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SECTION 1 

INTRODUCTION 

During the week of April 28,  1981, PEDCo Environmental per- 

sonnel conducted an emission sampling program at the steel melt 

shop operated by Carpenter Technology Corporation (Cartech) in 

Reading, Pennsylvania. The purpose of this test program was to 

provide data for assessing the need for revising current New 

Source Performance Standards (NSPS) for electric arc furnaces 

(EAF) to include argon-oxygen decarburization (AOD) furnaces. 

The No. 2 AOD at Cartech was selected for source testing for 

the following reasons: 

1) It utilizes best available control technology. 

2)  The emissions capture and control equipment is repre- 
sentative of the industry. 

3 )  Emissions from a single AOD are controlled separately 
from those of other furnaces. 

4 )  Emission data could be obtained by standard sampling 
techniques at the desired locations. 

Particulate matter concentrations and mass emission rates 

were measured at one inlet and one outlet site according to U . S .  

Environmental Protection Agency (EPA) Reference Method 5.* 

Inlet and outlet tests for particulate matter were performed 

simultaneously so that control efficiency as well as values for 

* 
40 CFR 60, Appendix A, July 1980.  
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c o n t r o l l e d  and u n c o n t r o l l e d  emis s ions  could be determined.  F lue  

g a s  f l o w  rates, tempera ture ,  and composi t ion were measured i n  

c o n j u n c t i o n  w i t h  t h e s e  tests. I n  a d d i t i o n ,  p a r t i c l e  s i z e  d i s -  

t r i b u t i o n  samples were c o l l e c t e d  s imul t aneous ly  a t  t h e  i n l e t  and 

o u t l e t  sites. Method 9" procedures  were used t o  e v a l u a t e  v i s i b l e  

emis s ions  (E) from t h e  m e l t  shop and f a b r i c  f i l t e r  o u t l e t  

th roughout  t h e  t e s t  series. F u g i t i v e  emiss ions  (FE) from t h e  

f a b r i c  f i l t e r  d u s t  handl ing  system were determined v i s u a l l y  

acco rd ing  t o  t h e  proposed Method 2 2 . * *  Samples of  d u s t  c o l l e c t e d  

by t h e  f ab r i c  f i l t e r  were nhtainerl  fo r  analysis of  p a r t i c l e  size 

d i s t r i b u t i o n  and t r a c e  element  composi t ion.  T e s t s  took p l a c e  

s imul t aneous ly  a t  a l l  s i tes,  i n c l u d i n g  v i s i b l e  and f u g i t i v e  

emiss ion  si tes.  A r e p r e s e n t a t i v e  from t h e  NSPS c o n t r a c t o r  

assisted i n  c o o r d i n a t i n g  t h e  tests w i t h  p r o c e s s  o p e r a t i o n s .  Two 

f i l t e r a b l e  p a r t i c u l a t e  samples t aken  a t  t h e  o u t l e t  and two f a b r i c  

f i l t e r  d u s t  samples were subsequen t ly  analyzed f o r  c o n c e n t r a t i o n s  

of f l u o r i d e ,  chromium, l e a d ,  and n i c k e l .  

T h i s  r e p o r t  documents t h e  a c t i v i t i e s  and r e s u l t s  of  t h e  t e s t  

program. S e c t i o n  2 d e s c r i b e s  t h e  p r o c e s s  t h a t  w a s  t e s t e d  and t h e  

o p e r a t i n g  c o n d i t i o n s  d u r i n g  t h e  sampling p e r i o d .  S e c t i o n  3 

p r e s e n t s  and d i s c u s s e s  t h e  r e s u l t s .  S e c t i o n  4 d e s c r i b e s  t h e  

sampling s i tes  and g e n e r a l  t e s t  p rocedures .  Sec t ion  5 b r i e f l y  

o u t l i n e s  q u a l i t y  a s s u r a n c e  measures and a u d i t  r e s u l t s .  S e c t i o n  

6 g i v e s  d e t a i l s  of t h e  sampling and a n a l y t i c a l  p rocedures  f o r  - 
4 0  CFR 60 ,  Appendix A ,  J u l y  1 9 8 0 .  

F e d e r a l  R e g i s t e r ,  V o l .  4 5 ,  No. 2 2 4 ,  November 1 9 ,  1 9 8 0 .  
** 
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determining particulate matter concentrations and particle size 

distribution. The appendices contain computer output and example 

calculations (Appendix A), field data (Appendix B), sample re- 

covery and analytical data (Appendix C), the Midwest Research 

Institute (MRI) process summary (Appendix D) , calibration pro- 
cedures and results (Appendix E), a quality assurance summary 

(Appendix F ) ,  and a list of project participants (Appendix G). 
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SECTION 2 

PROCESS OPERATION 

Cartech's Reading plant has five EAF's and two AOD's. The 

plant is capable of producing about 400 different grades of 

steel for use in numerous industries (e.g., electronics, auto- 

motive, appliance, aerospace, and industrial equipment). Each 

of the five EAF's has a rated capacity of 13.6 megagrams (Mg) (15 

tons) and produces an average heat of 15.4 Mg (17 tons). The No. 

1 AOD has a rated capacity of 15.4 Mg (17 tons). The No. 2 AOD 

has a rated capacity of 18.1 Mg ( 2 0  tons), but typically refines 

a 15.4-Mg (17-ton) charge of molten metal. During the test 

series the facility was operating at normal capacity (three 

shifts per day, 5 days per week). 

The No. 2 AOD vessel normally operates continuously, with 

only a 5- to 10-minute delay between a tap and a subsequent 

charge of molten metal. The molten metal charge comes from one 

Of two EAF's (designated as "C" and "E") . The time lapse between 

tap and charge is short because no refractory gunning is per- 

formed on the AOD. Longer delays occur periodically, when 

maintenance is performed on the AOD vessel or when vessel 

charging is delayed because a crane is not available. Delays 

2-1 



in tapping could occur if the continuous caster were still 

casting the metal from the No. 1 AOD or if the continuous caster 

were broken down. 

Each heat in the No. 2 AOD vessel consists of three general 

stages. The first stage begins with the charging of molten metal 

from either of two EAF's (C or E), which is followed by the 

addition of the fluxing agent (lime). The vessel blow begins 

almost immediately after the charge, with an oxygen-to-argon 

ratio of 3:l 1930 normal cubic meters per hour (Nm /h) of oxygen 

to 310 Nm /h of argon. or 33.000 standard cubic feet per hour 

(scfh) to 11,000 scfhl. Some of the heats also use nitrogen in a 

ratio of 3:l:l (oxygen:argon:nitrogen) for the first phase of the 

heat. After a gas blow of 15 to 30 minutes, the vessel is turned 

down for a temperature check. If the temperature is close to 

1923 K (3182"F), alloys are added. The type and weight of the 

alloy additions depend on final product specifications. 

3 

3 

During the next stage of the heat (approximately 1 hour), 

the orientation of the vessel alternates between an upright 

position (for blowing or stirring the molten metal with oxygen, 

argon, or nitrogen gas) and a turned-down position (for tempera- 

ture measurement, sample acquisition, and alloy and flux addi- 

tion). The oxygen-to-argon ratio for blowing during this stage 

is 1:3. The AOD vessel operators make the necessary alloy and 

flux additions, which are determined by mathematical calculations 

based on the gross weight of the heat. Near the end of the heat, 
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the slag is poured off into a slag pot to remove the lime and 

impurities that are chemically bound in the slag. 

Final chemical additions are made at the end of the heat, 

after the final sample results are available. After the alloys 

are melted into the bath by stirring with argon or nitrogen gas, 

the molten metal is tapped into a ladle for transfer to the 

continuous caster area. The AOD shop and the continuous caster 

building are separated by a sheet metal wall suspended from the 

ceiling to a level of about 6.1 meters (m) [20 feet (ft)] above 

the floor. The molten metal ladle from the AOD must pass under 

this wall to the ladle-stirring area before it is delivered to 

the single-strand continuous caster. 

Figure 2-1 is a schematic of the process and control system. 

The process emissions generated during the heat are captured by 

a canopy hood built into the roof trusses approximately 13 m 

(42.7 ft) above the mouth of the vessel. The fumes are directed 

to the canopy hood by a movable diverter hood located 1.5 m ( 5  

ft) above the mouth of the AOD vessel. The diverter hood swings 

out of the way during charging and tapping operations. The shop 

roof above the No. 2 AOD is closed, and any fugitive emissions 

not captured by the canopy hood remain inside the building and 

are drawn into two openings in a scavenger duct located in the 

peak of the roof between the AOD canopy and the continuous caster 

area. The scavenger duct openings are not hooded. 

The canopy hood and scavenger ducts are combined to form a 

main inlet duct, which is then split into two ducts. Each duct 

2-3 
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has  a 522-ki lowatt  (700-horsepower) f a n  t h a t  r o u t e s  t h e  emiss ions  

t o  t h e  i n l e t  plenum of  t h e  f a b r i c  f i l t e r .  The emiss ions  from t h e  

con t inuous -cas t e r  c u t t i n g  t o r c h  are normally r o u t e d  t o  t h e  f a b r i c  

f i l t e r  by a smal l  d u c t  and b o o s t e r  fan .  The  EPA r eques t ed  t h a t  

t h i s  d u c t  be c l o s e d  o f f  d u r i n g  t h e  sou rce  test ,  however, t o  

p reven t  emiss ions  from t h e  c u t t i n g  t o r c h  and  t h e  AOD from mix- 

ing.  

The AOD g a s e s  are t r e a t e d  i n  a p o s i t i v e - p r e s s u r e  Carborundum 

f a b r i c  f i l t e r  t o  remove t h e  p a r t i c u l a t e  m a t t e r .  The c l eaned  

exhaus t  g a s e s  e x i t  v i a  f i v e  s h o r t  stacks on  t h e  f a b r i c  f i l t e r .  

Table  2 in .Appendix  D p r e s e n t s  t e c h n i c a l  d a t a  on t h e  N o .  2 AOD 

and t h e  a s s o c i a t e d  c o n t r o l  d e v i c e .  

Will iam Ter ry  of MRI monitored t h e  o p e r a t i o n  of  t h e  v e s s e l  

and t h e  f a b r i c  f i l t e r .  The AOD v e s s e l  ope ra t ed  normally d u r i n g  

t h e  source  tes ts ,  wi th  o n l y  a few s h o r t  d e l a y s .  Table  2 - 1  

p r e s e n t s  a summary of  p roduc t ion  d a t a  f o r  t h e  t es t  series. Tap- 

t o - t a p  t i m e s  ranged from 1 . 4  t o  2 . 3  hours ,  and t h e  weight  of  

meta l  produced pe r  h e a t  ranged from 1 4 . 9  t o  1 8 . 8  Mg ( 1 6 . 4  t o  20 .7  

t o n s ) .  The average  p roduc t ion  ra te  d u r i n g  t h e  tests was 9 .2  Mg 

pe r  hour ( 1 0 . 1  t o n s  p e r  h o u r ) ,  n o t  i n c l u d i n g  p r o c e s s  d e l a y  t i m e s .  

The average  t i m e  between h e a t s  w a s  less than  5 minutes ,  and 

t e s t i n g  con t inued  d u r i n g  t h e s e  p e r i o d s  u n l e s s  maintenance w a s  t o  

be performed or  t h e  AOD o p e r a t o r s  i n d i c a t e d  t h e r e  would be a 

de lay .  The t e s t i n g  was s topped on A p r i l  2 8 ,  1 9 8 1 ,  when emiss ions  

from a f i r e  a t  t h e  NO. 1 AOD d r i f t e d  over  t o  t h e  NO. 2 AOD. 
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TABLL 2-1. NO. 2 AOO PRO~~UCTION SUMMARY~ 

16.4 

15.7 
17.7 

Complete Tap-to- 

Run I Date 1 sampled, 1 ti::; 
No. (1981) Heat No. minutes 

PEOCo heats 

18.1 11.4 12.6 

17.3 9.4 10.4 
19.5 9.8 10.8 

86' I 4/28 1 2 1 108 
3 
4 
5 

100, 
1 04 
105 

I I I 

15.5 
15.9 

11.2 
16.1 

i o i  I I I 

I I I 
1 Average 

17.1 7.7 8.5 
17.5 10.2 11.2 

19.0 10.9 12.0 
17.7 7.1 7.8 

Average 

115 

16.1 I 17.8 1 8.6 + Average 103 

9.5 

Process weight 

tons/h 

15.4 
18.8 
15.1 
16.1 
14.9 

16.1 

17.0 8.1 8.9 
20.7 9.8 10.8 
16.6 9.3 10.3 
17.8 9.5 10.5 
16.4 10.3 11.3 

17.7 9.3 10.3 

15.3 16.9 8.9 9.8 
15.1 1 16.6 1 8.6 I 9.5 

a 

bF ina l  b i l l e t  weights, repo r ted  i n  megagrams and tons. 

Compiled from data i n  Appendix D (Table 4 and Attachment 1). 

Process weight r a t e s  were ca l cu la ted  by d i v i d i n g  t h e  weight o f  metal pro- 
duced by t h e  tap - to - tap  time. Averages a r e  based on average metal  produced 
and heat t ime  t o  y i e l d  a weighted average. 
These are  a c t u a l l y  charge-to-charge t imes because one t a p  t ime  was unava i l -  
ab1 e. 
Seven minutes was subtracted from t h e  ac tua l  t ime  t o  r e f l e c t  a de lay  r e s u l t -  
i n g  f rom t h e  u n a v a i l a b i l i t y  o f  a crane. 
Th i r teen  minutes was subt rac ted  from t h e  a c t u a l  t ime  t o  r e f l e c t  a de lay  
caused by s l a g  pot  removal. 
a t t a i n i n g  metal  s p e c i f i c a t i o n s .  

by p u l l i n g  a c o l l a r .  

C 

d 

e 

f 

The l o n g  heat t i m e  r e s u l t e d  f rom problems i n  

'Five minutes was subt rac ted  from t h e  ac tua l  t ime  t o  r e f l e c t  a de lay  caused 
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The fabric filter was observed approximately once an hour 

and was found to be operating normally. Indicator dials in the 

fabric filter control room showed which compartment was closed 

for cleaning, the amperage on each of the two fans, the inlet gas 

temperature, and the amperage of the reverse-air fan. The 

amperage of the reverse-side fan was typically 100 to 105 when 

the fan was in the cleaning operation and 60 when it was not in 

the cleaning mode. The other indicator dial readings are in- 

cluded in Attachment 1 of Appendix D. 

The test conditions were representative of normal opera- 

tions and should provide useful data on controlled and uncon- 

trolled emissions from an individually controlled AOD vessel. 

Emissions were most significant during the blowing operation, and 

the flow to the fabric filter appeared to be adequate to capture 

almost all of the emissions in the canopy hood. The emissions 

that were not captured by the canopy drifted northward toward the 

continuous caster area, where they were captured by the scavenger 

ducts. Charging and tapping emissions were minimal, and most 

were captured by the canopy hood. 
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SECTION 3 

SUMMARY OF RESULTS 

Particulate matter and particle size distribution tests were 

conducted simultaneously at the inlet and outlet of the fabric 

filter. Visible emissions from the melt shop and fabric filter 

outlet were evaluated concurrently with particulate tests. 

Fugitive emissions from the fabric filter dust-handling system 

were evaluated periodically. Fabric filter dust samples were 

collected and analyzed for trace elements and particle size 

distribution. Table 3-1 summarizes the type and number of 

samples that were collected. 

In brief, uncontrolled particulate matter concentrations 

averaged 167 mg/dNm3 (0.073 gr/dscf). 

let, particulate concentrations averaged 0.66 mg/dNm3 ( 0 . 0 0 0 2 9  

gr/dscf) which indicates a 99.6 percent control efficiency. Both 

concentration levels were in the range of expected values based 

on reported data on EAF's. Outlet emissions, however, were 

significantly lower than results of previous tests at this site. 

At the fabric filter out- 

3 

The opacity of melt shop visible emissions averaged zero 

percent over the test series; in fact, no emissions were visually 

detected,at any time. These results attested to the efficient 

capture of emissions during charging, tapping, and other process 
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o p e r a t i o n s .  The o p a c i t y  o f  v i s i b l e  e m i s s i o n s  from t h e  f a b r i c  

f i l t e r  o u t l e t  averaged ze ro  p e r c e n t ,  which is i n d i c a t i v e  of ef- 

f i c i e n t  c o n t r o l  o f  p a r t i c u l a t e  matter i n  terms of  o p a c i t y .  

These and o t h e r  r e s u l t s  a r e  p r e s e n t e d  and d i s c u s s e d  i n  

d e t a i l  acco rd ing  t o  emis s ion  t y p e .  

3 .1  PARTICULATE MATTER 

The f a b r i c  f i l t e r  i n l e t  d u c t  ( S i t e  1) and t h e  f a b r i c  f i l t e r  

o u t l e t  ( S i t e  2 )  were t e s t e d  s imul t aneous ly  f o r  p a r t i c u l a t e  

ma t t e r .  S i t e  1 r e p r e s e n t e d  u n c o n t r o l l e d  p rocess  and f u g i t i v e  

emiss ions  from t h e  N o .  2 AOD; S i t e  2 r e p r e s e n t e d  c o n t r o l l e d  

emiss ions  from t h e  same source .  

The f u g i t i v e  p o r t i o n  of  u n c o n t r o l l e d  emis s ions  was r e p r e -  

s en ted  by S i t e  3 ,  t h e  scavenger  d u c t .  The v e l o c i t y  i n  t h i s  d u c t  

was monitored f o r  t h e  d u r a t i o n  o f  t h e  p a r t i c u l a t e  tes ts  t o  detect  

any changes i n  f low rate and co r re spond ing  emiss ion  c a p t u r e  e f f i -  

c i ency .  Uncont ro l led  emis s ions  from t h e  t o r c h  c u t t e r  o p e r a t i o n  

( r e p r e s e n t e d  by S i t e  4 )  w e r e  n o t  sampled. A f t e r  i n i t i a l  g a s  flow 

measurements had been made a t  S i t e  4 ,  t h e  t o r c h  c u t t e r  d u c t  

was blocked ( a t  E P A ' s  r e q u e s t )  t o  p r e v e n t  t h o s e  emis s ions  

from e n t e r i n g  t h e  c o n t r o l  system. T h i s  accomplished t w o  t h i n g s :  

1) o n l y  emis s ions  r e l a t e d  t o  t h e  AOD were t e s t e d ,  and 2 )  t h e  

g a s  f low measurements a t  S i t e  1 r e p r e s e n t e d  t h e  t o t a l  n e t  g a s  

f low t o  t h e  f a b r i c  f i l t e r  ( n o t  c o u n t i n g  g a s  r e c i r c u l a t e d  by t h e  

r e v e r s e - a i r  c l e a n i n g  sys t em) .  
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particulate tests at Sites 1 and 2 were conducted over 

approximately five AOD heats. Because the large number of heats 

covered by the sampling period reduced the significance of 

testing for integral heats (i.e., charging through tapping), 

tests were commenced at any convenient time during a heat. Test- 

ing started at both sites simultaneously and continued until the 

respective traverses were completed, (about 7.5 to 8 hours). 

