Outlet | amperes Inlet Outlet
I 9:45 9:45
10:00 10:00 15 15 1,950 488 488
— 10:30 10:30 30 30 1,950 975 975
11:00 11:00 30 30 2,000 1,000 1,000
l 11:30 | 11:30 30 30 2,050 | 1,025 | 1,025
- 11:45 11:45 15 15 2,050 513 513
l ‘ Subtotal 120 120 4,000 4,000
; 11:50 11:50
- 12:00 12:00 10 10 2,050 342 342
' 12:30 12:30 30 30 2,050 1,025 1,025
13:00 13:00 30 30 2,050 1,025 1,025
R 13:30 13:30 30 30 2,050 1,025 1,025
' 13:50 13:50 20 20 2,100 700 700
- Subtotal 120 120 4,117 4,117
' Total 240 240 8,120 8,120
! H-15



A (EE R e e

G WR R N T N I S O D S - .

|

Date:

Tnlet - A

Start time:

Stop time:

December 19,

9:45
13:50

Ampere-Hour Calculations
Tegt Run No. 3

Tank No. 2B
1991
Inlet - B
Start time: 9:45
Stop time: 13:50

OQutlet
Start time: 9:45
Stop time: 13:50

Time, 24-hr clock|Time interval, min Ampere-hours
, Current,
Inlet Outlet | Inlet Outlet | amperes Inlet Outlet
9:45 9:45
10:00 10:00 15 15 1,650 413 413
10:30 10:30 30 30 1,650 825 825
11:00 11:00 30 30 1,700 850 850
11:30 11:30 30 30 1,750 875 875
11:45 11:45 15 15 1,700 425 425
Subtotal 120 120 - 3,388 3,388
11:50 11:50
12:00 12:00 10 10 1,750 292 292
12:30 12:30 30 30 1,750 875 875
13:00 13:00 30 30 1,750 875 875
13:30 13:30 30 30 1,750 8175 875
13:50 13:50 20 20 1,750 583 583
[Subtotal 120 120 3,500 3,500
ITotal 240 240 6,890 | 6,890 I
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Ampere-Hour Calculations
Test Run No. 3
Tank No. 7A

Date: December 19, 1991

(- -

Inlet - A : Inlet - B Outlet
Start time: 9:45 Start time: 9:45 Start time: 9:45
Stop time: 13:50 Stop time: 13:50 Stop time: 13:50
Time, 24-hr clock|Time interval, min Ampere-hours
Current,
Inlet Outlet Inlet Outlet | amperes Inlet Outlet
9:45 9:45
10:00 10:00 15 15 1,000 250 250
10:30 10:30 30 30 1,000 500 500
11:00 11:00 30 30 1,000 500 500
11.:30 11:30 30 30 1,000 500 500
11:45 11:45 15 15 1,000 250 250
Subtotal 120 120 2,000 2,000
11:50 11:50
12:00 12:00 10 10 1,000 167 167
12:30 12:30 30 30 1,000 500 500
13:00 13:00 30 30 1,000 500 500
13:30 13:30 30 30 1,000 500 500
13:50 13:50 20 20 1,000 333 333
Subtotal 120 120 2,000 2,000]
Total 240 240 4,000 | 4,000 I
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Ampere-Hour Calculations
Test Run No. 3
Tank No. 7B

(R 1-

Date: December 19, 1991

(.

Inlet - A ' Inlet - B Qutlet
Start time: 9:45 Start time: 9:45 Start time: 9:45
! Stop time: 13:50 Stop time: 13:50 Stop time: 13:50
Time, 24-hr clock|Time interval, min Ampere-hours “
Current,
Inlet Outlet Inlet Outlet amperes Inlet Outlet Il
9:45 9:45
I 10:00 10:00 15 15 7,300 1,825 1,825
10:30 10:30 30 30 7,200 3,600 3,600
11:00 11:00 30 30 7,200 3,600 3,600
l 11:30 11:30 30 30 7,200 3,600 3,600
_ 11:45 11:45 15 15 7,100 1,775 1,775
Subtotal 120 120 14,400 | 14,400
! 11:50 11:50
12:00 12:00 10 10 7,200 1,200 1,200
12:30 12:30 30 30 7,200 3,600 3,600
l 13:00 13:00 30 30 7,200 3,600 3,600
— 13:30 13:30 30 30 7,100 3,550 3,550
13:50 13:50 20 20 7,200 2,400 2,400
- Subtotal 120 120 14,350 14,350
Total 240 240 28,750 28,750__|

- N - N .
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' PROCESS DATA SHEET
Precision Engineering, Inc.
Seattle, Washington

Test Run No. 1 Date: 12/17/91 Page 1 of 3
Operating Operating Operating
Time Tank No. | current, amperes | voltage, volts | temperature, °F [Notes
10:20 1A - - - Started testing @ 10:20
1B - - - Grab samples taken from
2A 2,350 7.6 140 each plating tank
2B 1,450 7.6 140 Ampere-hour readings
7A - - - Tank No. Ah
7B - - - 1A 112,404
1B 859,347
2A 119,143
2B 152,690
TA 1,962,806
1B 1,837,121
10:30 1A -- - -
1B -- - -
2A 2,350 7.6 140
2B 1,450 7.6 140
7A - - -
7B 7,000 8.0 140
10:45 1A 4,100 7.2 140
1B 4,000 7.2 140
2A 2,250 1.6 140 ]
2B 1,400 7.6 140
TA - - -
7B 6,900 8.0 140
11:15 1A 4,000 7.2 140
1B 4,000 7.0 140
2A 2,250 7.6 140
2B 1,400 7.6 140
TA - - -
7B 6,300 8.0 140
11:45 1A 4,000 7.0 140
1B 4,000 7.0 140
2A 2,300 7.6 140
2B 1,400 7.6 140
TA - - -
7B 7,000 8.0 140
H-19
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PROCESS DATA SHEET
Precision Engineering, Inc.
Seattle, Washington

i

Test Run No. 1 Date: 12/17/91 Page 2 of 3
Operating Operating Operating
Time Tank No. current, amperes | voltage, volts | temperature, °F |Notes
12:15 1A 4,100 7.0 140
1B 3,800 7.0 140
2A 2,350 7.6 140 I
2B 1,400 7.6 140
7A - - -
7B 7,000 8.0 140
12:45 1A 4,350 7.0 140
1B 3,500 7.0 140
2A 2,350 7.6 140
2B 1,450 7.6 140
7A - - -
7B 7,000 8.0 140 |
13:15 1A 4,500 7.0 140 Stopped testing @ 13:20 I
1B 3,400 7.0 140 Port change
2A 2,350 7.6 140
2B 1,450 7.6 140 Tank No. Ah
TA - - - 1A 124,295
7B 7,000 8.0 140 1B 869,665
2A 123,815
2B 160,024 |}
TA 1,962,806
7B 1,858,743
Grab sample taken from
each plating tank
13:30 1A 4,500 70 140 Started testing @ 13:40
1B 3,400 7.0 140
2A 2,350 7.6 140
2B 1,450 7.6 140
TA - T -
7B 7,000 8.0 140
13:45 1A 4,700 7.0 140
1B 3,300 7.0 140
2A - 2,350 7.6 140
2B 1,450 1.7 140
TA - - -
7B 7,100 8.0 140
H-20
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PROCESS DATA SHEET
Precision Engineering, Inc.

