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SECTION 1 

SUMMARY 

General Chemical Corporation retained Roy F. Weston, Inc. (WESTON) to perfm a source 

compliance testing and analysis program at its sulfuric acid production facility in Clayrnont, 

Delaware. 

The objective of the program was to determine the compliance status of the sulfuric acid stack 

relevant to sulfuric acid mist and sulfur dioxide emissions in accordance with the pennit issued 

by the State of Delaware Department of Natural Resources and Environmental Control (DNREC). 

Also, additional SQ'measurcments were obtained to demonstnte the relative accuracy of the 

sulfuric acid stack SQ continuous emission monitor (CEM) and to verify the concentration of 

the SQ CEM calibration gas cylinder. 

Testing and analytical procedures specified by the US. Environmental Protection Agency P A ) .  

as approved by the DNREC. were used throughout the test program. A total of three (3) EF'A 

Method 8 and eight (8) EF'A Method 6 tests were conducted on the sulfuric acid stack during the 

Program. 

An additional six (6) EPA Method 6 tests were performed on the SOz CEM calibration gas 

cylinder. 

Representatives of DNREC were present during the test program. 

A summary of the sulfuric acid mist p d  sulfur dioxide test results is presented in Table 1. A 

summary of the CEM relative accuracy for SOz is psented in Table 2. Table 3 presents a 

summary of the analysis of the standard gas cylinder and Table 4 presents a summary of EF'A 

Method 6 and 8 SQ test results. Detailed test data and test results summaries are included in 

Tables 5 through 7 of the test results and discussion section. 
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GENERAL CHEMICAL CORPORATION 

TABLE 2 

RELATIVE ACCURACY OF THE SO, MONITOR 

Date 

11/19/91 1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

Difference RM' 
Time PPm M2 @) @)l 

0910 - 1042 119 140 21 441 

11/19/91 1200 - 1322 

11/19/91 1455 - 1618 

11/20/91 ' 0800 - 0820 

11ROt91 o900 - 0920 

105 124 19 361 

95 108 13 169 

112 116 4 16 

111 119 8 64 

~ 

11m/91 

11R0/91 

1005 - 1025 106 113 I 49 

1100 - 1120 117 120 3 9 

11RO/91 

11/20/91 

1200 - 1220 112 130 18 324 

1302 - 1322 121 131 10 100 

standard kviation3 = 8.3 

Confidence Coefficient = 6  

11R0/91 

11/20/91 

Monitor Relative Accuracy (percent) = 15 

1415 - 1435 107 128 21 441 

1505 - 1525 124 120 -4 16 

RM = Measured sulfur dioxide concentration by Method 6 and 8 test train @pm/v). 

M = Average concentration measured by SOz monitor during test period (ppdv). 

Totals - 
Average - 

See Appendix C for example calculation. 

gdJl6rub 1-3 

1,229 1.349 120 1.990 

112 123 11 181 



GENERAL CHEMICAL CORPORATION 

TABLE 3 

Measured SO2 
Method 6 Concenuation 

Test Number @Pd 

1 599 

2 640 

662 3~ 
4 -  637 

5 612 

6 622 

Average 629 

certified Value 
@Pm) 

_-_ 
--_ 
--- 
--- 
--- 
--_ 

701.8 
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GENERAL. CHEMICAL CORPORATION 
CLAYMONT DELAWARE 

TABLE 4 
SUMMARY OF EPA METHOD 6 AND METHOD 8 

SULFUR DIOXIDE TEST RESULTS 

I ppdv = parts per million by volume dry basis at standard conditions of 68'F and 29.92 inches Hg. 

gC€IlCkUb 1-5 



SECTION 2 

INTRODUCTION 

General Chemical Corporation rerained WESTON to conduct a source testing and analysis 

program at its Claymont, Delaware sulfuric acid production facility. 

The primary objective of the survey was to determine the sulfuric acid mist and sulfur dioxide 

compliance status of the sulfuric acid stack with DNREC limits. Additional SQ test runs were 

performed on the sulfuric acid stack and S q  calibration gas cylinder for the purpose of 

determining the relative accuracy of the SQ CEh4. These results are summarized in Tables 1 

through 4 of the summary section. 

State of Delaware approved test methods were used throughout the program. All tests were 

performed during the period of November 18-20, 1991. by WESTON Air Quality Testing 

Services personnel. 

Detailed test data and test result summaries arc presented in Tables 5 through 7 of this report. 
Descriptions of the test location, test equipment, test procedures, sample recovery techniques and 

analytical methods used during the survey are also included herein. Raw test data, laboratory 

reports, process conditions and sample calculations, equipment calibration records and a list of 

WESTON project participants are provided in Appendices A through E, respectively. 

OCO1- 2- 1 



SECTION 3 
DESCRIPTION OF TEST LOCATION 

3.1 SULFURIC ACID STACK 

Two test ports, 900 apart, wen installed on a horizontal straight section of the duct (WID) 

leading to the brick sulfuric acid stack. The pons are located at a site which is 4.0 diameters 

from the nearest upsneam disturbance. The ports are 2.4 diametm upshtam from a bend leading 

to the brick stack. Twenty-four (24) traverse points, 12 per port axis, wen utilized for the 

Method 8 testing as required in EPA Reference Method 1. A schematic showing the location of 

the sampling ports and the traverse point distances is presented in Figure 1. 
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SECTION 4 

DESCRIPTION OF SAMPLING TRAINS 

4.1 METHOD 8 - SULFURIC ACID MIST/SULFUR DIOXIDE STACK LOCATION 

The sampling train utilized to perform the combined H$OJSQ sampling was an EPA Method 

8 train, modifitd with the use of a heated Teflon line between the sample probe and the first 

impinger. 

A calibrated stainless steel nozzle was attached to a heated (-250OF) borosilicate probe 6 feet 

in length. The probe was c o ~ e ~ t e d  to the fmt of four impingers by means of a heated flexible 

Teflon line. The fmt impinger contained 200 ml of 80 pelrent isopropyl alcohol and was 

separated from the second impinger by an unheated filter holder containing an unweighed 934 

AH glass fiber filter. The second and third impinger each contained 100 ml of 3% hydrogen per- 

oxide. and the fourth impinger contained 300 grams of dry silica gel. The first and third 
impingers were standad Greenburg-Smith types. the second and fourth were of a modified 

design. All impingers were maintained in an ice bath. A Nutech control console with a leakless 

vacuum pump, a calibrated dry gas meter, a calibrated dice, and inclined manometers com- 

pleted the sample train (see Figure 2). 

Reagent grade isopropanol and hydrogen peroxide were used in the impinger train. 

Flue gas velocity was measured with a calibrated "S" type pitot tube (provided with extensions) 

fastened alongside the sampling probe. Flue gas temperature was monitored with a calibrated 

direct readout pyrometer equipped with a chromel-alumel thermocouple positioned near the 

sampling nozzle. Impinger exit gas t e m p e r a m  was monitored with a calibrated direct readout 

pyrometer equipped with a chromel-alumel thermocouple positioned after the last impinger. 
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4.2 METHOD 6 - SULFUR DIOXIDE - STACK LOCATION 

The sampling uain utilized to perform the sulfur dioxide sampling was an EPA Method 6 hain, 

modified with the use of large impingers as described below: 

A calibrated stainless steel nozzle was attached to a heated (-250°F) borosilicate probe 6 feet 

in length. The probe was connected to the first of four impingers by means of a rigid 

borosilicate connector. The fmt impinger contained u)o ml of 80 percent isopropyl alcohol and 

was separated from the second impinger by an unheated filter holder containing an unweighed 

934 AH glass fiber filter. The second and third impingers each contained 100 ml of 3% 

hydrogen peroxide, and the fourth impinger contained 300 grams of dry silica gel. The first and 

third impingm were standard Greenburg-Smith types, the second and fourth were of a modified 
design. All impingers were maintained in an ice bath. A Nutech control console with a leakless 

vacuum pump, a calibrated dry gas meter, a calibrated orifice, and inclined manometers 

completed the sample uain (see Figure 3). 

Impinger exit gas temperature was monitored with a calibrated direct readout pyrometer equipped 

with a chmmel-alumel thermocouple positioned after the last impinger. 

4.3 METHOD 6 - SULFUR DIOXIDE - CALIBRATION GAS CYLINDER 

The sampling uain utilized to perform the sulfur dioxide sampling of the CEM calibration gas 

cylinder was a EPA Method 6 train. 

A calibrated 0-1 liter per minute range rotameter was placed between the cylinder valve and the 

first of four midget impingers. The first impinger contained 15 ml of 80 percent isopropyl 

alcohol. The m n d  and third impingers each contained 15 ml of 3 percent hydrogen peroxide. 

