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SECTION 1
INTRODUCTION

In accordance with the Environmental Protection Agency's program for
developing new source performance standards, TRW participated in fugitive
emission testing at the Kennecott copper smelter located in Magna, Utah.
Testing was performed from October 30 - Novermber 15, 1978..

The testing program was developed to provide arsenic/sul fur dioxide
data on the following environmental control systems: matte tapping fugitive
emission system, slag tapping fugitive emission system, converter fugitive
emission system, acid plant inlet, and concentrate dryer fugitive emission
systems.

The matte tapping fugitive emission system operated on an intermittent
basis during the loading operation of copper matte from the reactors to
the large ladles. The system removed the fugitive air pollutants that were
generated during this operation.

The slag tapping fugitive emission system operated on an intermittent
basis during the loading of slag from the reactors to the large ladles.
This system removed the fugitive emissions generated during the operation.

The converter fugitive emission system is comprised of a hooding system

over the converters which removes the fugitive air pollutants that escape

the converter ducting system. The acid plant inlet duct (converter ducting
system) removes large amounts of air pollutants including sulfur dioxide

from the converter process operation and the hot gasesenter the sulfuric
acid plant. The sulfuric acid plant then converts large amounts of sulfur
dioxide into commercial grade sulfuric acid from the process exhaust gases.
The converter process operates on a continuous cyclic operation.

The concentrate dryer emission system removes large amounts of moisture
and fugitive dust from the rotating concentrate dryers. The emissions are
passed through large cyclones and a wet scrubber, then the gases exit
through a 1500F stack. The dryer operation works on a continuous basis with
the concentrate feed being added as needed.

Testing at the Kennecott copper smelter consisted of the following
tests.

Three arsenic/sulfur dioxide tests were performed on the matte tapping
fugitive emissions system with the EPA process engineer coordinating the
intermittent testing.

At the slag tapping fugitive emission duct, three arsenic/sulfur
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dioxide tests were conducted with the EPA process engineer coordinating
the intermittent sampling.

Testing the converter process operation required three tests to be
performed during a given converter cycle. Two tests were performed on the
converter fugitive emission system while one test was conducted at the acid
plant inlet duct. The two tests conducted at the converter fugitive emiss-
ion system during the converter cycle consisted of one test being performed
during the complete cycle, and a second test being performed only during the
converter roll-out segment of the cycle. The tests at the acid plant inlet
duct and at the converter fugitive emission system were coordinated under
the direction of the EPA process engineer. Three arsenic/sulfur dioxide
tests were performed at the acid plant inlet duct and the converter fugi-
tive emission duct (complete cycle test). Two arsenic/sulfur dioxide tests
were conducted during the converter roll-out phase of the converter cycle.

This report presents the results of the testing program. The follow-
ing sections of the report contain: a summary of the results, descriptions
of the sampling points, a description of the process, and delineation of the
sampling and laboratory analytical procedures. The appendices contain
field data, sample calculations and daily activity log.



SECTION 2
SUMMARY AND DISCUSSION OF RESULTS

The results of the testing program are summarized in Tables 1 - 5.
The arsenic/sulfur dioxide data for the matte tapping fugitive emission
system and slag tapping fugitive emission systems are presented in Tables
1 and 2, respectively. Acid plant inlet arsenic/sulfur dioxide results are
given in Table 3. The converter fugitive emission system arsenic/sulfur
dioxide results are presented in Tables 4 and 5. Table 4 presents the
converter fugitive emissions tests during the complete cycle. The conver-
ter roll-out arsenic/sulfur dioxide data are presented in Table 5. Concen-
trate dryer emissions are reported in Table 6. All process sample analysis
data are contained in Table 7.

The field sampling program encountered the following minor problems
which are outlined below with respect to individual sampling locations.

During the field sampling at the matte tapping fugitive emission system
and the slag tapping fugitive emission system, the sampling program required
long days due to the intermittent process operation and days of reduced op-
eration. At the slag tapping fugitive emission duct there were two modifi-
cations in the sampling procedure required. Only one port was located on
the duct which required that both traverses be performed through the same
port utilizing the pythagorean calculations. Al1l equations and distances
are shown in figure 3. The sampling train was modified to allow for the
two traverses through the single sampling port. A teflon flex line was
inserted between the probe and heater box to assist in maneuvering the
probe into the proper placement. After the testing the flex line was clean-
ed with a probe brush and .I1N NaOH. The solution was placed in the probe
rinse bottle and saved for analysis.

Testing the converter fugitive emission system and the acid plant inlet
required TRW personnel to adjust the working schedule to fit the cyclic pro-
cess operation of the converter unit. Due to lack of space at the converter
fugitive emission duct sampling position, TRW was required to utilize the
flex lines between the probes and heater boxes on each of the tests. After
each test the flex line was cleaned with .IN NaOH and a probe brush. The
solution was placed in the probe rinse bottle and saved for analysis.

Weather forced TRW personnel to curtail the field sampling on Friday,
November 10, 1978. TRW personnel returned on Monday, November 12, 1978 to
comg]ete the field sampling on the concentrate dryer fugitive emission
system.

Testing the concentrate dryer fugitive emission system required the
test ports to be placed in the fiberglass stack. Due to the working space
and the fiberglass stack, TRW utilized the flex line inserted between the
probe and the heater box to assist in performing the sampling traverses.
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Testing at the concentrate dryer fugitive emission system was performed
under low ambient temperature which ranged from 20%F to 30°F.

During the data reduction, the meter volume was back calculated to ac-
count for sulfur dioxide that was removed by the three 10% hydrogen per-
oxide impingers. The back calculation for sulfur dioxide was accomplished
in the following order. First, parts per million sulfur dioxide at stand-
dard conditions was calculated. Then parts per million was converted to a
fraction by dividing by 106, This number was added to one and the result
multiplied by volume of gas collected through the dry gas meter at standard
conditions. The results of multiplication yielded the actual gas volume
at standard conditions collected.



TABLE 1 Matte

Tapping Arsem’c/SO2 Results

1 2 3 AVERAGE
RUN NUMBER
ENGLISH METRIC ENGLISH METRIC ENGLISH METRIC ENGLISH METRIC
URITS UNITS URITS UNITS INITS UNITS UNITS UNITS
1 DATE 1/3/78 1/3/718 1 nsys 1/3/78 1/3/78
11 STACK PARAMETERS
.at 254 .0 254 .0 254 K 254

Pst - Staric PRessure, “Ho (mHs)

Ps - STACK GAs PRESSURE, "Ho ABSOLUTE (miiG) 25.85 656.59 25.73 653.54 25.85 §56.59 25.81 655,57

2 0y - VoLume I Day ° o ° ° ° ° o ¢

2.0, - Vouume % Drv 20. 20. 20. 20. 2. 0. 20. 20.

- Vouume 1 DRy o ] a0 10 12 2 0 .10

1 N - Vouuwe T Day 7.9 7.9 79.90 79.90 79.88 79.88 19.90 79.90

Ts = Averact STack TewpeRaTuRE OF (90) 126.3 52.3 110.6 a7 19 4.4 ne.7 8.1

1 Hy0 - X MorsTume }" S}Acx Gas, By VoLume 1.4 14 1. . 0 0 80 B0

As - Stack ARea, F1° (w7 19.63 1.824 19.635 1.82¢ 19.635 1.82¢ 19.635 1.824

Mo - MOLECULAR WETGHT OF STACK GAs, DRY Basis 8.8 28.84 28.83 28.83 28.85 28.85 28.84 28.84

Ms - MOLECULAR WEIGHT OF STACK Gas, WET Basis 28.69 28.69 8.72 28.72 28.85 28.85 28.75 28.75

Vs - Stack Gas VeLociTy, f1/sec, (W/sic) 3 s4.18 16.51 52.42 15.98 a2 A §1.29 15.83

Qa - STAck Gas VoLumeTRIC FLow AT STack ConiTiows, ACFM (Rm'/mig) 63829.5 1808.2 61756.0 1749.5 5568.8 1577.6 60424.8 178

Os - STack Gas YOLUMETRIC FLow AT STANDARD CONDITIONS, DSCFM (Hw”/miN) 48967.9 1387.2 |- eBsa4E 1378.2 43867.9 1242.7 4161.8 133%.0

% EA - Percent Excess AR ) 7 a7 L8] 4“7 4.7 a7 a7

11T TEST CONDITIONS 25.84 656,34 5.7 653.29 25.84
. . . 5 . 656.34 25.80 §55.32

Pg - BanomeTrIC PRESSURE, "He (meHG) %0 635 250 53 0

Dn - SampLING NoZZLE DIAMETER, 1N, (MM} ‘ . . - -2 6.35 250 6.3

T - SAMPLING TIME, MIN 69.5 69.5 60.5 50.5 66.5 66.5 65.5 65.5

Vm - SanpLe VoLume, ACF (W) 76.73 237 58.94 1.67 63.62 1.80 66.43 1.88

Ne - NET SawPLING PoINTS 24 2 2. 2 24 2. 2, 24.

Cp - Prrot Tuse C(OEFFICIENT R -8 -84 -8 -84 5 .o .84

T - Averace MeTer Temperature OF (%) 5.7 2.3 n.s 22.2 771 25.1 .9 23.9

Pr - AVERAGE ORIFICE PRESSURE DRP, Ha0 (ieiy0) 319 81.03 2.9 74.42 2.42 51.47 2.85 7.3

Vic - CompEnsaTe COLLECTED (IMPINGERS AND GEL), MLS 19.2 19.2 14.6 .5 0 0 n.a 1.2

OF - Stack VELOCITY HEAD “HoD (mebp0) 72 18,29 .69 17.53 .56 14.22 .66 16.68
[V TEST CALCULATIONS

Vw - CONDEMSED WATER VAPOR, SDCF ) 3 .90 a3 .69 oz [ 0 53 .02

VM - VOLUME OF GAS SAMPLED AT STANDARD CoNpITians, DSCF (Ne”) .88 1.87 50.70 1.4 54.37 1.54 56.98 1,62

1 HD - Percent MolsTuRE, By VoLuse 1.4 1.4 1.0 1.0 0 0 .80 .80

Ms - MOLECULAR WEIGHT OF STACK Gas, WeT Basis 28.68 28.69 8.7 28.72 28.85 28.85 28.75 28.75

Vs - STACK YELOCITY, FT/sEC {WSEC) 51.85 15,80 50.89 16.51 45.72 13.93 49.49 15,08

% 1 - PeRcent IsoxINETic 107.3 0.3 97.08 97.08 103.5 103.5 102.6 102.6

Y ANALYTICAL DATA
A) Arsentc FRONT Hair
1.
Prose (nG) 058 1.428 3.321 1.9357
CrcLone (me)
FILTER (86) .220 .295 .75¢ K2y
ARSENIC FRONT Harf TovaL (me) 1.218 1.723 4.on 2.3573
. . . A 2.6431 4939 1.5092
on, (na/w) 2% 6848 3847] 1.189% 76 3
Mg, (ke/HR) 1255 0570 .2185) .0992 434 1970 L2594 Rt
B) Arsentc - lnvxusfn EDLLECYIDN 254 7.148 138 nn
MG
PPM, (MG/MD) L0436 1381 2563 .7993 L1536 4792 1512 Ans
H/uR, (xG/HR) .0250 .on3 1456 0661 o787 L0387 0831 L0377
IuPINGER #3.4,5 (we)
PPH, MG/M3)
#/uR, (K6/HR)

C) ARSEMIC - |MPINGER ToTaL (MG)
pem, (mo/i
#/uR, {xa/nR)

D) TotAL ARseNic (M) 1.5320 2.8710 4.80%0 3.0707
epn, (na/nd) L2632 8209 . 6A0) 1.9989 1.0011 39223 L6351 1.9807
¥/uR, (KG/HR) L1505 .0683 L3641 1653 .5128 2328 25 1558

3] [CY] 4681.46 374292 4907.95 a8
e 9475505 978.1793 1196.0702 1038.6000
(ne/m”) 2508.4326 2606.0173 21865116 27669871
Hiu. (ro/ue) 459.8695 208.745% os.esa|  215.45m 523.3389 2375578 485.9542 220.5875




TABLE 2 Slag tapping Arsenic/SO2 Results

1 2 3 AVERAGE
RUN NUMBER
ENGLISH METRIC ENSLISH METRIC ENGLISH METRIC ENGLISH METRIC
UNITS UNTTS LNITS UNETS UNITS ITS UNITS UNITS
1 DATE V778 NIE N2 1s2/78 378 17378
11 STACK PARAMETERS

Pst - STaTiC PReEssure, “Ho (mHa) 3 1.62 .06 1.52 Lo 65700 1.52

Ps - STack Gas PRESSURE, "Ho ABSOLUTE (mmHo) 25.75 654.06 25.78 654.81 25.90 1.52 655.57

% (0, - VoLume 1 Dry 0 o a Ll B 657.86 9 5

% 0, - VoLume % Dev 20. 0. 2e. 0 20. 2e

- YoLuMe T Dry 003 002 008 roa 095 co5

2 Ny - VoLume T Drv 79.997 79,997 73492 79.9% 13,995 79.995

Ts - Averace STack Temperature OF (90) 2.9 Q2.7 2.4 na 8.4 5.8

% Hy0 - % MorsTure }" SFCK Gas, By VoLume 3 -3 -3 B0 1.0 N 7

As - Stack ARea, FTS (MO) 19,635 824 1.824 19,635 1,524 29,635 1824

Mo - MOLECULAR WELGHT OF STACK GAs, DRy Basis 28.80 28.30 28.31 28.30 28.80 28.80 249,80

¥s - MoLECULAR WE1GHT OF STack Gas, WET Basis 28.717 .77 6.69 28.69 2.7 28.73

Vs - Stack GAs VELOCITy, sT/sEc, (M/sIc) 43,240 1379 38.788 11,822 31,348 12,603

Q4 - STACK GAs VoLumeTRIC FLow AT Stack (onpiTrons, ACFM (Nn3/m ) 50941.0 12431 1402.3 45636.1 1294.5 487124 1380.0

Qs - Stack fas VOLuMETRIC Frow AT STanparp [owpiTions, DSCFM (NM’/miN) 43307.8 12:6.3 . AREEN 89'8.0 1°02.4 acy2i 1 1159.3