This procedure made possible the calculation of control effi- 

ciencies and average emission factors. Fabric filter cleaning 

cycles were sampled a s  t h e y  occurred. 

The NSPS contractor representative, who was on site to moni- 

tor process operations, helped to coordinate the tests with 

process conditions. Based on his observations, tests were 

interrupted whenever the AOD experienced an operational delay or 

conditions were unrepresentative. 

Particulate matter was sampled and analyzed according to 

procedures described in EPA Methods 1, 2 ,  3 ,  and 5 of the 

Federal Register.* Each outlet test consisted of traversing all 

five stacks. Site 1 did not meet minimum Method 1 criteria, but 

previous velocity profiles obtained by Cartech personnel indi- 

cated the site was acceptable. At Sites 3 and 4 velocity was 

measured according to procedures described in EPA Method 2 .  

Three particulate tests were conducted at Sites 1 and 2 .  Three 

velocity determinations were made at Site 3 ,  and one was made at 

x 
40  CFR 6.0, Appendix A, July 1980. 
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Site 4 .  Integrated gas samples were collected once at Sites 1 

and 2 (according to Method 3) to verify that the gas streams were 

essentially air. Additional molecular weight determinations were 

not made. 

3.1.1. Gas Conditions and Particulate Emissions 

Summaries of the measured stack gas and particulate emission 

data are presented in Tables 3-2 through 3-5. Volumetric flow 

rates are expressed in actual cubic meters per second (m / s )  and 

actual cubic feet per minute (acfm) at stack conditions. Flow 

rates corrected to zero percent moisture and standard conditions 

[2OoC and 101 kPa (68OF and 29.92 in.Hg)] are expressed as dry 

normal cubic meters per second (dNm /s)  and dry standard cubic 

feet per minute (dscfm). Average stack gas velocities are ex- 

pressed in actual meters per second (m/s) and actual feet per 

second (ft/s) at stack conditions. Particulate concentrations 

are reported in milligrams per dry normal cubic meter and grains 

per dry standard cubic foot. Emission rates are expressed in 

kilograms per hour and pounds per hour. The product of the 

concentration and the volumetric flow rate is the mass emission 

rate. The filterable particulate data represent material col- 

lected in the sample probe and on the filter, both of which were 

heated to approximately 121°C (250°F). The condensible organic 

and inorganic fractions represent material that passed through 

the filter and was collected by the impinger section of the 

sampling train at approximately 20DC (68OF). The isokinetic rate 

3 

3 
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Run No. 

C l  P-1 

c1 P-2 

C1 P-3 

Date Flow r a t e  \Temperature 
(1981) C O F  

TABLE 3-2. SUMMARY OF GAS STREAM CHARACTERISTICS 
AT SITES 1 AND 2a 

Moisture, Veloc i ty '  I Flow 
% m/s 1 f tIsl m 3 ~ ~  

4/28 

4/29 

4/30 

130.6 276,800 57 135 1.1 21.5 70.5 150.0 

138.7 293,800 51 124 1.7 22.7 74.3 150.1 

133.3 282,400 50 122 0.9 21.5 70.5 149.9 

C2P-1 4/28 

C2P-2 4/29 

C2P-3 4/30 

Average 

d a t e  
acfm 

59.0 125,100 55 130 0.3 6.0 19.8 66.5 

63.0 133,400 55 131 1 .4  6.5 21.4 72.0 

68.5 142,200 49 119 0.5 6.9 22.6 76.1 

63.5 134,600 53 127 0.7 6.5 21.3 71.5 

317,800 

335,000 

31 7,600 

323,500 

141,000 

152,800 

161,300 

151,700 

aAverage CO <0.6%, O2 = 19.4%. S i t e s  1 and 2 are  t h e  i n l e t  and o u t l e t ,  

bDry normal cubic  meters per  second a t  2OoC and 101 kPa and d r y  standard 

'Ve loc i ty  a t  s tack  cond i t ions .  
dFlow r a t e  a t  s tack  cond i t i ons .  

Note: O u t l e t  f lowra tes  are  values measured i n  t h e  f i v e  stack exhausts. The 
d i f f e r e n c e  between repor ted  i n l e t  and o u t l e t  f l owra tes  i s  t h e  n e t  gas 
f l o w  t h a t  escapes by means o t h e r  than  the  stacks; t h a t  i s ,  through t h e  
p a r t i a l l y  open g r a t i n g  a t  t h e  bottom l e v e l  o f  t h e  bags and through 
o t h e r  smal l  openings on t h e  c lean s i d e  o f  the  exhaust. These losses  
a r e  a r e s u l t  o f  t h e  back pressure on t h e  exhaust system caused by t h e  
small s tack o u t l e t  area. 

r e s p e c t i  ve?yT 

cub ic  f e e t  per  minute a t  68°F and 29.92 in.Hg. 
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Run No. 

TABLE 3-3. SUMMARY OF GAS STREAM CHARACTERISTICS 
AT SITES 3 AN0 4a 

Date Flow rate  I Temperature Moisture Velocity‘ I Flow ratee 
(1.981) dNm3/sl’dscfm I ‘C I O F  %C m/s I f t / s lm3/s  I acfm 

C3-1 

C3-2 

c3-3 

4/28 34.0 72,030 53.4 128 1.5 15.9 52.2 34.5 73,130 

4/29 34.0 72,060 52.8 127 1.5 15.9 52.2 34.5 73,160 

4/30 34.5 73,030 47.8 118 1 . 5  16.1 52.9 35.0 74,140 

3-1 

Average 

C4V-1 4/27 

34.2 72,370 51.3 124 1 . 5  16.0 52.4 34.7 73,480 

6.5 13,830 33.4 92 1.5 32.7 107.3 6.6 14,040 
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i s  t h e  r a t i o  o f  t h e  v e l o c i t y  o f  t h e  sample g a s  s t ream e n t e r i n g  

t h e  nozz le  t o  t h e  l oca l  s t a c k  g a s  v e l o c i t y ,  expressed  a s  a 

pe rcen tage .  

The vo lumet r i c  f low r a t e  a t  t h e  combined i n l e t  ( S i t e  1) 
3 averaged 134 d N m  / s  ( 2 8 4 , 0 0 0  dscfm) . The o u t l e t  flow r a t e  

averaged 6 4  dNm / s  (135,000 dsc fm) ,  which was s i g n i f i c a n t l y  lower 

t h a n  it should  have been. Th i s  d i sc repancy  i s  b e l i e v e d  t o  be a 

r e s u l t  o f  t h e  e x c e s s i v e  back p r e s s u r e  on t h e  exhaus t  system, 

which w a s  caused by t h e  smal l  c r o s s  s e c t i o n a l  a r e a  of t h e  o u t l e t  

s t a c k s .  Because of  t h i s  back p r e s s u r e ,  a l a r g e  volume of  c l eaned  

exhaus t  g a s  e x i t e d  t h e  f a b r i c  f i l t e r  th rough v a r i o u s  openings  i n  

t h e  s t r u c t u r e  as w e l l  a s  through t h e  s t a c k s .  These flow measure- 

ments a r e  d i s c u s s e d  i n  more d e t a i l  l a t e r  i n  t h i s  s e c t i o n .  
3 

3 

The a c t u a l  f low r a t e  a t  i n l e t  S i t e  1 averaged 153 m / s  

(324,000 acfm) a t  53OC ( 1 2 7 O F )  a n d  approximate ly  1 p e r c e n t  mois- 

t u r e ,  and w a s  e q u i v a l e n t  t o  a g a s  v e l o c i t y  of  22  m / s  ( 7 2  f t / s ) .  

The a c t u a l  f low r a t e  measured a t  o u t l e t  S i t e  2 averaged 7 2  m / s  

(152,000 acfm) a t  53'C (127OF) and less t h a n  1 p e r c e n t  moi s tu re ,  

which r e p r e s e n t e d  a g a s  v e l o c i t y  of  6.5 m / s  ( 2 1  f t / s ) .  

3 

For c a l c u l a t i o n  purposes ,  t h e  s tack  g a s e s  were e s s e n t i a l l y  

a i r .  During one run a t  each s i te ,  t h e  carbon d i o x i d e  ( C 0 2 )  con- 

c e n t r a t i o n  averaged less than  0 . 6  p e r c e n t ,  and t h e  oxygen con- 

c e n t r a t i o n  w a s  1 9 . 4  p e r c e n t  by volume. 

Table  3-3 p r e s e n t s  t h e  r e s u l t s  o f  v e l o c i t y  and flow measure- 

ments a t  t h e  scavenger  d u c t  ( S i t e  3) and t h e  t o r c h  c u t t e r  d u c t  

( S i t e  4 ) .  For  c a l c u l a t i o n  pu rposes ,  gas composi t ion d a t a  were 
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es t ima ted  from r e s u l t s  of t h e  p a r t i c u l a t e  tes ts  a t  S i t e s  1 and 2 .  

The f low rate  measured i n  t h e  scavenger  d u c t  averaged 34 dNm / s  

(72,000 dscfm),  which i s  inc luded  i n  t h e  t o t a l  f l o w  r e p o r t e d  f o r  

S i t e  1. A t  a s t a c k  temperature of 51OC ( 1 2 4 O F ) ,  t h e  a c t u a l  f low 

r a t e  averaged 35 m / s  (73,000 acfm) and r e p r e s e n t e d  a gas veloc- 

i t y  of 16 m / s  (52 f t / s ) .  Measurements of t h e  normal f l o w  ra te  i n  

t h e  t o r c h  c u t t e r  d u c t  made before t h e  d u c t  w a s  b locked o f f  showed 

t h a t  t h e  a c t u a l  f l o w  r a t e  w a s  6.6 m / s  (14,000 acfm) a t  33OC 

(92OF), which r e p r e s e n t e d  a gas v e l o c i t y  o f  33 m / s  (107 f t / s ) .  

Th i s  f low w a s  e q u i v a l e n t  t o  6 .5  d N m  / s  (13,800 dscfm) .  

3 

3 

3 

3 

Tab les  3-4 and 3-5 p r e s e n t  p a r t i c u l a t e  emiss ion  r e s u l t s .  A t  

S i t e  1 t h e  average  f i l t e r a b l e  p a r t i c u l a t e  c o n c e n t r a t i o n  w a s  167 

mg/dNm3 (0.0731 g r / d s c f )  , w i t h  a cor responding  u n c o n t r o l l e d  mass 

emiss ion  rate o f  80.7 kg/h (178 l b / h ) .  Condensible  f r a c t i o n s  

were n o t  determined a t  t h i s  s i t e  so a s  t o  avoid  biases t h a t  could 

be caused by t h e  long  sample l i n e  used between t h e  f i l t e r  and 

f irst  impinger.  

A t  t h e  o u t l e t ,  t h e  f i l t e r a b l e  p a r t i c u l a t e  c o n c e n t r a t i o n  

averaged 0.66 m g / d N m 3  (0.00029 g r / d s c f )  . The organic  and i n o r -  

g a n i c  condens ib le  c o n c e n t r a t i o n s  averaged 0 . 1 2  mg/dNm3 (0.00005 

g r /dsc f )  and 0.36 mg/dNm3 ( 0 . 0 0 0 1 6  g r / d s c f )  , r e s p e c t i v e l y .  The 

r e p o r t e d  mass emis s ion  ra tes  are based on t h e  t o t a l  f l o w  ra tes  

measured a t  i n l e t  S i t e  1 r a t h e r  t h a n  on t h e  f low rates measured 

a t  t h e  o u t l e t ,  which were biased l o w .  Thus, t h e y  p rov ide  a 

r e a l i s t i c  es t imate  o f  t h e  t o t a l  p a r t i c u l a t e  matter e x i t i n g  t h e  

f a b r i c  f i l t e r .  The f i l t e r a b l e ,  o r g a n i c  condens ib l e ,  and 
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i n o r g a n i c  condens ib l e  emiss ion  rates averaged 0.32, 0 . 0 6 ,  and 

0.17 kq/h (0 .70 ,  0.13, and 0.38 l b / h ) ,  r e s p e c t i v e l y .  

I s o k i n e t i c  sampling r a t e s  ranged between 1 0 1  and 1 0 8  per -  

c e n t  a t  t h e  i n l e t  and were e i t h e r  98 or 99 p e r c e n t  a t  t h e  ou t -  

le t .  

3.1.2 Con t ro l  E f f i c i e n c i e s  and Emission F a c t o r s  

Con t ro l  e f f i c i e n c i e s  w e r e  c a l c u l a t e d  by d i v i d i n g  t h e  d i f -  

f e r e n c e  between t h e  o u t l e t  and i n l e t  p a r t i c u l a t e  c o n c e n t r a t i o n s  

by t h e  i n l e t  va lue .  Table  3-6 p r e s e n t s  a summary of  f i l t e r a b l e  

p a r t i c u l a t e  curice:litrations and i n d i c a t e s  t n e  f a b r i c  f i i t e r  

c o l l e c t i o n  e f f i c i e n c y  for each  run.  Con t ro l  e f f i c i e n c i e s  were 

9 9 . 4 ,  9 9 . 6 ,  and 9 9 . 7  p e r c e n t  on t h e  t h r e e  t e s t  days .  

Table  3-7 p r e s e n t s  f i l t e r a b l e  p a r t i c u l a t e  emiss ion  f a c t o r s  

f o r  u n c o n t r o l l e d  and c o n t r o l l e d  emis s ions  i n  terms of  emiss ion  

ra te  pe r  u n i t  of fu rnace  meta l  c a p a c i t y .  F a c t o r s  were c a l c u l a t e d  

by d i v i d i n g  t h e  a p p r o p r i a t e  hour ly  mass emis s ion  r a t e  by t h e  

fu rnace  c a p a c i t y  of  1 8 . 1  Mq ( 2 0  t o n s ) .  R e s u l t s  a r e  r e p o r t e d  i n  

k i lograms p e r  hour p e r  megaqram of  f u r n a c e  c a p a c i t y  (kg/h p e r  Mg) 

and i n  pounds p e r  hour p e r  t o n  ( l b / h  per t o n ) .  The emiss ion  

f a c t o r  f o r  u n c o n t r o l l e d  emiss ions  averaged  4.5 kg/h p e r  Mg, o r  

8.9 l b / h  p e r  t on .  The average  c o n t r o l l e d  emis s ion  f a c t o r  w a s  

0 . 0 1 8  kg/h p e r  Mg (0.035 lb /h  p e r  t o n ) .  

The emiss ion  f a c t o r s  shown i n  Table  3-8 a r e  based on a c t u a l  

p roduc t ion  d a t a .  R e s u l t s  were c a l c u l a t e d  by d i v i d i n g  t h e  f i l -  

t e r a b l e  mass emiss ion  rate by t h e  co r re spond ing  ave rage  produc- 

t i o n  r a t e .  Emission f a c t o r s  a r e  r e p o r t e d  i n  k i lograms p e r  
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Run No. 

1 

2 

3 

TABLE 3-7. PARTICULATE EMISSION FACTORS BASED ON FURNACE CAPACITY~ 

Uncon t ro l l  ed Contro l  l e d  

kg/h per Mg l b / h  per t o n  kg/h per  Mg l b / h  per t o n  

3.90 7.77 0.022 0.043 

3.90 7.76 0.014 0.027 

5.59 11.2 0.017 0.034 

Average I 4.46 1 8.91 0.018 I 0.035 

aFactors a r e  based on emissions per u n i t  o f  furnace metal  c a p a c i t y  i n  k i l o -  
grams per  hour per  megagram (pounds per hour per t o n ) .  
i s  18.1 Mg (20 tons ) .  

The furnace c a p a c i t y  
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3 

Average 

1 I 9.5 I 10.5 I 7.42 I 14.8 I 0.041 1 0.082 

9.3 10.3 10.9 21.6 0.034 0.067 

9.1 10.1 8.84 17.6 0.035 0.069 

2 I 8.6 I 9.5 I 8.20 I 16.3 I 0.029 I 0.057 

aCalculated by d i v i d i n g  the f i l t e r a b l e  mass emission rate by the corresponding 

bFrom Table 2-1. 
'Kilograms per megagram (pounds per t o n )  of  metal produced. 

average metal production r a t e .  



megagram (pounds per ton) of metal produced. The average uncon- 

trolled emission factor was 8.8' kg/Mg (18 lb/ton), based on a 

production rate of 9.1 Mg/h (10.1 ton/h). At the same production 

rate, controlled emissions averaged 0.035 kg/Mg (0.069 lb/ton). 

3.1.3 Discussion 

In general, the particulate tests were conducted according 

to schedule. Only minor problems were encountered with the sam- 

pling equipment and the process operation. The report does not 

include the results of preliminary tests that were conducted at 

Sites 1 and 2 to compare particulate loadings with estimated 

sampling times and to eliminate any problems associated with test 

coordination or physical sampling maneuvers. This section dis- 

cusses validity of results, the discrepancy between inlet and 

outlet flow rates, and effects of process operations. 

The primary purpose of the long sampling time was twofold: 

(1) to collect approximately 25 to 50 mg in the front half of the 

outlet sampling train so as to minimize handling and weighing 

errors; and (2) to satisfy NSPS minimum requirements for sample 

time and volume. The actual filterable catch weights, which 

ranged between 5.7 and 8.9 mg, were considerably lower than 

desired. The actual minimum sampling time and volume were 8 

hours and 10.8 dNm3 (380 dscf), which met the minimum criteria of 

4 hours and 4.5 dNm3 (160 dscf) set forth for EAF's in Subpart AA 

of the Federal Register.* 

* 
40 CFR 60, Subpart AA, July 1980. 
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I 
I The a n a l y s e s  of  f i l t e r a b l e  p a r t i c u l a t e  matter should  p rov ide  

r e s u l t s  w i t h i n  t h e  expec ted  l i m i t s  o f  accuracy  f o r  Method 5.  