All impingers were maintained in an ice bath. A calibrated dry test meter housed in a Nutech 

VOST control console followed the final impinger and was used to measure the sampled gas 

volume. 
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SECTION 5 
TEST PROCEDURES 

5.1 PRELIMINARY TESTS - SULFURIC ACID STACK 

Preliminary test data were obtained at the sulfuric acid stack. Stack geomehy measurements 

were verified, and traverse point distances ca l cu ld  A preliminary velocity traverse was 

performed utilizing a calibrated "S"-ty-pe pitot tube and mer inclined manometer to determine 

velocity profdes. Flue gas temperatures wen observed with a calibrated direct readout pyrometer 

equipped with a chromel-alumel thermocouple. Water vapor content was estimated from previous 

stack test data. 

A check for the presence or absence of cyclonic flow was conducted at the test location prior to 

formal testing. The cyclonic flow check proved to be negative (" ~10")  thus verifying the 

suitability of the test site for obtaining representative samples. 

Preliminary test data was used for nozzle sizing and nomograph set-up for Method 8 isokinetic 

sampling procedures. 

Calibration of probe nozzles, pitot tubes, metering systems and temperam gauges was 

performed as specified in Section 5 of EPA Method 5 test procedures (see Appendix D for 

calibration xecords). 

5.2 FORMAL TESTS - SULFURIC ACID STACK 

A series of three H$0,/S02 EPA Method 8 test runs were conducted on the sulfuric acid stack 

location. An additional eight Method 6 test runs were conducted at the stack location for the 

purpose of determining the relative accuracy of the stack SQ CEM. 

016ARPT 5-1 



Test period length fur each Method 8 acid mist/SQ test run was 72 minutes (24 total traverse 

points at 3 minutes each). Each Method 6 test run on the stack and cylinder was 20 minutes in 

length. 

During the Method 8 H$OJSQ sampling. gas strul~~l velocities were measured by inserting a 

calibrated "S"-type pitot tube into the gas stream adjacent to the sampling nozzle. The velocity 

pressure differential was observed immediately after positioning the nozzle at each traverse point, 

and the sampling rate was adjusted to mainrain isokineticity. Flue gas temperature was monitored 

at each point with the pyrometer and thermocouple. Temperature measurements were made at 

the final impinger and at the inlet and outlet of the dry gas meter. Test data were recorded at 
each point during all test periods. 

The Method 6 stack samples were obtained at a single point (midpoint) in the flue gas stream. 

A constant rate (< 0.5 cfm) sampling technique was employed to collect the twenty minute 

sample for each run. Temperature measurements were made at the final impinger and at the inlet 

and outlet of the dry gas meter. 

A constant rate (1.0 Liter per minute) sampling technique was used to sample the CEM calibration 

gas cylinder. During each 20 minute sample period mtameter readings were monitored along 

with dry gas meter pressures, volumes and temperatures. 

Leak checks were performed on each apparatus according to method instructions, prior to and 

following each run. In addition, leak checks were conducted before and after each traverse 

change over during each Method 8 test run. 

During each Method 8 test run. a constant rate integrated sampling technique was employed to 

collect flue gas samples at each traverse point for the molecular weight determination using an 

Orsat analyzer. The sampling nain was operated fur 5 minutes with the tedlar bag disconnected 



to purge exnanwus gases prior to each test.  The Method 3 flue gas sample Win was leak 

checked befm and after each test run. 

Following completion of all KSOJS02 test runs, the impingcrs were purged with cleaned 

ambient air for 15 minutes. The purge air was passed through a 3% €I.& solution prior to the 

test impingcrs, to remove any SQ present in the ambient air. 
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SECI'ION 6 

ANALYTICAL PROCEDURES 

6.1 SULFURIC ACID MIfXISULFUR DIOXIDE SAMPLE RECOVERY 

At the conclusion of each test, the sampling main was dismantled, the openings sealed, and the 

components tiansported to the field laboratory. 

A consistent procedure was employed for sample recovery: 

1. The internal surfaces of the nozzle, probe, and probe to impinger flexible (Teflon) 

line were rinsed with 80% isopropyl alcohol while brushing and the rinses p o d  

into a plastic container (sample type 1). 

2. The contents of the first impinger wen weighed to the nearest 0.1 gram and the 

value recorded. The liquid was added to the nozzle/probe wash (sample type 1) 

along with an 80% isopropyl alcohol rinse of the impinger, glass connectors and 

front-half of the unheated filter holder. The unheated glass fiber filter was added 
to the 80% isopropyl alcohol nozzle/probe wash, impinger contents and wash. 

3. The total liquid in the second and third impingers was weighed to the nearest 0.1 

gram and the value recorded. The liquid was placed in a plastic container along 

with a distilled water rinse of the impingers and connectors and back-half of the 

unheated filter holder (sample type 2). 

4. The silica gel was removed from the last impinger and immediately weighed to 

the nearest 0.1 gram. The weight gain was recorded. 

6-1 



5. Blank samples of the 80% isopropyl alcohol and 3% hydrogen peroxide solutions 

wen placed into plastic containers. 

Each container was labeled to clearly identify its contents. The fluid level in each container was 

marked to determine whether or not leakage occurred during transport to WESTON laboratories. 

All samples were placed in a locked crate for shipment. Sulfur dioxide audit samples were 

supplied by DNREC. The audit results were reported and were within the acceptable range. The 

SO2 audit results are provided in Appendix B. 

6.1.1 Sulfur Dioxide SamDle Recovery 

For each M6 test the sample recovery procedure was the same and was performed in the 

following manner: 

1. The internal surfaces of the nozzle, and probe were rinsed with 80% isopropyl 

alcohol while brushing and the Mses poured into a plastic container (sample type 

1). 

2. The contents of the first impinger were weighed to the nearest 0.1 gnun and the 

value recorded. The liquid was added to the nozzle/pmbe wash (sample type 1) 

along with an 80% isopropyl alcohol rinse of the impinger. glass connectors and 

front-half of the unheated filter holder. The unheated filter was added to the 80% 

isopropyl alcohol nozzle/pmbe wash and impinger contents and wash. 

3. The total liquid in the sccond and third impingers was weighed to the nearest 0.1 

gram and the value recorded. The liquid was placed in a plastic container along 

with a distilled water rinse of the impingers and connectors (sample type 2). 



4. The silica gel was removed horn the last impinger and immediately weighed to 

the nearest 0.1 gram. The weight gain was recorded 

5. Blank samples of the 805% isopropyl alcohol and 3% hydrogen peroxide solutions 

were placed into plastic containers. 

The recovery procedures utilized to collect the M6 cylinder test samples were identical to that 

described above except no isopropanol rinse of the probe, and Nter holder was conducted and 

the impinger solutions were not weighed since sulfuric acid mist was not a target analyte and 

moisture was not a consideration in the cylinder gas audit. 

Each container was labeled to clearly identify its contents. The fluid level in each container was 

marked to determine whether or not leakage occurred during msport to WESTON laboratories. 

All samples wcrc placed in a locked crate for shipment. 

6.2 SULFURIC ACID MISTlSULFUR DIOXIDE SAMPLE ANALYSIS 

6.2.1 Sulfuric Acid Mist 

Following a volume measurement a 100 ml aliquot of sample type 1 was pipetted into a 250 ml 
Erlenmeyer flask. Two to four drops of thorin indicator we= added and the solution tiadted to 

a pink end point with 0.01 N barium perchlorate. The titration was repeated on a second aliquot 

and the tinant volumes averaged. A reagent blank was analyzed in like fashion. 

6.2.2 Sulfur Dioxide 

Each SQ sample (sample Type 2) was analyzed as follows: 



Following a volume measurement an aliquot was pipened into a 250 ml Erlenmeyer flask and 

brought to a concentration of 80% isopropanol. Two to four drops of thorin indicator were added 
and the mixture was tihated to a pink end point with 0.01 N barium perchlorate. The titration 

was repeated on a second aliquot and on a reagent blank. Ihe DNREC audit samples were 

analyzed in like fashion. 

Prior to conduct of the titrations for both H$O, and SO2, the barium perchlorate solution was 

standardized against a standard sulfuric acid solution. 



SECTION 7 

TEST RESULTS AND DISCUSSION 

A summary of the sulfuric acid mist and sulfur dioxide test results is presented in Table 1. A 

summary of the CEM relative accuracy for SO2 is presented in Table 2. Table 3 presents a 

summary of the analysis of the standard gas cylinder and Table 4 presents a summary of EPA 

Method 6 and 8 SO2 test results. Detailed test data and test results summaries are included in 

Tables 5 through 9 of this section. 