% EA - PercenT Excess AIr 4.7 4.7 a7 4.7 4.7 8 47 17

111 TEST CONDITIONS

Py - BAROMETRIC PRESSURE. "Ho (MmHo) 25.69 562,53 2572 653.29 25.84 5634 25.75 654.05

DN - Sampein Nozite Diamerer, IN. (um) .250 6.35 309} 7.85 309 73 .239

T - SaMPLING TIME, MIN N 60, 50. 126. 120 120, 120 120. 190,

i - Sampee V°'~U"Es ACF () 47.40 1.4 138.3 19 139,37 3.9 1c8.28 107

AP - NeT SampLiNG PoinTs 2 2 u 2. 24, 2 24, 1

Cp - P1voT Tuse COEFFICIENT .84 .84 24 2 N a4 .8 34

Ti - Averace MeTer Temeerature OF (O0) 7.6 2.7 7.9 15.7 7.9 e 2.7 26

c“ - Averace Oreice Paessure Droe, "0 (wihg0) K] 48,01 4.3 6.0 1.09 102.36 347 36.79

LC - CONDENSATE CatrecTen (IMPINGERS AND GEL), MLS 2.7 2.7 23.3 233 5.0 2.0 17.3 13

OP - STACK VELoCITY HEAD “HoO (o)
504 12.80 460 11.684 .408 10.363 457 .66
1V TEST CALCLLATIONS

U - CONDENSED ¥ATER VAPOR, SDCF () 3 3 0 110 -0 .2 - -2 -0

VM - VOLUME OF GAS SAMPLED AT STANDARD CoNDITIONS, DSCF (M) 40.40 1.14 120.25 ERLE 119.98 3.40 93.51 2.65

1 H70 - PercenT Moisture, By VoLume -3 3 .9 .2 1.2 1.0 .7 7

Ms - MoLECULAR WEIGHT o STACK GAs, WeET Basis 28.77 28.72 28.72 28.69 29.69 28.73 28.73

Vs - STack VELOCITY, FT/SEC (MW/sEC) 43.240 42,07 12.807 38.788 1m.323 41.348 12,503

% 1 - PERCENT ISOKINETIC 89.9 93.6 93.6 97. 97 9.5 93.5

V. ANALYTICAL DATA

A) Aasentc FRONT HaLr
PROBE (MG) 580 930 315 6083
CycLone (mMg)

FILTER (MG) 210 . 085 085 . 1200}
Arsenic FronT HaLr ToTau (me) 790 395 400 L7283
oM, (MG/MD) 2213 5903 93 2321 0378 73 1176 L2667
#/uR, (kG/HR) RIEH 0508| cas 2201 .72 0078 0578| L0262

B) ARSENIC - MPINGER LOLLECTION
InpincEr #l. 2 (v6) 147 1.591 106 5147
pom, (Ma/M3) L0812 Ar:'] 143 L4670 2100 0312 L0570 2089
#/ur, («a/HR) -nzce 0095 070 L0322 . 2045 .0021 0321 0145
IupINGER #3,4,5 (Mo)
pom, MG/M3)
¥/nR, (x6/nR)

C) ARSENIC - IMPINGER ToTaL (MG)
pom, (M/M3)

#/ur, (xG/HR)

) ToTaL ARSENIC (MG) -9370 2.5860 5060 13830
pom, (MG/M3) 2625 8187 243 L7591 0478 1490 184t 5756
/MR, (xe/MR} 1327 0603 M5, 0523 217 2099 .0893 L2608
o1aL 305 tMGS 78.68 76682 38947 4123233

v l,,,, 30y e 25.9047 8.7101 43.0870 51.1886
(me/n®) 68.7476 225.6910 1126838 136.3741
Afur, (KG/HR) 11,1467 5.0598 34,255 155495 16.7082 7.6303 20.7035 3.3979




TABLE 3 Acid Plant Inlet Arsenic/302 Results

2 AVERAGE
RUN NUMBER
ENGLISH METRIC ENGLISH METRIC ENGLISH METRIC ENGLISH METRIC
UNITS UNITS NITS UN]TS UNITS UNITS UNITS UNITS
| DATE 11/6/78 11/6/78 n/7/78 11178 11/8/78 11/8/78
11 STACK PARAMETERS

Pst - Staric PREssure, "Ho (wmHe) - .2 -6.60 -2 -6.60 -2 -6.60 - .2 -6.60

Ps - Stack Gas Pressure, “Ho AmsoLue (weic) 25.72 653.29 25.42 645.67 25.72 653.29 25.62 650.75

% {0y - Vorume % Dev 0 o o 0 o 0 0 0

% 0, - Vowwke % Dev

§,” - Vorume 1 Dev 20. 20. 20. 20. 20. 20. 20. 20.

3.9 19 2.4 2.4 3.0 3.0 3 31

% Ny - Vorume 2 DRy

Ts © Avirace Stack TEMpERaTURE OF (90) 76.10 76.10 77.60 77.60 77.0 77.0 76.9 6.9

T Hp0 - 1 MorsTome o Spac 6as, By VoLUME 420.8 216.0 476.2 246.8 209.4 209.7 435.5 224.2
< 5.0 5.0 3.0 3.0 4.0 40 40 40

As - Stack Aas, FT° (N} 19.635 1.824 13163 1.824 19.635 ] 19.635 1.824

Mp - MoLecuLar NEIGHT oF STAck Gas, DRy Basis

) s s Wer B 30.21 30.21 29.87 29.67 29.88 29.88 29.92 29.92

Ms - MoLecuLar WelenT OF STACK GAs., NET Basts 29.60 29.60 29.32 29.32 29.40 29.40 29.44 29.44

Vs - STAck GAs VELoCITY, FT/SEC. (M/sic) 3 £3.19 25.% 8169 2.9 75.61 23.05 80,16 2.4

g* B 2:‘:5‘ 2‘5 :“L""E::“ ';W" ‘: 2:“‘ :“"‘E”“’:T(‘, ACF;SE’Q: {;' i o 98006.1 776.4 96227.2 2726.0 89076.) 2523.4 § 943655 2675.3
- w .

s Ck GAS VOLUMETRic FLOW AT STANDARD [ONDITIONS ik 47978.1 1359.2 “wu.s 1267.0 44643.3 1264.7 45782.1 1297.0

1 £A - Percent Excess AR

4.7 47 4.7 4. 4.7 4.7 4.7 4.7
111 TEST CONDITIONS

Ps - BaromeTRIC PRESSURE, "Ho (meic) 25.98 659.89 25.68 652,27 25.98 659.89 25.88 657.35

D - SameLing Hozzee DraMETER, N, (MW) 180 4.48 190 4.83 .180 4.48 83 4.60

T - SaweLing Time, min o 128, 128, s, . 120, 120. 121 2.

xn - va;s Vawnzr,’ ACF (W) 59.71 1.69 §7.02 1.8 57.27 1.62 58.00 1.64

P - NeT SAMPLING PoINTS 24, 24. 2, . 2. 24, 2. 24,

Cp - Prrot Tuse Coerricient .84 .84 .84 .84 .84 .84 .8 84

;n - AvERAGE METER TEMPERATURE OF (%0 5.2 7.9 .8 23.8 §5.0 18.3 68.0 20.0
- Avi F P ")

M - AVERAGE ORIFICE PRESSURE DROP, "Hp0 (mmHo0) 6 1753 ™ 20.63 & 15.28 " 1787

Vic - CONDENSATE COLLECTED (IMPINGERS AND GEL), MLS 5.2 6.2 2.4 2.4 .2 8.2 4. 2.3

b -5 v " : . E . . X . .

oF - STack VeroctTy Heao "Hl (wdia0) 1.6 29.45 1.03 26.16 .38 20.89 1.06 26.84
IV TEST CALCLLATIONS

Vs - CONDENSED KATER VAPoR, SDCF ) 2.85 -08 1.53 -4 1.80 .08 V.99 -0

VM - VOLUME OF GAS SAMPLED AT STANDARD (oNDITIONS, DSCF ) §0.38 1.43 48.41 1.37 49,57 1.40 49.45 1.40

1 HZO - Pemcent MorsTure, By VoLuME 5.0 5.0 3.0 3.0 4.0 4.0 4.0 4.0

Ms - MorecuLar WETGHT oF STACK Bas, WET Basis 29.60 29.60 29.32 29.32 29.40 29.40 29.44 29.44

Vs - STACk VELOCITY, FT/SEC (M/SEC) 83.1% 25.36 81.68 24.%0 75.61 23.05 80.16 %4

11 - Percent Isoximeric 97.9 9.9 W 9.1 106.9 106.9 99.6 9.6

V. ANALYTICAL DATA

A) Aesenic FRONT HaLF
ProBE (Mg) 1.100 700 290
CycLane (mMg)

FILTER (MG) 10.000 9.900 6.300

ArseNIC Froni Hair ToTaL () 11.100 10.609 €.590 9.4300
pPm, (MG/M3) 2.4938 7.7778 2.4784) 7.7294 1.5048 4.6929 2.1580 6.7213
/MR, (ka/MR) 1.3970 6341 1.2942 5875 L7844 3560 1.1588 5259

B) ArSENIC -~ [MPINGER LOLLECTION
ImpinGEr L 2 (M6} 7.000 068 51 2.4063
pom, (ma/md) 1.5727 4.9047 L0159 L0436 03465 1075 .5410 1.6873
#R, ( }

"R, (xE/HR 8810 3999 0083 0038 .m0 0082 3028 REZS
Lrpineer #3,4.5 (Mo}
opm, MG/M3)
Hnr, (ke/wR)

() ARsENIC - [MPINGER ToTaL (we)
pem, (M6/H3)
#/uR, (KG/HR)

D) ToraL ARseNiC (MG} 18.1000 10.6680 8.7410 11.8363
PP, (MG/M3) 4.0665 12.6822 2.4943 7.77%0 1.5392 4.8004 2.7000 8.4205
¥inR, (KG/HR) 2.271%0 1.004) 1.3025 5913 8023 L3042 1.4610 16632

£ Total 805 M) 156011.2 87650.0 1134812 118060.8
pPM aon 2400).085 30333. 385 31788.534
(oM 109313.127 63M2.512 80812.717 84689452
#/uR, (KG/HR) 19635.233 8312.9518 | 10706.778 |  2860.0898 { 13506.93 6131.1535 § 14616.314 6534.7317




TABLE 4 Rollout Converter Fugitive Arsenic/S0, Results

B AVERAGE
RUN NUMBER
ENGLISH METRIC ENGLISH METRIC INGLISH METRIC ESGLISH METRIC
UNITS LNITS NITS JNITS NITS LHITS LNITS NITS
T DATE 11/6/78 1/5/78 “1/8/78 1306/78
1T STACK PARAMETERS

PST - STATIC PRESSURE, “h6 (muHo) - .38 -4.65 -3 -9.85 -9.65

Ps - Stack Gas PRESSURE, "He ABSOLUTE {MmH5) 25.52 648.21 25.52 €48.21 64821

IC% - vorume 1 Dey - - - - -

% 0p - VoLume % DRy 20, 20, 20 2. 20. 2

mz - VoLuMe % [RY 33 0 05 .08 o4 04

1Ny - VoLume T Dsy 79.97 79.97 79.95 79.55 7.9 79.9

R , OF (¢

Ts - AvERAGE STack TENPERAYUTE F 30) 100.3 3.9 “c6.4 1.3 03.4 1.6

? Ho0 - % MotsTure 5"(55‘“ Gas, Bv voLume 1.0 1. 1.0 1.0 13 1.0

As - Sucf Ancnr FT8 (%) bev b 22.17 L6 22.17 2.06 a7 2.06

Mp - MoLEcuLAR WEIGHT OF STACK (?ASA CrY »AS[S 28.9 26,81 28.82 28.82 28.32 28.82

Ms - MOLECULAR WEIGHT OF STACK UAS, WET 3asis 28,70 28.70 28.71 28.7 28.71 28.7)

Vs - : : R4}

(:5 EYACK 9‘5 ;ELO(‘Y;‘;;/SE“;V(TS& ConeiTIons, ACFM (NS /miy) 7870 e s.1e 2320 7840 759
Y ol N oW E i .

DA - S”‘CK ;AS V~Lu:fnz~ FL;- AT Sranaso Cono 1 ons. CSCEM (rmmn || 1046862 2965 6 103838.6 2043, V0427, 7 2954.3

b ) ";C‘ 0AS r*”: pasé v ’ ‘ ! 83302.7 2355.9 817773 2316.5 82540.0 2338.3

% EA - Percent Excess AR 47 0.7 a7 27 4.7 .

VL TEST CONGITIONS

P - BaroMETRIC PREsSURE. "He {mmiis) 25.83 €57.61 657 61 25.89 857.61

ON - SAMPLING NCZZLE JIAMETER, IN. (M) 187 4,78 4.7 187 a7

T - SaMpLinG TivE, MIN 3 88 88. 65 65. 6.5 6.5

VM - SameLe Vouuwe, ACF (w”) .75 2.2 56.04 1.59 65.40 1.86

Ne - Net SampLing PoInts

) 2. a2 59. 50 Y 46,

(o - Pitor Tue COEFFIC:ENT .84 84 .8 .84 E 8
- 0 bl

M - Averace MeTER Temperature OF ( E) 69.9 o 16 23 7.8 2.1

P - Averace OriFice Pressure Drop, “Hp0 Cwvbo0) 2.13 4.1 210 53.3 212 53.7

Vic - Cowpensate Cousc‘zr: CIMPINGERS AND GEL), mLS 2001 20.1 7.1 7 13.7 13.7

OF - STack VeroctTy Hed "0 (wp0) 1.57 39.88 1.53 1.9 1.55 3.3
v TEST CALCULATIONS

Vi - CONDENSED WaTER VaPoR, SDCF (N} 3 95 .03 38 01 65 .02

VM - VoLuMe of DAS SaMPLED AT STANDARD CONDITIONS, DSCF (RM”) 64.81 1.84 45.45 .3 55.13 1.57

T Hy0 - PeRCENT MorsTume, By voLume 19 1.0 1.0 1.0 1.2 1.0

Ms - MoLecULAR WETGHT OF STACK GAs, WET Basis 28.70 28.70 .71 28.71 23.7m 28,71

Vs - STACK VELOCITY, €T/SEC (M/SEC) 78.70 23.99 78.10 23.80 78.40 15.93

T 1 - PERCENT IsTkINETIC 103.2 1032 9.8 99.8 B 101.5

V. ANALYTICAL DATA

A) f=seNic FRONT Hacr
RoBE (Mg) 60 1.250 8550
CrcLone (MG)

FILTER (¥6) 30 E) L3350
ARSENIC "RONT HALF TeTaL ‘ma) 790 1.630 1.1300
PRM, (Me/M3) -1380 £303 3980 2349 2670 8126
#/uRr, (k6/HR) 1342 0609 3781 1716 2561 1163
B) Amsenic - [mpiNgeR Coiiection
lnrmmu%‘z (M3} 920 080 050
MG/M2D o
:p/n, «‘lc w5 L0035 L0109 1) 2621 KU L3365
/MR, KG/HRD 00} 2015 o190 .3086 oz 205)
LvpINGER A,L,S Img:
som, mg/md)
#/uR, \xG/RR)
73 Arsenic - lwpingER ToTAL M)
PPM, tMG/M3H
2R, (KG/uR)

D} Toral ARSENIT TMG) 8100 1.6700 1.2400
pem, Tugimd 1215 iz 159 1287 2787 8691
#/AR, IKGIMR 1376 0625 3971 L1803 (2672 1218

£ Taa $; s ] 1637.67 1676.45 - 1657.06
oo 338014 483.7380 a1.7727
(vgim ] 891 cggl 1302.0613 1697.0267
minf, KGORRD | 2098 1262735 198.6437 | 180.9689 338.4177 ‘53.6187




TABLE 5 Full Cycle Converter Fugitive Arsem’c/SO2 Results

3 AVERAGE
RUN NUMBER .
ENGLISH METRIC ENGL [SH BETRIC ENGLISH METRIC ENGLISH HETRIC
YHITS UNITS URITS INITS UNITS URITS UNITS UNTTS
1 DATE 11/6/78 11/6/78 11/8/78 11/8/78 11/9/78 /978
10 STACK PARAMETERS

PsT - Static PRessure, “Ho (mulc) - .38 -9.65 - .38 -9.65 - .38 -9.65 - .18 -9.65

Ps - STack Gas PRESSURE, “Ho ABSOLUTE (mtic) 25.51 647.95 25.60 650.24 25.61 650.49 25.57 649.56

1 (0 - VoLume 1 Dav ] 0 o [ [ ¢ 0

20, - VoLume % Dy 20 20 20 20 20 20 20 20

% €0 - Vouume X Dry .09 .09 Rl R .33 k) 19 19

%Ny - VoLume % Dav 79.91 79.91 79.86 79.86 79.67 79.67 75.81 79.8)

Ts - AvErace Stack Temeerature OF (90) 104.9 40.5 1030 3.5 6.3 16.3 89.8 2.