Seattle, Washington

Page 3 of 3

N e

Test Run No. 1 Date: 12/17/91
Operating Operating Operating
Time Tank No. | current, amperes | voltage, volts | temperature, °F {Notes
14:30 1A 4,800 7.0 140
1B 3,200 7.0 140
2A 2,350 7.6 140
2B 1,450 7.6 140
7TA - - -
7B 7,000 8.0 140
15:00 1A 4,900 7.2 140 |
1B 3,100 7.0 140
2A 2,350 7.6 140
2B 1,450 7.6 140
7A - - -
7B 7,100 8.0 140
15:30 1A 4,000 7.0 140
1B 4,000 7.0 140
2A 2,350 7.6 140
2B 1,450 7.6 140
A - - - I
7B 7,100 8.0 140
16:00 1A 4,100 7.0 140
1B 3,800 7.0 140
2A 2,300 7.6 140
2B 1,400 7.6 140
7A - - -
7B 7,000 7.8 140
16:30 1A 4,000 7.0 140 Stopped testing @ 16:40
1B 4,000 7.0 140 ' it
2A 2,300 7.4 140 Grab samples taken from
313 1,400 7.6 140 each plating tank
A - - -
7B 7,000 7.8 140 T 0. Ah
1A 138,147
1B 880,980
2A 128,430
2B 167,300
7A 1,962,806 ||
7B 1,881,330
H-21




PROCESS DATA SHEET
Precision Engineering, Inc.
Seattle, Washington

G 'EEe 'Gme ‘GEB UND GER (N 'GNE (UNE GND (GMN G (GND (GES (N0 (INN NS M S

Test Run No. 2 Date: 12/18/91 Page 1 of 2
Operating Operating Operating
Time Tank No. | current, amperes | voltage, volts | temperature, °F {Notes :
10:00 1A - 3,400 6.4 140 Started testing @10:00
1B 3,500 6.4 140
2A 1,650 7.3 140 Grab samples taken from
2B 1,850 7.4 140 each plating tank
7A 1,300 6.6 140
7B 5,900 6.4 140 Tank No. Ah
1A 188,574
1B 936,635
2A . 130,235 |
2B 189,901
TA 1,977,933
. 7B 1,978,892
10:30 1A 3,400 6.4 140 Rectifier No. 7A turned
1B 3,500 6.4 140 off at 10:25
2A 1,650 - 1.2 140
2B 1,850 7.4 140 "
TA - - 140
7B 7,100 7.4 140
11:00 1A 3,500 6.4 140
1B 3,400 6.3 140
2A 1,650 7.2 140
2B 1,850 74 140
7A - - —
78 7,300 6.4 140
11:30 1A 3,500 6.4 140
1B 3,500 6.4 140
2A 1,650 7.2 140
2B 1,850 7.4 140
TA - - -
7B 7,200 6.4 140
12:00 1A 3,500 6.4 140 Stopped testing @ 12:00
1B 3,500 6.4 140
2A 1,700 1.3 140 Grab samples taken from
2B 1,850 7.4 140 each plating tank
7A - - -
7B 7,300 6.4 140 Tank No. Ah
1A 195,853
1B 944,306
2A 134,325
2B 193,527
7A 1,978,747
7B 1,993,740
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PROCESS DATA SHEET
Precision Engineering, Inc.
Seattle, Washington

Test Run No. 2 Date: 12/18/91 Page 2 of 2
Operating Operating Operating
Time Tank No. | current, amperes | voltage, volts | temperature, °F |Notes
12:30 1A 3,700 6.4 140 Started testing @ 12:15
1B 3,300 6.3 140 |
2A 1,700 7.2 140 Tank No. Ah
2B 1,850 7.4 140 1A 197,647
7A - - - 1B 946,021
7B 7,200 6.4 140 2A 135,285
2B 194,381
7A 1,978,747 |
7B 1,997,395
13:00 1A 3,700 6.4 140
1B 3,300 6.3 140
2A 1,700 7.2 140
2B 1,850 7.4 140
7A - - -
7B 7,200 6.4 140
13:30 1A 3,700 6.4 140 '
1B 3,400 6.2 140
2A 1,700 7.2 140
2B 1,850 7.4 140
7A - - -
7B 7,200 6.4 140
14:00 1A 3,650 6.4 140
1B 3,300 6.2 140
2A 1,700 7.2 . 140
2B 1,850 7.4 140
7A - - -
7B 7,200 6.4 140
14:15 1A 3,700 6.4 140 Stopped testing @ 14:15 Il
1B 3,400 6.2 140 Grab samples taken from
2A 1,700 7.2 140 each plating tank
2B 1,850 7.4 140
7A - - . - T'ank No, Ah
7B 7,200 7.4 140 1A 204,023
1B 952,100
2A 138,697
2B 197,429
7A 1,978,747
7B 2,010,325
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PROCESS DATA SHEET
Precision Engineering, Inc.
Seattle, Washington