All test data and test results shown herein are believed to be representative of process emissions 

encountered during ihe survey perid A representative of DNREC was present during a portion 

of the test program. Sulfur dioxide audit samples were supplied by DNREC and analyzed by 

WESTON with the source test samples. The audit results were rem to DNREC and were 

within the acceptable range. 

During all of the Method 8 compliance test periods. the measured sulfuric acid mist mass 

emission rate was below the DNREC allowable limit of 0.5 Ib/ton of 1009b &SO4 processed. 

The average sulfuric acid mist mass rate measured during the three test runs was 0.15 Ib/ton of 

100% &SO4 processed. The average sulfur dioxide concentration measured during the three 
Method 8 test runs was 106 parts per million by volume which was below the state allowable 

limit of 1,ooO ppmh'. The SO2 monitor relative accuracy for the eleven test runs was 15%. 



GENERAL CHEMICAL 
CLAYMONT. DELAWARE 

TABLE 5 
SUMMARY OF H2SOUS02 TEST RESULTS 

TEST DATA: 
Tesl mn number 1 2 3 
Tml locaflon SULNRIC ACID STACK 
Tml date 
Ted l i e  pemd 

SAURlM DATA 
Sampllng dumbn. min. 
Nozzle diameter. in. 
c m s ~  seaimm mzzle m, q.n. 
Barnmetric pressure. in. Hg 
Avg. orificapress. din.. in H20 
Avg. dry gas maw temp.. d6-a F 
Am. abs dry ws meter temp., deq . R  