% Hy0 - % MorsTure }u Sqack Gas, By VoLume 0 0 8 8 1.0 1.0 5 6

As - STack AReA, FTZ (M) 22.17 2.06 2.7 2.06 2,17 2.06 2217 2.06

Mp - MoLecuLar WEIGHT OF STack Gas, DRy Basis 28.83 28.83 28.85 28.85 28.92 28.92 28.87 28.87

Ms - MOLECULAR WEIGHT OF STACK GAs, WET Basis P 28.83 28.83 28.76 .76 6.8 28.91 28.80 28.80

Vs - Srack Gas VELOCITY. FT/SEC, (M/sic) 89.32 27,22 85.19 25.97 81.43 .82 25.3) 26.00

Oa - STAck Gas VOLuMETRIC FLow AT STack CoNpITrows, ACFM (Nu3/m§) 18813.5 3365.8 N3g.7 0.2 108318.2 3068.5 114836 3214.8

Qs - Stack Gas YoLuMeTRIC FLow AT STAxDARD (oNDITiONS, DSCFM (KM’/min} 946841 2682.3 90187.0 2554.9 92967.4 2633.6 92612.8 2623.6

% EA - Percent Excess AR 4.7 (4 4. 7 4.7 4.7 a7 a2

Tit TEST CONDITIONS

Pp - BAROKETRIC PRESSURE, "Ho (mug) 25.89 §57.61 25.98 659.89 25.98 659.89 25.95 659.13

Dx - SaMPLING NozZue DIAMETER, 1N, (M) 187 4.78 .187) 4.78 .187 4.75 187 4.75

T - SamprinG TIME, mIK 188.5 188.5 18 18 182.5 182.5 184 184

Vi - SameLe VoLue, ACF (w) 17.91 5.10 168.20 8.76 152.45 “n 166.85 4.73

Ne - NET SamPLING PoINTS 72 72 72 72 72 72 7 7

Cp - Prvor Tuse COEFFICIENT .84 .84 .84 .84 .84 B3 R .84

T - Avemace Meten Tempeaarure OF (90) 7.7 5.4 7.4 25.2 56.5 13.6 7.5 21.4

P - Average OR1Fice PRessure Drop, "HyO (miy0) 2.86 72.60 2.45 62.21 2.60 £6.08 2.64 §6.96

Vic - Cowpensate ColiecTen (IMPINGERS AND GEL), MLS 3 o 4.6 %.6 30.4 0.4 18.2 18.3

P - STack Vi Hi “
OF - Stack VerociTe Hean b (et 0) 2.00 51.05 1.8 6.7 1.8 46.23 189 a8.00
V. TEST CALCULATIONS

Vv - CoNDENSED Water Varor, SOCF (N3 0 4 1.18 <03 1.4 04 -86 -02

VM - VOLUME OF GAS SAMPLED AT STANDARD CoxpiTiows, DSCF N 154.05 4.3 14448 .09 136.26 3.86 144.92 4.30

1 HyO - PERCENT MoIsTURE, By VoLume ] 0 8 8 1.0 i .6 6

Ms - MoLECULAR WEIGHT OF STack Gas, WeT Basis 29.83 28.83 28.76 28.76 28.8) 28.81 28.80 28.80

Vs - Stack YeELoc1Tv, FT/sEc (W/sec) 89.32 21.22 85.19 25.97 81.43 24.82 85.31 26.00

% 1 - PERCENT ISOKINETIC 100.8 100.8 103.3 103.3 93.8 93.8 99.3 99.3

vV ANALYTICAL DATA

A) Assemic FRONT HaLp
ProBE (mG) 2.655 1.100 2.600 2.8
CrcLone (me)

FILTEr (w6) 130 s 1.300 518
ARSENIC FRONT HaLr Totar (mg) 2.785 1.225 3.900 2.6367]
oPH, (ma/w3) 204 .6347] 0960 2994 .3220 1.010% 2082 649
¥/ur, (k6/HR} L2262 027 lon .0459) 3517 L1598 2263 1027}
B) ArseNIC - IMPINGER [OLLECTION

2 tme) 615 1.620 1.0%6 1.103]
PP, (MG/nd) 0452 1409 1288 4008 0877 .2134 L0871 and
¥/uR, (XG/nR) 05004 0227} 11353 0614 0953 L0437 L0934 L0424
Inpincer #3.4,5 (me)
peM, MG/M3)
#4/ur, (KG/WR)

C) Arsentc - ImpinGER ToTat (WG)
eom, (HG/MD)
#/HR, (xG/HR)

D) ToTaL ARsewic (mg) 3.40001 2.8650) 4.956() 3.7403
vem, (MG/m3) .2499) 1791 .29 7003 K 1.2639 L2953 3
W, (xo/HR) 2762 “1254 .2364] 11073 4459 2024 3154 1852

£) Tora S0y me) 10763.42 1580344 33686.3 0084 .4
PRM 925.7729 1449.7063 3275.6750 1883.7181
(me/m) 2466.3987] 33622364 8726.8524 5018.5093
#/nR, (kG/HR) 874,300 39.8684  1304.0779 591.9554  3037.463] 1378.784 1738.6140) 789202




TABLE 6 Concentrate Dryer Arsenic/SO2 Results

i 2 3 AVERAGE
RUN NUMBER
ENGL[SH METRIC ENGLISH METRIC ENGLISH METRIC ENGLISH METEIC
UNITS UNITS WNITS INITS UNITS LTRSS UNLTS WITS
I DATE 11/14/78 1714778 11/14/78 11/14/78 1724778 nAase 11714:7¢ N/14/78
1T STACK PARAMETERS

PsT - STATIC PRessURE, "Ho (Me) - - - - - - - -

5 .

Ps - Stack Gas Pressure, "Ho fmsoLute (wMHE) | 25.98 559.89 25.98 659.89 25.98 659 89 25.58 659, 4y

% (0 - vouume T Dry | - - - - - - R

% 3y - Vorume % Dry 2. 20, 20, 20. 20. 29, 20. 0

- Vorume 7 TRy .06 .06 07 07 a7 .07 ? 07

TNz - VoLume 2 Dev 9.9 79.94 79.93 79.93 79.93 19.93 79.91 75,32

Ts - AvERAGE STACK TEMPERATURE OF (00} 1664 748 129.3 54.1 18.3 47,9 1379 58.82

T Hp0 - % MoISTURE N Sucx Gas, By Voiume 18.1 181 8.2 18.2 15.6 15.6 17.3 17.3

Qs - E‘ACK AREA;, Fr Ln‘rs R v B 1 40,34 3.75 40.34 17 40.34 175 1.7

D - MOLECULAR WEIGHT OF STACK aas, JRY BASTS i 28.82 28.82 28.82 28.82 28.82 28.82 26,82

Ms - MoLECULAR WEIGHT 0fF STacx Cas, WeT Basis [ 26.86 26.86 26.8% 26.85 27.13 27.13 .95 2655

Vs - STack Cas VeLoCiTr, FT/SEC, /se) R 3 | 29.96 9.13 29.37 8.95 29.%6 .89 29.50 3.39

Qa - Stack Gas VoLumeTr:c FLow aT Stack Conpirions. ACFM (NM2/mny) } 72515.2 2054.3 71087.2 2011.8 70578.9 1999.4 71393.8 2022.5

Qs - STACK GAs VoLumeTRIC FLow aT S-anDarp CowpiTions, DSCFM (Nm’/mind || 434883 1232.0 38676.6 1095.7 47225.4 1337.8 43130.4 1221.8

% EA - PercenT Excess QIR i a7 4.7 4.7 4.7 3.7 8.7 47 4.

It] TEST CONDITIONS
25.98 659.89 25.98 659.89 9 59 3 6

Pp - BAROMETRIC PRESSURE, "FG (MuHG) .58 659.99 2598 §58.69

DN - SaMPLING Nozze DIAMETER, IN. (Mw) %0 9.23 -360 9.23 -360 5.23 360 5.23

T SampLin Tine, miN 90. 30 90. 90. 90. 90 0. 30.

Y - SampLe VoLuwe, ACF (w) 20.52 2.28 80.55 2.28 80,52 2.28 80.53 2.28

Ne - NEY SamPLInG FOINTS 12 12 2. 12. T2, 12 2. 2.

Cp - Pr7oT TuBe [GEFFICIENT 8 & .84 L13 .84 8 ad R

Tw - Averact METeR Temeerature OF (00 57.6 4.2 59.9 15.5 47.5 .61 §5.0 2.8

Pu - Averace OriFice Paessure DRop, "Hp0 (wuHo0} 2.29 SB.17 2.26 57.4 2.3 58.7 2.9 58.09

Vie ~sConnEcsnc [OL;ECTEEH(IH:’[NGE:S AND GEL), mLS 7.5 015 337.6 337.6 268.0 238.0 521.9 3210

&F - Stack VELociTy Hear “Hy0 (w0 194 4,93 198 5.03 .201 5. 198 5.0
[V TEST CALCULATIONS

Vw - CONDENSED WATER Vaeor, SDCF (Nw) N 15.89 45 15.89 .45 13.56 .3 1501 43

VM - VoLumME oF GAs SAMPLED AT STanDaRD CoNDITrows, GSCE (Nw”) n.7s 2.03 71.46 2.02 1319 2.7 .80 2.04

2 Hyl - Percent MorsTure, By VoLume 18.1 18.1 18.2 18.2 15.6 15.6 17.3 1.3

Ms - MOLECULAR WELGHT OF STACK Gas, WET Basis 26.86 26.86 25.86 26.85 27.13 2703 26.95 25.95

Vs - STACK VELOCITY, FT/SEC (W/SEC) 29.9 9.13 2.3 8.95 29.16 8.89 29.50 8.99

T 1 - PERCENT IsokINETIC 102.8 102.8 98.4 98.4 9%.5 9%.5 99.2 9.2

V. ANALYTICAL DATA

A) AsseNtc FRONT HaLF
PrOBE (o) 126 2.098 3.915 2.0530
CycLONE (MG}

FILTER (MG) 1 004 042 470 1720
ArsenIC FronT HALF ToTaL (MG) 150 2.140 4.385 2.2250
PP, (MG/MD) L0237 0738 .3330 1.0871 6781 2.1149 13465 1.0819
#/MR, (KG/HR) .m20 2056 1531 0695 3739 1687 1797 L0816

B) Arsenic - |MPINGER COLLECTION
[MPINGER #1. 2 (Me) ] .028 028 .39 1320
peM, (MG/MO) 0044 L0138 2044 .0138 0526 1640 026 2839
474, (kG/HR) 00z2 0010 2020 2008 L2230 N am 0050
InpineER £3.4.5 (m6)
epm, Mo/u3)

#/HR, (KG/HR)

0) ARSENIC - IMPINGER TOTAL (MG} }
pPM, MG/MIY
4/4R, (xa/HR)

L) Toral ARSENIC (MG} 2780 2.1680 2.337C
opm, (MG/M3) L3281 0876 Wi L0712 7307 L3674 ALY
#IWR, (ka/HR 21483 -0065 1851 L0704 4029 1829 1908 0366

£) Tora 50 vee 3216.05 3715.94 407450 3666 .83
P 593.9047 689.0037 737 6298 673.5127
fugin) 1582.2518 1835.609% 13651571 17943396
"Ik, (KC/HR) b oosress 116.9338 2657966 120.6521 46,4510 1877152 290288 131, 7697

|
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TABLE 7 PROCESS SAMPLE ANALYSIS

SAMPLE . .DATE SAMPLED AS %
Converter 1 11/ 6/78 .009
Converter 2 11/ 6/78 .025
Converter 1 11/ 7/78 .180
Converter 2 11/ 7/78 .082
Converter 1 11/ 8/78 .0463
Converter 2 11/ 8/78 .0436
Furnace Matte 11/ 1/78 .174
Furnace Slag 11/ 1/78 .200
Furnace Matte 11/ 2/78 .0348
Furnace Slag 11/ 2/78 .0292
Furnace Matte 11/ 3/78 .085
Furnace Slag 11/ 3/78 .033
Furnace Concentrate Feed 11/ 2/78 .148
Furnace Concentrate Feed 11/ 3/78 .028
Finished Cu Anode 11/ 7/78 .049
Finished Cu Anode 11/ 8/78 .077
Concentrate before dryer 11/ 9/78 .043
Concentrate after dryer 11/ 9/78 .047
Concentrate before dryer 11/14/78 am 017
Concentrate after dryer 11/14/78 am .014
Concentrate before dryer 11/14/78 pm .014
Concentrate after dryer 11/14/78 pm .017
Dryer Cyclone Scrubber Water 11/ 9/78 18. ppm
Dryer Cyclone Scrubber Water 11/14/78 am 5.9%ppm
Dryer Cyclone Scrubber Water 11/14/78 pm 2.5ppm
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SECTION 4
LOCATION OF SAMPLING POINTS

Matte Tapping Fugitive Emission Ducts

Matte tapping fugitive emissions were collected through two ducts at
the smelter. One duct evacuated fumes from the ladle area which was below
the floor where tapping personnel worked, while the other duct carried
fumes away from the tap hole area located above the floor. The two ducts
ran parallel in a vertical direction to the roof which was approximately
120 feet above the ground. A crossover duct running diagonally connected
the vertical ducts on the lower part of the vertical run. This crossover
duct contained a damper that allowed all of the emissions to flow through
only one of the two vertical ducts and although ports were installed on
both vertical ducts above the roof, the damper in the crossover pipe routed
all the emissions througha single vertical duct during the test. Drawings
related to this site show dual ductwork, however, only one duct had flow

during testing, and the matte tapping summary sheets show data for this
duct only.