S e v e r a l  f a c t o r s  s u p p o r t  t h i s  c o n c l u s i o n :  1) a l l  r e p e a t  weighings 

of f i l t e r s  and ace tone  r i n s e s  w e r e  w i t h i n  0 . 2  mg, which i s  c l o s e r  

than  t h e  0 . 5  mg al lowed by t h e  method; 2 )  t h e  ace tone  used was 

w i t h i n  method s p e c i f i c a t i o n s  ( i m p u r i t i e s  were 0 .006  mg/g v e r s u s  a 

t o l e r a n c e  o f  0 .01  mg/g); 3 )  t h e  a n a l y s i s  o f  t h e  p a r t i c u l a t e  

f i l t e r  blank agreed  w i t h i n  0 . 4  mg o f  t h e  o r i g i n a l  tare  weight  

(Method 5 g i v e s  no c r i t e r i o n  f o r  t h i s ) ;  and 4 )  a g l a s s - l i n e d  

probe was used t o  minimize p o s s i b l e  sample b i a s e s .  The maximum 

p o s s i b l e  margin f o r  error a s s o c i a t e d  w i t h  n e t  ace tone  b lank  

ad jus tmen t s ,  f i l t e r  b l a n k s ,  and r e p e a t  weighings w a s  e s t i m a t e d  t o  

be about  30 p e r c e n t .  Actual  error was probably much lower on 

the average ;  t h e r e f o r e ,  r e s u l t s  w e r e  cons ide red  t o  be a c c e p t a b l e .  

Condensible  c o n c e n t r a t i o n s  measured a t  t h e  o u t l e t  compared 

f avorab ly  w i t h  expec ted  v a l u e s  based on p r e v i o u s l y  r e p o r t e d  t es t s  

a t  EAF's and AOD's. T e s t  r e s u l t s  i n d i c a t e d  t h a t  a s i g n i f i c a n t  

p o r t i o n  ( 3 0  t o  50 p e r c e n t )  of  t o t a l  e m i s s i o n s  was be ing  c o l l e c t e d  

i n  t h e  impinger s e c t i o n  of  t h e  sampling t r a i n .  

Sampling equipment problems w e r e  minor. Although t h e  probe 

h e a t  f a i l e d  d u r i n g  Run 1 a t  t h e  i n l e t  s i t e ,  it w a s  h e a t i n g  

p r o p e r l y  d u r i n g  abou t  30 p e r c e n t  o f  t h e  t e s t ,  and a comparison of  

Run 1 r e s u l t s  w i t h  t h o s e  of t h e  o t h e r  two r u n s  i n d i c a t e d  t h a t  

p a r t i c u l a t e  c o n c e n t r a t i o n s  had n o t  been s i g n i f i c a n t l y  a f f e c t e d .  

Sampling a t  t h e  o u t l e t  d u r i n g  Run 3 w a s  de layed  f o r  a s h o r t  

p e r i o d  whi le  t h e  f i l t e r  h o l d e r  h e a t i n g  system w a s  be ing  r e p a i r e d .  

This  d e l a y  d i d  n o t  a f f e c t  t h e  r e s u l t s .  
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I n l e t  f l o w  rates measured a t  S i t e  1 agreed ve ry  w e l l  w i t h  
3 t h e  system des ign  f low r a t e  o f  1 4 2  m / s  ( 3 0 0 , 0 0 0  ac fm) ;  a l l  

r u n s  were w i t h i n  1 2  p e r c e n t  of  t h i s  v a l u e .  Th i s  s a t i s f a c t o r y  

agreement suppor ted  t h e  d e c i s i o n  t o  sample a t  S i t e  1 d e s p i t e  i t s  

f a i l u r e  t o  meet minimum Method 1 c r i t e r i a .  

~ l l  flow rates measured a t  t h e  scavenger  d u c t  were w i t h i n  

2 . 5  p e r c e n t  o f  t h e  d e s i g n  f l o w  o f  35 m / s  ( 7 5 , 0 0 0  ac fm) .  Com- 

p a r i s o n  of t h e  combined i n l e t  and scavenger  d u c t  f low r a t e s  

i n d i c a t e d  t h a t  approximate ly  25 p e r c e n t  o f  t h e  c o n t r o l  s y s t e m ' s  

c a p a c i t y  I ' I~S use5  t= c a p t u r e  f u g i t i v e  emiss ions  and 7 5  p e r c e n t  

t o  c a p t u r e  pr imary p r o c e s s  emis s ions .  

3 

Although t h e  system f o r  t h e  c a p t u r e  of t o r c h  c u t t e r  e m i s -  

s i o n s  r e p r e s e n t e d  o n l y  5 p e r c e n t  of the t o t a l  vo lumet r i c  c a p a c i t y  

of  t h e  e n t i r e  N o .  2 AOD c o n t r o l  sys tem,  t h e  EPA r eques t ed  t h a t  

it be d i sconnec ted  f o r  t h e  d u r a t i o n  o f  t h e  tes t  series so t h a t  

o n l y  AOD emis s ions  could be de te rmined .  Based on v i s u a l  obser -  

v a t i o n s ,  p a r t i c u l a t e  l o a d i n g  a t  t h e  t o r c h  c u t t e r  o p e r a t i o n  was 

much lower i n  magnitude than  t h e  AOD p r o c e s s  emis s ions .  There- 

f o r e ,  t h e  impact o f  t h i s  source  on t o t a l  f a b r i c  f i l t e r  emis s ions  

under normal o p e r a t i n g  c o n d i t i o n s  is p robab ly  i n s i g n i f i c a n t .  

Measured o u t l e t  f l o w  r a t e s  were approximate ly  h a l f  of  t h o s e  

expec ted .  Actua l  v e l o c i t y  measurements a r e  cons ide red  t o  be 

r e p r e s e n t a t i v e  o f  c o n d i t i o n s  a t  t h e  t i m e  o f  t h e  t es t s  and accu- 

ra te  w i t h i n  t h e  l i m i t s  of EPA Method 2 .  T h i s  conc lus ion  i s  

suppor ted  by t h e  fo l lowing :  1) t h e  s i t e  m e t  minimum Method 1 
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criteria, 2)  all procedures of Method 2 were followed properly, 

3) checks for cyclonic flow were negative during both the test 

series and the pretest survey, 4 )  all five stacks were traversed 

during each test, 5)  Cartech's previous measurements at this site 

indicated similar low flow rates,3 and 6) inlet flow rates were 

validated. 

The difference between measured inlet and outlet flow rates 

is believed to have resulted from an excessive back pressure on 

the exhaust system. Because the cross-sectional area provided by 

the five stacks is so small, some exhaust gases must exit through 

other available openings. Among the possible exit points were 

the interior walkway gratings at the bottom level of the bags. 

Even though Cartech personnel had covered these openings with 

Masonite panels prior to the test series, the low stack flow 

rates indicated that some gases still managed to escape. It was 

also evident that, contrary to conditions at similar installa- 

tions, these gratings were not sources of air inleakage at this 

facility. Other possible gas exit points included the seams 

between the compartment walls, roof, and access doors. All 

possible exit points were considered to be on the clean side of 

the fabric filter because there was no visually detected leakage 

of particulate-laden gases. Because the measured stack flow 

rates were biased low and the measured outlet particulate con- 

centrations were considered to be representative, the total inlet 

flow rate was used to calculate a more realistic estimate of the 
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o u t l e t  mass emiss ion  r a t e .  The g a s  f low o f  t h e  r e v e r s e - a i r  

c l e a n i n g  system was n o t  added t o  t h e  i n l e t  f low because t h e  

r e v e r s e - a i r  system r e c i r c u l a t e d  c l e a n e d  exhaus t  gas  and d i d  n o t  

r e p r e s e n t  an i n c r e a s e  i n  n e t  f low o u t  o f  t h e  f a b r i c  f i l t e r .  

A l s o ,  based on t h e  agreement between t h e  measured and d e s i g n  

i n l e t  f l ows ,  a i r  i n l e a k a g e  a t  t h e  induced d r a f t  ( I . D . )  f a n s  was 

probably  n e g l i g i b l e .  Although comparison of  i n l e t  and o u t l e t  

m o i s t u r e  c o n t e n t s  seemed t o  i n d i c a t e  some d i l u t i o n ,  accuracy  

l i m i t a t i o n s  of  moi s tu re  d e t e r m i n a t i o n s  a t  t h e  1 t o  2 p e r c e n t  

i e v e l  are probably g r e a t e r  t h a n  t h e  r e p o r t e d  d i f f e r e n c e s .  The 

close agreement between average  i n l e t  and o u t l e t  gas  t empera tu res  

i n d i c a t e d  t h a t  any e n t r y  of  d i l u t i o n  a i r  w a s  less than  1 0  pe r -  

c e n t .  There was a n  appa ren t  d i s c r e p a n c y  between t h e  i n l e t  and 

o u t l e t  g a s  t empera tu res  measured d u r i n g  Run 2 ,  b u t  it w a s  n o t  

s i g n i f i c a n t  because t h e  d i f f e r e n c e  w a s  w i t h i n  t h e  1.5 p e r c e n t  

c r i t e r i o n  s p e c i f i e d  i n  Method 2 .  Because t h e  flow rate measured 

a t  S i t e  1 w a s  cons ide red  r e p r e s e n t a t i v e  o f  t h e  n e t  system flow, 

t h e  o u t l e t  mass emis s ion  r a t e s  r e p o r t e d  i n  t h e  t e x t  and t a b l e s  

reflect  t h i s  f low rate.  C a l c u l a t i o n s  used t o  a d j u s t  t h e  computer 

o u t p u t  are shown i n  Appendix A. These c a l c u l a t i o n s  d i d  n o t  

a f f e c t  any o t h e r  parameters .  

The c o n c e n t r a t i o n  o f  p a r t i c u l a t e  m a t t e r  measured a t  t h e  

s tack  o u t l e t s  w a s  cons idered  t o  be r e p r e s e n t a t i v e  of t h e  g a s e s  

e s c a p i n g  through openings  o t h e r  t h a n  t h e  stacks. Although t h e  

measured o u t l e t  p a r t i c l e  s i z e  d i s t r i b u t i o n s  i n d i c a t e d  t h a t  t h e  

number o f  l a r g e  p a r t i c l e s  p r e s e n t  was greater t h a n  expec ted ,  
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t h e s e  d i s t r i b u t i o n s  were thought  t o  be b i a s e d  by a combinat ion of  

f a c t o r s  (which a r e  d i s c u s s e d  la ter  i n  t h i s  s e c t i o n ) :  1) i n c r e a s e d  

c o l l e c t i o n  e f f i c i e n c y  o f  upper impactor  s t a g e s ,  2 )  weighing 

errors,  and 3 )  p a r t i c l e  agglomera t ion .  A s i m i l a r  t ype  o f  p a r t i c l e  

s i z e  d i s t r i b u t i o n  ( i . e . ,  g r e a t e r  t h a n  expec ted  number o f  l a r g e  

p a r t i c l e s )  a l s o  was shown by a s e p a r a t e  t es t  series a t  an EAF/AOD 

i n s t a l l a t i o n  t h a t  d i d  no t  show a loss of  gas  f low between i n l e t  

and o u t l e t  t e s t  si tes.  This  comparison t e n d s  t o  s u p p o r t  t h e  con- 

c l u s i o n  t h a t  a n  a p p a r e n t  h igh  number of l a r g e  p a r t i c l e s  does  n o t  

n e c e s s a r i l y  i n d i c a t e  a b i a s e d  p a r t i c u l a t e  c o n c e n t r a t i o n .  I n  

a d d i t i o n ,  o b s e r v a t i o n s  of  t h e  f a b r i c  f i l t e r  s t r u c t u r e  and s t a c k  

o u t l e t s  d i d  n o t  r e v e a l  any v i s u a l l y  d e t e c t a b l e  d i f f e r e n c e s  i n  

o p a c i t y  of  t h e  g a s e s  e x i t i n g  t h e  s t a c k s  and t h e  g a s e s  e s c a p i n g  

v i a  o t h e r  means. The re fo re ,  t h e  p a r t i c u l a t e  c o n c e n t r a t i o n s  mea- 

sured a t  t h e  s t a c k  o u t l e t s  a r e  c o n s i d e r e d  t o  be r e p r e s e n t a t i v e .  

Eva lua t ion  of t h e  p rocess  d a t a  f u r n i s h e d  by M R I  seemed t o  

i n d i c a t e  t h a t  t h e  N o .  2 AOD system was o p e r a t i n g  normally d u r i n g  

t h e  t e s t  series. The s e v e r a l  s h o r t  p r o c e s s - r e l a t e d  d e l a y s  i n  

t e s t i n g  d i d  n o t  seem t o  a f f e c t  emis s ion  r e s u l t s .  The i n c r e a s e  i n  

u n c o n t r o l l e d  emis s ions  i n d i c a t e d  by Run 3 was s u b s t a n t i a t e d  by 

t h e  r e s u l t s  o f  t h e  p a r t i c l e  s i z e  t e s t  d u r i n g  t h e  same p e r i o d ;  

however, t h e  i n c r e a s e  cou ld  n o t  be r e l a t e d  t o  s p e c i f i c  p r o c e s s  

a c t i v i t i e s .  O v e r a l l ,  p r o c e s s  o p e r a t i o n s  were r e l a t i v e l y  con- 

s i s t e n t .  The average  p roduc t ion  r a t e s  f o r  each  tes t  were w i t h i n  

1 0  p e r c e n t  of each  o t h e r  and compared f avorab ly  wi th  normal 
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v a l u e s .  Emission r e s u l t s  were t h e r e f o r e  cons ide red  t o  be repre- 

s e n t a t i v e  o f  normal o p e r a t i o n s .  

3.2 PARTICLE SIZE 

T e s t s  f e r  par t ic le  s i z e  d i s t r i b u t i o n  were conducted a t  S i t e  

1 t o  r e p r e s e n t  uncon t ro l l ed  e m i s s i o n s ,  and a t  S i t e  2 t o  r e p r e s e n t  

c o n t r o l l e d  emis s ions .  These tests w e r e  performed i n  c o n j u n c t i o n  

w i t h  p a r t i c u l a t e  m a t t e r  tests. 

I n l e t  p a r t i c l e  s i z e  t e s t s  were conducted over  t h r e e  e n t i r e  

h e a t  c y c l e s  t o  r e p r e s e n t  average  e m i s s i o n s ,  and d u r i n g  s h o r t e r  

i n t e r v a l s  t o  p rov ide  supplemental  d a t a .  T e s t s  d u r i n g  i n t e g r a l  

h e a t s  were i n i t i a t e d  a t  t h e  beginning  of a cha rge ,  cont inued  f o r  

t h r e e  h e a t s ,  and concluded a t  t h e  end of  t app ing  o p e r a t i o n s .  

Th i s  y i e l d e d  a sampling t i m e  o f  approximate ly  5 hours ,  which was 

n e c e s s a r y  t o  c o l l e c t  a n  adequate  sample i n  t h e  impactor  t h a t  w a s  

used.  The s h o r t e r  p a r t i c l e  s i z e  r u n s  w e r e  performed a t  v a r i o u s  

times d u r i n g  t h e  p a r t i c u l a t e  t es t .  The sampling t i m e s  f o r  t h e s e  

s h o r t e r  tes ts  were approximate ly  5 to  15  minutes ,  a d j u s t e d  as  

necessa ry  t o  o b t a i n  p rope r  l o a d i n g s .  

'\ 

Par t i c l e  s i z e  d i s t r i b u t i o n  samples  were c o l l e c t e d  a t  t h e  

o u t l e t  s imu l t aneous ly  w i t h  each  p a r t i c u l a t e  tes t ,  which y i e l d e d  

a sampling t i m e  of  between 1.5 and 9 hours  f o r  each run .  A l l  

f i v e  s t a c k s  were sampled d u r i n g  each  run  i n  a manner t h a t  mini-  

mized i n t e r f e r e n c e s  w i t h  t h e  c o i n c i d i n g  p a r t i c u l a t e  tests. F a b r i c  

f i l t e r  c l e a n i n g  c y c l e s  were sampled as t h e y  occur red .  
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The NSPS contractor's representative assisted in the coor- 

dination of the integral heat runs at the inlet with process 

operations. Tests were interrupted when he considered it neces- 

sary to avoid sampling during unrepresentative conditions. 

Andersen Mark I11 Cascade Impactors were used to collect the 

shorter inlet samples and all of the outlet samples, and an 

Andersen Heavy Grain Loading Impactor was used to obtain integral 

heat samples. All inlet samples were collected at an average 

velocity point in the combined inlet duct (Site 1). Outlet 

samples were run in duplicate, with the impactors positioned at 

average velocity points in each of the five stacks. The sample 

time for each run was divided equally among the five stacks. 

Velocity data were obtained periodically during each run by the 

use of Method 2 equipment. The report presents the results of 

three runs for each type of sample. 

3 . 2 . 1  Particle Size Distributions and Fractional Efficiencies 

Cumulative distribution curves represent the total weight 

percent of particulate matter smaller than the indicated aerody- 

namic particle diameter in micrometers. Each distribution curve 

represents the best-fit average curve through test data points. 

Each data point was plotted manually and indicates both the 50 

percent effective cut-size of each impactor stage and the cumula- 

tive weight percent of material collected in subsequent stages. 

The three cut-points for each Andersen Heavy Grain Loading 

Impactor test at Site 1 were determined graphically from informa- 

tion supplied by the manufacturer. Cut-points for the eight Mark 
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111 Impactor stages were calculated by computer programs con- 

tained in "A Computer-Based Cascade Impactor Data Reduction 

System" (CIDRS) , developed for EPA by Southern Research Institute 
(SRI) .4 

density of one gram per cubic centimeter. Data reduction and 

intermediate result calculations for both types of impactors were 

performed by the CIDRS programs with moisture contents obtained 

from simultaneous particulate tests. All calculations and 

results are included in Appendix A. 

All particle size results are based on a particle 

F i y r e  3-3. s h o w s  the average cumulative distribution curve 

for uncontrolled emissions. Results of the integral heat tests 

and shorter interval tests agreed very well with each other and 

were plotted on the same graph. The average distribution indi- 

cated that 50 percent by weight of uncontrolled particulate 

emissions consisted of particles with aerodynamic diameters of 

1.2 ym or less. Approximately 81 percent by weight had diameters 

of 10 ym or less. 

Figure 3-2 shows the average distribution curve for the 

outlet samples. Results indicated that approximately 50 percent 

of the mass emissions consisted of particles having aerodynamic 

diameters of 10 ym or less. Only 20 percent by weight had diam- 

eters of 3.0 pm or less. 

Table 3-9 presents the fractional collection efficiencies 

for various size ranges. Weight percents in each size range were 

determined from the average inlet and outlet cumulative distri- 

bution curves plotted in Figures 3-1 and 3-2. Controlled and 
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uncontrolled mass loadings in the respective size ranges were 

calculated by multiplying these weight percentages by the average 

inlet and outlet particulate concentrations shown in Table 3-6. 

Fractional efficiencies were calculated for each size range by 

dividing the difference between inlet and outlet concentrations 

by the inlet values. The overall efficiency was 99.6 percent: 

the range was from a high of 99.9+ percent for particles between 

0 . 5  and 1.0 ym in diameter to a minimum of 97.6 percent for 

particles between 5 and 10 um in diameter. 