SOURCE OPEM- M T A  (a) 
looX WS04 pmsaared. I m r  

~~~ 

11-19-91 
09101042 

72.0 
0245 

O.Wo327 
3027 
2.11 

74 
534 
4.0 

0.19 
1 .My 

Y.833 
55.305 

W.1 

2.5 
10.4 
0.0 

87.1 
28.821 
0.m 
0.997 
28.78 

i FLOW DATA: 
0.37 

0.027 
30297 

177 
637 
0.84 

24 
47.65 
19.63 
56100 
46x.3 

2.03E46 
7.97 

5.72 
31 .in 

1.WE05 
118.78 
31120 
55.65 

48.17 

11-19-91 
12001322 

72.0 
0235 

o.Wc301 
3025 

1.97 
83 

543 
15.0 
0.71 

1 .My 
53.791 
53.338 
100.7 

3.1 
11.6 
0.0 

85.3 
28.965 
0.013 
0.887 
28.82 

0.43 
0.032 

30282 
177 
637 
0.84 

24 
48.20 
19.63 

57900 
47900 

1 .&?E06 
6.35 

25.49 
4.65 

1.75E-05 
104.97 
275.02 
50.23 

48.17 

. .  
11-19-91 

14551618 

72.0 
0235 

o . m o 1  
3025 
2.07 

91 
551 
9.0 

0.43 
1.304 

55.757 
54519 
100.4 

2.6 
10.5 
0.0 

86.9 
28.832 
0.- 
0.982 
28.75 

0.40 
0.029 

30279 

637 
0.04 

24 
50.15 
19.63 
59100 
49200 

in 

3.65E06 
14.34 
57.53 
10.77 

1 .%E05 
84.78 

248.33 
4 . 5 2  

45.46 
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QENERAL CHEMICAL 
CLAYMOHT. DELAWARE 

TABLE 6 
SUMMARY OF MS04602TESTRESULlX 

TEST DATA: 
Tesl Tyn number 
Test locarion 
Test date 
Tesl line perid 

WRlM DATA: 
Sampling dufmbn. min. 
BammetnC pressure, in. Hg 
~vp.onfiipress.dm..in~~~ 
Avp. dry gas maerlemp.. dep F 
AQ. abs. dry 088 meter temp.. dep. R 
Total liquid dleded by I&. ml 
Sld. vol. ol H20 vepormll.. w.n. 
D y  gas meter calWion fetor 

SaWeMI.atdd. mnd.. 44 ( 1 )  
-MI. slmercmj.. m 

4 5 6 7 
SULNRIC ACID STACK 

1 1 - ~ 1  
08004820 

20.0 
30.14 

0.76 
63 
gP 
5.0 

024  
1.004 
9216 
9.421 

2.42E.06 
9.51 

38.13 

1.66E-n 
111.74 
292.76 

(1) Sl-condnians-68deg. F. (20deg. C . ) d  
29.92 indas (760 mm) merruy. d y  bana 

11-2091 
Mx)o0920 

20.0 
30.14 
0.75 

66 
526 
4.0 

0.19 
1 .a 
9.442 
9.595 

2.24E-x 
8.81 

35.32 

1 .WE05 
110.76 
29020 

11-2091 1 1 - 2 0 9 1  
1wSl025 11CC-1120 

20.0 20.0 
30.11 30.11 
0.75 0.75 

79 62 
539 542 
1.0 14.0 

0.33 0.66 
1 .OM 1 .x4 

10.715 9.454 
10.628 9.320 

2.52E-x 2.1OEo6 
9.91 827 

39.75 33.16 

1.75E05 l . g P E 4 5  
105.45 116.67 
27629 305.68 

7-3 
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QENERAL CHEMICAL 
CLAYMONT, DELAWARE 

TABLE 7 
SUMMARY OF H2so4/so2 TEST RESULTS 

TEST DATA: 
1-1 run number 
T e l  laation 
T e 1  dme 
Ted lime pid 

SAMRlNQ DATA: 
Sampling dumb". min. 
Barornelri=pressure. in. Hg 
Avp. orilim press. din.. in H20 
Avp. dry w maw lemp.. h g  F 
Avp. abs. dry gas rneler imp.. deg. R 
Told liquid wlleaed by train. rnl 
std. "01. of ~ 2 0  vapormii., a .n.  
Dry pas m e r  OBlbmion lklw 
Sample -1. *.meter cod., dd 
S a m p l e ~ I , m s t d . m d . . d s d [ l )  

SULFUR DIOXIDE EMISSIONS: 
Average wnummion. bldsd 
Average m m l m i o n .  ppm/v 
Average conCBnlmion. rnplcu.rn 

8 

11-2091 
12w-lPP 

20.0 
30.11 
0.75 

81 
541 
5.3 

025 
1 .My 

9.486 
9.371 

3.65E06 
14.33 
57.47 

1 .ffiEQS 
111.53 
292.2 

7-4 

9 10 11 
SULFURIC ACID STACK 
11-2091 11-2091 11.2091 

1302-132 141514.35 15051525 

20.0 20.0 20.0 
30.11 30.11 30.11 
0.75 0.75 0.75 

82 m 91 
542 549 551 
8.7 4.6 14.0 

0.41 022 0.66 
1 .My 1.304 1 .x4 

10.531 9.882 8.982 
10.378 9.714 8.724 

1.56E-M 5.15E-M 3.80E.M 
6.12 20.2 14.W 

24.56 81.11 59.81 

2.02E-95 1.78E-95 2.06E-95 
121.23 10725 1P .W 
317.63 28l.W 324.61 



QENERAL CHEMICAL 
CLAYMOM, DELAWARE 

TABLE 8 
SUMMARY OF H2SOUS02 AUDITTEST RESULTS 

1 2 3 
GAS CYLINDER CHECK 

11-18-91 
12301253 

20.0 
30.32 
0.75 
62 
sz? 

1 .w) 

19.545 
20.137 
0.711 

6.30E08 
025 
0.99 

9.95Eo5 
598.89 

1569.12 

11-18-91 
l S 1 3 1 5  

20.0 

0.75 
65 

525 
1 .OM 

19.860 
20.339 
0.718 

3032 

5.ffiE08 
020 
080 

1 .ffiE44 
640.88 

1679.13 

(1) SLandard CandiiOnS- 68w. F. (20dep. C.)and 
29.82 inches (760 mm) mercmy. dy basis 

7-5 

11-18-91 
13201340 

20.0 
30.32 
0.75 

68 
528 

1.004 
19.790 
20.163 
0.712 

7.36E48 
029 
1.16 

l.lOE44 
661.50 

1733.14 

4 5 6 
GAS CnlNDER CHECK 

11-18-91 
13461405 

20.0 
30.32 
0.75 

70 
530 

1 .w) 

19.e30 
20.144 
0.711 

3.55E08 
0.14 
0.56 

1 .ffiE44 
63725 

1669.61 

1%-la91 
141BtUO 

20.0 
30.32 
0.75 

70 
530 

I .004 
2o.m 
20.389 

0.720 

7.99E08 

126 
0.31 

1 .ME- 
611.94 

1603.30 

11-18-91 
lUC1455 

20.0 
30.32 
0.75 

71 
531 

1 .w) 

18.900 
20,147 
0.71 1 

4.47E08 
0.18 
0.70 

( .NE44  
621 .ffi 

162929 



APPENDIX A 
RAW TEST DATA 



GENERAL CHEMICAL 
CIAYMONT, DELAWARE 

Tsd rn 
Run number 
Laation 
Date 

Operaor 
Ti- p-d 

hpnsFOrcak8. 
sq. n. dena P 
Oeda n 
Smk temp. (deg.F) 
Meter temp. (d8g.F) 
Sample volume (ad.) 
homelricpess. (in.Hg) 
Volme H20 imp. Iml) 
Weigh1 chnge 511. gel (9) 
% c o 2  
% 02 
% co 
46 N 
Area of slack (sq.H.) 
Sample lime (rnin.) 
Static w k  ( m . m )  
Nozzle dm. (in:) 
Meter box &. 
c p  01 pila lube 

-Rapon- 
Acid miSt 89 H2S04 
vol. d llrate. ml(mr) 
nor. d Itrare. g-eqil 
vol. d sample ml 
vol. of fdiiuol. ml 
6iMmn lador 

SuwurdmddesrScQ 
vol. d Wale. ml(mr) 
nor. 01 lime. g+ 
vol. d sample. rnl 
MI. d fdiiun. ml 
d i M h  factor 

1 2 3 
SULNRIC ACID STACK 

11-19-91 

JDO 
0 8 1 0 1 ~ 2  

0 .776M 
2.11380 

176.67 
7425 

Y.Bu 
3027 

-17.00 
21.00 
2.530 

10.400 
0.m 

87.070 
18.63 

72 
0.370 

0.2450 
1 .w40 

0.84 

21.1 5 
0.00982 

485 
100 
1 .o 

82.70 
0.- 

375 
20 
1 .o 

11-1Wl 
12041322 

JDO 

0.801825 
1.96670 
177.13 
82.88 

53.791 
3025 
-5.00 
20.00 
3.130 

1 1 . m  
0.m 

85270 
19.63 

72 
0.430 

02350 
lW40 

0.04 

15.15 
0.- 

531 
100 
1 .o 

7820 
0.- 

338 
20 
1 .o 

11-19-91 
1455-1618 

JDO 

0.816640 
2.07300 

176.50 
90.67 

55.757 
3025 
-9.00 
18.00 
2.510 

10.530 
0.wO 

86.900 
19.63 

72 
0.400 

0.2350 
1 .oou1 

0.84 

43.33 
0 . 0 1 m  

us 
100 
1 .o 

69.70 
0.- 

350 
20 
1 .o 



GENERAL CHEMlCAL 
CLAYMONT. DELAWARE 

4 5 6 7 
SULFURIC ACID STACK 

1 1 -2091 
oBO(w)820 

AW 

0.7WW 
63.13 
9216 
30.14 
-3.00 
8.00 
20 

1 .My0 

5.70 

370 
100 
1 .o 

o.oim 

1420 
0.00988 

350 
20 
1 .o 

11-20-81 
OW00920 

AW 

0.75000 
66.38 
9.442 
30.14 

-17.00 

20 
1 .wu) 

21 .m 

5.45 

365 
100 
1 .o 

o.oioo 

1520 
0.00988 

530 
20 
1 .o 

11-2091 11-2091 
10051025 11001120 

AW 

0.7- 
78.63 

10.715 
30.11 
0.w 
7 .w 

20 
1 My0 

7.03 
0.0100 

3% 
1w 
1 .o 

15.70 
0.00998 

337 
20 
1 .o 

AW 

0.75wo 
tp.13 
9.454 
30.11 

1 .00 
13.00 

20 
1 .wu) 

6.15 

295 
100 
1 .o 

o.oim 

13.95 
0.00988 

368 
20 
1 .o 



GENERAL CHEMlCAL 
CIAYMONT. DELAWARE 

8 

11-zQ.91 
Iz,YJ.lPo 

AW 

0.75000 
81.38 
9.4% 
30.11 
-020 
5.50 

20 
1 .m 

10.40 
0.0100 
3M 
100 
1 .o 

22.95 
0.MOgs 

215 
P 
1 .o 

11-m.91 
13m-1322 

AW 

0 . 7 W  
82.13 
10.531 
30.11 
320 
5.50 

20 
1 .m 

525 

285 
100 
1 .o 

o.oim 

23.95 
0.00988 

24a 
20 
1 .o 

9 10 11 