Samples from the single vertical matte tapping fugitive emission duct
were taken above the roof approximately 120 feet above the ground. Sampling
ports were located at a 900 angle to each other to allow for horizontal
traverses during sampling. The nearest upstream flow disturbance was lo-
cated greater than 8 diameters away from the sampling location. Twenty
four traverse points were selected with twelve points on each traverse.
Figure 1 is a schematic of the sampling location.,

Slag Tapping Fugitive Emission Duct

Slag tapping fugitive emission samples were taken through a 60" verti-
cal duct located approximately 120 feet above the ground. One sampling port
was utilized for both horizontal traverses during sampling. The nearest
upstream flow disturbance was located more than 8 duct diameters
from the sampling position. The nearest downstream disturbance was a bend
Jocated 8' away from the sampling location. Twenty-four traverse points
were selected with twelve points on each traverse. Figure 2 is a diagram
of this sampling location.

Acid Plant Inlet

Acid plant inlet samples were taken through a 60" horizontal duct lo-
cated approximately 8 feet above the ground. The sampling ports on the top
and side of the duct allowed for vertical and horizontal traverses. The

12



nearest upstream flow disturbance was greater than 8 diameters away from
the sampling position. The nearest downstream disturbance was located
1% duct diameters away from the sampling position. Twenty-four traverse
points were selected with twelve points on each traverse. Figure 5 is
a schematic of the sampling location.

Converter Fugitive Emission Duct

Converter fugitive emission samples were taken through a 38" X 84"
rectangular vertical duct located approximately 60 feet from the ground.
Six sampling ports were evenly spaced across the 84" face of the duct that
allowed for horizontal sampling. The nearest downstream flow disturbance
was located approximately 5 feet (1 duct diameter equivalent) away from the
sampling position. The nearest upstream disturbance was a bend located
approximately 20 feet (4.75 duct diameter equivalent) away from the sampling
points. Figure 6 is a schematic of this sampling location
Concentrate Dryer Stack

Concentrate dryer Fugitive samples were taken through a 84" diameter
vertical fiberglass duct located approximately 110 feet above the ground.
Two sampling ports placed at right angles allowed for horizontal traverses
during sampling. 1lhe nearest downstream disturbance was the stack exit
which was 40 feet (6 duct diameters) from the sampling points. The nearest
upstream disturbance was two ducts entering the stack 56 feet (8 duct dia-
meters) away from the sampling position. Figure 8 is a schematic of the
concentrate dryer fugitive emission duct.

13
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Figure 1. Matte tapping.
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TRAVERSE POINT LOCATIONS

T TRA-

VERSE  FRACTION OF
POINT STACK I.D.
LOCA-
TIONS
60"
1 021
2 .067
3 118
i 4 177
5 .250
6 .356
STACK 7 644
8 .750
9 .823
/\s 10 882
11 .933
12 .979
SLAG TAPPING

FROM SLAG TAPPING
EMISSION HOODS

Figure 2. Slag tapping.
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Figure 3. Slag tapping fugitive em1§sion
duct traverse point location
procedure.

Traverse 2

©
@—wwhm o

? 00000 O

30"

o P LW =

WQOD PLATFORM

Points are marked on the wood platform as illustrated above. Note that
30" distance from the line marked on the wood platform and sampling port
is the same as the radius of the duct.

Points marked on each 1ine (AC) and (AB) from the center point A.

Point Distance "
(AB)1 8.66
(AB)2 15.00
(AB)3 19.36
(AB)4 22.92
(AB)5 25.98
(2B)6 28.74
AC 1 8.66
AC 2 15.00
AC 3 19.36
AC 4 22.92
AC 5 25.98
AC 6 28.94
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During Sampling

Point Probe distance Probe must intersect
In Stack the 1ine at the
following points

1 41.55 AC 6
2 36.69 AC 5
3 37.75 AC 4
4 35.72 AC 3
5 33.54 AC 2
6 31.22 AC 1
7 31.22 AB 1
8 33.54 AB 2
9 35.72 AB 3
10 37.75 AB 4
11 39.69 AB 5
12 41.55 AB 6

17



SLAG TAPPING FUGITIVE
EMISSION SYSTEM

-

® | SAMPLING POSITION

[ | HOODS
]——.— TO STACK
| l
® | SAMPLING POSITION
e
i

MATTE TAPPING FUGITIVE
EMISSION SYSTEM

Figure 4. Plant schematic - The matte tapping and slag
tapping fugitive emission systems.
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TRAVERSE POINT LOCATIONS

\T,Z:'SE FRACTION OF  DISTANCE
pOINT  STACK L.D. FROM INSIDE
LOCA- WALL (IN)
TIONS
1 021 1.28
2 .067 4.02
3 .118 7.09
4 77 10.64
5 .250 15.00
6 .356 21.34
7 .644 38.66
8 .750 45.00
60" 9 .823 49.36
10 .882 52.91
n .933 55.98
12 979 58.72
T FROM
ACID PLAI NT O ~——— CONVERTER HOODING
SYSTEM

ACID PLANT INLET

Figure 5. Acid plant inlet.
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TRAVERSE FRACTION OF ?ASS’QTSSE,DE
POINT DUCT L.D. WALL (IN)

1 .044 1.66

2 146 5.56

3 .296 11.24

4 .704 26.76

5 .854 32.44

6 .956 . 36.34

o ° ° ° o ®
[ ] ® [ ] [ ® [ ]
° ® ) ° ® L
° ® ° ® ® °
) ® ° ® °® L4
® ° ™ °® ° ®
84" {
TOP VIEW

TO ACID PLANT

——

QQQ OJO) @) SAMPLING PORTS

————

?

FROM CONVERTER HOODING

SIDE VIEW

Figure 6. Converter fugitive emission system.
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TOP OF STACK

T —

FROM
CONCENTRATE DRYERS

TRA-
VERSE
POINT
LOCA-
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Figure 8. Concentrate dryer stack.
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SECTION 5

SAMPLING AND ANALYTICAL PROCEDURE

A) Arsenic/Sulfur Dioxide Sampling

The sampling train used for arsenic/sulfur dioxide collection consists
of an EPA Method 5 train modified by adding two additional impingers in
series to the four used in the Method 5 train. The first two impingers con-
tained 150 mls of distilled water each, third, fourth and fifth impingers
contained 150 mls of 10% hydrogen peroxide each. The sixth impinger contain-
ed 250 grams of silica gel.The Arsenic/sulfur dioxide sampling train schema-
tic is presented in Figure 10.

Before each test a velocity traverse of the stack was done to determine
the average stack temperature and velocity pressure. The velocity traverse
was done according to EPA Methods 1 and 2. A grab sample of the stack gas
was taken and analyzed with a thermal conductivity detector gas chromato-
graph for C02, 07, No, and CO. Before the first test at each location the
moisture content of the gas stream was estimated by either condensation in
impingers as in EPA Method 4, or by wet and dry bulb thermometer if the
'stack gas temperature was below 1200F,

The arsenic/sulfur dioxide samples were taken at traverse points at the
center of equal areas within the stack. The number of traverse points was
determined by the number of duct diameters upstream and downstream from the
nearest flow disturbances. The sampling rate was adjusted to isokinetic
conditions using a nomograph which had been set based on the preliminary
velocity traverse data, and moisture estimate,

The sampling time per traverse point was 3-10 minutes depending upon
the sampling location. Leak checks of the sampling train were done at the
beginning of each test, just before the sampling port change, and at the
end of the test. At the end of each test the sampling train was inspected

for cracked or broken glassware, and to assure that the filter remained in-
tact.

Sample Recovery

The sampling nozzle and probe 1liner were rinsed with 0.1N NaOH and
brushed out with a nylon bristle brush with a teflon tubing handle. The
remainder of the sampling train was removed to the mobile laboratory. The
front half of the filter and connecting glassware were rinsed with 0.1N
NaOH and this rinse was added to the nozzle and probe rinse. The filter
was removed from the filter holder and placed in a Polyethylene container,
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Figure 10. Arsenic sulfur dioxide sampling train.
KEY
1. Calibrated Nozzle 14. Vacuum Line
2. Heated Probe 15. Vacuum Gauge
3. Reverse Type Pitot 16. Main Valve
4. Cyclone Assembly 17. Air Tight Pump
5. Filter Holder 18. By-Pass Valve
6. Heated Box 19. Dry Test Meter
7. Ice Bath with Impingers 20. Orifice
12. Thermometer 21. Pitot Manometer
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Which was labeled and sealed. The first two impinger solutions were
measured and placed in a glass sample container along with a 0.1N NaOH
rinse of the impingers. The contents of the third, fourth and fifth im-
pingers were measured and placed in a separate glass sample container
along with a distilled water rinse of the impingers. The silica gel 1in
the sixth impinger was weighed to the nearest 0.5 gram, and regenerated.

B) Analysis
Sulfur Dioxide Analysis

The samples were analyzed for sulfur dioxide by taking an aliquot
of the hydrogen peroxide impinger solutions and titrating with barium
perchlorate solution and thorin indicator as described in EPA Method 6
(Determination of Sulfur Dioxide Emissions from Stationary Sources).

Arsenic Analysis

1. Filter- Warm filter and loose particulate matter with 50ml1 O.1N
NaQOH for about 15 minutes. Add 10ml concentrated HNO3 and bring to boil for
15 minutes. Filter solution through No. 41 Whatman paper and wash with hot
water. Evaporate filtrate, cool, redissolve in 5ml of 1:1 HNO3, transfer
to a 40ml volumetric flask and dilute.

2. Probe Wash and Impinger Solutions-These should be combined and a
100m1 sample withdrawn. Add 10ml concentrated HNO3 and evaporate to a few
milliliters. Redissolve with 5ml 1:1 HNO3 and dilute to 50mls. A reagent
blank should be carried through the same procedure. The resulting blank
solution should be used in the dilution of standards to matrix match samples
and standards.

3. All the samples prepared above should be screened by air/
acetylene flame. The filter samples may require dilution with 0.8N HNO3.
Impinger solutions containing more than 26 mg/1 of arsenic should be
diluted since linearity decreases dramatically above that level.

Since an entrained hydrogen flame provides about five times as much
sensitivity as the air/acetylene flame, a matrix check of a sample in a
hydrogen flame should be carried out by the method of standard additions,
and compared with a value obtained from matrix matched standards in a
hydrogen flame. If values are comparable (+5%) the air entrained hydrogen
flame may be used.

Due to high concentrations of copper on the filter an air/acetylene
flame should always be used to dissociate any AsCu compounds stable in the
cooler hydrogen flame.

4. For samples below the 1 mg/1 level, hydride generation is necessary.

An appropriate aliquot of digested sample in 0.8N HNO3 containing less than
about 10 pg of arsenic is chosen (some screening may be necessary). Five
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mis of concentrated Hp SO4 is added to the sample which is then placed on

a hot plate until SO3 fumes fill the flask. A reduction in volume to about
5ml or less may be necessary. This step removes HNO3 which causes a violent
reaction when the reducing agent 1is added resulting in poor reproducibility
and lowered sensitivity by producing I,, N0, and possible other species.

One ml of 30% KI and 1ml of 30% SnClp are added to the sample, the
former to act as a catalyst in hydride formation and the latter to reduce
all the arsenic to As*3. The sample is then diluted to about 15ml and 15mil
of concentrated HCL is added. Powdered Zn (or NaBHg) is then added, the
reaction vessel is immediately closed and the nitrogen or argon carrier
flow initiated. A peak should be produced within a few seconds.
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APPENDIX A

FIELD AND ANALYTICAL DATA
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TRAVERSE POINT LOCATION FOR CIRCULAR DUCTS =
PLANT "CQAWW# éﬂ./.% -'7%2 2274 Wa,é

DATE _

SAMPLING LOCATION %«ﬁ;’&ﬁaﬁ_@@
INSIDE OF FAR WALL TO

OUTSIDE OF NIPPLE, (DISTANCE A) ___ &2 5

INSIDE OF NEAR WALL TO 2.«
OUTSIDE OF NIPPLE, (DISTANCE B) :
STACK 1.D., (DISTANCE A - DISTANCE B) 69

412

NEAREST UPSTREAM DISTURBANCE /0
NEAREST DOWNSTREAM DISTURBANCE ____2—
'CALCULATOR SCHEMATIC OF SAMPLING LOCATION
TRAVERSE PRODUCT OF TRAVERSE POINT LOCATION
POINT FRACTION COLUMNS 2 AND 3 FROM OUTSIDE OF NIPPLE
NUMBER OF STACK L.D. STACK 1.D. (TO NEAREST 1/8 INCH) DISTANCE B (SUM OF COLUMNS 4 & 5)
/ 2. Go /- 26 2.5 3.76
2 4.7 Y02 6.52
3 /y.& 7,08 758
v /7.7 /0,62 /3.2
s 289 /8.0 /7.5
6 356 2136 23.46
7 69.4 32.6¢ 4¢. 27
g 750 40 47.5
q 52,3 49.33 51.29
Yy 8.2 $2.92 55. 42
i 3.3 XY 7 4 53.4x
/2 77.9 58.74 61.24
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GAS SAMPLING FIELD DATA

Material Sampled for HLO
Date H ’, b _17 2
Pilant

Koo ek .‘\N\w c\‘zw)\'.

Location wlgmer T i Sy Plox

Bar. Pressure _25-@3 "Hg. Corments :
Ambient Temp. 45~ OF
Run No. (VAN
Power Stat Setting
Filter Used: Yes X
Operator KLOQ@,}I -
s_;rMLL
CLOCK TIME METER (Ft3) SFE‘T-?VI’N'SE{EFF‘H) METER TENPERATURE e
22\ L3Y. L8 /25 BH 58 s Jes
rZe | 925 [5S” LL Sk 420
23 AV i 73 7 Yy
PR 449,75 2— /25 77 <3
Jo- 1?7 (2.375
Comments: 2 5
a ‘1_- , -
9\00 ,W\Q “20 - \\CKC\VY\\ / j

250 CW

Impinger Bucket N&.
Meter Box No.