— e e
! Test Run No. 3 Date: 12/19/91 -~ - _ Page 1 of 2
Operating Operating Operating
! Time Tank No. current, amperes | voltage, volts | temperature, °F |Notes
9:45 1A 2,300 6.4 140 Started testing @ 9:45
| 1B 2,750 6.4 140
- 2A 1,950 7.8 140 Tank No. Ah
2B 1,650 8.0 140
7A 1,000 6.0 140 1A 226,402
! 7B 7,300 7.4 140 1B 953,479 I
2A 139,700
2B 206,585
I 7A 1,991,302
= 7B 2,012,707
10:00 1A 2,900 6.4 140
I 1B 2,700 _ 6.4 140
— 2A 1,950 7.6 140
2B 1,650 7.8 140
' TA 1,000 6.0 140
— 7B 7,200 7.2 140 |
10:30 1A 2,900 6.4 140
1B 2,800 6.4 140
— 2A 2,000 7.8 140
2B 1,700 7.8 140
TA 1,000 _ 6.0 140
o 7B 7,200 1.3 140
11:00 1A 2,850 6.4 140
l 1B 2,900 6.4 140
— 2A 2,050 7.8 140
2B 1,750 7.8 140
l 7A 1,000 6.0 140
- 7B 7,200 7.3 140
11:30 1A 3,000 6.4 140 Stopped testing @ 11:45
l 1B 2,800 6.4 140
— 2A 2,050 1.6 140 Grab samples taken from
2B 1,700 7.8 140 each plating tank
l TA 1,000 6.0 140
- 7B 7,100 7.2 140 Taok No. Ah
| 1A 231,430
1B 958,650
- 2A 142,913
2B 210,270
l 7A 1,993,826
— 7B 2,025,478
! H-24
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PROCESS DATA SHEET
Precision Engineering, Inc.
Seattle, Washington

| Test Run No. 3 Date 12/19/91 Page 2 of 2
: Operating Operating Operating
Time Tank No. current, amperes | voltage, volts temperature, °F |Notes
12:00 1A 3,000 6.4 140 Started testing @ 11:50
1B 2,800 6.4 140 i
2A 2,050 7.8 140 Tank No, Ah
2B 1,750 7.9 140
7A 1,000 6.0 140 1A 231,430
7B 7,200 7.4 140 1B 958,690
' 2A 142,913
2B 210,270
7A 1,993,826
7B 2,025,478
12:30 1A 3,000 6.4 140 I
1B 2,300 6.4 140
2A 2,050 7.8 140
2B 1,750 7.9 140
TA 1,000 6.0 140
7B 7,200 7.4 140
13:00 1A 3,000 6.4 140
1B 2,800 6.4 140
2A 2,050 7.6 140
2B 1,750 7.8 140
TA 1,000 6.0 140
7B 7,200 1.2 140
13:30 1A 3,000 6.4 140
1B 2,800 6.4 140
2A 2,100 7.6 140
2B 1,750 7.8 140
7TA 1,000 6.0 140
7B 7,200 7.3 140
13:50 1A 3,250 6.5 140 Stopped testing @ 13:50
1B 2,600 6.4 140
2A 2,050 7.6 140 Grab samples taken from
2B 1,750 7.8 140 each plating tank
TA 1,000 6.0 140
7B 7,100 7.2 140 Tank No. Ah
1A 238,048
1B 965,213
2A 147,040
2B 215,037
7A 1,995,815
7B 2,042,243
H-25



PROCESS LOAD
- Precision Engineering, Inc.
Seattle, W?shington

Test Run No. Tank No. Surface area plated, in.zl
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APPENDIX I

LABORATORY ANALYSIS PROCEDURE METHOD
OF DETERMINATION OF Cr-VI
IN ALKALINE SOLUTION

I-1




N (S R N .

]
L

I
i

([ R (R

(. (.

R NN e g

Mectlhod for Determination of CtVI in Alknlinge Solutions

scmple Recelpl, Slorage, and Preparalion

Immedialely lollowlng sample recelpl, samples are refilgerated unlil
analysis. I somple volurnes are unknown, volurnes are measured after the lon

chromalographic delamminallon. Otheiwlse samples ara ready (or direct

~cnalysis.

IC_Analysis

An Dlonex Model 14 equipped wilh an lonPac, A57 column, o Dionex
visible spectiopholomeliic detector and a Shimadzu G-R5a Chromalopac
Infegralor are used to delormine the Cr(V). Hexavalen! ehromium Is
chrornatographed as divalent Ci04:-: anion on the colurmn. Allet sepatatlon, the
Cr(V1) reacls with the color reagont, diphenyleamonhydrozide (DPC)Y and the
preductis delecled by visible speciiomely al 520 nm. The eluenlis o mixlure ol
350 nM armmonlum sulphate and 100 m armrmonium hydroxide, The elyenl
ftow Is 1.5 mLl/min. The post column caolor reagenl is a mixture of 2 mM
diphenylcotbohydrozide, 10% methanol and 1M sulfurle acid. The flow is 0.5
mb/rmin. The combilned flow rale is 2.0 mi Zmin.

Procedure

1. Preparallon of Eluenl -- Dissolve 33.0 ¢ of ammoniurm sulfale In abou 500
mL of delonlzed waler, Add 6.5 ml of ameonium hydioxide. Mix well and
dilute 1o one liler In a volumetic lask, Transter the solution o the eluenl
bollla, '

2. Preparalion of Post Column Reagen! -- Dissolve 0 & g ofll1,5
diphenylcarbohydiazicle In 100 il of HPLC grade melhanol. Add lo about
500 rnL of waler conlaining 26 miL of 98% sulfuric ocid. Dilule with sliriing lo
~onellfer In a volumetdc Nosk. Transter the solulion (o the pressunized
teagent conlainer. The solullon is slubile (or several days bul should only

be prepared as It Is usecd!,

3. Pieparation of Cr(VI) Slandard -- Ci(VI) slandards ronging ftom 5 ppb to 5
PPM are prepaited from the slock 1000 ppm Cr(VI) (Fisher). The
concenlralions of the standards prepared depend on the concenlrallon
of the exlracted samples.

4. Inslall the NG1 and AG7 colurmns. The NG 1 guard is placed before the A57

separalor and Is Ihe mos! appropriate guaird column for ropping orgonic
present in Ihe envlitonmental sampies.

I-2
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8.

nslall @ 50 pl sample loop on the Injecton valve If extiacls conlain high
levels of Ci(V).

sef the eluent flew 1o 1.5 mbimin and the post column rmagent flow rale o
0.5 mU/min. The combined flow rale oul of the delaeclor wasle ls 2.0
rmb/imin. Afller Ihe flow 1ales are adjusied, allow Ihe system o cqullibigle
{or about 30 minules,

Load ol leasl 1 ml of sarnple Nrough the sample porl using an oppropiriate
sytlnge. Inject the sarnple Into the eluyant stteam and record the
chromatogram, The sample peak should elute al aboul 3 minules,

NOTE: I any precipitate In e sample Is obsarved, an Acredisc prefller
allached 1o the syiinga rmust be used.

The concanlration of Ihe unknown s caolc aled by comparison ¢f The
peak aieas [or the slondards and the unknown.

Quailily Conlol

.- Yy

The following provedures are conducled 1) ansure ihat the analysisis In

conliol;

(1) A cullbialion curve verificalion check sample I5 tun immedialely
following the caollbralicn. This sample mus! be prepared from o
dilferent manufachuret/source than thal of the calityalion standaids.