SULFURIC ACID STACK 

, .  
l l - p 9 1  ll-Zu91 
14151435 15LI5lY5 

AW AW 

0.75000 0.75000 
09.00 90.63 
9.982 8.992 
30.1 1 30.11 
-1.40 6.50 
6.00 7.50 

20 20 
1.m l.m 

15.85 9.M 

280 340 
io0 100 
1 .o 1 .o 

o . o m  o.oim 

17.95 1620 
0.00898 0.- 

274 315 
20 20 
1 .o 1 .o 



GENERAL CHEMICAL 
CLAYMOHT. DELAWARE 

1 2 3 4 5 6 

11-1601 11-1aoi ii-im ii-iaoi ii-iasi 11-1aoi 
GAS CnlNDER CHECK GAS CnlNOER CHECK 

1pOlm 12551315 13201240 13451405 14101430 143S1455 
JDO JDO JDO JDO JDO JDO 

0.750 0.750 0.750 0.750 0.750 0.750 

62.15 65.30 68.00 69.50 69.80 71.38 

3032 30.32 30.32 30.32 30.32 30.32 
19.545 19.860 19.790 18.830 20.080 19.m 

20 20 20 20 20 20 

1 ,004 1.004 1 ,001 1.001 1.001 1.001 

0.55 0150 0.675 0.325 0.675 0.350 
O.MBD2 0.00992 0.00992 0.00992 0.00992 0.00992 

43 32 41 41 45 4a 
20 15 20 20 20 20 
1 .o 1 .o 1 .o 1 .o 1 .o 1 .o 

27.05 14.75 16.43 14.73 16.33 13.45 

E6 74 68 73 64 70 
0.00992 0.00992 0.00992 0.w992 0.00992 0.00992 

15 10 10 10 10 10 
1 .o 1 .o 1 .o 1 .o 1 .o 1 .o 



ROY P. WESTON, INC. 

EMISSION TEST DATUREPORT 
QwQC CHECK LIST 

Initial Data Data 
Data Data Check 2 Completeness 
Averages Chec) 1 (if req'd) Check 

Initial Lab Check 2 Data 
Calculator Check 1 (if ceq'd) Completeness 

Laboratory Data ~)&b Check 

'; Initial Check 2 Reasonable- 
Calculator Check 1 (if req'd) ness Check 

4 Q  Test Result 
Calculations 

Completeness 
Check 2 Reasonable- 

Author Check 1 ( i f  req'd) ness Check 

3% \lOn Test Data 
Tables 

Table of 
Contents, 

Check 2 Figure, page 
Author Check 1 (if req'd) number Check 

Report Body J 0% 

Originator Check 1 Check 2 
(if req'd) 

Appendices 
Completeness Jjc\ 
Compilation Check: Page alignment and completeness Date provided to 
Draft Report Client: 

Final Report 
(if required) I 

Final Report Review: PD B L 3  
PI4 a h  
SWDM - 

etdr10.24 



TRAVERSE FRACTION STACK COLUMNS1 DtSTANCE LOCAnONFROM 
POlKT W LD. AM)Z B OUTSIDE OF 
WER STACKID. (TONEIREST (PORT PORT 

lBNcH) DEPlM (SUMWCOLUYNS 

?. 
.-  . 



Cross Sectional Area (AS), it? 
Piot Tube ID No.: 

Pitot Tube Leak Check: 

I I I I I 

I Y / I  I / 8 /  I c) ,3  - 9  , - :  

a I .;;v I Igx I 0,w. 1 

vu *I 
'Avg. -must be c 20'10 be acceptable 
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0 
c 
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SOX SAMPLE RECOVERY AND INTEGRITY DATA FORM 

Imoinners 
Final volume (wt) 

Initial volume (wt) 

Net volume (wt) 

RECOVERED SAMPLE 

Blank Fdm contain= n u m b  Sealed 
Fdtu c o n k  number S d e d  
Description of particulate on fdra 

80% IS0  and Rinse container number Cf, - - -  -ma Liquid level marked? 

80% IS0 Blank container number 6C- PLL- &s \3 - _  Liquid level marked? 
3% H,O, Blank container number 6L-  R \ ’ h  - 1-k 0 h Liquid level marked? 

Liquid level marked?v- 3% KO, and Rinse contain- n u m b  6 C-MR - -  1 &O& 

Samples stored and locked - I - a 



a d  
IL 

. 
- 
a. 

1 

5 

> 
i 





SOX SAMPLE RECOVERY AND INTEGRITY DATA FORM 

Sample Dare 
Run N u m b  

Sample Recovery Person Rec~wyDare 11 Il ’II  fa/ 

MOISTURE 

Immnaas 80% IS0 3% €Lo1 Slllca Gel 
3 t 4  ml ~ i n a l w t  3.220~ - B Fud volume (wt) 

Ininal volume (wt) T m l  ~niywt 3aap 8 
Net volume (a) -3LY rnl 3 I ml NUW 5 3 g  - 
~odmo~ture  t IS 
Cola of shea gel 
Descnpum of implngex Wafer 

- 

Blank Filter container number S d e d  
Film container number sealed 
Desaiption of paniculate on film 

80% IS0  and Rinse container number 
3% %02 and Rinse conlainer number 
80% IS0 Blank container number 
3% H,O, Blank conlainer number 

Runarks: 

. 

-a -  pi)\) Liquid level marked? / 
GC-Mt - a - t + L  Liquid level marked? I /  

Liquid level marked? - 
Liquid level marked? - 

Samples srored and locked - /  JOi> 

Dare of labaatory custody 
LabQaIory pasoMel taking custody C L  

r .  

il -x Y/ 



C 
6 
c 
n. 

- x -  





SOX SAMPLE RECOVERY AND INTEGRITY DATA FORM 

Run N u m b  

I 
Plant 

Sample R ~ V W  Person C) b 
Sample Location .&J ou cJdtc;x, 

Filter Number(s) Id/& 

MOISTURE 

Blank Film container n u m b  Sealed 
Fdm c o n k  n u m b  Sealed 
Description of paniculate on fdm 

a Liquidlevelmarlred? 80% IS0 and Rinse container number GC-&8-3-% 7 
L Liquid level marked? - 

Liquid level marked? __ 
Liquid level marked? - 

- 3% KO2 and Rinse containex number 6 c- r? 8 - 3 
I" 

80% IS0 Blank container number 
3% H,O, Blank container number 

Remarlrs: 

Samples stored and loeked fl-19- "I). L )  

Dace of labaatory cwody w Z E I  
Laboratorypasonneltaldngc~Y C.L. 



GAS ANALYSIS  DATA FORM 

Plant  1 6  I -J Sample l o c a t i o n  

Sample' t;pe 

I m a l y t  i c a l  :,ethod o/nv\-& coments  IPd. j C Q d  

Run no. /--A23 T e r a t o r  r> d P r Y  
single-point  o r  u l t i p o i n t  grab or  in- 

Averages I I I I I I 
1 I I I I I 

% N2 = 100 - (% co2 + % o2 + % C O )  = 

wd = 0.440 (%C02) + 0.320 (% 02) + 0.280 (% N2 + % CO) = 

a 
Net % O2 = Reading 2 - Reading I 

Net % CO = Reading 3 - Reading 2 



1 
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SOX SAMPLE RECOVERY AND INTEGRITY DATA FORM 

I - a - 0  -5! 
Sample Location 
Sample Recovery Person 
Film NumWs) $, 

MOISTURE 

Immneas 80% I S 0  3% KO, Silica Gel 
Finalvolume(wt) , 2Ly.s ml % ~ . c f  ml FUWI &Of's - g  

Net volume (WI) I L . d  

Color of silica gel b\LL 2b7n 
Dscription of impingerwater &.\\ I \k#" 

Initial volume (WI) ac, I ml 
13 ml NUWI 

Total moishue 

RECOVERED SAMPLE 

Blank Fdtacontainernumber Sealed 
Fdm c o n k  number Sealed 

Description of particulate on f k  

80% IS0 and Rinse container number 
3% KOz and Rinse container number 
80% IS0 Blank container numba 
3% H20, Blank container number 

Remarlrs: 

c 4 Liquid level marked? 
01, Liquid level marked? - 

Liquid level marked? - 
Liquid level marked? - 

G c - m r - 9  - &c, I 
GC-/ 'zP - 4 

Samples stored and lodred O k  a w a  L \ -aL3 -9./ 

D a t e o f ~ c u s t o d y  /I-% - c)I/ 
C I L  Labaratoypcrso~-g-Y 

. .  . . . .  . _- .. 



SOX SAMPLE RECOVERY AND INTEGRITY DATA FORM 

Plant rL0.A . h p l c b  //-JiI -91 
Sample Location Run N u m b  e U E  
Sample R ~ V W  person J t9 0 Remvery Date / /  -do -?/ 
Fdm Numbfs) u /.a 

MOISTURE 

Impinnen 
F d  volume (wt) 

Initial volume (wt) 

Net volume (wt) 

RECOVERED SAMPLE 

Blank Filterconrainanumber Sealed 
Fdm eontaina n u m b  Sealed 

Description of paniculate on fdm 

80% IS0 and Rinse confainer number A < - /t /R - 1 -2 \3 Liquid level marked? - L/ 

Samples slored and locked 0% I \ - *&a  * y f 

3% 30, and Rinse UnLainer number 6 
80% 1SO Blank Container number 
3% H,O, Blank container number 

Remarlrs: 

DaE of laboraLay CWKdy 

Relnaks 

- & f - S  - 4-d.A Liquid level marked? 2 
Liquid level marked? - 
Liquid kvel marked? __ 