67
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TNORGAMIC GASES Sampic Fo.

1.D. lLumber

/((A)/-/ eca 7T

Site MATIE  TAPPIC | , Source MATTIE TRPPIAG
Type ¢RAB DAt S Ampcs Analyst
Description -
Sample Date /'4///,//7{53 CAL Gas
Run Date <s¢+/2/298 CAL Date e
. "RECORDER"
MV Range / ' Chart Speed (Cm/min) ___ '¢'<’/«—r/q,4/
Integrator (cnt/min) _J2009 Attenuation CAL
’ ’
. GAS CHROATORRAPH
" G.C. cAeLe ' Detector Current (Chart Rd.) 2P
Columa Type e e Injector Temp. (Chart Rd.) ___ PP
Col. Flow cc/min /S PO T Column Temp (Chart Rd.) _ - Z2P%&_
_ Carrier Gas _/A< ' Sample Leop (ml) L

Col. Pres. Drop (kg/cmz)

0, D43y co F 003 Closure

Unknown Peaks

i

' '§g?'l‘.NMYSES ‘
Iﬁst]’ument S T Zero Rd. ........... Run Date .....................
Span (ppm) : Sample Rd. Do SOZ om) L

) S}e'tt-i !lg (ppn]) Ce . . .. . Zero Rd' ......... .

CAL Dial Zero Dial "

cwa-ANAL VST

O, AALYSES

Instrument = - Zero Rd. NOX NO Run Date
Span (ppm) NO,__ MO Sample Rd. NO, Sample Rd. KO
Setting {ppm) NO_ NG Zero Rd. KO, _ 10
Span Dia ' I . 68 N ppm

NO Cppm
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ANALYTICAL DATA

PLANT_‘L_QJ\T\! (ﬁ \;B(;QQ}D»

TRANSPORTATION ANO ENVIARCNMERTAL OI'ERATIONS OF TAW INC

70

mmcme smmmr Amm SAAn

COMMENTS:
DATE
SAMPLING LOCATION 1)
SAMPLE TYPE é&gﬂ\\( —
RUN HUYBER wWC-y\W W -2
SAMPLE BOX NUMBER
CLEAN-UP MAN
FRONT HALF LABORATORY RESULTS
ACETONE WASH OF NOZZLE, PROBE, CYCLONE (BYPASS),  CONTAINER [ 8 me
FLASK, FRONT HALF OF FILTER HOLDER
FILTER NUMBER %__ CONTAINER 295 me
IO,
FRONT HALF SUBTOTAL [
BACK HALF
P
IMPINGER CONTENTS AND WATER WASH OF CONTAIMER / Y mg
INPINGERS, CONNECTORS, AND BACK ETHER-CHLOROFORM
HALF OF FILTER HOLCER EXTRACTION me
ACETONE WASH OF INPINGERS. CONNECTORS, CONTAINER — mg
AND BACK HALF OF FILTER HOLDER :
BACK HALF SUBTOTAL me
TOTAL WEIGHT mg
MOISTURE . —
=~ 2 U4 Y
p— A—
IMPINGERS =y =
FINAL VOLUNE _@9_2; i L-]‘iém\ }L‘\S el
INITIAL VOLUME % ml VW SOm
NET VOLUME - mi - 5 T T
2m\ —-SmM )
SILICA GEL
FINAL WEIGHT O q‘p g 14 §
. INITIAL WEIGHT g H £ [
NET WEIGHT l&lég " 2 TGTAL MOISTURE \L\\k() g




BT'SI':!.',WP’:!A; ) \

d Zl’\i L/*-v

ANALYTICAL DATA

pLANT KE Y\(\E’C (\‘H—C‘ @ﬂﬂ( R

DATE H\aﬂ'%:b

SAMPLING LOCATON ﬁﬂi[mp@
SAMPLE TYPE ﬁQﬁQ N

RUN NUZBER \4(1 n1— 1\

SAMPLE BOX NUMBER e

CLEAN-UP tA 1?7*)\ ()

FRONT HALF

ACETONE WASH OF NOZZLE, PROBE, CYCLONE (BYPASY),

FLASK, FRONT HALF OF FILTER HOLDER

FILTER KURBER % _______

BACK HALF

IMPINGER CONTENTS AND WATER WASH OF
IMPINGERS, CONNECTORS, AND BACK
HALF OF FILTER HOLDER

ACETONE WASH OF INPINGERS. CONNECTORS,
AND BACK HALF OF FILTER 11OLDER

(Q)

COMMENTS:
LABORATORY RESULTS
-
CONTAINER /.o g
1w C
CONTAINER ng
FRONT HALF SUBTOTAL |- 227 o
CONTAINER — Rl mg
ETHER-CHLORGFORM
EXTRACTION mg
CONTAINER ng
BACK HALF SUBTOTAL mg
TOTAL WEIGHT mg

Tota )
UM

2SN \

MOISTURE
IMPINGERS >4 SeiT2 >
|
FINAL VOLUNE ¢ i L\(oam \
INITIAL VOLUME 2 mi use ™ |
NET VOLUME mi
IST2eY
SILICA GEL
FIKAL WEIGHT Qh;_}; ¢
INITIAL WEIGHT :
RET WEIGHT 1S ¢

TOANSPORTATION AND ENVIRONHE‘HAL OlERATIONS OF TRW INC

i\
g .
4
g 71 TOTAL MOISTURE

cima e v eas YA BAY ANV

A




TR \

ANALYTICAL DATA

PLANTm pit C@R

DATE '\\\;aﬂ?ﬁ .

SAMPLING LOCATJON BJ&@M
™~

SAMPLE TYPE - C
RUN NUMBER -MT=3%

SAMPLE BOX NUMBER o

CLEAN-UP AN &b_\:\'\@

FRONT HALF

ACETONE WASH OF NOZZLE, PROBE, CYCLONE (BYPASS),
FLASK, FRONT HALF OF FILTER HOLDER

26

FILTER NUMBER

BACK HALF
IMPINGER CONTENTS AND WATER WASH OF
IMPINGERS, CONNECTORS, AND BACK
HALF OF FILTER HOLDER

ACETONE WASH OF IMPINGERS, CONNECTORS,
AND BACK HALF OF FILTER HOLDER

MOISTURE

B 30
IMPINGERS
FINAL VOLUME _Qqﬁ_ mi L\%q "M l
INITIAL YOLUME :_2_{%2 _mi Q m \
NET VOLUME _=~° :I — \\ m,

COMMENTS:
LABORATORY RESULTS
CONTAINER 3 2 | mg
CONTAINER L 250 mg
FRONT HALF SUBTOTAL __ -0 | o
CONTAINER , 23% ng
ETHER-CHLOROFORM
EXTRACTION mg
CONTAINER e mg
BACK HALF SUBTOTAL mg
TOTAL REIGHT mg

SILICAGEL . -~
FiNAL wEIGHT XN©S.Q ¢ —t
INITIAL WEIGHT t
NETWEIGHT _ &S ¢ ¢

"’ANSPO&!TAHON AND ENVIRONMENTAL O’ERATIONS OF TRW INC.

okl

TF3I v
sem]
—\ 3y

: a
4
. 72 TOTAL MOISTURE g




Tﬂmﬂﬂ/ AN

a L7 o

ANALYTICAL DATA

oo Coageoo

O

TRANSPORTATION AND FNVIRONM‘NTAL OﬂERAYIONS OF TAW INC.

.- e e

4 Aaend 1IN 0O VW

PLANT COMMENTS:
pate L\ i1 l‘?ﬁ
SAMPLING LOCAXION %\m \ﬁ()b\
SAMPLE TYPE N
run numeer X =1 = |
SAMPLE BOX NUMBER
CLEAN-UP MAN
FRONT HALF LABORATORY RESULTS
ACETONE WASH OF NOZZLE, PROBE, CYCLONE (BYPASS),  CONTAINER ____ [ SFPO me
FLASK, FRONT HALF OF FILTER HOLDER
eiLter nonger O CONTAINER _____ | O me
FRONT HALF SUBTOTAL __. 222 m
BACK HALF
IMPINGER CONTENTS AND WATER WASH OF CONTAINER LD me
IMPINGERS, CONNECTORS, AND BACK ETHER-CHLOROFORM
HALF OF FILTER HOLDER EXTRACTION me
ACETONE WASH OF IMPINGERS. CONNECTORS, CONTAINER mg
AND BACK HALF OF FILTER HOLDER QACK HALF SUBTOTAL
me
TOTAL WEIGHT mg
MOISTURE —_—
ms ws 3uas OB
IMPINGERS ‘ | - :
FINAL VOLUME N iZI L\L‘iw\ | —‘*"‘E ':P‘“\\
INITIAL VOLUME X2 ) m! \WSOmM J SO rf\\
NET VOLUME _— i .
SILICA GEL
FINAL WEIGHT » g — g
INITIAL WEIGHT g ¢ g
NET WEIGHT e ¢ ¢ 73 TOTAL MOISTURE_ ), 1= g




4

o om0 \

gb"ﬁfud

ANALYTICAL DATA

PLANTM%@M

TRANSPORTATION AND ENVIRONMENTAL O‘ERA”ONS OF TAW INC.

« Amane 13A% LN AN

COMMENTS:
DATE
SAMPLING LOCATION a%t ) r’\g
SAMPLE TYPE N\
RUN NUMBER -ST’ 22—
SAMPLE 80X NUMBER
CLEAN-UP MAN
FRONT HALF LABORATORY RESULTS
ACETONE WASH OF NOZZLE, PROBE, CYCLONE (BYPASS),  CONTAINER g3 © me
FLASK, FRONT HALF OF FILTER HOLDER
~ — -_—
FILTER NUMBER _ QLD CONTAINER Oy ng
) -¥-3al
FRONT HALF SUBTOTAL __+ mg
BACK HALF
| <7/
IMPINGER CONTENTS AND WATER WASH OF CONTAINER LS mg
IMPINGERS, CONNECTORS, AND BACK ETHER-CHLOROFORM
HALF OF FILTER HOLDER EXTRACTION mg
ACETONE WASH OF IMPINGERS, CONNECTORS, CONTAINER me
AND BACK HALF OF FILTER HOLDER :
BACK HALF SUBTOTAL mg
TOTAL WEIGHT mg
MOISTURE N |
= EA DS T\D\\é 1
IMPINGERS
FINAL VOLUME b ‘*\2 g | - q h&\yl
INITIAL VOLUME ml o A X
NET VOLUME m ,____\\ NS \
— 2m .
SILICA GEL - \ V“IQW\\
FINAL WEIGHT 2 g
INITIAL WEIGHT : 2 .
NET WEIGHT ¢ e 74 TOTAL MOISTURE 9\%3 g




TR >

ANALYTICAL DATA

PLANT;\L@\\W_\’ Cﬁm}@\
DATE \"l‘g ‘A ,
SAMPLING LOCAFON AT N
sampLe Type TPSSONT

runnumeer ¥ C - ST
SAHPLE BOX NUHBER .o\ =,
CLEAN-UP MAN :g X >O\:/i (]

FRONT HALF

ACETONE WASH OF NOZZLE, PROBE, CYCLONE (BYPASS),
FLASK, FRONT HALF OF FILTER HOLDER

FILTER NUNBER O 1~

BACK HALF

IMPINGER CONTENTS AND WATER WASH OF
IMPINGERS, CONNECTORS, AND BACK
HALF OF FILTER HOLDER

ACETONE WASH OF IMPINGERS, CONNECTORS,
AND BACK HALF OF FILTER HOLDER

-~

MOISTURE

COMMENTS:
LABORATORY RESULTS
CONTAINER = me
L O¥YS
CONTAINER mg
FRONT HALF SUBTOTAL ____+ Y°9 n
CONTAINER L oR me
ETHER-CHLOROFORM
EXTRACTION me
CONTAINER » mg
BACK HALF SUBTOTAL mg
TOTAL WEIGHT mg

IMPINGERS .
FINAL VOLUME @ml l{o”“ )
INITIAL VOLUME ﬁ\ml AsO ™M
MET VOLUME il — _
{ ™\
SILICA GEL -
FINAL WEIGHT = 5 ¢ ¢
INITIAL WEIGHT SL T ¢ ¢
NET WEIGHT ¢ ¢

TRANSPORTATION AND ENVIRONMENTAL OFERATIONS OF TAW INC.

‘o

qota]

O3S m

soml
i |
t
t
e 75

TOTAL momune_m ¢




TRLY \ s

ANALYTICAL DATA

-

PLANT | : + R. COMMENTS:
DATE \\\ \q.ﬂ;l)

SAMPLIN'G' L‘oc;mou I Q?}_)Cﬁ\{&)ﬁ\h{l@%\ @:LC\

SAMPLE TYPE N\

RUN NUMBER —_ L) —\

SAMPLE BOX NUMBER

CLEAN-UP MAN

FRONT HALF . : LABORATORY RESULTS
ACETONE WASH OF NOZZLE, PROBE. CYCLONE (BYPASS),  CONTAINER 2. LSS g

FLASK, FRONT HALF OF FILTER HOLDER .
| lg 2

FILTER NUMBER . CONTAINER mg

FRONT HALF SUBTOTAL 2 775

BACK HALF |
IMPINGER CONTENTS AND WATER WASH OF CONTAINER — LG A mg
IMPINGERS, CONNECTORS, AND BACK ETHER-CHLOROFORM
HALF OF FILTER HOLDER EXTRACTION mg
ACETONE WASH OF IMPINGERS, CONNECTORS, " CONTAINER mg
AND BACK HALF OF FILTER HOLDER
T BACK HALF SUBTOTAL mg
. ) TOTAL WEIGHT mg
MOISTURE T [
s B 3%4‘*5 L Eouel
IMPINGERS ~ S I A [ {1
FINAL VOLUME M _mi o) S ‘ /ﬁ"’\& ‘
INITIAL vowme% oo JS&w |
NET VOLUME _—.2l il SN i
F | =M |
SILICA GEL e - —
FINAL WEIGHT =) e g 3 1t ST
INITIAL WEIGHT \U ¢ g ' S
NET WEIGHT %D ¢ 2 ¢ 76  TOTAL MOISTURE ' ¢

TRANSPOﬂTATION AND ENVIRONMENTAL O#ERATIONS OF TAW INC.