(2) A mid-range standard must be run no less tequently than every len

(10) samples. The analysis of 1his sarnple rust be within 10% of The
expecied value.

(3) A sample maiix splke must be analyzed 1o ensuie Ihal the sample
rnalix does nol suppress/enhance the Ci(Yl) signol. Recovery rous!
be 85% - 115%. Otherwise, the melthod of standaid addilions must he
perommed .

(4) A duplicale injeclion of 10% of the samples (minlimum one2 per balch
il less thon 10 samples) Is gnalyzed. If the sample values are 2-104 the
imil of deleclion (LOD), the duplicatle % dilference should be <30%. it
iha values are > 10X the LOD, Ihen % difference should be <15%.

(5) An analysis Llank (Type 1 waler) mus! be run mmediatcly following

calibration. This analysls will delerrnine woler puilly and/or polentiol
ot caryover during the analysis.

I3




| —

APPENDIX J

‘o omER

EQUIPMENT CALIBRATION DATA

‘omn omn ‘ons o om om 'op o e o o o

- s e e

J-1




(. (-

ADVANCED SYSTEMS TECHNOLOGY
Meter Box Calibrations

[

Console Id: AST #1 Date: September 18, 1991
I ' Barometric Pressure: 28.92
! TEST METER DRY GAS METER
" Delta T Initial Final Total Temp Initial Final Total Temp
P Cubic Feet Cubic Feet

(.

0.5 10 623.550 627.620 4.070 77.0 116.200 120.270 4,067 81.0 77.0

77.0 83.0 81.0
' 0.7 9 627.620 632.050 4.430 77.0 120.270 124.800 4.526 83.0 81.0
— - 77.0 85.0 82.0
1 10 632.050 637.8B50 5.800 77.0 -124.800 130.550 5.745 85.0 82.0
l 77.0 ' 87.0 83.0
! 1.5 11 637.850 645.450 7.600 77.0 130.550 138.320 7.764 87.0 83.0
o 77.0 89.0 8B84.0
2 12 645.450 655.100 9.650 77.0 138.320 148.000 9.672 89.0 84.0
77.0 91.0 85.0
. MCF % DEL H %
- 0.9915 0.0 1.803 -1.27
1.0090 1.8 1.783 -2.36
l 0.9749 -1.6 1.832 0.31
- 1.0014 1.0 1.831 0.25
0.9786 -1.3 1.882 3.06
. Average 0.991 1.826
. Correct 0.991 1.826
- error % 0.0 0.0
!l
|
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Console Id: AST #2
TEST METER
Delta T Initial Final
P Cubic Feet
0.5 12. 340.400 345.555
1 12. 345.555 1352.648
1.5 10. 352.648 359.605
2 9.5 359.605 366.873
MCF
0.9766
0.9903
0.9883
0.9815
Average 0.985
Correct 0.978
error % 0.7

ADVANCED SYSTEMS TECHNOLOGY
Meter Box Calibrations

Date: December 13, 1991
Barometric Pressure: 29.90
Dry Gas Meter
Total Temp Initial Final
Cubic Feet
5.155 78.0 242.278 247.325
_ 78.0
7.093 78.0 247.325 254.428
78.0
6.957 78.0 254.428 261.424
. .78.0
7.268  78.0 261.424 268.735
78.0
% DEL H %
-0.1 1.834 -5.55
1.3 1.855 -4.46
1.0 1.981 2.00
0.4 2.003 3.17
1.890
1.942
-2.7
J-3

Total

5.043
7.097
6.990

7.305

Temp

78.0
81.0
82.0
87.0
84.0
91.0
89.0
94.0

76.
78,
79.
81.
81.
84.
84.
86.

loReBalololoelolo)



ADVANCED SYSTEMS TECHNOLOGY
Meter Box Calibrations

"
1

console Id: AST #3 Date: September 19, 1991
I Barometric Pressure: 28.99
l TEST METER DRY GAS METER
~ Dpelta T Initial Final Total Temp Initial Final  Total Temp
Cubic Feet Cubic Feet

[
o

0.5 12. 200.646 205.671 5.025 84.0 339.018 344.013 4.991 95.0 92.0

84.0 96.0 92.0
! 0.7 10. 20%.671 210.795 5.124 84.0 344.013 349.014 4.997 87.0 82.0
: 84.0 87.0 82.0
1 9 210.795 215.756 4.961 84.0 -349.014 354.014 4.996 87.0 82.0
l 84.0 89.0 84.0
1.5 10. 215.756 223.064 7.308 84.0 354.014 361.276 7.256 89.0 84.0
84.0 90.0 85.0
2 6.4 223.064 228.1%0 5.086 84.0 361.276 366.235 4.955 90.0 85.0
. 84.0 91.0 86.0
l MCF % DEL H %
0.9745 ~0.5 1,952 0.26
0.9725 -0.7 1.936 -0.55
1.0017 2.3 1.9241 -0.29
l 0.9837 0.5 1.889 -2.96
= 0.9623 -1.7 2.014 3.46
I Average 0.979 1.947
' Correct 0.979 1.947
- error % 0.0 0.0

It
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TEMPERATURE SENSOR CALIBRATION

- N A

Date: Nov. 15, 1991
' Ambient Temperature: 76 Baro. Presure: 30.01
l Calibrator: J. Parker Reference: Hg. in glass 0 - 110 C
= Location Source Reference Thermocouple Difference
' (€) (F) (F)
- Consule #1
! Meter Box Ambient 0.0 76.0 74.1 -0.35%
IN Cold 0.0 32.0 32.5 0.10%
Hot 0.0 250.0 243.0 -0.99%
! Meter Box Ambient 0.0 76.0 74.5 -0.28%
ouT Cold 0.0 32.0 32.3 0.06%
l Hot 0.0 250.0 247.0 -0.42%
- Consule #2
Meter Box Ambient 0.0 76.0 73.9 -0.39%
IN Cold 0.0 32.0 32.6 0.12%
Hot 0.0 250.0 236.0 -1.97%
Meter Box Ambient 0.0 76.0 74.3 ~0.32%
ouT Cold 0.0 32.0 32.6 0.12%
l Hot 0.0 250.0 235.0 -2.11%
Consule #3
! Meter Box Ambient 0.0 76.0 73.7 -0.43%
IN Cold 0.0 32.0 32.4 0.08%
Hot 0.0 250.0 223.0 ~-3.80%
' Meter Box Ambient 0.0 76.0 72.3° -0.69%
- ouT Cold 0.0 32.0 32.6 0.12%
N Hot 0.0 250.0 249.0 -0.14%
' Impinger A Ambient 0.0 76.0 74.3 -0.32%
= Case 1 Cold 0.0 32.0 32.5 0.10%
Hot 0.0 250.0 237.0 -1.83%
l Impinger B Anbient 0.0 76.0 76.1 0.02%
= Case 2 Cold 0.0 32.0 32.3 0.06%
Hot 0.0 250.0 237.0 -1.83%
l Hot Box Ambient 0.0 76.0 74.1 ~0.35%
h 1 Cold 0.0 32.0 32.5 0.10%
, Hot 0.0 250.0 247.0 -0.42%
) Hot Box Ambient 0.0 76.0 75.1 -0.17%
S 2 Cold 0.0 32.0 32.6 0.12%
l Hot 0.0 250.0 246.0 -0.56%
J-5