\I  ,> 
w - 

J & -011 
LaboraroryP==~laldng-Y C , L  



SOX SAMPLE RECOVERY AND INTEGRlTY DATA FORM 

Run Number 
Reeovay Date 

L& Plant o-s, 
Sample Location 
Sample R W V ~  Person A I 
Filter Number($ 

MOISTURE 

RECOVERED SAMPLE 

Blank Fitscontainernumh Sealed 
Filter container number Sealed 

Description of particulate on fdta 

- m9-6- D 0 80% IS0 and Rinse container number /?( 
3% 
80% IS0  Blank container n u m b  
3% H,O, B W  container number 

Liquid level marled? -/ 
Liquid level marked? - 

Liquid level marked? - 
Liquid level marked? - 

1 and Rinse container number K f  e - 

samples S d  and locked 



MOISTURE 

Blank Film container number Sealed 
Film container number Scaled 
Description of paniculate on fdta 

80% IS0 and Rinse container number 6c - /%? - 7- % 0 Liquid levelmarked? 
quid level marked? - 

80% IS0 Blank container number .: Liquid level marked? - 
. Liquid level marked? - 3% HzO, Blank container number 

w 
L/ r 3% KOz and Rinse container number / ” 

:.. 
:.>.. 
I X .  
2 Samples stand and locked , 
.. . 

Rl%lalk 



Sox SAMPLE RECOVERY AND INTEGRlTY DATA FORM 

3% KO, Silica Gel 
IFinaiwt - g 

B 
g 

ml ~nirialwt 3 03 - 
s - Initial volume (wt) a-bI ml -* / Immnaers 

Final volume (wt) 

Net volume (wt) - 4.4 ml FA ml ~ e t w t  s.S 
Total moisture 4- s . 3  
Colcs of silica gel L 7,Q 7 3  
Description of impinger'water 11 I r.1 Q& 

\ - .. 
RECOVERED SAMPLE 

Blank Filter container number Sealed 
Filter c o n k  number Sealed 

Descriplion of p a r t i c W  on fdter 

- 2 -% 0 Liquidlevelmarked?J 80% IS0 and Rinse container number &- 
quid level marked? __ 

80% IS0 Blank container number Liquid level d e d ?  __ 
3% H,O, Blank container number Liquid level marked? - 

/ - - 3% KO, and Rinse container number /? < - 

Samples staed and locked 



SOX SAMPLE RECOVERY AND INTEGRITY DATA FORM 

Imoinnas Silica Gel 
Final volume (wt) 

Initial volume (wt) 

Net volume (wt) 
Tolal moisture 4- q . 3  
Color of silica gel %=lo l A 4  
Description of impinger W a m  c( I !  r , ! f m J  

RECOVERED SAMPLE 

Blank Film container number Sealed 
Film c o n k  number Sealed 

Description of particulate on film 

J 
-7, 

80% IS0 and Rinse container number 0 Liquid level marked? 
3% KO2 and Rinse container number - - Liquid level marked? __ 
80% IS0 Blank container n u m k  
3% H20, Blank container number 

Liquid level marked? __ 
Liquid level marked? - 

Samples SKXed and locked 



Imuinnas 
Final volume (wt) 

Initial volume (wt) 

Net volume (wt) 

RECOVERED SAMPLE 

. Blank Filta container number Sealed 
Fdw container number Sealed 

Description of paniculate on film 

80% IS0 and Rinse container number GC-PlT # ./a -3 
3% KO, and Rinse container number 
80% IS0 Bknk container number 
3% H,O, Blank container number 

R&: 

r /  J Liquidlevelmarked? 
/;r - P-lP-/O - -AQh - Liquid level marked? - 

Liquid level marked? ___ 
Liquid level marked? - 

Samples stored and locked 

DaIe of laboratay CurICdy / ~ - X - Y /  
-v paswnel taLing C d Y  



SOX SAMPLE RECOVERY AND INTEGRlTY DATA FORM 

MOISTURE 

Imuinners 80% IS0 3% KO2 Silica Gel 
Final volume (wt) X C d  20b ml Finalw s g 
Initial volume (wt) 

Net volume (wf) 

Color of silica gel 

P 
P 

Total moisnue 4- I c - l  
b\\;e, h /v J 

Dermption of impingkr water all f l&*J 

RECOVERED SAMPLE 

Blank Filter container number Sealed 
Filler container number S d e d  
Description of particukte on filler 

80% ISO and Rinse container number 
3W~0,andRinsecontainernumber 6 C  -4f - 1 t  -HAD, Liquid level marked? - 
80% IS0 Blank conmer number Liquid level &ed? __ 
3% H201 Blank conmuner number Liquid level marked? - 

s GC -q - 8 - I -Eo Liquid level marked? 
7 

Samples stored and locked 
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APPENDIX B 
LABORATORY REPORTS 



WESTON WAY 
WEST CHESTER, PA 19380 
PHONE 215-692-3WI 

1 TELEX 83-5348 

- 
Audit Vial Measured Concentration 
ID Number rngjdscrn 

A01201 2,432. 
A00108 797. 

11 December 1991 

State of Delaware 
Department of Natural Resources 

Division of Air and Waste Management 
715 Gramthan Lane 
New Castle, DE 19720 

Attention: Mr. Charles S. k i c k  

and Environmental Control 

Environmental Engineer 

General Chemical Compliance Test Program 
Sulfur Dioxide Audit Results 

Subject: 

W.O. # 3840-02-02 

Dear Charles: 

The purpose of this letter is to document the results obtained by WESTON Analytics for the two 
(2) sulfur dioxide audit samples provided by you on 18 November 1991. 

The audit identification number and associated measured concentrations are as follows: 

Please advise me as to the acceptability of these audit results. 

Please contact me at (215) 430-7201 should you have any questions. 

Very truly yours. 

ROY F. WESTON, INC. 

Senior Section Manager 

JDO/m b 
cc: Joseph Hardman - General Chemical 



Inter-Office Memorandum 

Auburn Operations 
TO: 

Jeff ONeill 

FROM: 

PROJECT: 

SUBJECT: 

Catherine Lloyd 

General Chemical 

Laboratory Results 

DATE: 

W.O. NO.: 
4 December 1991 

3840-02-02 

ACTION: 

RESULTS AND DISCUSSION: 

Attached are the results for samples submitted to the laboratory for analysis on 23 
November 1991. 

ANALYTICAL METHODOLGY: 

The analysis is performed following EPA Reference Method 8 for all except samples 
numbered GC-CA-l-H202 through -6-H202 (CF1777 - CF1782), which were analyzed 
following EPA Reference Method 6. 

QUALITY ASSURANCE / QUALITY CONTROL 

Two EPA audit samples are run along with each set of samples and agreed to within five 
percent of their actual values. 



SULFUR DIOXIDE / SULFURIC ACID ANALYSIS DATA 

Refer to R#e : ,g 

v, 
N e d  

TRIAL1 TRIAL2 UNITS 

ml 

normal 

I N- I I I I 

Vo[umc, Normality, 
BOCL, Normality= 

BacL, vo[rrmr 



SULFUR DIOXIDE / SULFURIC ACID ANALYSIS DATA 

TRIAL1 

SAMPLE ID:,/- SAMPLE ID:,,,,-+ 

TRIAL1 TRIAL2 

TRIAL2 UNITS 

I v* I 4 /  I 4-5- 

V d  

I I -  

I ml 

BaCI, Normalitg I I I 
occ57,r- I 

ml 4s 

=i=M 0.05 0. 0,- 

BARIUM CHLORIDE NORMALlTY CALCULATION 

I Nd I I I 

I I "- I I 
I I I I 

I N -  I 1 



SULFUR DIOXIDE / SULFURIC ACID ANALYSIS DATA 

WORK ORDER NO. 38-90 -0.L-oz 

MATRIX N2.a 
DATE f L / o Z / ? l  

BARIUM CHLORIDE NORMALlTY CALCULATION 



SULFUR DIOXIDE / SULFURIC ACID ANALYSIS DATA 

R c t r  Io Pap : ,T 

v, 

N, 

I I R U N # &  R U N # +  R U N b ' 5  I 
TRIAL1 I TRIAL2 I TRIAL1 I TRIAL2 I TRIAL1 I TRIAL2 I m s  

TRIAL1 TRIAL2 UNlTS 

ml 

oarmal 

MD 

I I START I I l d l  
ml 

I I I I 

I N- I I I I 



SULFUR DIOXIDE / SULmTRIC ACID ANALYSIS DATA 

SAMPLE ID:pF/*~ 

R U N # /  

TRIAL1 TRIAL2 
I 

SOURCE 

ANALYST 

SAMPLE ID:cr,+g4 SAMPLE ID:, /7 @$- 

t R U N # 3  

TRIAL1 TRIAL2 TRIAL 1 TRIAL2 UNlTS 

B W  CHLORIDE NORMALITY CALCULATION 

Refer UI P, : I 