TR

ANALYTICAL DATA

PLANT
mm':‘l.\_{__gv

SAMPLING LOCATION \
SAMPLE TYPE«Q&Y{A\\CM .
RUN NUMBER WC‘

SAMPLE BOX NUMBER

cLeanop 1 SN VS TN \ }O&:l) O

FRONT HALF

COMMENTS:

LABORATORY RESULTS

TRANSPORTATION ANO ENVIRONMENTAL CAERATIONS OF TAW INC.

ACETONE WASH OF NOZZLE, PROBE, CYCLONE (BYPASS),  CONTAINER [ /OO0 m
FLASK, FRONT HALF OF FILTER HOLDER |
‘ Nkl
FILTER NUMBER CONTAINER 12 me
1, &2y
FRONT HALF SUBTOTAL _ / mg
BACK HALF .
IMPINGER CONTENTS AND WATER WASH OF CONTAINER [ 677 w’
IMPINGERS, CONNECTORS, AND BACK ETHER-CHLOROFORM
HALF OF FILTER HOLDER EXTRACTION mg
ACETONE WASH OF INPINGERS. CONNECTORS, CONTAINER mg
AND BACK HALF OF FILTER HOLDER -
I : BACK HALF SUBTOTAL mg
. TOTAL WEIGHT mg
moisTURE  \NeD— 3, =1 |
/ ’—__—\
IMPINGERS
FINAL VOLUNE _m D i H T #
INITIAL VOLUME mi U % DM
NET VOLUNE = i = —
/(8&m |[ . —Im|
SILICA GEL b ~
FINAL WEIGHT 2 dacg t ¢
INITIAL WEIGHT ¢ ¢ t |
NET WEIGHT g g 3 77 TOTAL MOISTURE &LP. (Q 4




TRYY \ +\3

Y ¥4

ANALYTICAL DATA

PLA Micm :
OAT:TU 232 O

SAMPLING LOCATION MM(CWB@B

SAMPLE TYPE
RUN NUMBER ‘3
SAMPLE BOX NUMBERm._ ==
CLEAN-UP N ‘@Z\/I o
FRONT HALF . : LABORATORY RESULTS
ACETONE WASH OF NOZZLE, PROBE, CYCLONE (BYPASS),  CONTAINER 2.GoD me
FLASK, FRONT HALF OF FILTER HOLDER
FLTeER numeer  SLOCD CONTAINER [ 302 me
- , FRONT HALF SUBTOTAL _ 2709 4
BACK HALF
INPINGER CONTENTS AND WATER WASH OF CONTAINER — [. O m
IMPINGERS, CONNECTORS, AND BACK ETHER-CHLOROFORM
HALF OF FILTER HOLDER EXTRACTION ng
ACETONE WASH OF IMPINGERS. CONNECTORS, * CONTAINER — mg
AND BACK HALF OF FILTER HOLDER '
T BACK HALF SUBTOTAL mg
. _ TOTAL WEIGHT mg

1.

MOISTURE | -
HOSTURE > - 342" TOR)
IMPINGERS EXS
n LDL"'\\ -‘7‘5\\"\1
puine R 4%0ml  3sdml

NET VOLUME mi W\ miy \m]

1

SILICA GEL :
FINAL WEIGHT od zqug ¢ S |
INITIAL WEIGHT g ¢ <o q
NET WEIGHT He 2 L 78 TOTAL MOISTURE . : t

TRANSPO‘"AHON AND ENVIRONMENTAL Oﬁ‘EHAYIONS OF TRW INC.



<@

ANALYTICAL DATA

PLANT

DATE Hl@@

sanpLe Type HRGUNNC

run numser (L — AT —|
SAMPLE BOX NUMEER
CLEAN-UP AN

SAMPLING LO AilONp(\d d}‘\*@kd\

FRONT HALF

ACETONE WASH OF NOZZLE, PROBE, CYCLONE (BYPASS),
FLASK, FRONT HALF OF FILTER HOLDER

FILTER aumeer FES 2D
2E£5D ('f

BACK HALF
IMPINGER CONTENTS AND WATER WASH OF
IMPINGERS, CONNECTORS, AND BACK
KALF OF FILTER HOLDER

ACETONE WASH OF IMPINGERS, CONNECTORS,
AND BACK HALF OF FILTER HOLDER

woisTuRE 12 2,4 45'—

NET VOLUME _—2= ol

CONMMENTS:

LABORATORY RESULTS

CONTAINER [. /o3 me

CONTAINER [O. Q0 g

FRONT HALF SUBTOTAL __[ | (9D

CONTAINER 2-09 me
ETHER-CHLOROFORM ‘ L
EXTRACTION AN mg
CONTAINER — " mg
BACK HALF SUBTOTAL mg
TOTAL WEIGHT me
gtousl

Ir-s\;:f/‘

MPINGERS i~ L-}.Q\ W\ |
FINAL VOLUNE = nl ’;‘_Sb.’qq_) / }
INITIAL VOLUME "X ml m M
/ f/&

SILICA GEL . -
FnaLweicht 287 rr?ﬂ\l Cl

.\4

<
INITIAL WEIGHT A DL/ g =i’ z , .[ﬁf /
NET WEIGHT 2 —51}1‘*\( o/

TRANSPORTATION AND ENVIRONMENTAL OPERATIONS OF TAW INC.

t ' (=
¢ 79 TOTAL MOISTURE % 7977 t
T2

___"‘-—_\-
S O, 2




TRYY \

TRANSPORTATION ANO ENVIRONMENTAL OkRATIONS OF TAW INC.

“ e et Mmmemm mean mm- - FRP mmeae -

ANALYTICAL DATA
pan_LCAWNC S comments:
DATE _/ /7/ /97/ /}P .
SAHPLING LOCATION = T\Qﬂ\
SAMPLE TYPE )
RUN NUMBER {,O ‘E:‘ D
SAMPLE BOX Hurg -
CLEAN-UP AN _ Dﬁ\/ﬂ (@
FRONT HALF LABORATORY RESULTS
ACETONE WASH OF NOZZLE, PROBE, CYCLONE (BYPASS),  CONTAINER 200 me
FLASK, FRONT HALF OF FILTER HOLDER
. - C ~
FILTER NUMBER S D CONTAINER [-F00 me
S
FRONT HALF SUBTOTAL ____F0. 0 O ne
BACK HALF
' D67
MPINGER CONTENTS AND WATER WASH OF CONTAINER BOR mg
IMPINGERS, CONNECTORS, AND BACK ETHER-CHLOROFORM
HALF OF FILTER HOLDER EXTRACTION mg
ACETONE WASH OF IMPINGERS. CONNECTORS, “ CONTAINER me
AND BACK HALF OF FILTER HOLDER -
N : BACK HALF SUBTOTAL me
. TOTAL WEIGHT mg
MOISTURE {2
—
IMPINGERS :
FINAL VOLUME _%% nl
INITIAL voLumMe 2 L “ml
NETVOLUME __ = A
SILICA GEL » —\0vn |
FINAL WEIGHT /OI“PUI _t S |
INITIAL WEIGHT =5 g ¢ t
NET WEIGHT 5;) g=\: g g L 80 TOTAL MOISTURE 6&: LJ\‘ 2




\

ANALYTICAL DATA

SAILPLE TYPE
RUK KUMBER
SAIPLE BOX NUIBER

CLEAN-UP HMAX gl

FRONT HALF

JE=ile

ACETONE WASH OF HOZZLE, PROBE, CYCLONE (BYPASS),
FLASK, FRONT HALF OF FILTZR HOLDER

FILTER NUMEBER SBC}
SO

BACK HALF -~

ISPIKGER CORTENTS AND WATER WASH OF
IMPINGERS, CORNECTORS, AND BACK

COMMENTS:

CONTAINER

CONTAIKRER

FRONT HALF SUBTOTAL

CORTAIER
ETHER-CHLOROFORM

LABORATORY RESULTS

2E0 o
- k2o

mg

C.7D

lqu n;,g

HALF OF FILTER HOLDER EXTRACTION me
ACETORE WASH OF [I:PIHGERS. COMNECTORS, CONTAIRER
AD BACK HALF OF FILTER HOLDER éACh HALF SUBTOTAL
4 " mg
TOTAL WEIGHT me
MOISTURE i -
BOSTURE. L= U4 Tota)
IMPINGERS — n’l/ (Jn |
FINAL VOLUZE mi -
INITIAL vow:.as%i% ml LeeM l QQ@ MM }
NETVOLUSE 2wl G —
m | Qe |
SILICA GEL :
FINAL WEIGHT g g 81
INITIAL WEIGHT £ 2 20 -
g g TOT.\L MOISTURE 3@' W .

NET WEIGHT

mg -




TRYY \

ANALYTICAL DATA

mejLQn&QDE’_QM&_

oate M L '76’

SAMPLING LOCARON
SAMPLE TYPE cone
A L 2 3D =

SAMPLE BOX NUMBER

COMMENTS:

QB\@OF\

Rgevs

YRANSPORIATION AND ENVIRONMENTAL OkRATIONS OF TRW INC.

cLean.ue man OO LoD
FRONT HALF LABORATORY RESULTS
ACETONE WASH OF NOZZLE, PROBE, CYCLONE (BYPASS), ~ CONTAINER AR mg
FLASK, FRONT HALF OF FILTER HOLDER
FILTERNUMBER =S > S CONTAINER 220 mg
= ' ] 7 ? D
FRONT HALF SUBTOTAL _ mg
BACK HALF
IMPINGER CONTENTS AND WATER WASH OF CONTAINER 020 me
IMPINGERS, CONNECTORS, AND BACK ETHER-CHLOROFORM
HALF OF FILTER HOLDER EXTRACTION mg
ACETONE WASH OF IMPINGERS, CONNECTORS, CONTAINER mg
AND BACK HALF OF FILTER HOLDER :
- : BACK HALF SUBTOTAL mg
. TOTAL WEIGHT mg
MOISTURE = - — ‘
’ 3 lq | > \ @
——
IMPINGERS S
FINAL VOLUME /\l S ’; N 3
INITIAL VOLUM V
NET VOLUME — = \ SCW?
N |
SILICA GEL . ‘ gm
FINAL WEIGHT t ot
INITIAL WEIGHT ¢ g % ;
NET WEIGHT ¢ ¢ 82 TOTAL MOISTURE | ¢



TRLY \ -

ANALYTICAL DATA

COMMENTS:

2y -
SAMPLING LOCATION w’ l ‘@O\ZB

SAMPLE TYPE
RUN NUMBER
SAMPLE BOX NUMB
CLEAN-UP MAN i

FRONT HALF . . : ‘ LABORATORY RESULTS

ACETONE WASH OF NOZZLE, PROBE. CYCLONE (BYPASS), CONTAINER _ __ / 2V mg
FLASK, FRONT HALF OF FILTER HOLDER

FILTER NUMBER m R CONTAINER ______ s mg

FRONT HALF SUBTOTAL [ .C7 D n

BACK HALF

IMPINGER CONTENTS AND WATER WASH OF CONTAINER —  OX D mg
IMPINGERS, CONNECTORS, AND BACK ETHER-CHLOROFORM
HALF OF FILTER HOLDER EXTRACTION mg
ACETONE WASH OF IMPINGERS. CONNECTORS, * CONTAINER — mg
AND BACK HALF OF FILTER HOLDER - '
T ' BACK HALF SUBTOTAL mg
. _ TOTAL WEIGHT me
MOISTURE k- ,i = ~
/ : 2( ! Y %\b{}
IMPINGERS . — . —_—
FINAL VOLUME O g am | WA |
INITIAL VOLUME. XS

NET VOLUME “_LCL:: ' ,/\LSDM'}‘ 4SO m (

X T B

{ -
SILICA GEL Q‘“S%
4

FINAL WEIGHT g z '
INITIAL WEIGHT t g
RET WEIGHT S 5S¢ g 14 83 TOTAL MOISTURE 7 \2 : L

TRANSPORTATION AND ENVIRONMENTAL OPERATIONS OF TRW INC.



TRLY \ i

ANALYTICAL DATA

PLANT jbmei‘m \;&,WIQ. COMMENTS:
o
DATE '

SAMPLE TYPE -‘-P Ve

L ) A.
RUN NUMBER _ﬁ- =

SAMPLE BOX NUMBER
CLEAN-UP MAN __

FRONT HALF . ~ LABORATORY RESULTS

-— ACETANE WASY OF MATZ § POOAC r%mm_mmw-%_ _M e

¥

e T— ——— =

.f E—— ?

FLTER NUNBER _ S (OB CONTAINER L 00 mg
*
- | BV

- , FRONT HALF SUBTOTAL __ mg

BACK HALF
IMPINGER CONTENTS AND HATER WASH OF CONTAINER — o me

IMPINGERS, CONNECTORS, AND BACK ETHER-CHLOROFORM
HALF OF FILTER HOLDER EXTRACTION mg
ACETONE WASH OF IMPINGERS, CONNECTORS, * CONTAINER —— me
AND BACK HALF OF FILTER HOLDER -

ot : BACK HALF SUBTOTAL mg
. TOTAL WEIGHT mg

MOISTURFE 1. -,



T'?'J‘!"! \

ANALYTICAL DATA

PLANT_LeA)vet e 77 ¢ 0RA8K. COMMENTS:
DATE ¢ /2 /2P

SAMPLING LOCATION DPper Qw1 eT—

SAMPLE TYPE _A/€SCA/C_

RUNNUMBER £~ QR ~2

SAMPLE BOX NUMBER
CLEAN-UP MAN

FRONT HALF . . : . LABORATORY RESULTS

ACETONE WASH OF NOZZLE, PROBE, CYCLONE (BYPASS), CONTAINER _______ _2 092 mg
FLASK, FRONT HALF OF FILTER HOLDER

FILTER NUMBER _SS 9/f CONTAINER ___ O

FRONT HALF SUBTOTAL __2 7/ 9O _m

BACK HALF
IMPINGER CONTENTS AND WATER WASH OF CONTAINER vy mg
IMPINGERS, CONNECTORS, AND BACK ETHER-CHLOROFORM
HALF OF FILTER HOLDER EXTRACTION mg
ACETONE WASH OF IMPINGERS, CONNECTORS, * CONTAINER o mg
AND BACK HALF OF FILTER HOLDER '
T BACK HALF SUBTOTAL mg
. TOTAL WEIGHT mg
MOISTURE |, x ~ o,
P
IMPINGERS - L £ 'Z")’
FINAL VOLUNE %%_ Nl e =2
INITIAL VOLUME _3© m oSO -
NETVOLUYE @ ml o
SILICA GEL : :
FINAL WEIGHT 2 22 ¢ —t 1t 3346
INITIAL WEIGHT =257 ____ ¢ g t
NETWEIGHT _ 2\ ¢ ¢ ¢ 85  TOTAL MOISTURE 3@ g

FHANSPOIUA"ON AND ENVIRONMENTAL O’EHATIONS OF TRW INC.