' TEMPERATURE SENSOR CALIBRATION
—
l Date: Nov. 15, 1991 Probe Calibrations
- Ambient Temperature: 76 Baro. Presure: 30.0°
I calibrator: T. Yaroch Reference: Hg. in glass 0 - 110 C
- Location Source Reference Thermocouple Difference
(C) (F) (F)
Stack Gas Ambient 0.0 76.0 72.6 ~-0.63%
— 3 Ft. Cold 0.0 32.0 31.9 -0.02%
#D Hot 0.0 250.0 249.0 ~0.14%
'. Stack Gas Ambient 0.0 76.0 74.5 -0.28%
v 4 Ft. Cold 0.0 32.0 31.6 -0.08%
#c Hot 0.0 250.0 252.0 0.28%
. Stack Gas Ambient 0.0 76.0 72.8 -0.60%
- 4 Ft. Cold 0.0 32.0 31.5 -0.10%
#F Hot 0.0 250.0 229.0 -2.96%
l Stack Gas Ambient 0.0 76.0 72.9 -0.58%
- 5 Ft. Cold 0.0 32.0 31.5 -0.10%
#E Hot 0.0 250.0 249.0 -0.14%
' Stack Gas Ambient 0.0 76.0 72.0 -0.75%
o 5 Ft. Cold 0.0 32.0 32.1 0.02%
I #I Hot 0.0 250.0 236.0 -1.973%
‘ Stack Gas Ambient 0.0 76.0 72.0 ~0.75%
— 6 Ft. Cold 0.0 32.0 31.7 -0.06%
! #H Hot 0.0 250.0 234.0 -2.25%
Stack Gas Ambient 0.0 76.0 71.6 ~0.82%
10 Ft. Cold 1.2 32.0 32.2 0.04%
. 4G Hot 0.0 250.0 267.0 2.39%
e Ambient 0.0 76.0 74.2 -0.34%
Cold 0.0 32.0 36.4 0.89%
! Hot 0.0 250.0 260.0 1.41%
" Ambient 0.0 32.0 32.0 0.00%
Cold 0.0 32.0 32.0 0.00%
. Hot 0.0 32.0 32.0 0.00%
- Ambient 0.0 32.0 32.0 0.00%
i Cold 0.0 32.0 32.0 0.00%
l Hot 0.0 32.0 32.0 0.00%
l J-6




ADVANCED SYSTEMS TECHNOLOGY
Meter Box Calibrations

I
L

Console Id: AST #1 Date: January 21, 1992
l Barometric Pressure: 30.16
' TEST METER Dry Gas Meter
“~ Delta T Initial Final Total Temp Initial Final Total Temp
P Cubic Feet Cubic Feet
! 0.5 13 421.633 426.610 4.977 80.0 327.668 332.669 4.997 80.0 78.0
80.0 . 85.0 80.0
1 9 426.610 431.670 5.060 80.0 332.669 337.741 5.068 84.0 80.0
' 80.0 90.0 82.0
1.5 7.7 431.670 436.990 5.320 80.0 0 337.74) 342.990 5,245 89.0 82.0
l 80.0 93.0 84.0
MCF % DEL H %
' 1.0014 2.1 1.926 1.16
- 0.9918 1.1 1.817 -4.59
0.9697 -1.2 1.907 0.18
Average 0.988 1.883
l Correct 0.981 1.904
i
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ADVANCED SYSTEMS TECHNOLOGY
Meter Box Calibrations

Console Id: AST #2 ~ Date: January 16, 1992
Barometric Pressure: 30.27
I TEST METER Dry Gas Meter
- pelta T Initial Final Total Temp Initial Final Total Temp
I P Cubic Feet Cubic Feet
- 0.5 26. 366.975‘ 377.100 10.125 75.0 92.255 102.316 10.053 75.0 75.0
' . 75.0 79.0 77.0
l- 1 9.5 377.100 382.200 5.100 75.0 102.316 107.489 5.169 78.0 77.0
o 75.0 81.0 78.0
2 6.5 382.200 387.321 5.121 75.0 107.489 112.439 4.946 81.0 78.0
| 75.0 83.0 78.0
MCF % DEL H %
I 0.9889 1.1 1.958 2.81
- 1.0045 2.7 1.917 0.71
0.9523 -2.6 1,972 3.55
l Average 0.982 1.949
' Correct 0.978 1.904
il error % 0.4 2.4
J
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ADVANCED SYSTEMS TECHNOLOGY
l Meter Box Calibrations
" console Id: AST #3 Date: January 16, 1992
l Barometric Pressure: 30.27
L
l TEST METER ' Dry Gas Meter
.. Delta T Initial Final Total Temp Initial Final Total Temp
P Cubic Feet Cubic Feet
! 0.5 13 387.321 392.600 5.279 75.0 200.167 205.220 5.049 78.0 77.0
75.0 83.0 79.0

l l 9.5 392.600 397.929 5.329 75.0 205.220 210.365 5.141 82.0 79.0

. 75.0 87.0 80.0
— 2 6.5 397.929 403.109 5.180 75.0_ 210.365 215.468 5.099 87.0 81.0
' 75.0 . 89.0 82.0
b

MCF % DEL H %

I 0.9477 =3.3 1.887 -0.90
: 0.92499 =-3.1 1.964 0 3.13
= 0.9621 -1.8 1.888 ~0.84
I Average 0.953 1.9213
l Correct 0.980 1.904
- error % -2.7 0.5
i
J
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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(VI)) and total chromium emissions from stationary sources.
Applicability has been demonstrated for the metal finishing and

glass industries. Itz applicability has not been demonstrated
for sources with high particulate mass emission rates.

1. 2 PRINCIPLE

Particulate emissions are collected from the source in an
alkaline medium by use of CARB Method 5, with modifications noted
in this method. The components of the collected sample are each
divided into two equal portions with one portion of each

component used for total chromium analysis and the other portion
used for hexavalent chromium analysis.