3.2.2 Discussion of Results 

All test run results are not reported. Some runs were not 

included because of poor isokinetics, undesirable stage loadings, 

or problems related to impactor assembly. 

When evaluating these results, one should keep in mind that 

particle sizes are in terms of aerodynamic diameters based on a 

particle density of 1 g/cm . Cumulative distribution curves 

based on physical diameters and actual density would be shifted 

to the left toward smaller sizes if the actual density were 

greater, and vice versa. A quick approximation of the physical 

diameter can be obtained by dividing the reported aerodynamic 

diameter by the square root of the actual particle density. For 

example, the specific gravity of the fabric filter dust samples 

was about 3 . 8  g/cm . Using this particle density would increase 

the amount of controlled emissions of particles smaller than 5 um 

from roughly 30 to 50 cumulative weight percent. 

3 

3 
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As expected, results of the Mark I11 blank run at the outlet 

indicated that stack gases did not react with the glass fiber 

filter media to create false weight changes. 

Results representing average uncontrolled emissions over an 

entire heat cycle compared very well with results of the shorter 

tests conducted during the 3:l oxygen-to-argon blow phase of 

operation. Because of this agreement, both sets of data were 

plotted on the same graph. The resultant distribution generally 

agreed with expected results based on previous EAF/AOD data. 

Except for the first set of runs, the particulate concentrations 

indicated by the integral heat and shorter particle size tests 

compared favorably with the results of particulate tests con- 

ducted over similar time frames. The differences between the 

first set of runs may be related to the variation in emissions 

over the short term. 

The isokinetic sampling rates for five of the six reported 

inlet tests were between 91 and 101 percent. The isokinetic 

sampling rate for one of the shorter Mark I11 runs was 67 per- 

cent, but the distribution results agreed with the other runs. 

The sampling flow rates were all within limits suggested by the 

manufacturer, and results are believed to be within generally ex- 

pected limits of accuracy. 

Particle size distributions at the outlet showed a higher 

number of large particles than expected: 80 to 90 cumulative 

weight percent of the particles were expected to have aerodynamic 

diameters of about 2.5 pm or less. One of several plausible 
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explanations for the apparent discrepancy is the possibility of 

bias as a result of increased efficiency in the upper impactor 

stages when glass fiber filters are used.’ 

of analytical results indicated that this may have occurred, it 

could not be verified. Adjusting outlet results for this type of 

bias would not completely account for the difference between 

actual and expected results, however. 

Although examination 

A partial explanation of the results could be related to the 

very low sample weights. Despite the long sampling times ( 7 . 5  to 

9 hours) and large sample volumes 15 .6  to 9.8 dNm3 (198 to 347 

dscf)], the tctal catch weights were low (between 2 . 5  and 4 . 2  

mg). Approximately 30 to 55  percent of the catch weights were 

collected in the acetone rinse of the nozzle and inlet chamber. 

Because each total catch represents 10 separate analyses (9 

filters and 1 rinse), weighing errors could have contributed to 

the discrepancy between actual and expected results, but would 

not completely account for the difference. The particle size 

distributions indicated by the three runs were in relative agree- 

ment, and the particulate concentrations indicated by two of the 

runs were within 65 to 90 percent of the results from simultane- 

ous particulate tests (which is good agreement for the t w o  

different methods). 

Another explanation could be related to particle agglomera- 

tion caused by electrostatic charge. Although the existence of 

such a charge was not verified at this site, it has occurred 

before at an EAF/AOD installation. This agglomeration could 
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account for the discrepancy between expected and actual dis- 

tribution results. 

Sampling procedures probably had no effect on results. All 

the isokinetic sampling rates averaged between 99 and 1 0 2  per- 

cent, and all sampling flow rates were within the limits sug- 

gested by the manufacturer. 

The results probably were affected by a combination of the 

following: 1) increased collection efficiency of the upper 

stages, 2) weighing errors, and 3) particle agglomeration. 

Therefore, the reported distributions for outlet emissions are 

believed to be biased, and describing them by mean particle size 

and geometric standard deviation would be misleading. 

3.3 VISIBLE AND FUGITIVE EMISSIONS 

Evaluation of visible emissions from the melt shop roof and 

five fabric filter stacks took place simultaneously with par- 

ticulate concentration tests. Emissions were observed in 6- 

minute sets, and individual opacity readings were recorded at 15- 

second intervals according to Method 9* procedures. Fugitive 

emissions from the fabric filter dust-handling system were 

evaluated periodically according to procedures outlined in the 

proposed Method 22.** Fugitive emissions were recorded as the 

cumulative minutes of any emissions visually detectable during 

20-minute observation periods. 

* 
** 4 0  CFR 60, Appendix A, J u l y  1, 1980. 
Federal Register, Vol. 45,  No. 224,  November 18, 1980 
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3.3.1 Results 

Table 3-10 summarizes the results of all visible and fugi- 

tive emission observations. No emissions were visually detect- 

able at any time during normal operations. Most of the data 

were collected during Run 1 because adverse weather conditions 

prevented additional observations during Runs 2 and 3. A total 

of 69 six-minute observations were made at the melt shop during 

13 hours of process operation covering all modes of furnace 

operation. A total of 68 six-minutes sets of opacity data were 

collected at the eabric filter o n t l e t ;  The fabric filtcr duzt- 

handling system was observed for a total of 60 minutes. 

3.3.2 Discussion 

Capture of melt shop emissions during charging, tapping, and 

other process operations was efficient. It is important to note 

that only the area of the melt shop surrounding the No. 2 

AOD was observed: the continuous casting shop and the No. 1 

AOD were not. Several of the 6-minute set times did not coincide 

exactly with actual charging and tapping times. Because emission 

points were casually monitored during break periods, and readings 

were to be resumed if emissions greater than zero percent opacity 

were noticed, the average opacity for these charging and tapping 

periods was considered to be zero percent. During the 13 hours 

Of operation, a total of seven charges and seven taps were 

observed. The emissions caused by a fire at the No. 1 AOD during 

Run 1 were recorded but not included in the summary. 
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Date Run P o i n t  o f  
(1981) No. emissions 

4/28 1 Roof 

4/29 2 Roof 

4/30 3 Roof 

I 
1 
I 

Range o f  Range o f  
Number o f  readings, s e t  averages, 

se ts  % o p a c i t y  % o p a c i t y  

48 0 0 

a 0 0 

13 0 0 

I 
I 

Accumulated observat ion 
per iod,  minutes 

60 

I 
I 
I 

Accumulated emission t ime  
minutes % o f  observat ion p e r i o d  

0 0 

TABLE 3-10. SUMMARY OF VISIBLE AND FUGITIVE EMISSIONS~ 

Number o f  I Range o f  readings, 
o f  sets  % o p a c i t y  

68 I 0 0 

F u a i t i v e  emissions from f a b r i c  f i l t e r  dus t  handl ina svstem 
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The lack of visible emissions from the fabric filter outlet 

indicated efficient control of particulate matter in terms of 

opacity. No emissions were detected at any time, even after 

compartment cleaning cycles, and these results were supported by 

the low particulate concentration results. 

Fugitive emission data for the fabric filter dust-handling 

system may be misleading in that the system probably was not in 

operation during most of the observation period. 

3 . 4  FABRIC FILTER DUST SAMPLES 

Samples of dust collected by the fabric filter were obtained 

daily from the waste container into which the hopper screw 

conveyors emptied. Samples were collected in a manner that did 

not interfere with other ongoing tests. The laboratory split 

each sample into two fractions for separate analyses of trace 

elements by spark source mass spectroscopy (SSMS) and for par- 

ticle size distribution by Coulter Counter. 

3.4.1 Trace Elements 

Table 3-11 summarizes the results of SSMS analyses on the 

three dust samples. Concentrations are given in micrograms of 

element per gram of sample. Less-than ( < )  and greater-than ( > )  

marks are used to denote concentrations outside the quantifica- 

tion limits for the particular element and sample analysis. The 

minimum detection limit for most of the elements was 0.1 ug/g, 

although it was as high as 0.8 ug/g in some cases. Major con- 

stituents are listed as >lo00 ug/g. Results for several elements 
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Element 

A1 umi num 
Antimony 
Arsenic 
Barium 
Beryl  1 i um 
Bismuth 
Boron 
Bromine 
Cadmium 
Calcium 
Carbon 
Cerium 
Cesium 
Chlor ine 
Chromium 
Cobalt  
Copper 
Dysprosi um 
Erbium 
Europium 
F1 uor ine  
Gadolinium 
Gal l ium 
Germanium 
Gold 
Hafnium 
Holmium 
Hydrogen 
Indium 
Iod ine  
I r i d i u m  
I r o n  
Lanthanum 
Lead 
L i t  h i  um 
Lu t e t i  um 
Magnesium 
Manganese 
Mercury 
Molybdenum 
Neodymi um 

( c o n t i  nued) 

TABLE 3-11. SUMMARY OF TRACE ELEMENT ANALYSES ON 
FABRIC FILTER DUST SAMPLES 

I concentrat ion,  uq/q 

Sample 1 I Sample 2 

> 90 
7 

19 
430 

< 0.1 
70 

2 
8 

27 
>loo0 

NRa 
2 
1 

51 0 
>loo0 
>loo0 
>loo0 
< 0.1 
< 0.1 
< 0.1 
>loo0 
< 0.1 

75 
9 

< 0.1 
< 0.1 
< 0.1 

F D b  
0.4 

< 0.1 
> loo0 

0.9 
>loo0 

3 
< 0.1 
>loo0 
> 920 

NR 
> loo0 
< 0.4 - 

I > 130 
10 
27 

140 
< 0.1 

45 

NR 
6 
2 

740 . .. 

>loo0 
>loo0 
>loo0 
< 0.1 
< 0.1 

0.3 
>loo0 
< 0.1 

110 
13 

< 0.1 
- < 0.8 
< 0.1 

NR 
STD 

0.6 
< 0.1 

< 0.1 
>loo0 
>loo0 

NR 
>loo0 

0.6 
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Dm weirlht) 
Sample 3 

> 96 

20 
260 

< 0.1 
33 

2 
8 
7 

>1000 
NR 

a 

n 
1 
1 

540 
>1000 
>1000 
>1000 
< 0.1 
< 0.1 

0.2 
>1000 
< 0.1 

80 
10 

< 0.1 
0.1 

< 0.1 
NR 
STD 

0.5 
< 0.1 
'1 000 

2 
'1 000 

6 
< 0.1 
>1000 
>1000 

NR 
'1 000 
' 0.5 



TABLE 3-11 (cont inued)  

E l  ement 

N icke l  
Niobium 
N i t rogen  
Osmi um 
Oyxgen 
Pal ladium 
Phosphorus 
P1 at inum 
Potassi  um 
Praseodymium 
Rhenium 
Rhodium 
Rubidium 
Ruthenium 
Samari um 
Scandium 
Sel en i  um 
S i  1 i c o n  
S i  1 ver  
Sodium 
S t ron t i um 
S u l f u r  
Tantalum 
T e l l  u r  i urn 
Terbium 
Tha l l i um 
Thorium 
Thulium 
T i n  
T i tan ium 
Tungsten 
Uranium 
Vanadium 
Yt terb ium 
Y t t r i u m  
Zinc 
Zirconium 

Sample 1 

> loo0  
21 

NR 
;. 0.1 

NR 
< 0.1 

390 
< 0.1 
>loo0 

0.2 
< 0.1 
5 0.1 

16 
< 0.1 
< 0.1 

0.1 
- 280 
>loo0 

84 
> 230 

65 
> 560 
- < 0.3 

0.7 
5 0.1 

2 
< 0.8 
< 0.1 

16 
>loo0 

89 
< 0.6 

270 
< 0.1 

0.7 
A 0 0 0  

3 

Concentrat ion,  pg/g 
Sample 2 

> loo0  
17 

NR 
< 0.1 

NR 
< 0.1 

560 
< 0.1 
>loo0 

0.9 
< 0.1 
< 0.1 

51 
< 0.1 

1 
< 0.1 

640 
>loo0 

140 
> 330 

53 
> 810 
< 0.1 

n L 
< '0.1 

6 
2 

< 0.1 
26 

680 
73 

0.9 
99 

< 0.1 
1 

>loo0 
4 

aNot repor ted.  

b I n t e r n a l  standard. 
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ipm weight)  

Sample 3 

>loo0 
12 

NR 
< 0.1 

NR 
< 0.1 

170 
< 0.1 
>loo0 

0.4 
< 0.1 
< 0.1 

21 
< 0.1 

0.5 
< 0.1 

290 
>loo0 

40 
< 250 

31 
> 600 
< 0.1 

0.7 
< 0.1 

5 
< 0.8 
< 0.1 

19 
150 
85 

0.7 
180 

< 0.1 
0.7 

>loo0 
6 

I 
i 
1 
i 
il 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
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are not reported, and indium was added to each sample as an 

internal standard. Elements are listed alphabetically for 

convenience. The analytical results included in Appendix C are 

listed in order of decreasing atomic number. 

3 . 4 . 2  ParticLe Size Distribution 

Figure 3-3 shows the best-fit cumulative distribution curve 

for the three dust samples. This curve represents the weight 

percent of particulate matter smaller than the indicated physical 

particle diameter (in micrometers). Each data point was plotted 

manually from differential distribution data reported by the 

laboratory. The average curve indicated that 50 percent by 

weight of collected dust consisted of particles with physical 

diameters of 1.6 um or less. Ninety-eight percent by weight had 

diameters of less than 10 um. 

3 . 4 . 3  Discussion 

Concentrations of several trace elements seem to vary 

considerably. Such variation could be related to the different 

specifications of the metal in the furnaces. It should be 

remembered, however, that the SSMS analytical technique is more 

qualitative than quantitative. The results of the audit samples 

shown in Tables 5-5 and 5-6 bear this out in that they indicate 

that reported element concentrations are only accurate within a 

factor of - + 3 .  

When evaluating the particle size results, one should note 

that the cumulative distribution curves are based on physical 

diameters rather than aerodynamic diameters as reported for 
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emission tests. An approximation of the aerodynamic diameters 

can be made by multiplying the reported physical diameters by the 

square root of the actual particle density. Using the specific 

gravity analysis results of 3.8 g/cm3 would decrease the amount 

of dust smaller than 5 Vm from approximately 95 to EO cumulative 

weight percent. 

The reported cumulative weight distributions also assume 

that all particles have the same density. This assumption was 

necessary to convert particle volume data measured by the Coulter 

Counter to a weight basis. 

The Coulter Counter results were compared with a theoretical 

size distribution based on emission test results at the inlet and 

outlet sites. This theoretical cumulative weight curve was 

estimated from the average size distributions, fractional effi- 

ciencies, and mass loadings listed in Table 3-9. The Coulter 

Counter and theoretical curves both indicated that 65 cumulative 

weight percent of the collected dust consisted of particles with 

aerodynamic diameters of approximately 2.0 urn or less. The 

curves differed considerably at other sizes, but this may be 

related to the different test methods. 

3.5 SUPPLEMENTAL ANALYSES FOR FLUORIDE, CHROMIUM, LEAD, AND 
NICKEL 

Several outlet samples and fabric filter dust samples were 

analyzed for particulate fluoride content by procedures described 

in EPA Method 13B*, and for chromium, lead, and nickel content - 
4 0  CFR 60, Appendix A, July1980. 
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by A t o m i c  Absorp t ion  Spectrophotometry.  

formed subsequent  t o  t h e  complet ion o f  o r i g i n a l l y  scheduled lab-  

o r a t o r y  work f o r  b e t t e r  q u a n t i f i c a t i o n  of  emiss ion  l e v e l s  t h a t  

S S ~  a n a l y s e s  on t h e  f a b r i c  f i l t e r  d u s t  samples had i n d i c a t e d  a s  

be ing  g r e a t e r  t h a n  1000  ug/g. 

These a n a l y s e s  w e r e  per -  

S e p a r a t e  f l u o r i d e  a n a l y s e s  were performed on t w o  ace tone  

r i n s e s  and one  f i l t e r  from t h e  o u t l e t  f i l t e r a b l e  p a r t i c u l a t e  

samples ,  t w o  of  t h e  f a b r i c  f i l t e r  d u s t  samples ,  and a p p r o p r i a t e  

b l anks .  Metal  a n a l y s e s  were performed on t w o  o u t l e t  f i l t e r a b l e  

partr.lc1ilate sa.m.ples ( a c e t n n e  r i s e  a n d  f i l t e r  ccxkincd)  , t v o  &;st 

samples,  and a p p r o p r i a t e  b l anks .  The f o u r t h  o u t l e t  sample was 

o b t a i n e d  from t h e  s h o r t e r  p r e l i m i n a r y  t e s t  run .  

Labora tory  r e s u l t s  of  f l u o r i d e  and metal a n a l y s e s  on t h e  

o u t l e t  samples w e r e  r e p o r t e d  a s  m i l l i g r a m s  of  p o l l u t a n t .  The 

s p e c i e s  c o n c e n t r a t i o n  ( i n  micrograms per gram) was c a l c u l a t e d  by 

d i v i d i n g  t h e  mass of p o l l u t a n t  by t h e  m a s s  of  p a r t i c u l a t e  m a t t e r  

r e p o r t e d  i n  e a r l i e r  g r a v i m e t r i c  a n a l y s e s .  The l a b o r a t o r y  r e s u l t s  

f o r  d u s t  samples were r e p o r t e d  i n  c o n c e n t r a t i o n s  o f  mi l l i g rams  

p e r  gram, which were e a s i l y  conve r t ed  t o  micrograms p e r  gram. 

The two c o n c e n t r a t i o n  r e s u l t s  of each  species and sample t y p e  

were averaged.  Average c o n c e n t r a t i o n s  w e r e  m u l t i p l i e d  by average  

f i l t e r a b l e  p a r t i c u l a t e  emiss ion  r e s u l t s  t o  de te rmine  p o l l u t a n t  

gas  s t ream c o n c e n t r a t i o n s ,  mass emis s ion  rates,  and emiss ion  

f a c t o r s .  For t h i s  purpose ,  r e s u l t s  o f  d u s t  sample a n a l y s e s  were 

assumed t o  be  r e p r e s e n t a t i v e  o f  u n c o n t r o l l e d  emis s ions .  R e s u l t s  

a r e  summarizes i n  Table 3-12. 