TR0

ANALYTICAL DATA
PLANT Logcoc o €7 COMMENTS:
DATE
SAMPLING LOCATION zlcw o (ool T
SAIPLE TYPE £ — 7z =3 Fheye o
RUN KumBer £ C = Pyd — 3
SAMPLE BOX NUBER

CLEAR-UP MAN

FRONT HALF

LABORATORY RESULTS

2 9

mg

ACETONE WASH OF NOZZLE, PROBE, CYCLONE (BYPASS), ~ CONTAIRER me
FLASK, FRONT HALF OF FILTER HOLDER
FILTERKUWBER _ > 75 CONTAIRER IS
- ¢f =y
FRONT HALF SUBTOTAL =27 mg
BACK HALF -~
IAPIKGER COXTENTS AND WATER WASH OF CONTAINER — 2/ mg
IMPINGERS, CONKECTORS, AND BACK ETHER-CHLOROFOR:A
HALF OF FILTER HOLDER EXTRACTION mg
ACETONE WASH OF IPINGERS. CONNECTORS, CONTAIHER
AKD BACK HALF OF FILTER HOLDER '
BACK HALF SUBTOTAL mg
TOTAL WEIGHT mg
MOISTURE o g _ —
IMPINGERS L s Coicon & ’/f Ve R TY o
emaLvoLuse =€ _m C
INITIAL VOLUE €€ m B5e
NETVOLURE _—/C i -2
SILICA GEL _
FINAL WEIGHT =t —t g

LRE I

INITIAL KEIGHT 2 g 4

NET WEIGHT 2 ¢




Ad4. Meter Box Calibration Data Sheets
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WIE MAREH S, 19728

ELASE TAIOVATDAN

BOX #

7=

DRY GASHETER ¢ _ T

BAROKETRIC PRESSURE Py 29.98 _ in. Hg .
Q Tom oo ey
trifice Cas ~ Gas Temperature !
Fenometer| Volume Volune v Gas leter P,
‘Settling | et Test | Dry Gas |vWet Test *Drl =as Lo . e v AKR
M Jieter y | tetery, | Meter | Iniet | Outlet § Average) @ i
(in 15,00 | (££%) | ey | Ty (OF)TE (OF) [Ty, (OF)| Ty (OFF} (min.)
| - {
95 1 Seol 1508 7/ | 75| 75| 75| ]).20]| Jes2| 14D
TS| ST oo | Sods 20178 | 281 28 |ll2o | [00% [ 31
FBlol Shocnlsi34q | D/ | LD | PO | £o 1p,c| 9961 YT
ol S0l |10 2/ | PO o |- Lo 1/ 22| 993 40
¢
“0z0(/l.00 |||478 | D[ | &S | LS| es | B,as| 9791 [ 5F
=920l10.00 [10.2*S] Sy | P | & | e»!|].Lol Joo | /YL
| N ) Average Q961 148 |
Calcuiations !
v aHa |
4H + af = v iz
AN 3.6 Vy Pp (Tg + 400) 0.0?17 4R ) (T, + 460)5 [ |
H T P, (T, + 4606 v
Vd (Pb + 136 (Tw + 4060 b 'd | w N
. i
0.5 0.6368
1.0 0.0727 '
2.0 0.147 - |
4.0 " 0.294 .
6.0 0.431 ¥
®8.0 0.588 |

88




Glazs- Trrovalion

of:
e Mpped L1228 pox # EL 7
oanOUETRIC PRESSURE sz_z_t_f_a_, in. Hg DRY GASMETER # 7 .
BY 7o~ EoonEY
Orifice Gas Gas Temperature
Hanometer| Volume Volume et Test Dry Gas leter Time .
Settling | Wet Test | Dry Gas et Imlet | outlet | Average| ©. Y A HE
H Heter V Meter V4 ‘ R .
‘(in. H,0) (£t3) ity | Tw (°F) { Td (OF) | T4, (°F)| 'd (oF) | (min.)
C 05 | goeglsese | /9. | 05 |5 25" 11293 | Looz | [.822
05| Lol | 70 |78 | 78 | /9 1276 l.oiz | ] ezo
[ 2oto| Sonds020| 70 | 82 | 82 | 82 |8.90 1015 |/ 723
T welo| cooclaqz | 70 | 84 |84 |84 1853 |/.0%0 /. ¢/2)
4020| Jppps|lozn | 70 | B | B8 E8 \j2. 081 75 "',"b(’_};
' . ' ‘ ' 7.007 | L8325
| ew620 J80ss 10200 | 70 9z | 93 g3 1]/, 86 J_
O Lo dges SIS 79 g4 g4 .94 8,55 |'°°7 7377
& e = Cowee oo Tt e hverage
- - = S v E. l'a// ’lGSZ.-x
' Ca'lcmations .
Y AHE
. — =12
AH -193_}.16 Vw Pb (Td + 460) 0.0317 &H ) (Tw + 460)ﬂ {
' H P (T, + 460 v
v, (P, + 735 (T, * 460 b tld’ | Y
"0.5 0.0368
1.0 0.0737 f
2.0 0.147 - l
4.0 0.294 1
6.0 0.431 e
~ 8.0 0.588 :
2 5 - |
85




wie AlALeHn 2,027 e

BOX § 20,02

CIRGHETRIC PRESSURE Py £2 E2 in. lig DRY GASHETER # 28/
"G 7owt RooNeEy }
Grifice | Gas Gas Temperature |
w lHeter v | tieter v, | Meter | Inlet Qutlet jAverage) € A4 h
o 1,0)| (1¢%) "1 d T, (9F) | Td (9F) [Ty, (F)| Tg (OFY} (min.) &
05 | spo |5i80 | 7/ | B 82| 8rljzdac|, 984 1711
¥ slsoo (SS08 | 7/ | 86| 86 | 86 (lz7z]|l.0l0 I~773~_(
200l cco |53 | 7)) | &P | PP | 8P 970 |).000{1.808 |
wto| Cop il 14177 | 92 | 22 | 28 |98 |1-00 | 1839
s10| j0.005| 1039¢] 71 | $F | po| p¥ |B.45199-] 197
2020\ /9 00 | j0426, 7| | SF | #3 | #8 |lzsn|. 98501899 )
_ _ : —
| C : . ‘ _ Average ! Clq ]8{?
- Calculations Lo
| | RV AHe 0
A -%%6 " e (Tg *+ 460) 0.0317 4H Ti.,. * 45'33"6:.2- "
, T T?’_,?_G (7, + 460 P, (T4 + 460) | v, | |
“0.5 | o.0368 7
0 0.0737 |
2.0 0.147 Y X
4.0 0.294 ) 1
6.0 0.431 -,
8.0 0.588 P
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npres 2, 19728

BOX

AL

2/828

WL )
{ RGMETRIC PRESSURE Py 29.87__in. Hg DRY GASMETER # 2788 B '
QY TO ~1 ROONET
[
I rifice Gas Gas Tempera Ture '
anometer Volunme Volume Vet Test Dry Gas ieter Time A
settling | wet Test | Dry 6as |Wet /8% 1 outtet | Average o Y
H cter \J hcter Vd . . . 1 )| (min)
in. 1,0) (££) (s3y | T (°F)| Td (CF) {Tyo (°F)} 'd . _
05 \s1qq |¢./p |7y | 74| 74 |74 Usiz/ | 2975 ).Bo
wool4gg |tasel7) (€3 | £3 | £3 Uzl | /24 [ (20!
280l s |s287 | 2/ |90 | 90 | Q0 | T 15" ,/'02’(’ [.6€24
a0/ o0 |c0s3 | 7/ 19 | 95| 95712 611,03 73
—60 ' . YRR
2007 o077 \ R 176 |\ 76 | 76 13,85 968 z.cg_g
| 0200 9.99 {108 |2/ gp 98| 98 |/3,85 V966|206
[}
3 Average lqch. /EL
Calcul éti ons ' !
Y AHe
‘ AH v p_{T, + 460) ' ("; + f6u\r " 12
AR 13.6 w b 'd 0.0317 AR [' ‘
) H — P. (1, + 460)
,l Vg (P + 736 (T + 460 bt'd
05 0.0368 a
' !
N 0.0737 ‘
| 2.0 0.147 : ‘
4.0 0.294 '
l H
' 6.0 0.431 ‘
t
5':3 8.0 0.588 |
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onte LZAfers £ 4278 e BOX £ 22;35'
o4ROUETRIC PRESSURE Py 29.S2 in. Hg ( 136 0) " DRY GASMETER £ _ 2 &35S
Br Tom 'l?oox)c'f/.
Orifice Gas . Gas Temperature
e et oot 3’2}3”[2“55 Wet Test Dry Gas teter Time A 1o
" Meter V_ Meter V., Meter In]et. Outlet | Average .e Y
(in. H,0) (£t3) (7t3) | T (OF)|Td (OF) | T4q (°F)| T4 (°F){ (min.)
05 | 5000 |4aq |72 | 90 | Fo | Fo {jz.es il 03 | /6]
| coolsioz | 719 | ac | a |z | Jod 1 /et ]
22| S0 | 5o | 2/ 1 /0| S0r| 2|8 28 [od V1.7
wololcor | 5@ | 5. V0 | o | w0 189071 1o | 148
5020| §,99 | /0.1 7 | )10 yro| 170 liz72] Los | [.72]
%020\ jp.00 | 1046 | 7] | /10 | tyo | 1ro0ll3.02 /00 /€]
._ﬁ PR ~_A§1erage )O‘Ar )(0%
| Calculations
B Y AHE
A 136 V,, Pp (T4 + 460) 0.0317 AH (T, * 46,0)0.'2—,
V(P + o (T, + 460 Py (T4 + 460) E v, ] ’
“0.5 0.0368
1.0 0.0737
2.0 0.147 ]
4.0 0.294
6.0 0.431
' M 0.588
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DATE

A e 2, 1928

__:AROMETRIC PRESSURE P 29.87 in. Hg

By Toa )?oo.uc’\-:

BOX #

DRY GASMETER # 2573

1< e

23 /5‘

Ag

T Orifice Gas ~ Gas Temperature
Hanometer| Volume Volume Dry Gas reter Time
i ' et Test - A
’ Setﬂ;ng tteett;:e\srt r?;gefavsd eMet:: Inlet Cutlet Averzge ? Y A HS
(in- H,0) (£t3) (7t3) | T ORI} Td (OF) | Ty (OF)] Tg ¢ F)| (min.)
r 4 . » -
0.5 995 |<103| 72-| 9o eo| £L (i34 [y |92
[ a0l 50 |s 00070 (1o | Db | 94 (1aHS) 1.0 .70
5| #0500 |$-298| 7.y | /3 192 1975 | 7.0 28711.76
sorals oolozial o |1oa |94 1ol |G.ow] 987|106 |
Ten20| 500 533972 112 |96 1oy | 6.2¢ 2781167
- ] : , |
| 20 <.00]5.395] 710 |1 9 | 1ow |6.L3-F781 93 1
t 5 | ‘ .
E Cwerse | 979173
- Calculations
v | AHE j ;
A ‘Az'%s ' . Yy Py (T4 + 460) 0.0317 AH _ (T, + 450) 12
| Vg (P ]—3—*_16 (T, + 460 P, (T4 + 460) v i 1
‘0.'5 0.0368 l
1.0 0.0737 f
2.0 0.147 . ‘
4.0 0.294 -
6.0 0.431
) 8.0 0.588
- ¢
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/ . - - C "’\ n 4 -, ._l A ..-..

e oA pox # 47~ 0.

BEPAMETRIC PRESSURE Py 30.L5 in. Hg , DRY GASMETER # ____ )
Oritice ] Gas Gas Temperature ‘
Fenometer] Volume “Volume Dryv Gas lcter T3
Settling | ye: Test | Dry Gas |Het Tosti———gm oy 1 v | anz

H l,ctpr v, | Heter v, Meter | inic Gutlet | Averag |

(in. H0)| (U ) (ft3) T, (CF) [ Td (OF) | T4, (o)} Ty (OF) | (min.)
T '“'/ l-’ et Ty // — o
05 V.30 Elpssves| 70 |7 178 70 Talienas

7/ 554‘.5';; 70 \poolgz | | r lumdlos

05193

20/ [ 295100 70 1170 |86 O _10@esl B3R
5 | 30Dl pnsenl 70 |4/2_| 90 /0 |odastiazy
'“L‘Z.;,Z.?za?;?fffg 70 \Mb 92 S lssalinsa)l
T 3,93 \emrovh| 70 |//2 |72 5 lesoliess,

@ . . - Average \loL\LU\

Lo

!

Calculatiens _

K _ame |
Al s V, Pp (Ty+ 460) 0.0017 43 | (T, * 46900 | ° |
Yy (P * 13 s (T + asC P g + 160) L i -._l |
‘0.5 | o.0368 |
1.0 . 0.0737 . |
2.0 0.147 S | K
4.0 © 0.294 |
.0 0.431 '» -'
3 8.0 0.588 ‘
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iz 522052 sox ¢ ALL . 23/5
BE-ETHIC PRESSURE Py £2:22  in. Hg " DRY GASHETER
y) ) |
(!‘:”‘fm"’r VO(];?JS;“G lvoq‘aus;“f-’ Tempz‘:,ué;i leler Time
“e1t)irs | \ot Test | Dry Gas [Wet Test me A 12
H etor v, | teter v, Meter In]et. Outlet | Average © Y
(in. H1) (7t3) (£13) | Ty (OF)|Td (9F) | Ty, (°F)} Tg (°r)} (min.)
0.5 ok :ff;ji’ 70 8/7 7f—/ $o5 | /o |].of6 |/ 652
H:.L/.ﬁ 77 03/ w"; /v Z,Z/ $0 | & /9 [.002-|/.66%
w00ls co) 055 70 198 | §7 1Al | /0 o8 ). 725"
= ls 50 30T 70 175 §h |92 | o |)o06|/ 73
soecly 759 AR 70 oy | B8 |9k | = Yorrl) 28¢|
+* [2.773 ////24 d1| 7o |97 185 1 9l | = 17| e87)
3 Average ,[_003 / 758
Calculations
i Y AHE
AR R Yy Pp (T4 + 460) 0.0317 AH (T, + E
o v, (P, + 7'3{16 (T + 460 P, (T4 + 460) l:- T
;~;°-5 0.0365
R 0.0737 ‘
2.0 0.147 i
1.0 ©0.224 |
! 5.0 0.431 i
& o 0.588 p
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Yoo 2 ) 1o
DATE é' -30 - 78 hoxﬂ},{; /S Adl
BI-.P;OMETRIC PRESSURE Pb 70.¢ </ in. Hg DRY GASMETER #
Grifice Gas Gas Temperature
‘zncreter| Volume Volune Drv Gas loter Time
Setti ™ - 3 l'let Test o
Settling | Uet Test !?ly Gas etor Tnlet outlet | Average o Al |
. H MHeter Vw Heter V d (oF )

0 0 .