1. 2. 1 Hexavalent Chromium Analysis

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

1. 2. 2 Total Chromium Analysis

For the total chromium analysis the collected samples must be
prepared in order to convert organic forms of chromium to
inorganic forms, to minimize organic interferences. and to
convert the cample to a suitable solution for analysis.
Samples are then subjected to an acid digestion procedure.
Following the appropriate dissolution and dilution of the
sample, a representative aliquot is placed many
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.

K-4
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1. 3. 1 Figure 1.

Sample Collection and Recovery for Hexavalent and Total Chromium

0.1 NNaOH rinse at 1ab See Sectlion 6.2

sample m

glass-lined probe 0.1 N NoOH impingers filter
[container lj [container 2j \

2 100mL 200mL The filter should be

combined on site

extract filter in 0.1 N if a cleon room
NaOH impinger solution is available.

The volumes of containers
1 and 2 and each of the splits
must be measured and recorded.

N G MR SN GE EE M mm Ee

4

/R
.

ooy -
RS N

probe impinger/ probe impinger/
filter filter

Hexavalent Chromium Total Chromium
Analysis Analysis

Optionally, the protocoi may call for
extraction of the filter in only one of
the impinger liquids, which will creste
three sample recoveries for analysis.

.
.
T

See Figures 2& 3

P
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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:
and Sections two separate analyses
6.4 and 6.5 .. 16

transfer ~ 35 mL
to a 100mL besker

(adjust the pH to 1+0.2 with 6N sulfuric acid and)

add 1.0 mL of diphenylcarbazide solution

[(bring to volume in a 50 mL votumetric flasa
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 mL each of first reagent blank and then sample

r measure absorbence of a sample por'ticmﬁ\
and reagent blank at 540 nm J

( if reading exceeds calibration,
dilute with reagent blank or
\rfmeasure using less of remaining sample )

K-6



1. 3. 3 Fiqure 3.

Total 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 ——m typically:
and Sections two separate analyses
6.4and 6.5 - 1 f

[ add 10 mL HNO3 ] e [ reflux to near drgnessq

L add 5 mL HNO3 ] - [ reflux to near drgness]

t

[transfer to o volumetric flask anﬂ

adjust to a predetermined volume

4 inject 8 measured aliquot N

in uL amounts into a furnace type
\itomic absorption spectrophotometer J

,
measure absorbance of a sample porti;t?
. &nd reoagent blank at 357.9 nm J

- (NN (NS (DN D (GED GEN EES GRS GER NED ONE GND (OES GEN (BER OUN NN EEN
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2 RANGE, SENSITIVITY, PRECISION, AND INTERFERENCES
2. 1 RANGE

2. 1. 1 MHexavalent Chromium

A straight line response curve was obtained in
ug Cr(VI)/S0 mL to 3.0 ug Cr(VI)/50 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 dilution or by using a smaller cell path length
after recalibration for the smaller cell. (Reference 8.3)

the range 0.5

2. 2 SENSITIVITY

The minimum sampling volume should be calculated
and should be based upon [1] the targeted minimum detectable
concentration at the source, [2] the expected minimum detection

limit achievable at the laboratory, and [3] the sampling time
limitations at the source.

for each test

2. 2.1 Hexa?alent Chromium

(GBS SEN (GED (GES ONN [SES (GEN

A minimum detection limit, of 0.2 ug Cr(VI)/50mL using a 5 cm
cell, has been observed. (Reference 8.3)

2. 3 PRECISION FOR HEXAVALENT CHROMIUM

- -

7.

The overall precision for sample collect
Cr(VI) will be determined after, data

protocol which {ncludes multiple simu
techniques.

fon and analysis for
are collected from a test
1taneous sampling

2. 4 INTERFERENCES

T — It

1 Interferences of Hexavalent Chromium

Molybdenum, mercury and vanadium react y
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 ts not measured
photometrically at 540 nm.

{th diphenylcarbazide

4. 2 Interferences for Total Chromium

4. 2. 1 The long residence time

and high concentrations of the
atomized sample in the optical path of the graphite furnace
can result in severe physical and chemical interferences. *

removed from the furnace during atomization, memory effects
will occur. If this situation is detecte

d, the tube should
be cleaned by operating the furnace at higher atomizatfon
temperatures. '

K-8



2. 4. 2. 2 Nitrogen should not be.usedlas the purge gas because of a
possible CN band interference.

2. 4. 2. 3 Low concentrations of calcium may cause interferences; at
concentrations above 200 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 Measurement of Gas Volumes through Pipes and Small
Ducts

Air Resources Board Method 2A may be used, where applicable,
as an alternative to pitot tube methods specified in Method 5,
as referenced herein. '

Total Chromium Determination by Flame Atomic
Absorption Spectroscopy .

For high total chromium concentrations which are within the

detection range of flame atomic absorption spectroscopy, this "

analytical method may be used instead of the furnace type

method speciffed {n these pages._ This option applies_only to
The remainder of the test

mﬂhﬂL&hﬂJ_theLtntmgij;anmﬁm

Other‘Hethods .

SES GBS GHD GHD GND  ONS GND (GER GNN ONS (NN (ONS (BND

[}

-l

The Executive Officer 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.

D IS SR N
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3 APPARATUS
A1l 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 materjal. See Section 5.2.

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

3. 1 SAMPLING TRAIN

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

5, Sectfon 2.1. Exceptions include a glass nozzle, a glass 1ined

stainless steel probe, 0.1 N NaOH in the first two impingers, a

Teflon-coated glass fiber filter, and a silica gel mofsture trap

after the f{iter. As shown fn Figure 1, sample flow should be

through the probe first, then the impingers, and then the filter.
3. 2 SAMPLE RECOVERY

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

3. 3 ANALYSIS
The following apparatus and materials are needed:

3. 3. 1 Analysis of Hexavalent Chromium

3. 3. 1. 1 100 mL beakers '

3. 3. 1. 2 Filtration Apparatus !
Vacuum unit constructed of glass, to accommodate sintered
glass funnels. Medium porosity filter paper is optional,
Wherever filtering {s specified, centrifuging may also pe
performed at the analyst's option.

3. 3. 1. 3 Volumetric Flasks
100-ml. and other appropriate volumes.

3. 3. 1. 4 Hot Plate

3. 3. 1. 6 -Pipettes

Assorted sizes, as needed.

3. 3. 1. 6 Spectrophotometer

To measure absorbance at 540nm.

3. 3. 2 Analysis of Total Chromium

K-10



J. 3. 2.1 Philips Beakers
Borosilicate, 125mL, with digestion covers.

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

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.

4 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.