3-40 

1 
I 
I 
I 
1 
I 
I 
I 
I 
I 
1 
1 
I 
I 
I 
I 
1 
I 
1 



- 

I 
I 
I 
I 
I 
I 
1 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 

m 
r . r . m C 0  
N W O m  

0 0 0 0  

m m m - m  - u o -  
0 0 0 0  

0 
e e ~ m  - e o -  
0 0 0 0  

OD % w  
W N O m  
O N 0 0  

0 0 0 0  

m 
r . m m m  
N W O m  

N O Z h  
7 0 0 7  

- - ( D N W  - m o -  
0 0 0 0  
0 0 0 0  

d d d d  

h 
V I N P ) W  

N m O m  

P I U I N U Y  
0 0 0 0  
0 0 0 0  
0 0 0 0  
0 0 0 0  

V 

0 0 0  

03 
U m O N  
0 0 0  
0 0 0  
0 0 0 0  
0 0 0 0  

V 

U 
0 -  

0 0 0 0  
0 0 0 0  
z 5 0 0  

d d d d  
V 

N m W h  
h m - e  
0 0 0 0  
0 0 0 0  
d d d d  

V 

d r. 

m m  
0 0 0 0  
0 0 0 0  
3 z - e  
d d d d  

V 

0 0 0 0  
0 0 0 0  m w m m  
O h N W  - V 

. . . . . . -  

I I  

E " 5  .- 

3-41 

VI 
W 

n 
E m 

c 

VI 

.r 3 V I  
C,c u w 
L- - VI m c , ~  n e  L .- 

O m L  301 
u .+- n . o r  
W c ,  w v  - C ,  - m u  c w  w 
- L  w o m o c  
o c , - ~ , a  o 
L e -  w w 
+la 0 V C ,  L Q  
E V  L m o  w w  o c  C, E 3V) 
v o  E +  m 
c v  o o m   VI^ 
a U m r  

W o w  
m u  m m v  c , m  
m m h e  m 
LCI L - m  LV) w m  w m w c  
> l  > cal  e o  mc, m m u  w . r  

.r v VI 
e m  E c L  EV) 

a U E  
U €  u v-  01 
013 w w + v  
V I V I  VI VI m L  
 VI m m +  w o  
m m  m m o  -1- 

Q l l  0) z 3  'rL 

0.: 0 0 0  0.- 

m n u  u 



The o u t l e t  f l u o r i d e  r e s u l t s  are based on acetone r i n s e  

a n a l y s e s  o n l y  because  t h e  f i l t e r  a n a l y s i s  had a h igh  b lank  v a l u e  

of  f l u o r i d e .  T h i s  w a s  caused by t h e  f i l t e r  m a t e r i a l ,  which was 

g l a s s  f i b e r  i n s t e a d  o f  paper  as s p e c i f i e d  by Method 13B. The 

t o t a l  f i l t e r  b l ank  v a l u e  was two t i m e s  l a r g e r  t h a n  t h e  n e t  

f l u o r i d e  on t h e  f i l t e r ,  which i n c r e a s e d  t h e  p o s s i b i l i t y  of  e r r o r  

i n  t h e  r e s u l t s .  Because t h e  amount of f l u o r i d e  i n  t h e  ace tone  

r i n s e  was much smaller than  t h a t  i n d i c a t e d  by t h e  f i l t e r  a n a l y s i s ,  

a sma l l  e r r o r  i n  t h e  f i l t e r  r e s u l t s  would have a s i g n i f i c a n t  

i n ~ p d c t  on t o t a i  f i u o r i d e .  For these reasons ,  and because t h e  

f i l t e r  r e s u l t  i n d i c a t e d  a much h i g h e r  c o n c e n t r a t i o n  of  f l u o r i d e  

t h a n  d i d  t h e  ace tone  r i n s e  r e s u l t s ,  t h e  f i l t e r  a n a l y s i s  w a s  

d i s r e g a r d e d .  Should t h e  f i l t e r  r e s u l t  be c o r r e c t ,  t h e  o u t l e t  

f l u o r i d e  c o n c e n t r a t i o n  would be 40,700 ug/g i n s t e a d  of t h e  10,300 

ug/g i n d i c a t e d  i n  t h e  t a b l e .  Th i s  would n o t  compare f a v o r a b l y  

w i t h  t h e  15,200 ug/g of  f l u o r i d e  measured i n  t h e  d u s t  samples 

because it would c o n t r a d i c t  t h e  t r e n d  o f  t h e  o t h e r  r e s u l t s ,  

which i n d i c a t e  lower p o l l u t a n t  c o n c e n t r a t i o n s  i n  t h e  o u t l e t  

samples t h a n  i n  t h e  d u s t  samples.  

The mass of  l e a d  i n  each o u t l e t  sample was less t h a n  t h e  

minimum d e t e c t i o n  l i m i t .  The c o n c e n t r a t i o n  o f  l e a d  ( i n  micro- 

grams p e r  gram) w a s  t h e r e f o r e  c a l c u l a t e d  by d i v i d i n g  t h e  minimum 

d e t e c t a b l e  mass of  l e a d  by t h e  p a r t i c u l a t e  sample weight .  A 

l e s s - t h a n  mark ( < )  i s  used i n  t h e  t ab le  t o  i n d i c a t e  t h a t  e m i s -  

s i o n s  a r e  based on t h e  e q u i v a l e n t  minimum d e t e c t i o n  l i m i t .  
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SECTION 4 

SAMPLING SITES AND TEST METHODS 

This section describes the sampling sites and outlines 

the various test methods that were used to characterize par- 

ticulate matter emissions, particle size distributions, visible 

and fugitive emissions, and fabric filter dust samples. An over- 

all schematic of the No. 2 AOD process and control system was 

shown earlier in Figure 2-1. 

4.1 SITE 1--INLET 

Uncontrolled process and fugitive emissions from the No. 2 

AOD were sampled at Site 1 for particulate matter and particle 

size distribution. As shown in Figure 4-1, this site was in the 

264-cm (104-in.) square main inlet duct downstream of the junc- 

tion of the canopy and scavenger ducts, and upstream of the point 

where the duct is split by the two I.D. fans. Seven new sampling 

ports in the side of the duct were located 1.1 equivalent diam- 

eters downstream of the scavenger duct inlet and 0.4 diameter 

upstream of a 90-degree bend, as shown in Figure 4-2. Although 

the site did not meet minimum Method 1 criteria, analysis of 

velocity traverse data indicated an acceptable flow distribution 

without cyclonic characteristics. Figure 4-3 shows the location 

of the 49 sampling points used to traverse the duct cross- 
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- Y (104 in.) 264 cm 

18.8 cm 
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0 0 

37.5 cm 
(15.2 in.) (7.4 in.) (14.8 in.) (7.4 in.) 

0 0 0 0 0 0 

40 cm 
7 
0 
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0 
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0 
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0 
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0 

JALLY SPACE0 

2hb cm f 0 f 0 f 0 I(I.M, in.) 
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0 0 0 0 0 0 

0 0 0 0 0 0 15 cm 
(6 in. 11.1 cm (4.4 in.) 

PORTS 6, C ,  AND D ARE 15.2 cm ( 6  in.) I N  DIAMETER, 
OTHERS ARE 10.2 cm ( 4  in.) 

I N L E T  DUCT 

Figure 4-3. Location o f  sampling points at Site 1 
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sectional area for the particulate matter tests. During one 

complete traverse each point in the equal matrix was sampled for 

9 minutes, which yielded a total sampling time of 4 4 1  minutes per 

run. Tests were initiated sometime during a heat and continued 

until the traverse was completed. Sampling was interrupted 

during process delays or unrepresentative operating conditions, 

but not for the short intervals ( - 5  minutes) between heats. 

Particle size distribution samples were collected at a point 

of average velocity near the centroid of the duct. A separate 

port was used to minimize interferences with the particulate 

matter tests. Sampling times ranged from 5 minutes for the 

Andersen Mark I11 samples to 310 minutes for the Andersen Heavy 

Grain Loading Impactor samples, which covered three integral 

heats. These integral heat runs were inititated at the beginning 

of a charge and continued through the end of the third subsequent 

tap. 

4 . 2  SITE 2--FABRIC FILTER OUTLET 

Controlled emissions from the No. 2 AOD fabric filter were 

sampled at Site 2 for particulate matter and particle size 

distribution. This site consisted of five 168-cm (66-in.) 

diameter stub stacks aligned down the center of the baghouse 

roof. As shown in Figures 4-4 and 4 - 5 ,  each stack exhausted 

cleaned gases from 2 of the 10 compartments. Two sampling ports 

in each stack were located 2 . 0  duct diameters downstream of the 

gas entry point and 0 . 4  diameter upstream of the stack exit. At 
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T M  TEST PdRTS AT 
EACH OF FIVE STACK5 

Figure  4-4. Fabr ic  f i l t e r ,  S i t e  2. 
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Figure 4 -5 .  Location of sampling points a t  the 
fabric f i l t e r  outlet ,  S i te  2. 
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113.3 cm (44.6 inJ 
121.9 a (48 i n )  
129.2 cm (50.9 i n )  

149.9 a (59 in) 
154.3 a (60.7 in.) 



these distances Method 1 criteria required 48 particulate sam- 

pling points. Figure 4-5  shows the location of sampling points 

and the orientation of traverse diameters. Each particulate test 

consisted of traversing all five stacks. Each point was sampled 

for 2 minutes, which yielded a total sampling time of 480 min- 

utes. The tests began at the same time as the inlet tests and 

continued until all stacks had been traversed. Cleaning cycles 

were sampled as they occurred, and tests were interrupted during 

process delays and unrepresentative operating conditions. 

Each particie size ciistriiiution sample w a s  coiiected fur 

an equal amount of time at one sampling point in each of the 

five stacks. During Runs 1 and 2 ,  each stack was sampled for 9 0  

minutes, which yielded a total run time of 450 minutes. Because 

the sample catch weights for these runs were low, each stack was 

sampled for 108 minutes during Run 3, which yielded a total sam- 

pling time of 540 minutes. All particle size sampling occurred 

simultaneously with particulate matter tests, but all probes were 

not in the same stack at the same time. 

Sometime before the test series, Cartech personnel had 

covered all of the gratings at the bottom level of the fabric 

filter with Masonite panels to minimize the loss of exhaust gas 

flow through these gratings. 

4.3 SITE 3--SCAVENGER DUCT 

The velocity in the scavenger duct was monitored at Site 3 

during each test. As shown in Figure 4-1, the site was located 

4.9 equivalent duct diameters downstream of the last fugitive 
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emiss ion  c a p t u r e  p o i n t  and 4 . 1  d u c t  d i ame te r s  upstream of a 60- 

degree  bend. F igu re  4-6 shows t h e  21 t r a v e r s e  p o i n t s  used t o  

o b t a i n  i n i t i a l  v e l o c i t y  d a t a .  An average  v e l o c i t y  p o i n t  was 

s e l e c t e d  and monitored f o r  t h e  d u r a t i o n  of  each  tes t  a t  S i t e  1. 

4 . 4  S ITE 4--CONTINUOUS CASTING TORCH CUTTER 

Emissions from t h i s  sou rce  are normally c o n t r o l l e d  by t h e  

f a b r i c  f i l t e r .  The EPA r e q u e s t e d  t h a t  f low through t h i s  d u c t  be  

prevented  du r ing  t h e  t e s t  series so  t h a t  tests would be r ep re -  

s e n t a t i v e  of  AOD emis s ions  on ly .  The normal flow through t h e  

t o r c h  c u t t e r  d u c t  was measured p r i o r  t o  t h e  tests t o  de te rmine  

i t s  impact on t h e  control system. ( F i g u r e  4 - 1  shows t h e  approx- 

imate  l o c a t i o n  o f  S i t e  4 . )  A s  shown i n  F igure  4 -7 ,  two sampling 

p o r t s ,  90  deg rees  a p a r t ,  were l o c a t e d  1 . 5  d u c t  d i ame te r s  down- 

s t ream and 0 .5  d u c t  d iameter  ups t ream of  45-degree bends.  Twenty 

p o i n t s  w e r e  used t o  t r a v e r s e  t h e  d u c t  c r o s s  s e c t i o n .  

4 . 5  VELOCITY AND GAS TEMPERATURE 

A t ype  S p i t o t  t u b e  and an i n c l i n e d  d r a f t  gauge manometer 

were used t o  measure t h e  g a s  v e l o c i t y  p r e s s u r e s  a t  each s i te .  

V e l o c i t y  p r e s s u r e s  were measured a t  each  sampling p o i n t  a c r o s s  

t h e  d u c t  to  de termine  an average  va lue .  Measurements w e r e  t aken  

i n  accordance wi th  procedures  o u t l i n e d  i n  Method 2 o f  t h e  Fede ra l  

Reg i s t e r .*  The tempera ture  a t  e a c h  sampling p o i n t  was measured 

w i t h  a thermocouple and d i g i t a l  r e a d o u t .  

* 
40 CFR 6 0 ,  Appendix A ,  J u l y  1980 
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Figure 4-6. Location o f  velocity traverse 
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LOCATION 
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4.6 MOLECULAR WEIGHT 

Flue gas composition was determined in accordance with pro- 

cedures described in Method 3 . *  An integrated bag sample was 

collected at Sites 1 and 2 during the preliminary runs on Monday, 

and an Orsat Gas Analyzer was used to analyze the bag contents 

for oxygen and carbon dioxide. Since these results verified that 

the gas streams were essentially air, additional samples were not 

collected. 

1 

4.1 PARTICULATE MATTER 

Method 5*  was used to measure particulate concentrations at 

Sites 1 and 2. All tests were conducted isokinetically by 

traversing the cross sectional area of the stack and regulating 

the sample flow rate relative to the gas velocity in the duct as 

measured by the pitot tube and thermocouple attached to the 

sample probe. The outlet sampling train consisted of a heated, 

glass-lined probe, a heated 87-mm (3-in.) diameter glass fiber 

filter (Gelman Type AE), and a series of Greenburg-Smith imping- 

ers followed by an umbilical line and metering equipment. The 

inlet sampling train was similar except that the probe was lined 

with 316 stainless steel, and a Teflon sample line was used 

between the filter and first impinger. At the end of each test, 

the nozzle, probe, and filter holder portions of the sample train 

were acetone-rinsed. The acetone rinse and filter media were 

dried at room temperature, desiccated to a constant weight, and 

* ~ 

40 CFR 60, Appendix A, July 1980. 
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weighed on an a n a l y t i c a l  ba l ance .  To ta l  f i l t e r a b l e  p a r t i c u l a t e  

m a t t e r  was determined by adding t h e  n e t  weights  o f  t h e  t w o  sample 

f r a c t i o n s .  The amount of  water  c o l l e c t e d  i n  t h e  impinger s e c t i o n  

of  t h e  sampling t r a i n  was measured (any condensa te  i n  t h e  sample 

l i n e  used a t  t h e  i n l e t  was f i r s t  d r a i n e d  i n t o  t h e  i m p i n g e r s ) .  

On t h e  o u t l e t  t r a i n ,  t h e  impinger  c o n t e n t s  were recovered  and 

analyzed f o r  o r g a n i c  and i n o r g a n i c  condens ib l e  m a t t e r  by e t h e r -  

ch loroform e x t r a c t i o n .  

Sampling t i m e s  and volumes f o r  p a r t i c u l a t e  tests a t  t h e  ou t -  

l e t  exceeded t h e  r e s p e c t i v e  minimum requi rements  of 4 hours  and 

4.5 dNm3 ( 1 6 0  d s c f )  s p e c i f i e d  f o r  EAF's i n  Subpar t  AA o f  t h e  

Fede ra l  R e g i s t e r .  * 

4 . 8  PARTICLE S I Z E  DISTRIBUTION 

P a r t i c l e  s i z e  samples a t  t h e  i n l e t  s i t e  w e r e  c o l l e c t e d  wi th  

an Andersen Mark I11 Cascade Impactor  and an Andersen Heavy Grain 

Loading Impactor ( H G L I ) .  The Mark I11 i s  a n  i n - s t a c k ,  m u l t i s t a g e  

cascade impactor  t h a t  y i e l d s  a t o t a l  of  e i g h t  p a r t i c l e  c u t -  

s i z e s  r ang ing ,  nominal ly ,  from 0 . 5  t o  1 5  um. S u b s t r a t e s  f o r  t h i s  

impactor  w e r e  64-mm d iameter  g l a s s  f i b e r  f i l t e r s .  The Mark I11 

was used t o  c o l l e c t  samples o v e r  t i m e  i n t e r v a l s  o f  approximate ly  

5 t o  15 minutes .  The H G L I  is a n  i n - s t a c k  m u l t i s t a g e  impactor  

des igned  s p e c i f i c a l l y  t o  a l low l o n g e r  sampling times a t  h igh  

g r a i n  load ings .  The t h r e e  nominal c u t - p o i n t s  are 2 ,  5 ,  and 1 0  

um. The o n l y  f i l t e r  i n  t h e  H G L I  i s  a g l a s s  f i b e r  th imble  used a s  

* 
4 0  CFR 60, Subpar t  AA, J u l y  1 9 8 0 .  
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the backup stage. This impactor was used to collect samples over 

an interval that included three entire AOD heats (approximately 5 

hours). 

A cyclone precutter was attached to the front of each type 

of impactor to remove larger particles and to avoid the need to 

use buttonhook nozzles. Because the sampling rate could not be 

adjusted to obtain the 15-pm cut-point of the cyclone precutter, 

the weight of particulate collected by the cyclone was added to 

the weight in the first stage of the respective impactor. 

A l l  inlct smples were cclle-tcd at a pint Cf avcrage 

velocity near the centroid of the duct. The isokinetic sampling 

rate was based on initial measurements of velocity pressure and 

temperature. Constant cut-point characteristics were maintained 

during sampling, but velocity pressures and temperatures were 

measured periodically at the sampling point to evaluate the 

actual variation in isokinetic rate. Nozzles were selected to 

keep sampling rates in the recommended range of 8 . 5  to 21 liters 

per minute (0.3 to 0.75 acfm). Each filter was recovered, desic- 

cated, and weighed on an analytical balance. Acetone rinses of 

appropriate stages were evaporated, desiccated, and weighed. 

Particle size samples at the outlet were collected by a 

Mark I11 impactor fitted with a straight nozzle. Each sample was 

collected for an equal amount of time at an average velocity 

point in each of the five stacks. The isokinetic sampling rate 

was based on initial measurements of velocity pressure and gas 

temperature. Constant cut-point characteristics were maintained 

4 - 1 4  
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a throughout each test, but gas temperatures and velocity pressures 

were measured periodically at the sampling points to evaluate the 

actual variation in isokinetic sampling rate. Each filter was 

recovered, desiccated, and weighed on an analytical balance. The 

inlet chamber and nozzle were brushed and rinsed with acetone, 

and the rinse was evaporated, desiccated, and weighed. 