SULFUR DIOXIDE I SULFURIC ACID ANALYSIS DATA 

V U  

I1 I[ 

BARIUM CHLORIDE NORMALITY CALCULATION 

ml 

Volumc, Normality- 
BacI, Normcl[iry- Bac'I VoLOnc 

page of 



SULFUR DIOXIDE / S ~ m T R I C  ACID ANALYSIS DATA 

BARRrm CHLORIDE NORMALlTY CALCULATION 

Volume, Normdiiyd 
Bahc1, Normnliry- Bac'I volume 



SULFUR DIOXIDE / SULFURIC ACID ANALYSIS DATA 

Refer u, hge : 

v, 
NUU 

A N A L Y S T A  

TRIAL1 TRIAL2 UNITS 

ml 

O O d  

WORK ORDER NO. 3S4u - 0 1  -0-L 

MATRIX 3m 

DATE 

MD ml 

I 1 Srm I I l * l  

I I "- I I l d l  
I N- I I I nod I 
I I I I 

Volumc, Nornrolily, 
BoC4 Normclliry- Bac1, volume 



SULFUR DIOXIDE I SULFURIC ACID ANALYSIS DATA 

TRIAL1 

RUN# RUN# z I 
TRIAL1 I TRIAL2 I TRIAL1 I TRL4L2 

TRIAL2 U M T S  

v, I ml 

I N, I I nod I 

I I "- I I 
1 I I I I 

I N -  I 



SULFUR DIOXIDE / SULFURIC ACID ANALYSIS DATA 

ml 337 

I1 

BARIUM CHLORIDE NORMALITY CALCULATION 

I I 

I I I I 



SULFUR DIOXIDE / SULFURIC ACID ANALYSIS DATA 

CLIENT C*iMn 

SOURCE 

ANALYST e 

BARIUM CFILORDE NORMALITY CALCULATION 

Volumed NormolirY, 
Bac1, Normnlity- 

B a q  volumc 



SULFUR DIOXIDE / SULFURIC ACID ANALYSIS DATA 

TRIAL1 

WORK ORDER NO. 3E?5'.o-or 

M A W  

DATE 

TRIAL2 UNITS 



SULFUR DIOXIDE / SULFURIC ACID AUDIT DATA 

v. (sa 
TRIAL1 TRIAL2 TRIAL1 TRIAL2 TRIAL1 TRIAL2 UNlTS 

0.021 0.021 0.021 d r m  

I V. 

I BaC1,Normalitg 

100 

I 

100 I 100 

zo. 0 I 

BARIUM CHLORIDE NORMALITY CALCULATION 

I I 

page /3 of & 



! 

SULFUR DIOXIDE / SULFURIC ACID ANALYSIS DATA 

v, ' 

RUN #& RUN # I 
TRIAL1 I TRIAL2 I TRIAL1 I TRIAL2 I TRIAL1 I TRIAL2 I U N I T S  

ml 

BARIUM CHLORIDE NORMALITY CALCULATION 

I I I I I 
I I I 

I I "- I I I 

Volrmu, Nonnaliry, 
BacI, Normality- BrrcL, VoIIune 

1 



SULF’UR DIOXIDE I SULFURIC ACID AUDIT DATA 

‘I 
i 

WORK ORDER NO. 3P9O-02 - C 2 

BARNM CBLORlDE NORMALITY CALCULATION 

VoLuu, N o n u r u l y ,  
BaCl, Nondi ty -  

BOCI, V o k  



SULFUR DIOXIDE / SULFURIC ACID AUDIT DATA 

EPA AUDlT LOT # 5 - 5 7  

ANALYST DATE //,,A, 



B 

x 



J 

- 

c 



3 



APPENDIX c 
PROCESS CONDITIONS AND SAMPLE CALCULATIONS 



SAMPLE CALCULATIONS FOR 
MOISTURE, FLOW, AND DENSrPl 

Client: - Plant: - 
Test Run No.: h u l l  Test Date: 11-19-91 
Test Location: Test Period: Q910-1042 

1. Volume of dry gas sampled at standard condins (68 OF, 29.92 in. Hg), dsd. 

Vm(std) 

Vm(std) 

Where: 

Vm(std) 

Vm 

Pb 

AH 

Tm 

Y 

17.64 

i3.6 

= Volume of gas sample measured by the dry gas meter, 
corrected to standard conditions, dscf. 

= Volume 01 gas sample measured by the dry gas meter 
at meter condlions. dcf. 

= Barometric Pressure, in Hg. 

= Average pressure drop across the orifice meter, in H20 

= Average dry gas meter temperature , O F .  

= Dry gas meter calibration factor. 

= Factor that includes ratio of standard temperature 
(528 O R )  to standard pressure (29.92 in. Hg), "Win. Hg. 

= Specific gravity of mercury 

18-DW-91 c:~irteam\smpcalc\flow.wkl 



2. Volume of water vapor in the gas sarrple coneded to Standard conditions, scf. 

Vw(std) = (0.04707 x VWC) t (0.04715 X WSg) 

Vw(std) = ( 0.04707 x -17.0 ) + ( 0.04715 X 21 .O ) = 0.190 

Where: 

Vw(std) = Volume of water vapor in the gas sample COnected to 
standard conditions, scf. 

vwc = Volume of liquid condensed in impingers. ml. 

wwsg 

0,04707 = Factor which includes the density of water 

= Weight of water vapor collected in silica gel, g. 

(0.002201 IWml), the molecular weight of water 
(18.0 IMb-mole), the ideal gas constant 
21.85 (in. Hg) (RA3)flb-mole)(OR): absolute 
temperature at standard conditions (528 O R ) .  absolute 
pressure at standard conditions (29.92 in. Hg), RA3/ml. 

0,04715 = Factor which includes the molecular weight of water 
(18.0 Ibllb-mole). the ideal gas constant 
21.85 (in. Hg) (RA3)Abmole)(OR); absolute 
temperature at standard condlions (528 O R ) ,  absolute 
pressure at standard conditions (29.92 in. Hg), and 
453.6 gib. flA3/g. 

3. Moisture content 

0.190 
0.003 = ___________-- = Bws 

0.190 + 55.305 

Where: 

Bws = Proporlion of water vapor, by volume, in the gas 
stream, dimensionless. 

18-Dec-91 c:\airleam\SmpcalcUbw.wki 



4. Mole fraction d dry gas. 

Md = 1 -BWS 

Md = 1 ~ 0.003 = 0.997 

Where: 

Md = Mole fraction of dry gas, dimensionless 

5. Dry molecular weQm d gas stmm, Ibllbmole. 

MWd 

MWd 

Where: 

MWd 

% c 0 2  

% 0 2  

% N2 

% co 

0.440 

0.320 

0.280 

= ( 0,440 X %  C02)  + ( 0.320 x %02) + ( 0.280 X (% N2 + %GO)) 

= 

= 28.82 

( 0,440 x 2.53 ) + ( 0.320 x 10.40 ) + (0.280 X ( 87.07 + 0.00 )) 

= Dry molecular weigM , Ib/lbmole. 

= Percent carbon dioxide by volume, dry basis. 

= Percent oxygen by volume, dry basis. 

= Percent nitrogen by volume, dry basis. 

= Percent carbon monoxide by volume, dry basis. 

= Molecular weigM of carbon dioxide. divided by 100. 

= Molecular weigM of oxygen, divided by 100. 

= Molecular weight of nitrogen or carbon monoxide, 
divided by 100. 

18-Dec-91 c:\airleam\smpcalcVlow.wki 



6. Actual molecular weight of gas stream (wet basis), IMtjmole. 

MWS = ( M W d x M d ) + ( 1 8 x (  

MWs = ( 28.82 X 0.997) + 18 ( 

Where: 

- Md 1) 

- 0.997 )) = 28.78 

MWs = Molecular weight 01 wet gas, IMb-mole. 

18 = Molecular weight of water, IMb-mole. 

7. Average veloci of gas stream at adual condilins, Wsec. 

vs 

vs 

Where: 

vs 

85.49 

CP 

Ts 

Ps 

Ts (avg) 

Ps x MWS 
= 85.49 X Cp X ((A p)W2)avg X ( )V/2 

637 

30.30 x 28.78 
= 85.49 x 0.84 X 0.776520 X ( )A1/2 = 47.65 

= Absolute gas stream temperature, "R = Ts, O F  + 460. 

P(static) 
= Absolute gas stack pressure, in. Hg. = Pb + -------------- 

13.6 

= Velocay head of stack, in. H20. 

18-Dec-91 c:\airteam\smpcalcWow.wki 



8. Average gas stream volumetric flowrate a! m a l  conditions, wad/hr. 

&(act) = 3,600xVsxAs 

Qs(ad) = 3,600 x 47.65 x 19.63 

= 3366000 

Where: 

&(act) = Volumetric flowrate of wet stack gas at actual 
conditions, wacfihr. 

AS = Cross-sectional area of stack, t"2. 

9. Average gas stream dry volumetric flowrate at standard conditions, dscflhr. 

PS 

TS 
Qs(std) = 17.64 x Md x ----- x Qs(act) 

30.30 

637 
Qs(std) = 17.64 x 0.997 x X 3367070 

= 2814000 

Where: 

Qs(std) = Volumetric flowrate of dry stack gas at standard 
conditions. dsct/hr. 

18-Dec-91 c:\airteam\smpcalcVlow.wkl 



SAMPLE c,ucumnoNs FOR 
SULFUR DIOXIDES TEST (USEPA METHOD 6) 

Client: - Plant: - 
Test Run No.: Test Date: lkl9B.l 
TestLocation: Test Period: a910-1042 

I. Sulfur dioxide concentration, IWdscf. 

V(soln) 

v(a) 
7.061 x 10"-5 X (V(t) - V(tb)) x N x X D 

_ _ _  ________  ~ ______--____---- ~ _ _ _ _ _ _  ~ _ _ _ _ _ _  _ _  -____.---- ~ ___--- -__- Cl(S02) = 
Vm(std) 

375 

20 
7.061 X 10"-5 X (82.70 - 0.00) X 0.0100 X ------I X 1.00 