4. 1 SAMPLING
Except where otherwise noted in.this method, same as CARp 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 bejow.

4. 2 SAMPLE RECOVERY

Except where otherwise noted in this method, same ags CARB Method
5, Sectfon 3.2, g

4. 3 REAGENTS FOR HEXAVALENT CHROMIUM

4. 3. 1 Type IT Water
Type II water is deionized and distilled, meeting American
Society for Testing and Materiails (ASTM) specification for
type reagent - ASTM Test Method D 1193-77. The water should be
monitored for fmpurities.

4. 3. 2 Batch of 0.1% NaoK Solution, Analytical Reagent Grade

-

The same batch of 0.IN NaOH solution should be used for

impinger sampling, sample recovery, preparatjon, extraction,
and analysis. Therefore, sampling and analytical personnel
should coordinata their nlans so that all steps in sampling

K-11
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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
sufficient volume is prepared to serve all of the needs of
sampling and analysis. Store the solution in a tightly capped
polyethylene bottle.

4. 3. 3 Potassium Dichromate Stock Solution

Dissolve 2.829 g of analytical reagent grade potassium
dichromate (K Cr207) in water, and dilute to 1 liter (1 mL
1000 ug Cr (V19

4. 3. 4 Potassium Dichromate Standard Solution

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

4. 3. 5 sSulfuric Acid, 6N, Analytical Reagent Grade

Dilute 166 mL sulfuric acid to 1000 mL in water.

‘4. 3. 6 Diphenylcarbazide Solution, Analytical Reagent Grade

Dissolve 0.5 g of 1,5-diphenylcarbazide in 100 mL acetone.

Store in a brown bottle. Discard when the solution becomes
discolored.

4. 3. 7 0.1% Potassium Permanganate Solution
Analytical Reagent Grade

4. 3. 8 0.0Ii Potassium Permanganate Solutfion
Analytical Reagent Grade

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

The 0.1 N NaOH extraction solution (4.3.2) and the 6H sulfuric
-acid solution (4.3.5) may contain small amounts of reducing

agents that can react with the hexavalent chromium. Potassjum

permanganate {s added to these reagents in order to neutralfize
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

K-12
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reducing agents found in the reagents. Then pipette the
proper volume of higher concentration 0.1% pota551um. ]
permanganate solution (4.3.7) in@o the reagents. This is done
by assuming that the number of milliequivalents of reducing
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. 4. 1 ASTH Type II Water (ASTH D1193)

Refer to section 4.3.1.
4. 4. 2 Concentrated Nitric Acid

4. 4. 2. 1 Reagent preparation should use Ultrex or equivalent grade
3.
4. 4. 2. 2 Glassware cleaning should use ACS reagent grade HN03.

4. 4. 3 Hydrogen Peroxide (30%) (Optional), Analytical Reagent Grade
4. 4. 4 Matrix Modifier

Follow manufacturer's recommendations, when interferences are
suspected.

4. 4. 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 fo & 1iter.

4. 4. 6 Total Chromium Working Stanq§rds

A1l total chromium preparations injected for analysis shall be

prepared to contain 1.0% (v/v) HNOa. The zero standard shall
be 1.0 £ (v/v) HNO,.

5 SAMPLE COLLECTION, PRESERVATION, AND HANDLING
5. 1 SAMPLE COLLECTION

Except where otherwise indicated in this method, all samples are -~
collected from the source by use of CARB Method 6. 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 Tilter.
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5. 2. 1 Probes are generally the most difficult sam

5. 2. 1. 1 Another cleanin

5. 2. 1. 2 The risk of mid-course cleaning dela

For stack gas moisture determinatfon, weigh the s
or s{lica gel plus fmpinger to the nearest 0.5 g using a balance.
This step may be conducted in the field.

SAMPLE COLLECTION AND RECOVERY

The sample is collected using probe, impingers,

5. 2 SAMPLE HANDLING AND PRESERVATION

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

y
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.

pling apparatus to
clean. Thercfore, before use in sampling, to ensure that

sampling equipment is clean and free of chromfum
contamination, apparatus which may come in contact with sample
must be cleaned until a sample of final rinse for each probe
has been anaiyzed as below the detection limit for total

chromium. The procedures of Sectfon 6 shall be followed for
this contamination check.

If the specified glass probes are in short supply, the
cleaning protocol required above could double the number of
days necessary to complete a series of tests. Two options
exist which reduce mid-course delays in a sampling effort:

g procedure may be used if it {s tested and
documented as achieving the objective of no detectable
chromium in the last probe cleaning rinse. Testing and
documentation shall fnclude: a pre~test visit to the
intended site, collection of samples from an intended test
point with the highest expected concentration of chromium,
trials of other cleaning procedures, and documentatfon of
those which pass the analytical tests and are used instead
of the cleaning procedures in Section 5.2.1 above. )

ys may be reduced by
the use of a sufficient number of probes which have been

pre-cleaned and contaminatfon checked by the procedures of

~Sections 5.2.1 or 6.2.1.1; Extra probes should be included
to aliow for breakage.

© PROCEDURES FOR SAMPLE RECOVERY, PREPARATION, AND ANALYSLS
6. 1 SILICA GEL WEIGHING o

pent silica gel

and filter.

K-14
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! 6. 2. 1 Probe

The probe is rinsed with 0.1 N NaOH. The total rinse volume
I should exceed 100 mL and be stored in container 1. (Measure
o the volume.) The probe rinse is transported to a clean room

or to a site with laboratory conditions where it is split with
I half saved for hexavalent chromium analysis and half saved for
= total chromium analysis. Fach sample split {s -bomL.

(Measure the volumes.) B
i

6. 2. 2 Impingers and Filter

‘ The sampling and analytical personnel shall discuss the

‘ expected sample concentratfons and the analytical limits of

= detection for hexavalent and total chromium. The impinger
catch and filter should be handled one of two ways depending

'l 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 is_not 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. (Measure the volume.) 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 a minimum of 30
minutes. The alkaline {mpinger medfum will retard

.- £ e
. L1 .
- I- !

0

P

half saved for total chromium analysis. Each sample spiit"
is ~100 mL. (Measure the volumes.)

6. 2. 2. 2 Lower Concentrations

¢ -

If it js considered important to minimize the dilution of
4ny sampie component, then the contents of each impinger
(~100mL each) may be stored in containers 2 and 3.
(Measure the volumes.) The filter shall be extracted in
only one of the fmpinger contents, whichever {is suspected
to have the higher concentration. The extractifon shall
include shaking for a minimum of 30 minutes. The contents
of the first fmpinger are stored in container 2 and those
of the second impinger in container 3. Whichever impinger
contents are not used for extraction must pe handled as a
third sample recovery requiring separate analyses. Both
sample recoveries are split as described above. FEach
sample split is -50 mL. (Measure the volumes.)