4.9 VISIBLE AND FUGITIVE EMISSIONS 

Certified observers recorded visible emissions from the melt 

shop roof and fabric filter stacks in accordance with procedures 

described in EPA Method 9.* Data were taken in 6-minute sets 

(simultaneously with particulate tests), and individual readings 

were recorded in percent opacity at 15-second intervals. Inter- 

mittent rest periods were taken to prevent eye fatigue; however, 

as long as emissions were visually detectable, readings were 

continued until a break was absolutely necessary. The emission 

points were casually monitored during break periods, and readings 

were resumed immediately if any opacity was noted. 

Fugitive emissions from the fabric filter dust-handling 

system were observed according to the proposed Method 2 2 . * *  

Emissions were recorded as the cumulative amount of time that 

any fugitive emissions were visually detectable during a 20-  

minute observation period. Several observation periods were 

recorded during the test series. 

" 
40 CFR 60, Appendix A, July 1980. 
Federal Register, Voi. 45, No. 224,  November 1 8 ,  1 9 8 0 .  

**  
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Observers were positioned near the parking lots, approxi- 

mately 60 meters ( 2 0 0  feet) southeast of the fabric filter. 

Adverse weather conditions reduced the amount of time available 

for visual emission observations during the second and third 

tests. 

4.10 FABRIC FILTER DUST SAMPLES 

Samples from the dust-handling system were obtained from the 

waste container into which all the hoppers were emptied. Because 

the hoppers were emptied only once a day, a single grab sample 

was taken on each test day. For each sample, approximately 1 

liter of dust was collected in a glass jar that had been rinsed 

with dilute nitric acid in the laboratory. Upon return to the 

laboratory, each sample was split into two fractions: one for 

analysis of trace elements and one for analysis of particle size 

distribution. 

The Spark Source Mass Spectroscopy technique was used for 

qualitative examination of approximately 7 0  elements. A known 

concentration on indium was added to each sample before it was 

ionizied. All elements were ionized with approximately equal 

sensitivity. A photographic plate used to record the mass : 

spectra was examined, and the response of each element was 

related to that of indium. Relative sensitivity factors based on 

previous analyses of standards were used to compensate for the 

variation in response of the photoplate for different elements. 

The Coulter Counter technique was used to determine particle 

Particles in each sample were suspended in a size distributions. 
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sodium chloride electrolytic solution, and electrical current 

passed from one immersed electrode to another electrode through 

a small aperture. As a particle passed through the aperture, it 

displaced a volume of electrolyte and changed the electrical 

current by an amount proportional to the size of the particle. 

The volume and number of particles were used to establish a 

differential distribution by volume. Assuming all particles were 

of equal density, the volume distribution also represented a 

weight distribution. 
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SECTION 5 

QUALITY ASSURANCE 

Quality assurance (QA) is one of the main facets of stack 

sampling because the end product of testing is to produce repre- 

sentative emission results. Quality assurance guidelines provide 

detailed procedures and actions necessary for defining and pro- 

ducing acceptable data. The four guideline documents used in 

this test program were a source-specific test plan prepared by 

PEDCo and reviewed by the Emissions Measurement Branch; the EPA 

Quality Assurance Handbook Volume 111, EPA-600/4-77-027b; a draft 

of the PEDCO Environmental Emission Test Quality Assurance Plan; 

and the PEDCo Environmental Laboratory Quality Assurance Plan. 

The last two quality assurance plans are PEDCo's general guide- 

line manuals, which define the standard operating procedures 

followed by the company's emission testing and laboratory groups. 

Appendix F provides more detail on the Quality Assurance 

procedures, including the QA objective; data reduction; quality 

control checks; performance and system audits; preventive main- 

tenance; precision, accuracy, and completeness; corrective 

action; and quality assurance reports to management. 
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With r ega rd  t o  t h i s  s p e c i f i c  test program, t h e  fo l lowing  

w e r e  s t e p s  t aken  t o  e n s u r e  t h a t  q u a l i t y  d a t a  were o b t a i n e d  by t h e  

t e s t i n g  and a n a l y t i c a l  procedures .  

0 C a l i b r a t i o n  of  f i e l d  sampling equipment. ( C a l i b r a t i o n  

0 T r a i n  c o n f i g u r a t i o n  and c a l c u l a t i o n  checks.  

g u i d e l i n e s  are d e s c r i b e d  i n  more d e t a i l  i n  Appendix E . )  

0 O n s i t e  q u a l i t y  a s su rance  checks ,  such a s  l e a k  checks on 
t h e  sample t r a i n ,  p i t o t  t u b e ,  and Orsat l i n e .  

0 U s e  of  des igna ted  a n a l y t i c a l  equipment and sampling 
r e a g e n t s .  

Table  5-1 l i s t s  t h e  sampling equipment used t o  conduct  

p a r t i c u l a t e  l o a d i n g  and p a r t i c l e  s i z e  tests,  a long  w i t h  c a l i b r a -  

t i o n  g u i d e l i n e s  and l i m i t s .  

t e s t  c a l i b r a t i o n ,  a f i e l d  a u d i t  was performed on t h e  d r y  gas  

meters by t h e  use  of  c r i t i c a l  o r i f i c e s  c a l i b r a t e d  and s-dppl ied by 

t h e  EPA. The a u d i t  r e s u l t s  i n  Table  5-2 show t h a t  a l l  d r y  g a s  

meters used f o r  t h i s  t e s t  series w e r e  w i t h i n  l i m i t a t i o n s  s t i p u -  

l a t e d  i n  EPA Method 5. D r y  g a s  meter performance tes t  procedures  

and f i e l d  a u d i t  s h e e t s  a r e  shown i n  F i g u r e s  5-1 through 5-5. 

I n  a d d i t i o n  t o  t h e  pre-  and pos t -  

Between r u n s ,  o n s i t e  p r e l i m i n a r y  c a l c u l a t i o n  checks  were 

performed t o  v e r i f y  i s o k i n e t i c  sampling r a t e s  and t o  compare 

moi s tu re  c o n t e n t s ,  f low rates,  and o t h e r  parameters  w i t h  expec ted  

va lues .  These checks were used t o  e n s u r e  t h a t  t h e  tes ts  were 

conducted p r o p e r l y .  

A s  a check o f  t h e  r e l i a b i l i t y  o f  t h e  method used t o  ana lyze  

t h e  p a r t i c u l a t e  matter and p a r t i c l e  s i z e  f i l t e r s ,  sets o f  b lank  

f i l t e r s  t h a t  had been preweighed i n  t h e  l a b o r a t o r y  w e r e  resub-  

m i t t e d  f o r  r e p l i c a t e  a n a l y s i s .  Table  5-3 summarizes t h e  r e s u l t s  
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Meter box No. 

FB-2 

FB-3 

FB-4 

FB-6 

FB-8 

aExpected d e v i a t i o n  < - +5%. 

Ca l i b ra ted  aga ins t  Deviat ion,  %a 

C r i t i c a l  o r i f i c e  No. 6 - 2.5 

C r i t i c a l  o r i f i c e  No. 7 - 0.71 

C r i t i c a l  o r i f i c e  No. 9 - 1.78 

C r i t i c a l  o r i f i c e  No. 10 + 0.99 

C r i t i c a l  o r i f i c e  No. 8 - 1.72 
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Type of f i l t e r  

P a r t i c u l a t e :  57-mm 
Gelman A / E a  

Andersen Mark 
I I I  Impactorb 

Andersen Mark' 
111 Impactor 
Blank t e s t  r u n b  

Andersen Heavy 
Grain Loading 
Impactord(HGLI 
Thimble  

TABLE 5-3. 

: i l t e r  No. 

0002029 

w-39 
W-42 
x39 

w35 
w34 
W31 
w32 
8217 

W07 
W08 
W05 
W06 
W03 
W04 
wo1 
wo2 
8407 

I ,.,n 
w30 

4-BU658 
5-BU659 
6-811660 

FILTER BLANK ANAYLSIS 

Tare 
{eight, 

mg 

363.0 

148.7 
136.7 
149.2 
130.6 
147.2 
137.8 
147.6 
135.8 
188.1 

149.0 
139.2 
150.2 
139.4 
149.0 
138.6 
149.0 
138.0 
198.3 

1878.1 
!120.2 
!329.2 

. ̂.. 

6lank 
w e i g h t ,  

m9 

363.4 

149.2 
136.2 
149.6 
130.8 
147.3 
138.0 
148.8 
136.0 
188.0 

148.8 
139.1 
149.6 
138.8 
149.2 
138.8 
149.0 
137.8 
198.8 

1880.6 
2122.6 
2330.0 

.. ̂ . 

Net 
w e i g h t ,  

mg 

0.4 

0 .5  
-0.3 

0.4 
0.2 
0.1 
0.2 
1.2 
0.2 

-0.1 

-0.2 
-0.1 
-0.6 
-0.6 
0.2 
0.2 
0.0 

-0.2 
0.5 

2 . 5  
2.4 
2.8 

Comments 

C 

aExpected devia t ion ,  - tO.5 mg. 
bExpected dev ia t ion ,  - t 0 . 3  mg. 
'80th i n i t i a l  tare weighings agreed w i t h i n  - +0.2 mg, as did bo th  blank 

dExpected devia t ion ,  - t5.0 mg. 
wei g h i n g s .  
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Of t h e s e  blank f i l t e r  a n a l y s e s .  Except f o r  one p a r t i c l e  s i z e  

f i l t e r ,  t h e s e  r e s u l t s  show good d a t a  r e p r o d u c i b i l i t y  from a n  

a n a l y t i c a l  s t a n d p o i n t .  

A b l ank  run  was performed a t  t h e  f a b r i c  f i l t e r  o u t l e t  t o  

determine whether s t a c k  gases  reacted w i t h  t h e  f i l t e r  media t o  

produce e r roneous  r e s u l t s .  Th i s  was accomplished by p l a c i n g  a 

backup f i l t e r  i n  f r o n t  o f  a normal ly  prepared  impactor  and t h e n  

sampling i n  t h e  u s u a l  manner. Tab le  5 - 3  l ists  r e s u l t s  of  t h e  

blank run. These r e s u l t s  show t h a t  stack gases  d i d  n o t  s i g -  

n i f i c a n t l y  a f f e c t  f i l t e r  media. 

Blanks a l so  were t aken  t o  check t h e  q u a l i t y  o f  r e a g e n t s  used 

t o  recover  and ana lyze  p a r t i c u l a t e  and p a r t i c l e  s i z e  samples.  

Table 5-4  summarizes t h e  r e s u l t s  o f  t h e s e  blank a n a l y s e s .  These 

r e s u l t s  show t h a t  a l l  r e a g e n t s  m e t  de s igna ted  s p e c i f i c a t i o n s  f o r  

q u a l i t y .  
I 

A t r a c e  element  a u d i t  sample was ana lyzed  a long  w i t h  t h e  

f a b r i c  f i l t e r  d u s t  samples t o  check t h e  accuracy  o f  t h e  SSMS 

a n a l y t i c a l  p rocedures .  The a u d i t  sample was t a k e n  from S tanda rd  

Reference M a t e r i a l  (SRM) No. 1 6 3 3 ,  "Trace Elements i n  Coal F ly  

Ash," which w a s  o b t a i n e d  from t h e  Na t iona l  Bureau of  S tanda rds  

(NBS). The r e s u l t s  (shown i n  Table 5 - 5 )  i n d i c a t e  t h a t ,  e x c e p t  

f o r  manganese, t h e  a n a l y s e s  were w i t h i n  a f a c t o r  o f  t h r e e  o f  t r u e  

v a l u e s ,  which i s  t h e  expec ted  l i m i t  o f  SSMS accuracy .  The 

l a b o r a t o r y  performed i t s  own i n t e r n a l  a u d i t  by a n a l y z i n g  a sample 

taken  from SRM No. 1 6 3 2 ,  "Trace Elements i n  C o a l , "  which was a l s o  

ob ta ined  from t h e  NBS. The r e s u l t s  (shown i n  Table  5 - 6 )  i n d i c a t e  
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Type o f  blank 

P a r t i c u l a t e  blanks: I I 

Weight a f t e r  
evaporation and 

Container Volume o f  des icca t ion ,  
No. blank, ml mg/ga 

Acetone 
Water 

1228A 537 I 1229A I 500 

P a r t i c l e  s i z e  blanks:) 
Acetone 3823A 

Analytical  bl  an ks : 
Ether/chloroform BU630 

Tolerance: tO.01 mg/g. a 
- 

+O. 0061 
+O. 0052 

+O. 0074 

0.004 
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Element 

Arsenic 

Cadmium 

Chromium 

Copper 

Lead 

Manganese 

Nickel 

Sel eni um 

Uranium 

Vanadi um 

Zinc 

TABLE 5-5. TRACE ELEMENT AUDIT RESULTS 

Concentratic 
NBS certifieda 

61 + 6 

1.45 + 0.06 

131 - + 2 

128 - + 5 

70 - + 4 

- 

- 

493 - + 7 

98 - + 3 

9.4 - + 0.5 

11.6 - + 0.2 

214 - + 8 

2'10 + 20 - 

, !J9/s 
Measured 

31 

0.5 

170 

49 

59 

74 

27 

4 

13 

110 

96 

Percent 
difference 

- 50 

- 70 

+ 30 

- 60 
- 20 

- 80 
- 70 
- 60 
+ 10 

- 50 
- 50 

aSRM No. 1633, "Trace Elements in Coal Fly Ash." 
bPercent difference = measured actual - x 100, to the nearest 10%. Expected 

deviation is +ZOO%, -70% ( +  - factor o f  3). 
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5-16 

Element 

Arsenic 

Cadmi urn 

C hromi urn 

Copper 

Lead 

Manganese 

N icke l  

Sel en i  urn 

Tha l l i um 

Uranium 

Vanadi urn 

Z inc 

TABLE 5-6. TRACE ELEMENT AUDIT RESULTS 

Concentrat ion, yq/g Percent 
NBS c e r t i f i e d a  Measured d i f f e r e n c e  

5.9  - + 0.6 5 - 20 

0.19 - + 0.03 0.7 +270 

20.2 - + 0.5 10 - 50 

18 - + 2 12 - 30 

30 - + 9 4 - 90 

40 - + 3 46 + 10 

15 - + 1 9 - 40 

2.9 - + 0.3 2 - 30 

0.59 - + 0.03 <o. 1 >- 80 

1.4 - + 0.01 1 - 30 

35 - + 3 17 - 50 

37 - + 4 15 - 60 

1~ 
I 
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that, except for cadmium, lead, and thallium, the analyses were 

within the range of expected accuracy. 

Sampling equipment, reagents, and analytical procedures for 

this test series followed and met all necessary guidelines set 

forth for accurate test results in Volume I11 of the Quality 

Assurance Handbook. Therefore, test results reported in this 

document should be within the expected accuracies of the method 

used. 
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SECTION 6 

STANDARD SAMPLING AND ANALYTICAL PROCEDURES 

This section describes the test methods, sampling equipment, 

and analytical techniques that were used for determination of 

particulate matter and particle size distribution. 

6.1 DETERMINATION OF PARTICUALTE EMISSIONS 

The sampling and analytical procedures used to determine 

particulate emissions were those described in Method 5 of the 

Federal Register. * 
6.1.1 Sampling Apparatus 

The particulate sampling train used in these tests met 

design specifications established by the EPA. The sampling 

apparatus, which was assembled by PEDCo personnel, consisted of 

the following: 

Nozzle - Stainless steel (316) with sharp, tapered leading 
e d g e n d  accurately measured round opening. 

Probe - Stainless steel (316) with a heating system capable 
of maintaining a minimum gas temperature of 121OC (250OF) at 
the exit end during sampling. (A glass-lined probe was used 
at Site 2 . )  

Pitot Tube - A type S pitot tube that met all geometric 
stanaards was attached to a probe to monitor stack gas 
velocity pressure. 

x 
4 0  CFR 60, Appendix A, July 1980. 
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Temperature Gauge - A Chromel/Alumel type-K thermocouple (Or 
e q u i v a l e n t )  w a s  a t t a c h e d  t o  t h e  p i t o t  t u b e ,  i n  a n  i n t e r -  
f e r e n c e - f r e e  arrangement ,  t o  moni tor  s t a c k  g a s  t empera tu re  
w i t h i n  1.5OC (5'F) by t h e  use  of  a d i g i t a l  r eadou t .  

F i l t e r  Holder - The f i l t e r  h o l d e r  w a s  made of Pyrex g l a s s  
and had a h e a t i n g  system capab le  of  ma in ta in ing  a f i l t e r  
t empera tu re  o f  approximately 1 2 l o C  (250OF). 

F i l t e r  - An 87-mm (3- in . )  d i a m e t e r ,  g l a s s  f i b e r  f i l t e r  
7 E a . n  A/E) w a s  used.  

D r a f t  Gauge - The d r a f t  w a s  measured wi th  an i n c l i n e d  D w y e r  
manometer w i t h  a r e a d a b i l i t y  o f  0.25 mm ( 0 . 0 1  i n . )  H 2 0  i n  
t h e  0 t o  25 mm ( 0  t o  1 i n . )  H 2 0  range .  

Impingers  - Four Greenburg-Smith d e s i g n  impingers  were con- 
nec ted  i n  series w i t h  g l a s s  b a l l  j o i n t s .  The f i r s t ,  t h i r d ,  
and f o u r t h  impingers  were modi f ied  by removino the t i p  and 
ex tend ing  t h e  t u b e  t o  w i t h i n  1 . 3  c m  ( 0 . 5  i n . )  of t h e  bottom 
o f  t h e  f l a s k .  

Meter ing System - The meter ing  system c o n s i s t i n g  of a vacuum 
gauge, a l e a k - f r e e  pump, thermometers capab le  of  measuring 
temperaGure t o  w i t h i n  1.5OC (5OF), a c a l i b r a t e d  d r y  g a s  
meter, and r e l a t e d  equipment was used t o  ma in ta in  an iso- 
k i n e t i c  sampling rate and  t o  de t e rmine  sample volume. The 
d r y  g a s  meter was made by Rockwell, and t h e  f i b e r  vane pump 
w a s  made by G a s t .  

Barometer - An ane ro id  t y p e  barometer  w a s  used t o  measure 
a tmospher ic  p r e s s u r e s  t o  0.3 kPa (+0.1 - in .Hg) .  