c1 (S02) = ____  _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _  ______.__.___ ~ -___ ~ _-..-__----- __- 
55.305 

= 1.98E-05 

Where: 

Cl(SO2) = Sultur dioxide concentration, Ibldscf. 

V(t) = Volume of barium perchlorate tarate used for 
the sample, ml. 

VUb) = Volume of titrate used for the blank, ml. 

N = Normalky of barium perchlorate titrate, geg.11. 

V(soln) = Total solution volume of SO2 sample (contents 
of first two impingers +washes), probe and front 
half wash 8 filter). ml. 

V(a) = Volume of sample aliquot titrated, ml. 

D = Dilution factor 

7.061 x 10A-5 = Conversion factor including number of grams per 
gram equivalent of sullur dioxide (32.0 g g  - eg) 
453.6 glb. and 1,000 mVI. 
w 
(g)(m') 

Vm(s1d) = Volume of sample gas pulled through the impinger. dscf. 



5. Sulfuric acid Concentration, ppmdv. 

C2(H2S04) = 3 . 9 9 6 ~  10A6 X Cl(H2S04) 

C2(H2S04) = 3.996 x lO"6 X 0.000002030 

= 8.1 

Where: 

C2(H2S04) = Concentration of sulfuric acid in parts per million 
by volume (dry basis) (ppmdv). 

Conversion factor including number of 0.0353 cubic feet/ 
liter. 453.6 g/lb, 24.06 Vgmole wt., 98.0 g/g-mole wt. 
and 10A6 ppm, (ftA3)(ppm)/(lb). 

3.996 x 1 OA6 = 

6. Sulfuric acid mass emission rate, Ibsmr. 

PMR(H2S04) = Cl(H2S04) x Qs(std) x 60 miWhr 

PMR(H2Sb4) = 2.03E-06 X 46946 X 60 = 5.718 

Where: 

PMR(H2S04) = Sulfuric acid mass emission rate, Ibs/hr. 



APPENDIX C 

COMPLIANCE 
TEST DATE 

11/19/91 

GENERAL CHEMICAL 
CLAYMONT, DELAWARE 

SOURCE COMPLIANCE TESTS - 
PRODUCTION RATES 

100% yso, 1004b H$O.l 
TEST RUN PROCESSED PROCESSED 
NUMBER tondday tons/hr 

One 1.156 48.11 

11/19/91 Three I 
II 11/19/91 I 1 Two I 1.156 I 48.11 II 

1,091 45.46 



s d =  

sd= 

cc = 

RA= 

RELATIVE ACCURACY CALCULATION 

= 8.0 

Sd T .975 - 
r /N 

8.3 = 2.228 - = 6.0 m 



10 
1 1  

rum 
average 

IMhrs Accuracy of tkr SO2 Monltor 

108 168 
112 116 16 
1 1 1  
108 
117 
112 
121 
107 
124 
1229 
112 

- -  
119 8 84 

48 113 7 
120 3 g 
130 18 324 
131 10 100 
128 21 441 

18 120 -4 
1349 120 1990 

1 1  123 1 ai 



r d m  N co 14890 
rcfm S co 17820 
N% SO2 db 
s% SO2 db 

ova% S02et conv. 

Mat 3 
scfm N co 

N% SO2 db 
S% SO2 db 

avo% SO2rt conv. 
~prnS02 

lbhrHZS04 mist 
photo8 SO2 acfm 

#blowerr 
#convcmm 

rcfm S co 

I tart 2 I 

14990 

18 
18.2 
11.7 
108 

10.77 
4686 

S 
6 

17820 

sdm N EO 14990 
adm S co : 17820 

N% SO2 db 
S% SO2 db 

w e %  S02at conv. 





N 



- .  . 
i : :  

1 









z 
a 

./9.5/ &+-&--- c LOW uos+gnacion NbArk c/o N I/ Date Technician 



AF'PENDIX D 
EQUIPMENT CALIBRATION RECORDS 



B E a 
C 
L 
&I 

f 
2 
M 

F 
CI 

r' .- 

F 

r: 
a .  
-E: 

t- 
2 'S 



T 
T 

I 

b 
3 

- I -  $ 
nil .r I1 II II II II 11 II II I1 II II 



1 
1 

I 
I 
1 

i 

I 

1 

I 

I 

I 
\ 

b. 

STACK TEMPERATURE SENSOR CALIBRATION DATA FORM 

POTENllOMETER NUMBER [ / L ' S F  d < 
^ . -  

DATE ///%A/ 
CALlERATlON I REFERENCE: THERMOCOUPLE SIMULATOR 
AMBIENT TEMPERATURE, LV, 1 BAROMETRIC PRESSURE J 7 . 5 2 -  

(ACCURACY1 1'F) 

TEMPERATURE READING FROM 
THERMOCOUPLE CHANNEL INPUT I( REFERENCE 

TEMPERATURE 

OC OF IK 
0 32 

100 212 

500 932 

1000 1832 

:OMM€NTS 

IMEER - 
3 

(VERAGE TEMPERATURE 
READING a 

(3 

TEMPERATURE 
DIFFERENCE 

(Y.) 

0 

AVERAGE TEMPERATURE READING i MEAN OF THE TEMPERANRE READINGS FOR THE THERMQ 
COUPLE CHANNELS 

' THECHANNELREADINGSUUST AGREEWITHIN~SOF o R ~ O C  

) x100 
(REF TEMBF + GO) - (TEST TEMPOF + GO) 

(REF TEMP% + 464) 
ACCEPTABLE TWPERANRE DIFFEANCES 1.5 i 

. .  



M 

.5 

F 

c 

r: 

.- 
E 

s 

z z 

4 c 
4 

e 
n 
z 
0 

4 
F 

W 

rA 
d 
V 
> a n 3& 

Y 

L e .  .- 

n 

I_i O - - N  

m 
m 
P 
0 

I 0  

c' .- €3 
9 

1 

9 
c 

Y 
0 

Y - 



I II 



STACK TEMPERATURE SENSOR CALIBRATION DATA FORM 

\ 

// &' 
AMBIENT ;'-: BAROMETRIC PRESSURE -.' 7 2 </ 
DATE //h 5 /?/ WTENllOMETER NUMBER , .-( ' '-> 

CALIBRATION REFERENCE: THERMOCOUPLE SIMULATOR 
(ACCURACVtl'F) 

TEMPERATURE READING FROM 
THERMOCOUPLE CHANNEL INPUT 

REFERENCE 
TEMPERATURE 

0.2 OF 

VERAGE TEMPERANRE 
READINQ 

.j- 7 
*- 

TEMPERATURE 
DIFFERENCE 

(v.) 

0 

AVERAGE TEMPERANRE READING i MEAN OF THE TEMPERANRE READINGS FOR THETHERMO 
COUPLE CHANNELS 

THE CHANNEL READINGS MUST AGREE WITHIN* 5" F OR 3 % 
(REF TEMBF + 460) . (TESTTDAP? + *M)) ) x100 

(REF TEMP% + 460) 
ACCEPTABLE TEMPERANRE DIFFERNCES 1.5 = 



TYPE S PITOT TUBE INSPECTION DATA FORM P& f 3  



STACK TEMPERATURE SENSOR CALIBRATION DATA FORM 

I 

Temperature 
Di f ferenceb 
% 

&UT€ cu Uor 7 3  Date: 1-8-41 Thermocouple Number: 

Ambient Temperature: € <  OF Barometric Pressure: 30 1 6 8  i n .  Hg 
Ca l i b ra to r :  g& Reference: Mercury-in-glass , / 

Other: 

Reference 
Po in t  
Number 

Sourcea 
(Speci fy:  

tb- 
OIL 

Reference 
Thermometer 
Temperature, 
O F  

6s- 

-3L 

Thermocouple 
Potentiometer 
Temperature, 
OF 

%I, f c t r t  c 

o q  3 2  

0 

z cc 
6fl-N 

aType o f  c a l i b r a t i o n  system used. 

0 

( re f  temp, O F  + 459.67) - ( t e s t  thermom temp, O F  + 459.67) ] 1oo<1.5% 
re f  temp, OF + 459.67 - 



STACK TEMPERATURE SENSOR CALIBRATION DATA FORM 

Date: 1-7 -4 I T h e m c o u p l e  Number: E3vn5cI-l l I  
Ambient Temperature: b!: O F  Barometric Pressure: 9 , c l . r  i n .  Hg 
Ca l ibra tor :  Reference: Mercury-in-glass J 4 

Other: 

Reference 
Po in t  
Number 

Sourcea 
(Specify 

Reference 
Thermometer 
Temperature, 
O F  

3L 

T h e m c o u p l e  
Pot en t i ometer 
Temperature. 
O F  

3+ 

Temperature 
Differenceb 
% 

Ct.1 

aType o f  c a l i b r a t i o n  system used. 

] 10051.5% ( r e f  temp, O F  t 459.67) - ( t e s t  thermom temp, O F  + 459.67) 
r e f  temp, O F  t 459.67 



.. ._ . . . .~ . 

N O i Z L E  CALISRATICN DATA FORM 

Date - - I 

Nozzle 
i cent i f i  car  ion 
nunber 

Pa- I 

Where: 

Nozzle d iameter .  inchesa 

I 

3 0 

. d-YS 23s 

Cal i b r a t e d  by 463 

b L O ,  

. ays 
, a3s 

= th ree  d i f f e r e n t  nozz le  d iamters ,  inches; each diameter  mus: be 
a 0 1 , 2 , 3  measured to nearest  0.001 in .  

A0 = maximum d i f f e r e n c e  between any two diameters,  inches. 
AD must be - < 0.004 i n .  

3 '  
= nozz le  diameter  = average o f  0 1 ,  D2 and 0 

avg 
C o  



APPENDIX E 

LIST OF WESTON PARTICIPANTS 



PROECT PARTICIPANTS 

The following WESTON employees participated in this project: 

Barry L. Jackson 
Project Director 

econENVIRONomics Division 

Jefhy D. 0”eill e~onENVIRONomics Division 
Senior Section Manager 

Paul M. Meter 
Technical Manager 
Tom Bernstiel 
Project Scientist 

Andre williams 
Project Technician 

econENVIRONomics Division 

econENVIRONomics Division 

econENVIRONomics Division 

Cathy Lloyd WESTON ana lytic^ - Auburn 
Laboratory supervisor 