‘o

- -

= e e
. !l i
‘il .
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6. 3 REAGENT BLANK PREPARATION

Hexavalent Chromium Reagent Blank

For each preparation, transfer 35 mL of solution to a 100mL

beaker, adjust the pH to 1.0 + 0.2 with 6N sulfuric acid, add |
1.0 mL of diphenyicarbazide solution, dilute to volume with

water in a 60 mL volumetric flask, and let color develop for

10 minutes.

Total Chromium Reagent Blank

For total chromium, the reagent blank is Simply 1 & HN03.

6. 4 SAMPLE PREPARATION

6. 4. 1 Hexavalent Chromium Sample Preparation ¢

For each preparation, transfer 35 mL of solution to a 100mL
beaker, adjust the pH to 1.0 + 0.2 with 6N sulfuric acid, add
1.0 mL of diphenylcarbazide solution, dilute to volume with
water in a 50 mL volumetric flask, 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. 6n a.hot .plate.and reflux.....
the sample down to near dryness. Add another bmlL nftric acid

to complete digestfon. Reflux the sample volume down to near°
dryness.

Wash down the beaker walls and digest{on 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 {f there {s concern that fnsoluble
materials may clog the nebulizer. Adjust the volume to 50 mL
or -a predetermined value based on the expected metal
concentrations. The final concentration of HNO., in the
solution should be 1 ¢ (v/v). The sample is no® ready for
analysis. The applicability of a sample preparation technique
must be demonstrated by analyzing spiked samples and/or
relevant standard reference materials.
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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. This will prime the filter $0
that it won't absorb color complex.

Transfer a portion of the filtered preparation into 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. t

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 sample 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 solutfon 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 Cs, in ug in the

aliquot of the unspiked sample solution by using the following
equation:

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 volume, If 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.
6. 5. 3 Total Chromium Analysis
The 357.9-nm wavelength Tine shall be used.

Follow the manufacturer's operating instructions for a1l 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 hecessary temperature settings
or losses in sensitivity due to less than optimum settings can
be minimized. Similar verification of furnace parameters may
be required for complex sample matrices.

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

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

7 CALIBRATION, QUALITY CONTROL, AND DATA REPORTING
7. 1 GENERAL

Perform all of the calibrations described in CARB Method 5,
Section 5, with any modifications appropriate for this method.

7. 2 CALIBRATION AND QUALITY CONTROL FOR HEXAVALENT CHROMIUM

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 1ipe emission such as a mercury
lamp, or by using a seriec of glass filters spanning the
measuring range of the spectrophotometer. Calibration
mater{als are available commercially and from the National
Institute of Standards and Technology. Specific details on
the use of such materials should be supplied by the vendor:
general information about calibration techniques can be
obtained from general reference books on analytical chemistry.
The wavelength scale of the spectrophotometer must read
correctly within +5 nm at all calibration points; otherwise,
the spectrophotometer shail be repaired and recalibrated.
Once the wavelength scale of the spectrophotometer is fn
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proper calibration, use 540 nm as the optimum wavelength for
the measurement of the absorbance of the standards and
samples.

7. 2. 2 Alternatively, a scanning procedure may be employed to
determine the proper measuring wavelength. If the instrument
is a double-beam spectrophotometer, scan the spectrum between
530 and 550 nm using a 50 ug Cr(VI) standard solution in the
sample cell and a reagent blank solution fn the reference
cell. If a peak does not occur, the spectrophotometer is
malfunctioning and should be repaired. When a peak s
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 deccribed above, except that the reagent
blank and standard solutions shall be scanned separately. The
optimum wavelength shall be the wavelength at which the
maximum differences in absorbance between the standard and the
reagent blank occurs.

7. 2. 3 Either (1) run a series of chromium standards and construct a
calfibration curve by plotting the concentrations of the
standards against the absorbances or (2) if necessary, for the

method of standard additions, plot added conczentration versus
absorbance.

7. 2. 4 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 hexay

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.

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%
v/v HNO., with no chromium for the zero standard with
nppropr?ate increases in total chromium concentration in the
other calibration standards. The calibration standards should
be prepared following the steps outlined in sample
preparation.
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7. 3. 5

7. 3.11

7. 3.12

7. 3.13

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.

Duplicates, spiked samples, and check standards should be
routinely analyzed.

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. A1l dflution 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).

Calibration curves must be composed of a minimum of a reagent
blank and three total chromium standards. A calibratfon curve
should be made for every batch of samples, unless check
standards remain within 10% of the last calibratijon curve.

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

Employ a minimum of one matr{x-matched sample blank per sample
batch to determine if contamination or any memory effects are
occurring.

Test the system with check standards after_approxim;tely every

-

156 samples. ' . - - .. —.

Run one duplicate sample for every 10 samples, providing thére‘
is enough sample for duplicate analysis. A duplicate sample
is a sample brought through the whole sample preparation.

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

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

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

All quality control data should be maintained and available
for easy reference or inspection.
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7. 4 DATA REPORTING

Carry out the calculations, retaining 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, {s the sum of the
masses of hexavalent chromium analyses pePformed on all sample
splits. Also take in account the dilutions when calculating

ll'lh.

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

7. 4. 2 Total Chromium in the Sample
Calculate and report mﬁ. the total ug of chromium in the
sample. This can be obtained from the calibration curve or
from the method of standard additions. Note that m, {s the
sum-of the masses of total chromium analyses perfortied on all

sample spiits. Also take into account the necessary dilutions
when calculating out my .

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

7. 4. 3 Average Dry Gas Meter emperiture and Average Orifice Pressure
Drop e am e e — “ - . L.

Except where otherwise noted in this method, same as Method 5:
Section 6.2.

7. 4. 4 Dry Gas Volume, Volume of Water Vapor, Moisture Content

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

7. 4. 5 Cr(VI) Emission Concentration
Calculate and report [h] (g/dscm), the Cr(VI) concentration
in the]stack gas, dry baSis, corrected to standard conditions,
as follows:

[h], = (10_69109)(mhlvm(std))
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7. 4. 6 Total Chromium Emission Concentrat%on
Calculate and report [t] (g/dscm), the total chromium

concentration in the statk gas, dry basis, corrected to
standard conditions as follows:

[t1; = (10°0/ug) (m Yy g14))

7. 4. 7 1Isokinetic Variation, Acceptable Results
Except where otherwise noted in this method, same as Method 5,
Sections 6.11 and 6.12, respectively.
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