6 . 1 . 2  Sampling Procedure 

A f t e r  t h e  s a m p l i n g , s i t e  and minimum number o f  t r a v e r s e  

p o i n t s  were s e l e c t e d ,  t h e  s t a c k  p r e s s u r e ,  t empera tu re ,  m o i s t u r e ,  

and range  o f  v e l o c i t y  head were measured acco rd ing  t o  procedures  

d e s c r i b e d  i n  t h e  F e d e r a l  Reg i s t e r .*  

Approximately 4 0 0  grams of  s i l i c a  g e l  were weighed and 

p l aced  i n  a s e a l e d  impinger p r i o r  t o  e a c h  tes t .  G las s  f i b e r  

f i l t e r s  were d e s i c c a t e d  f o r  a t  l e a s t  24 hours  t o  a c o n s t a n t  - 
4 0  CFR 6 0 ,  Appendix A ,  Methods 1, 2 ,  3 ,  or 4, Ju ly  1980. 
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weight  and weighed t o  t h e  n e a r e s t  0 . 1  mg on a n  a n a l y t i c a l  ba l -  

ance. One hundred m i l l i l i t e r s  of  d i s t i l l e d  wa te r  was p l aced  i n  

each of t h e  f i r s t  two impingers ,  t h e  t h i r d  impinger w a s  i n i t i a l l y  

empty, and t h e  impinger c o n t a i n i n g  t h e  s i l i c a  g e l  was p l aced  n e x t  

i n  series. The t r a i n  w a s  set up a s  shown i n  F igu re  6-1 or 

Figure  6-2.  Before each  t es t  r u n  t h e  sampling t r a i n  was l eak -  

checKed a t  t h e  sampling s i t e  by p lugg ing  t h e  i n l e t  t o  t h e  nozz le  

and p u l l i n g  a 50-kPa (15-in.Hg) vacuum and a t  t h e  conc lus ion  o f  

t h e  t e s t ,  by p lugging  t h e  i n l e t  t o  t h e  nozz le  and p u l l i n g  a 

vacuum equa l  t o  t h e  h i g h e s t  vacuum reached d u r i n g  t h e  t e s t  run .  

The p i t o t  t u b e  and l i n e s  were leak-checked a t  t h e  tes t  s i t e  

b e f o r e  and a f t e r  each test run .  The check was made by blowing 

i n t o  t h e  impact opening of  t h e  p i t o t  t u b e  u n t i l  t h e  manometer 

i n d i c a t e d  7 .6  cm ( 3  i n . )  o r  more o f  water  and t h e n  capping  t h e  

impact opening and ho ld ing  it f o r  15 seconds t o  a s s u r e  it was 

l eak - f r ee .  The same procedure  was used t o  leak-check t h e  s t a t i c  

p r e s s u r e  s i d e  o f  t h e  p i t o t  t u b e ,  e x c e p t  s u c t i o n  w a s  used t o  

o b t a i n  t h e  7.6-cm ( 3 - i n . )  H 2 0  manometer r ead ing .  Crushed ice was 

p l aced  around t h e  impingers  t o  keep  t h e  tempera ture  o f  t h e  g a s e s  

l e a v i n g  t h e  l a s t  impinger a t  20°C (68'F) o r  less.  

During sampling,  s t a c k  g a s  and sampling t r a i n  d a t a  were 

recorded a t  each  sampling p o i n t  and whenever s i g n i f i c a n t  changes 

i n  s t a c k  flow c o n d i t i o n s  occur red .  I s o k i n e t i c  sampling r a t e s  

were set  throughout  t h e  sampling p e r i o d  wi th  t h e  a i d  of  a nomo- 

graph or c a l c u l a t o r .  A l l  sampling d a t a  were recorded  on t h e  

Emission T e s t i n g  F i e l d  Data Shee t .  
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6.1.3 Sample Recovery Procedure 

The sampling train was moved carefully from the test site to 

the cleanup area. The volume of water from the first three 

impingers was measured, and the silica gel from the fourth 

impinger was weighed to the nearest 0.1 gram. Sample fractions 

were recovered as follows: 

Container No. 1 - The filter was removed from its holder, 
placed in a petri dish, and sealed. 

Container No. 2 - Loose particulate and acetone washings 
from all sample-exposed surfaces prior to the filter were 
placed in a polyethylene jar, sealed, and labeled. Par- 
LIL-UIPCS L ~ l l l ~ ~ = ~  LLUIII CIK probe w i t h  the aid of a brush 
and acetone rinsing. The liquid level was marked after the 
container was sealed. 

Container No. 3 - A minimum of 200 ml of acetone was taken 
for the blank analysis. The blank was obtained and treated 
in a similar manner as the acetone washing. 

Container No. 4 - After being measured, distilled water in 
the impinger section of the sampling train was placed in a 
polyethylene container. The impingers and connecting glass- 
ware were rinsed with distilled H20, and this rinse was 
added to the container for shipment to the laboratory. 

Container No. 5 - A minimum of 200 ml of distilled water was 
taken for the blank analysis. The blank was obtained and 
treated in a similar manner as the water rinse. 

Container NO. 6 - An unused glass fiber filter was taken for 
blank analysis. 

L :  -..,- & ^  _._^ -^-^--^ 3 r - - -  L L -  

6.1.4 Analytical Procedures 

The analytical procedures used were those described in the 

Federal Register.* 

Container No. 1 - The filter and any loose particulate 
matter were desiccated in the petri dish for 24 hours to a 
constant weight and then weighed to the nearest 0.1 mg. 

40  CFR 60, Appendix A ,  July 1980. 
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Conta iner  N o .  2 - The volume of  ace tone  washings w a s  mea-  
su red  and t r a n s f e r r e d  t o  a t a r e d  beaker .  The sample w a s  
evapora ted  t o  d r y n e s s  a t  ambient  tempera ture  and p r e s s u r e ,  
d e s i c c a t e d  f o r  24 hours  t o  a c o n s t a n t  weight ,  and weighed t o  
t h e  n e a r e s t  0 . 1  mg. 

Conta iner  N o .  3 - The volume o f  ace tone  b l ank  w a s  measured 
and t r a n s f e r r e d  t o  a t a r e d  beake r .  The b lank  w a s  evapora t ed  
t o  dryness  a t  ambient t empera tu re  and p r e s s u r e ,  d e s i c c a t e d  
f o r  24 hours  t o  a c o n s t a n t  we igh t ,  and weighed t o  t h e  near -  
est  0 . 1  mg. 

Conta iner  N o .  4 - For tests a t  S i t e  1, t h e  c o n t e n t  of  t h i s  
c o n t a i n e r  was s t o r e d  f o r  f u t u r e  r e f e r e n c e .  For  tests a t  
S i te  2 ,  t h e  volume o f  d i s t i l l e d  water  and water  r i n s e  w a s  
measured and t r a n s f e r r e d  t o  a s e p a r a t o r y  funne l .  The sample 
w a s  e x t r a c t e d  t h r e e  t i m e s  w i t h  d i e t h y l  e t h e r ,  and each  t i m e  
t h e  water  w a s  d r a i n e d  back i n t o  t h e  o r i g i n a l  sample con- 
t a i n e r  and t h e  e t h e r  i n t o  a c l e a n ,  t a r e d  beaker .  The sample 
w a s  t h e n  extracted t h r e e  t i m e s  w i t h  ch loroform,  and each  
t i m e  t h e  ch loroform was d r a i n e d  i n t o  t h e  beaker  w i t h  t h e  
e t h e r .  A f t e r  t h e  f i n a l  e x t r a c t i o n ,  t h e  water p o r t i o n  was 
d r a i n e d  i n t o  a s e p a r a t e  t a r e d  beaker ,  evapora ted  t o  d ryness  
a t  105OC, d e s i c c a t e d ,  and weighed t o  a c o n s t a n t  weight  t o  
o b t a i n  t h e  condens ib l e  i n o r g a n i c  c o n t e n t .  The e t h e r / c h l o r o -  
form p o r t i o n  was evapora t ed  t o  d ryness  a t  ambient tempera- 
t u r e ,  d e s i c c a t e d ,  and weighed t o  a c o n s t a n t  weight  t o  o b t a i n  
t h e  condens ib l e  o r g a n i c  c o n t e n t .  

Conta iner  N o .  5 - For tests a t  S i t e  1, t h e  c o n t e n t  of  t h i s  
c o n t a i n e r  w a s  s t o r e d  f o r  f u t u r e  r e f e r e n c e .  For tests a t  
S i t e  2 t h e  d i s t i l l e d  water  b l ank  was t r e a t e d  i n  a n  i d e n t i c a l  
manner a s  Con ta ine r  N o .  4 .  The aqueous f r a c t i o n  was used a s  
a water  b lank ,  and t h e  o r g a n i c  f r a c t i o n  w a s  used a s  a n  
e the r / ch lo ro fo rm blank .  

Con ta ine r  N o .  6 - The b lank  f i l t e r  was t r e a t e d  i n  a n  iden-  
t i c a l  manner a s  t h e  f i l t e r  i n  Conta iner  N o .  1. 

The t e r m  " c o n s t a n t  weight"  means a d i f f e r e n c e  o f  no more 

than  0.5 mg o r  1 p e r c e n t  of  t o t a l  weight  l e s s  t a r e  weight ,  which- 

e v e r  i s  g r e a t e r  between t w o  c o n s e c u t i v e  r e a d i n g s ,  w i t h  no less 

than  6 hours  o f  d e s i c c a t i o n  between weighings.  A l l  a n a l y t i c a l  

d a t a  were recorded  on t h e  A n a l y t i c a l  P a r t i c u l a t e  Data Shee t .  

Acetone and water b lank  d a t a  were recorded  on r e s p e c t i v e  b lank  

d a t a  s h e e t s .  
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6.2 DETERMINATION OF PARTICLE SIZE DISTRIBUTION 

Three different configurations of in-stack cascade impactors 

were used to collect samples for particle size distribution mea- 

surements. The following sampling and analytical procedures 

were used. 

6.2.1 Sampling Apparatus 

The source sampling train used in these tests met design 

specifications established by the EPA. Assembled by PEDCo per- 

sonnel, it consisted of the following: 

\,-,,,,l,. L I . 3 I L . A . L  - St;inleas ( 3 1 6 )  with sharp taper& leadi i iy  
edge and accurately measured round opening. 

Temperature gauge - A Chromel/Alumel type-K thermocouple 
(or equivalent) was attached to the probe to monitor stack 
gas (impactor) temperature to within 1.5OC (5'F) by the use 
of a digital readout. 

Metering system - The metering system consisting of a vacuum 
gauge, a leak-free pump, thermometers capable of measuring 
temperature to within 1.5'C ( 5 " F ) ,  a dry gas meter with 2 
percent accuracy, and related equipment was used to maintain 
an isokinetic sampling rate and to determine sample volume. 
The dry gas meter was made by Rockwell, and the fiber vane 
pump was made by Gast. 

Condenser - The condenser consisted of a moisture-removal 
device capable of maintaining a temperature of less than 2OoC 
(68OF), and an attached thermometer to monitor temperature. 

Impactor - An Andersen Mark I11 with eight stages and a 
backup filter was used at Sites 1 and 2. An Andersen Heavy 
Grain Loading Impactor with three stages and a backup filter 
was used at Site 1. A cyclone precutter was attached to 
the front of each impactor used at Site 1. 

Barometer - An aneroid type barometer was used to measure 
atmospheric pressures to 0.3 kPa (+0.1 - in.Hg). 
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6.2.2 Sampling Procedure 

The stack pressure, temperature, moisture, and velocity 

pressure of the selected sampling site were measured with Method 

5 equipment in accordance with procedures described in the 

Federal Register.* One or more points representing average 

velocity were selected as sampling points. 

Each type of impactor was assembled appropriately. Assembly 

of the Andersen Mark I11 (Mark 111) involved alternating the 

stage plates, collection media, flat crossbars, and Inconel 

spacer rings so as to provide eight cut-sizes. The collection 

substrates were Reeve Angel 934 AH glass fiber filters that had 

been heated in a 204OC (400°F) oven for 1 to 2 hours, desiccated 

for 24 hours to a constant weight, and weighed to the nearest 0.1 

mg on an analytical balance. 

Assembly of the Andersen Heavy Grain Loading Impactor (HGLI) 

involved inserting a glass fiber thimble in the backup stage and 

threading together the various parts of the third-stage cyclone 

and first- and second-stage jet-impaction chambers. The glass 

fiber thimble had been desiccated for 24 hours to a constant 

weight and weighed to the nearest 0.1 mg on an analytical bal- 

ance. 

It used, the cyclone precutter was threaded together and 

attached to the front of the impactor. 

The sampling train was assembled as shown in Figure 6-3 or 

Figure 6-4. It was leak-checked at the sampling site prior to 

each test run by plugging the inlet to the impactor (or cyclone 

* 
40 CFR 60, Appendix A, Methods 2, 3, or 4, July 1980. 
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Figure 6-3. Particle size distribution sampling train used at Site 1. 
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Figure 6-4. Particle size distribution sampling train used at Si 
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p r e c u t t e r ,  i f  used) and p u l l i n g  a 50-kPa (15-in.Hg) vacuum. 

Once t h e  d e s i r e d  vacuum w a s  reached ,  t h e  leakage  ra te  was checked 

a t  t h e  d r y  g a s  meter f o r  1 minute .  I f  t h e  l e a k  rate was less 

t h a n  0 . 6  l i t e r / m i n  ( 0 . 0 2  c f m ) ,  t h e  t r a i n  was cons idered  ready  

f o r  sampling.  Any e x c e s s i v e  l e a k s  w e r e  c o r r e c t e d  b e f o r e  t h e  

t r a i n  was used.  The impactor w a s  t h e n  p l a c e d  a t  t h e  s e l e c t e d  

sampling p o i n t  and al lowed t o  p r e h e a t  f o r  s e v e r a l  minutes  b e f o r e  

sampling began. While t h e  impactor  was p r e h e a t i n g ,  t h e  nozz le  

w a s  capped o r  p o i n t e d  away from t h e  gas  flow. A leak-check was 

capped GI F e i n t e d  awa17 fmrr! t h e  gas flow. A leak-check W R S  not 

performed a f t e r  t h e  t e s t  run  so a s  t o  avoid  t h e  p o s s i b i l i t y  of 

d i s l o d g i n g  t h e  p a r t i c l e s  on i n d i v i d u a l  s t a g e s .  

During sampling,  s t a c k  g a s  and sampling t r a i n  d a t a  were 

recorded  a t  r e g u l a r  i n t e r v a l s  based o n  t h e  l e n g t h  of  t h e  run .  

V e l o c i t y  p r e s s u r e  d a t a  were o b t a i n e d  p e r i o d i c a l l y  us ing  s e p a r a t e  

Method 5 equipment. The i s o k i n e t i c  sampling r a t e  w a s  se t  

i n i t i a l l y ,  and c o n s t a n t  c u t - p o i n t  c h a r a c t e r i s t i c s  w e r e  main ta ined  

throughout  t h e  sampling pe r iod .  P r e l i m i n a r y  impactor r u n s  w e r e  

made a t  each s i t e  t o  de te rmine  t h e  Mark I11 sampling times 

r e q u i r e d  t o  a l low uniform l o a d i n g  on t h e  backup f i l t e r  and t o  

p r e v e n t  l o a d i n g s  of  g r e a t e r  t h a n  1 0  mg on any one s t a g e .  A l l  

sampling d a t a  were recorded on t h e  Impactor  T e s t i n g  F i e l d  Data 

Shee t .  

6 . 2 . 3  Sample Recovery Procedure 

When t h e  tes t  w a s  o v e r ,  t h e  impactor  w a s  removed from t h e  

probe and c a r e f u l l y  moved t o  t h e  d e s i g n a t e d  c leanup a r e  wh i l e  
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s t i l l  i n  an u p r i g h t  p o s i t i o n .  The impactors  w e r e  recovered  as  

fo l lows:  

Mark 111: 

Conta iner  N o .  1 - P a r t i c u l a t e  i n  t h e  nozz le  and i n l e t  cham- 
b e r  was removed by b rush ing  and r i n s i n g  w i t h  ace tone  i n t o  a 
po lye thy lene  c o n t a i n e r ,  which w a s  s e a l e d  and l a b e l e d .  

C o n t a i n e r s  N o .  2 through 1 0  - Each f i l t e r  was removed from 
i t s  s t a g e  and c a r e f u l l y  p l a c e d  i n  a p e t r i  d i s h .  Loose 
p a r t i c u l a t e  from t h e  bottom side o f  t h e  p rev ious  s t a g e  
p l a t e s ,  t h e  Inconel  s p a c e r ,  t h e  f l a t  c r o s s b a r ,  and t h e  t o p  
s ide o f  t h e  p l a t e  d i r e c t l y  under t h e  f i l t e r  w e r e  brushed 
i n t o  t h e  same p e t r i  d i s h  a s  t h e  r e s p e c t i v e  f i l t e r .  Each 
p e t r i  d i s h  w a s  sealed and l a b e l e d .  

Con ta ine r  No. 11 - If  t h e  cyc lone  p r e c u t t e r  w a s  used,  par -  
t i c u l a t e  from a l l  sample-exposed s u r f a c e s  e x c e p t  t h e  i n -  
t e r i o r  o f  t h e  cyc lone  e x i t  t u b e  was brushed and ace tone-  
r i n s e d  i n t o  a po lye thy lene  c o n t a i n e r ,  which w a s  s e a l e d  and 
l a b e l e d .  P a r t i c u l a t e  from t h e  i n t e r i o r  of t h e  cyclone e x i t  
t ube  w a s  added t o  Con ta ine r  N o .  1. 

Heavy Grain Loading Impactor  With Cyclone P r e c u t t e r :  

Con ta ine r s  N o .  1 through 5 - P a r t i c u l a t e  from a l l  sample- 
exposed s u r f a c e s  a f t e r  t h e  c u t - p o i n t  o f  t h e  preceding  s t a g e  
and p r i o r  t o  t h e  cu t -po in t  o f  a g iven  s t a g e  was brushed and 
r i n s e d  w i t h  ace tone  i n t o  a po lye thy lene  c o n t a i n e r .  A f t e r  
t h e  c o n t a i n e r  was sealed and l a b e l e d ,  t h e  l i q u i d  l e v e l  was 
marked. 

Conta iner  N o .  6 - The g l a s s  f i b e r  th imble  w a s  c a r e f u l l y  
removed from t h e  ho lde r  and p l a c e d  i n  a g l a s s  jar .  The jar  
was then  s e a l e d  and l a b e l e d .  

A l l  p e r t i n e n t  d a t a  were r eco rded  on Sample Recovery and 

I n t e g r i t y  Data Shee t s .  

6 . 2 . 4  A n a l y t i c a l  Procedures  

F i l t e r s  - Each g l a s s  f i b e r  f i l t e r  o r  th imble  and any loose 
p a r t i c u l a t e  m a t t e r  w e r e  d e s i c c a t e d  i n  r e s p e c t i v e  sample con- 
t a i n e r s  f o r  24 hours  t o  a c o n s t a n t  weight  and weighed t o  
t h e  n e a r e s t  0 . 1  mg on a n  a n a l y t i c a l  ba lance .  

Acetone Rinses  - T h e  volume of each  ace tone  washing was 
measured and t r a n s f e r r e d  t o  a t a r e d  beaker. The sample w a s  
evapora ted  t o  d ryness  a t  ambient  t empera tu re  and p r e s s u r e ,  
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d e s i c c a t e d  f o r  24  hours  t o  a c o n s t a n t  weight ,  and weighed t o  
t h e  n e a r e s t  0 . 1  mg. 