(in. 1,00} (7t°) (583 | Ty (OF)|Td (9F) |T4o (OF) )| (min.)

§Y 757 v | = ..
0.3 LT e 0 VAL gy |70 /7 2l
) : ‘-“:.,”c :.f')! : ) N L
Tl s SRR 70 192 |76 /0 2zc) |
N - ‘:r—-."".-') - ‘ -
=045, 9 lesad 70 | TS gy /0 _1Dean3|1gite!
. MDA RI T - '
«0)05.32v)000, | 701 00 | E 6 / \Jegu
. e LL £ ' , ol -
sy 7 57/ 58 7o /R |90 5 R
- v 57850 N NN s = . -
Avera .
ge _
_ LOH25 | 1325
"Calculations
. Y b “wm— N
Al s Vy Pp (Tq + 460) 0.0317 4H (T, + 460)5 1 ¢ |
) i P, (1. + 460)
B v, (P, +]36(T,+460 b *'d A
- 0.5 0.0368
1.0 0.0737 -
P ———
2.0 0.147
. o
50 0.294
| _i
LU R
3 50 0.528
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-3 D 75‘?’

ROMETRIC

0

PRESSURE _Pb

30.5‘”’//1n. Hg

G m—————

BOX #

DRY GASMETER #

LPae T30

2 5

g;::%é%gr “\’q%isme [\J/oG'laungs vet Test 1emp?):/né;i ieter Time A 1o

!.’ett 0 nteiirTc\Sft hc;ger(\f || Meter | Inlec | Qutlet fverage|  © v )
i ) | ey [T O[T OF) [T (°F)| Tg (°F)] (min.) B
os |usz ol 70 |80 | 7R [0 Nt |ress
| ™ 5|y 27H i 70 70 |78 /0 N\OFRSTLLz =L
i H‘M; h2 Zf‘f/ gfi FLs 75’ 70 /0 il “—Sb’%_'
w5 59/ re/e| 70 |70 | 7Y /O | hi2ap!
| eagds.on At 70 /o4 VS o 5ol 'c—a\j,gg
Cwaggls.z 0 Ben po 78 |10 18 5 howaliesa
3 ) Avefage \uDJCZ P /{,.':";g

| ‘Calculations

v - N AHB o
| an A Vy Pp (T4 + 460) 0.0317 AH (7, + 460)p | © |
Wy (P + ya (T + 460 Pp (Tg * 400) W |
] "0.5 0.0368 i
| 1.0 0.0737 \
P20 0.147 . |
" 40 0.294 |
| 60 | o.um |
O 8.0 0.538 . '
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DATE BOX #
BAROMETRIC PRESSURE Py 2227 1n. Hg DRY GASMETER #
o !
Orifice Gas Gas Tempera tufe
e (VAL R s e [ ao
H Meter V_ Meter v Meter | Inlet | Qutlet | Average © Y
(in. wO) | (ftd) (£83) | Ty (OF)|Td (OF) | T4, (OF)| T4 (OF)| (min.) ,
B 3 TN .
0.5 ¥3498 nzngﬁ.z 72 8’!\ 30 - e - i
T lasaen E—?ZL‘E 72 | Y9 | w4 ERE _
NN D B e
ol EXATe 335‘{?.?3 12 | o | 9s R e R
T [oas Bt o | T x| 2] s N
DIV 3 c';_'__g 45 2 172 - - - -
= {2L20 \Z%T?Q 22 | 15 L, S i |
Average - i !
Calculations
Y aHe
A T‘:‘T}.'s V, Py (T4 + 460) 0.0317 AH .(Tw +460)g | % |
Vg (P + 35 (T, + 460 Pp (Tq + 460) v,
0.5 0.0368
1.0 0.0737 |
2.0 0.147 '
4.0 0.294
6.0 0.431 |
8.0 0.588 l
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DATE

Lb-30-78

BAROMETRIC PRESSURE P 30:0 in. Hg

BOX #. Fae 2235

DRY GASMETER #

Orifice Gas Gas Temperature |
g \\;Ot]uT"éest 3.9; ‘ias Vet Test Dry Gas Feter Time A b
. W |Meter v | Meter v, Meter | Inlet | Qutlet | Average} @ Y
(in. H,0) (%) ! (783) | Ty (OF)[Td (OF) | Ty, (°F) Ty (°F)| (min.)
0.5 '-/.Jlogz—ffgbj 70 go '7,{: /D Wor g RS
hO_ > L/'X‘]"ff Z;’q‘?:é 70 ?0 7X/ /0 LWOERSTL W 2
mo, 005,42 ) |2oos| 70 |78 |70 /0 | -elinen
~,05.59/ ope15| 79 |70 | 7Y /O | immip
SNzn3. 52 f;’éﬁ%ﬁ 70 | /o4 |80 _5 Hap\oa 2t e0
dyol3.e/0 0270l 78 |06 1S 5 howgliezs
Average \ID%QC‘ l'b'-j’cfj ﬁ
‘Calculations ;
Y nHe ;
an s Y Py (Tq + 460) 0.0:17a8 | (T, + 460)p | -
Vy (P, + T3 (T -+ 460 Pp (Tg + 460) % !
“0.5 0.0368 I
1.0 0.0737 :{
2.0 0.147 :,
4.0 10.294 ‘
6.0 | 0.431
8.0 0.538
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DATE gox § =199
BAROMETRIC PRESSURE Py 30721 in. Hg DRY GASMETER #
Z"\C.:K«\ ?(CL\_,\
Mgzj);l%gr VoGli?ne VoG'IauSme Temp;:atngr;i Meter Time
Settl ; ng Mweette Y‘Te\s,t ::ge favsd Wept‘:eg’ee:t Tes PPETRS w— e. v A He '—
(n. w00 (1) " | (#d) | T OO | T OF) [Ty OF)] Tq 0P| (min.) | /L /;(;/Ms
0 cO0E.{56 '
- 42706 lsa6,0%4 /1 %2 72 1 0 /0 R ‘\EQ%
R 15292 E;;?g(‘ 70172 | 7K1 s> | 2
e | Sos lmaee| 7 | 9c | 3% | 50 | e |
3i9 05 )
I 5320 .L;%ﬁ:o\:\({ 76 e e | 9y /0 - - i
IT Ragq |iqssc] 70 oz | ¥5 |95 | 5 ' -
8 |43, Gl e | 1oy | 72 |97 5 |-
Average o [ ,‘} e l
Calculations
Y ' aHe
AH . 136 Y Pp (Ty + 460) 0.0317 40 |(T, +460)9]? |
Vy (P + =% (T + 460 Pp (Ty * 460) v
d Vb T 136 V'w L
0.5 0.0368
1.0 0.0737 i
2.0 0.147 |
4.0 0.294
6.0 0.431 i
8.0 0.588 |
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APPENDIX B

SAMPLE CALCULATIONS
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Nomenclature

Barometric Pressure, mm. Hg.

Average Orifice Pressure Drop, mm. HZO

Average Dry Gas Meter Temperature, ©C

Volume of Dry Gas Sampled at Meter Conditions, Am3
Volume of Dry Gas Sampled at Standard Conditions(l), Nm3

Total HZO Collected in Impingers and Silica Gel, ml

Volume of Water Vapor Collected at Standard Conditions(]), Nm3

Percent Moisture in Stack Gas, by Volume
Mole Fraction Dry Stack Gas

Percent CO2 by volume, dry

Percent 02 by volume, dry

Percent CO by volume, dry

Percent N2 by volume, dry

Molecular Weight of Dry Stack Gas, gm/gm-mole
Molecular Weight of Wet Stack Gas, gm/gm-mole
Molecular Weight of Chemical

Pitot Tube Coefficient

Stack Gas Pressure, mm. Hg., absolute

Parts per million

Stack Gas Temperature, °C

Average Stack Gas Temperature, °C

Velocity head, mm. H,0

2
Average Stack Gas Velocity, Stack Conditions, Am/s
StackArea,m2

Stack Gas Flow Rate at Standard Conditions(]), dry Nm3/min.
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PE

PE

%EA

Stack gas flow rate at stack conditions, Am3/min.

Net ime of test, min.

Sampling nozzle diameter, mm.

Percent isokinetic

Particulate collected in probe, cyclone and filter, mg.
Total particulate collected, mg.

Percent of particulate caught in impingers

Particulate concentrations at standard conditions(]), dry,
based on probe, cyclone and filter catch, mg/Nm3

Particulate concentration at standard conditions(]), dry,
based on total catch, mg/Nm3

Particulate concentration at stack conditions, based on
probe, cyclone and filter catch, mg/Am3

Particulate concentration at stack conditions, based on total
catch, mg/Am3
Particulate emission rate, based on probe, cyclone and filter
catch, kg/hr.

Particulate emission rate; based on total particulate catch,
kg/hr. ’

Unit process rate,

Particulate emission rate on a process basis, probe, cyclone
and filter catch, kg/

Particulate emission rate on a process basis, total catch
kg/

Percent excess air in stack gas

103

/no,)



10.

11.

Molecular weight of wet stack gas

Md = MH, x M, o+ 18(1-Md) = gm/gm-mole

Stack gas velocity at stack conditions(z)

VS = 34.97 x Cp X JZPS X (TS + 273) 1 % = Am/sec.
PS X MW

Stack gas volumetric flow rate at standard conditions (]), dry

Q 2.325 x Ve X Ag x My x P | Nm3/min.

S

Stack gas volumetric flow rate at stack conditions

o = 294 (T +273) . pd/min.

PS X Md

Percent isokinetic

54,120 x (TS + 273) x Vm
1 = std = %

VS X Tt X PS X Md X (Dn)z

Particulate concentration at standard conditions(1), dry,
based on probe, cyclone and filter catch

CSf = Mg = mg/Nm3
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12.

13.

14.

15.

16.

Particulate concentration at standard condi tions (]), dry,
based on total catch

Gt =_M = mg/Nm®
v

Mstd
Particulate concentration at stack conditions, based on probe,
cyclone, and filter catch

Ce = 0.3855 x Cor X Pe x My _ mg/Am3

Particulate concentration at stack conditions, based on total
catch

c - 0.3855 x Cop X Po x M

ot d = mg/Am3

TS + 273)

Particulate emission rate, based on probe, cyclone, and filter
catch

Ef = 1,000,000 x Csf X Qs = kg[hr.

Particulate emission rate, based on total catch

Et = 1,000,000 x Cst X QS = kg/hr.
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17. Particulate emission rate on a process basis, probe, cyclone,
and filter catch

18. Particulate emission rate on a process basis, total catch

19. Particulate emission rate, part per million

M

PPM = t X 22,0226
) MW
mstd(NM3) (c)

(1) Standard conditions: 20 C, 760 mm. Hg.

(2) JAPS X (TS + 273) is determined by averaging the square root
of the product of the velocity head (APS)
and the absolute stack temperature (Ts + 273)

at each sampling point.
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APPENDIX C

DAILY ACTIVITY LOG
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DAILY ACTIVITY LOG

Monday, October 30

A1l TRW personnel traveled to Salt Lake City, Utah.
Tuesday, October 31

A11 TRW personnel proceeded to Kennecott copper smelter located in
Magma, Utah. TRW personnel met with plant officials and then pro-
ceeded to set up and prepare for Test 1 at matte tapping and slag
tapping.

Wednesday, November 1

TRW personnel perform Test 1. After the first test, samples were
recovered and the sampling trains were prepared for Test 2.
Thursday, November 2

Sampling crew performed Test 2. After sampling, the samples were
recovered and the sampling trains were prepared for Test 3.
Friday, November 3

Test 3 completed at matte tapping fugitive emission system and slag

tapping fugitive emission system. Samples were recovered and sampling

equipment was relocated to acid plant inlet and converter fugitive
emission system. A1l equipment secured and TRW personnel leave the
site at 6 pm.
Monday, November 6

TRW personnel prepared sampling trains at the converter fugitive
emission system and the acid plant inlet duct for Test 1. Due to
process operation, TRW started Test 1 and completed the first half
of Test 1.

Tuesday, November 7

TRW personnel completed Test 1 and prepared sampling trains for Test 2.
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DAILY ACTIVITY LOG

Wednesday, November 8

TRW sampling crew performed Test 2 and recovered samples. Due
to production, TRW completed the testing on the first half of
Test 3.

Thursday, November 9

TRW completed Test 3 and recovered samples. TRW personnel prepared

concentrate dryer test position for sampling. Due to impending snow

storm prediction, TRW secured equipment and left the site at 6 pm.
Friday, November 10

TRW personnel proceeded to California.
Monday, November 11

TRW personnel returned to the plant and prepared equipment for test-
ing at the converter fugitive emission duct.
Tuesday, November 12

TRW personnel performed three two hour tests during the operation of
the concentrate dryer.
Wednesday, November 13

A1l samples were recovered, sampling equipment packed into mobile
Taboratory and TRW Teft Kennecott copper at Magna, Utah. TRW personnel
returned to California with mobile environmental unit.
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DATE:

SUBJECT:

FROM:

T0:

EPA FORM 1320-6 (REV. 3-76)

?; '

; .- UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
Lo Office of Air Quality Planning and Standards

11/7/79 Research Triangle Park, North Carolina 27711

Source Test Report

J. E. McCarley, Chief, Field Testing Section,
Emission Measurement Branch ESED (MD-13)

See Below

The enclosed final source test report is submitted for your
information. Any questions regarding the test should be directed -
to the Project Officer (telephone: 8/629-5243:. Additional
copies of this report are available from the ERC L1brary, Research
Triangle Park North’ Caro]1na 27711.

'Industry: Non-ferrous Sme]ter?frn~;r’;r
Process: Primary Cepper

Company:  Kennecott Copper Corporaticn
Location: Magna, Utah

Project Report Number: . 78-CUS-13

Project Officer: Frénk Clay

Enclosure

Addressees:

John Nader, ESRL (MD-46)

Arch MacQueen, MDAD (MD-14)

Rodney Midgett, EMSL (MD-77

Frank Biros, DSSE (MD-EN-341)

Director, Air & Hazardous Materials Division, Region VIII
(copy enclosed for State agency%

Bob Kilgore, EPA Library Services (MD-35)