The t e r m  “ c o n s t a n t  weight”  means a d i f f e r e n c e  o f  no more 

than  0.5 mg o r  1 p e r c e n t  of t o t a l  we igh t  less tare  weight ,  which- 

e v e r  i s  g r e a t e r  between two c o n s e c u t i v e  weighings,  w i t h  no less 

than  6 hours  of  d e s i c c a t i o n  between weighings.  A l l  a n a l y t i c a l  

d a t a  were recorded  on Andersen Impactor  o r  H G L I  P a r t i c u l a t e  

A n a l y t i c a l  Data Shee t s .  

6.2.5 Blanks 

Several unused g l a s s  f i b e r  t h i m b l e s  and a complete se t  o f  

unused Mark I11 f i l t e r s  were r e t u r n e d  t o  t h e  l a b o r a t o r y  i n  t h e i r  

r e s p e c t i v e  c o n t a i n e r s .  Approximately 200 m l  o f  t h e  ace tone  used 

f o r  sample recovery  w a s  t aken  a s  a b lank .  I n  a d d i t i o n ,  a b lank  

t e s t  run  w a s  conducted wi th  t h e  Mark I11 impactor  t o  de te rmine  i f  

s t a c k  g a s e s  had r e a c t e d  wi th  t h e  f i l t e r  media t o  cause  f a l s e  

weight  changes.  I n  t h e  blank run  a backup f i l t e r  w a s  p laced  i n  

f r o n t  of  a normally assembled impactor  t o  f i l t e r  o u t  a l l  par-  

t i c u l a t e  m a t t e r  so t h a t  o n l y  t h e  s t a c k  g a s e s  would c o n t a c t  t h e  

f i l t e r  media. 

A l l  b l anks  w e r e  recovered  and ana lyzed  i n  t h e  same manner 

a s  t h e  a c t u a l  samples. Data were reco rded  on t h e  r e s p e c t i v e  

blank d a t a  s h e e t s .  
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APPENDIX A 

COMPUTER PRINTOUTS AND EXAMPLE CALCULATIONS 

PARTICULATE 

Site No. 1 
Site No. 2 

VELOCITY 

Site No. 3 
Site No. 4 

PARTICLE SIZE 

Site No. 1 - Andersen Mark I11 
Site No. 2 - Andersen Mark I11 
Site No. 1 - High Capacity 
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EXAMPLE CALCULATIONS 

The following calculations were used t o  adjust mass emission rates measured 

at the outlet to conditions representative of the total inlet flow rate. 

Adjusted emission rate inlet flow rate 
emission = indicated in x measured outlet 
rate computer output flow rate 

Example: For Run 1,  

Indicated outlet emission rate = 0.388 lb/h 

Inlet flow rate = 16,608,860 scfh 

Measured outlet flow rate = 7,506,190 scfh 
Adjusted emission rate = 0.388 x 16y608q860 7,506,190 = 0.859 1b/h 

This was then converted to metric units. 
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STAGE I STACE 2 CYCLOSE 

TABLE A - l a  

PARTICLE DENSITY = 1.0 g/cc 
50% EFFECTIVE CUT DIAMETER (MIRCOMETERS) 

0. 3 
0 . 4  
0 . 5  
0 . 6  
0.7 

11.0 7 . 6  2 . 1  

11 .0  5 . 9  1 . 3  
10.0 5 . 4  1 . 1  

1 2 . 3  6 . 5  1 . 6  

9 . 1  4 . 9  0 . 9 4  

0.1 
0 . 4  
0 . 5  
0 . 6  

0 .1  
0 . 4  
0 . 5  
0 . 6  
0 . 7  

13 .1  7 .6  2.  I 
12.4 6 . 6  1 . 6  
11 .1  5.9 1 . 3  
10.  I 5.4 I .  I 
9 . 4  5 . 0  0 . 9 8  

2 . 6  
2 . 2  
1 . 9  
1 . 7  

14 .5  
13.7 
1 2 . 1  
1 1 . 2  

8.5 
7 . 3  
6 . 5  
6 . 0  

aOperating Manual f o r  Andersen Samplers, Inc., Heavy Gra in  Loading 
Impactor P a r t i c l e  S ize  Stack Samplers; January 1, 1980, Table 11, p .  41. 

0.7 

A-129 

1 0 . 4  5 . 5  1.5 

0 .3  
0 . 4  
0 . 5  
0 . 6  
0 . 7  

1 5 . 8  9 . 2  3 . 2  
15.0 8.0 2 .7  
1 3 . 4  7 . 1  2 . 4  
12.2 6 . 5  2 .2  
1 1 . 1  6 .0  2.0 

0 .1  
0 . 4  
0.5 
0.6 
0.7 

18.6  10.8 4 . 5  
17 .6  9 . 1  4 . 0  
1 5 . 8  8 .1  1 . 7  
1 4 . 4  7 . 6  3 . 5  
1 3 . 3  7 . 0  I. 3 
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APPENDIX B 

FIELD DATA 

PARTICULATE 

Site No. 1 
Site No. 2 

VELOCITY 

Site No. 3 
Site No. 4 

PARTICLE SIZE 

Site No. 1 - Andersen Mark I11 
Site No. 2 - Andersen Mark I11 
Site No. 1 - High Capacity 

VISIBLE EMISSIONS 

Melt Shop 
Fabric Filter 

Fugitive Emissions 
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TRAVERSE POINT LOCATION FOR CIRCULAR DUCTS 

Plant GJ7e-a +TI-? ?ZAd;;J6, 
Date 4/96/24 
Sampl in; location a ~ e  - -PI 
Inside .of far 

Inside of near wall to outside oflt 

, 
M L k T  1 

o f  nipple 

q - , ,  
nipple (nipple length) - 94% -!4% 

/by x / b  Y 
t/ - Stack I .D .  I* 

Nearest upstream disturbance .qO3 dd 
Nearest downstream disturbance 1.12 dd 

c c Calculated by 12 Ad 1;7/3KRC,.  c R 

TWVERIL PO1111 LOCLlION 
FROII OUTSIDE OF NlPPLf 
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76  '93.53 " b7 
G . Y .  , . I . . . . .  ImI . . .  I 
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I I I I I 
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I TRAVERSE POINT LOCATION FOR CIRCULAR DUCTS 

Plant C a g p  sLGL72=ch! 2 : . D k  
4/%/ Date g 

& O W  SP Sampling location >E** 

nipple (nipple length) t& ''2 \ i  

- 
- .  + 

_. - -. . 
Inside o f  far wall to outside 

Inside o f  near wall to outside o f  

I' I 
/?As-. C A , "  

o f  nipple 
. -  I- .. ..._ ._ - 

Stack I.D. c I 6 ' I - & & # #  

Nearest upstream disturbance .& dd 
Nearest downstream disturbance 2 . 0  dd . -  . \:': c. - --- 
Calculated by E/ SJS32&& 2 I I  

SCHEMATIC OF SAMPLING LOCATION 

TRAVERSE POINT LOCATION ' 
1 5 U  OF COLUMNS 4 L SI  

COLUMNS 1 AND 1 1 NIPPLE I FRCU O U n l O E  OF NIPPLE 
OF STACK 1.0. I STACN 1.0. I no HEAREST PmoUcToF 1.1 incni LENGTH 

TRAVERSE 

NUMBER 
I POINT I FRACTION 

. 
B-16 



- 
PLANT AND CITY RUN DATE I 

f J  7IAa h 

1.  
~~~ ~ 

UOLECULAR STACK I N S I D E  DIMENSION ( i n . )  PITOT 
IAM OR S I D E  1 I S I D E  2 m. 

RUN AHB. T W .  BAR. PRESS S T A T I C  PRESS 
N W B E R  OPERATOR ( O F )  ( i n .  H g )  ( i n .  H20) 

e 6.2 afi.6.5 v 7-1 R.6YLl P * G m  

I I TRAVERSE I I VELOCITY 
P O I S T  POSITION HEAD I STACK 

I .. , - 

I T  I I IC I 
I X  I 1  - I5 I 1 .IS I 
ic i+ 

1 . I 1 llo I r u  
B-17 
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GAS VELOCITY AND VOLUME DATA 

I PLAXT AND CITY I RUN DATE 

?IELD DATA 
t I 1 I I 



. . , .  , . . .  

M O L E C U L ~  STACK INSIDE DIMENSION ( i n . )  
3IAM Ol? SIDE 1 1 SIDE 2 m. 

. .  . &  . , I , , . ~. 

GhS VELOCITY AND VOLWRIL DATA 

PITOT ko ISTURE 
TUBE Cp 8 

. .  1 .  



GAS VLLOCXTY AND V O L W  DATA 

1. 

SAWLING LOCATION 

RUN M B .  T W .  BAR. P U S S  STATIC PRESS 
NUMBER OPERATOR ( O F )  (in. H g )  (in. H20) - -  . 

b 
1 5  1 8  

, L-2. J-7. e 5  1. w-I ?,bd,ll 2kern,” 
2s 1 1  I 7 

STACK I N S I D E  DIHENSION (In.) PITOT K) ISTURE 
xm on SIDE 1 I SIDE 2 TUBE Cp t 

. I  . .  . .  
40 4 1  $1 * I  b4 b7 70  7 3  76 

,6h. . . I . . . .  . 

- v  



GAS VELOCITY AND V O L W  DATA 

I P U X T  AND CITY I RUN DATE 

I I I /  

I 
6 b  b P  

RUN ME. TEMP. BAR. PRESS S T A T I C  PRESS 
NUMBER OPERATOR ( * F l  (in. Hg) (in. W 2 0 )  

~ 

0 
- 

FdLVflLfI -2 ,A'kklrGII . I  31 
I1 1 1  11 

1. b ( - I  
I 7- 

MOLECULAR STACK I N S I D E  DIMENSION f i n . )  PITOT MO ISTURE 
TUBE Cp t xm on SIDE 1 1 S I D E  2 W T .  

. .  . . .  . . .  . .  . .  
40 4 4  J I  * I  6. b? 10 1 3  1 6  

FIELO DhfA 
1 1 I 1 I 

TRAVERSE VELDCITY 
HZAD STACK 

I 

. 
pt . 1'1 7 
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I SAMPLING LOCATION I TIME I 

a.  

/ bb b9 

RUN M8.  T W .  BAR. PRESS STATIC PRESS 
M M B E R  OPEPATOR ('FI (in. Hg) (in. W 2 0 1  

I 2 1  11 11 a. 
2-9 $4  LT-\ &Ckk, \  

I 1 

MOLECULAR STACK INSIDE DIPENSION (in.) ~ PITOT K) ISTURE 
TUBE Cp t DIM on SIDE 1 I SIDE 2 m. 

. .  * .  a .  ,&.La , . I , ,  a , ,  
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TRAVERSE POINT LOCATION FOR CIRCULAR DUCTS 

Date I +26-81 J 

Sampling location 
Inside of far wall, o gutside 

Inside of near wall to outsidqof,, 

Stack I.D. 
Nearest upstream disturbance 4.7 dd 
Nearest downstream disturbance 4.9 dd 

of nipple I f s  
nipple (nipple length) 9 / s  

If 

Cal cul  ated by f i , / L P S  

58 " - -  
SCHEMATIC OF SAMPLING LOCATION 

I I I I I 

I I I I I 

~ 
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W V L U X I T Y  AND VOLUME DATA . 

. .  ._ 
I RUN DATE . 

I 1 

~ ~~ 

MOLECULAR 1 STACK INSIDE DIMENSION ( i n . )  I PITOT )IOISTUREI 

i 

, - y  
F I E L D  DATA 

f I I I 1 

I I I TRAVERSE I VELOCITY 
POINT POSITION HEAD I STACK 

t I I I . 
I I I 
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TRAVERSE POINT LOCATION FOR CIRCULAR DUCTS 

P lant  
Date %-Z4--BI 
Sampling locat ion  >/TG#~-+ 
Ins ide o f  f a r  wal l y t s i s - e & , ,  

Ins ide o f  near wal l  o 

Stack I . D .  7-0" 
Nearest upstream disturbance ,/ x>- dd 
Nearest downstream disturbance ,y9 dd 

c 

o f  nipp le  

n i p p l e  (n ipple  length)  

Calculated by b r  plQ&e& A 

SCHEMATIC OF SAMPLING LOCATION 

COLUIHS I UID 1 FROll O U n l O E  OF NIPPLE 
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APPENDIX C 

SAMPLE RECOVERY AND ANALYTICAL DATA 

PARTICULATE 

Site No. 1 
Site No. 2 

PARTICLE SIZE 

Site No. 1 - Andersen Mark 111 
Site No. 2 - Andersen Mark I11 
Site No. 1 -.High Capacity 

I 
I 

BLANKS 

DUST SAMPLES 

c-1. 
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PARTICULATE SAMPLE RECOVERY AND INTEGRITY SHEET 

P lan t  P A ~ T  EC H Sample date -u/zpfff 
Sample l o c a t i o n  JmLC:7 Recovery date 

Run number p / 7  - Recovered by <-& rfc 

F i l t e r  number(s) ooo d 150 f i d b 3 2  

MOISTURE 

Impingers S i l i c a  ge l  

I n i t i a l  volume ( w t )  L&I @(s) I n i t i a l  w t  --40[> g 

Desc r ip t i on  o f  impinger water f,/&( &In % spent 

F i n a l  volume (wt )  3 00. ml(g)  F i n a l  w t  I /3L. ' /  g 

Net volume (wt )  FJ m l ( g )  Ne t  w t  j d .  4 9 

To ta l  mois ture 36.  y 9 

RECOVERED SAMPLE 

F i l t e r  con ta ine r  number(s) /d 3 Y B  Sealed / 
Descr ip t i on  o f  p a r t i c u l a t e  on f i l t e r  , /-, hewu +L h. r,.,,. ,.\ C L L  

~~ ~ ~ ~~~~ ~ ~~ ~ 

L i q u i d  l e v e l  
I 

Probe r i n s e  
conta iner  no. k?!-fi A marked 

,&q*/bl an k L i q u i d  l e v e l  ./ 
con ta iner  no. / 2 3 c A  marked 

/ Impinger contents  L i q u i d  l e v e l  
con ta iner  no. /3  3 5-A marked 

/ bdt7572  blank L i q u i d  l e v e l  
con ta iner  no. /2 sc: A marked 

Samples s to red  and locked i/-- 

Remarks 

LABORATORY CUSTODY 

Received by _* e Date 47-4- 61 
Remarks I7 

c-3 



METHOD 5 TRAIN ANALYTICAL PARTICULATE DATA 

-- 
Sample 
t ype  

Acetone r i n s e  

Sample  L i q u i d  l eve l  a t  mark 
i d e n t i f i a b l e  and/or container  sealed 

y e 5  V es 

c-4 



PARTICULATE SAMPLE RECOVERY AND INTEGRITY SHEET 

Sample date Y I J ~ / . . C I  Plant p A2 -j-cc,, - 

Run number p l p  - a Recovered by CiC 

Sample location TU,- - r Recovery d a t e  ’/ 

Filter number( s) 600 2 1  r 2  n4(633 

MOISTURE 

Impingers S i l i ca  gel 
Final volume ( w t )  ,&!a< m l ( g )  Final w t  4 3 y . l  9 
I n i t i a l  volume ( w t )  - 9 m  a) I n i t i a l  w t  4 m  9 

ml(g) Net w t  .?y 7 g / Net volume ( w t )  
Description o f  impinger water P i ~ z ~  30 X spent 

Total moisture 5-9, 3 9 

RECOVERED SAMPLE 

F i l t e r  container number( s )  L23b I, Sealed - 
b’L--n 

Description o f  par t icu la te  on f i l t e r  \lei. .Le,, , .  ,r.N+k L, 
I ,  I 

~~ ~ 

1 Probe r inse Liquid level 
container no. 1 3  36 P marked 

J -lank Liquid level 
container no. 1~2 t L F A  marked 
Impinger contents Liquid level 
container no. /3 7 ?,4 marked J 

.4’ h/7 blank Liquid level 
container no. /&’‘?A * marked 
Samples stored and locked / 

Remarks 

LABORATORY CUSTODY 

Received by * Date 5-4-(4 \ 
Remarks 0 

c-5 



. .  . . i . .  . - .  ... . .  . .  . .  . . .. . . . 

-- 
Sample 

t y p e  
Acetone r i n s e  

f i l t e r  (5) 

METHOD 5 TRAIN ANALYTICAL PARTICULATE DATA 

Sample Liquid  l e v e l  a t  mark 
i d e n t i f i a b l e  and/or c o n t a i n e r  s e a l e d  

Je 5 J es 
ye5 ' ye5 

C-6 



. , .  .. . - .  . 

PARTICULATE SAMPLE RECOVERY AND INTEGRITY SHEET 

P lan t  CA2 I- n Sample date v/30/x/ 
Sample l o c a t i o n  z - ~ , , ~ ~  Recovery date ‘ I  

Run number PI? - .7 Recovered by STfl phr 

F i l t e r  number(s) oan 2 a 27 R 4 b5Cj 

MOISTURE 

Impingers S i l i c a  ge l  

I n i t i a l  volume (wt)  SO,-, mg) I n i t i a l  w t  008 g 

Desc r ip t i on  o f  impinger water (‘1 L =A / *& 

F i n a l  volume (wt) ml(g) F i n a l  w t  522F-O g 

Net volume (w t )  L)  ml (g )  Net w t  JkLJ 9 
30 % spent 

To ta l  mo is tu re  J r , @  g 

RECOVERED SAMPLE 

F i l t e r  con ta iner  number(s) /d40/? Sealed 
Desc r ip t i on  of p a r t i c u l a t e  on f i l t e r  

Probe r i n s e  L i q u i d  l e v e l  
con ta iner  no. /ayL1,4 marked 

L i q u i d  l e v e l  
con ta iner  no. G2.2BA marked 

Impinger contents L i q u i d  l e v e l  
con ta ine r  no. / ‘9 marked 

-blank L i q u i d  l e v e l  
con ta ine r  no. /2,39 A marked 1 

Samples s to red  and locked I 

Remarks 

~ ‘ : ‘ e ~ , h f ~ . i ~  JQ.+.,C InrRAr,-. 
I I 

/ 
/ 

dCrc 4sL.-bl an k 

/a / 

LABORATORY CUSTODY 

Received by &-yw-L- Date 45 / 
Remarks v 

C- 7 



METHOD 5 TRAIN ANALYTICAL PARTICULATE DATA 

Sample 
t y p e  

Acetone r i n s e  
f i l t e r  (s) 

Sample Liquid l e v e l  a t  mark 
i d e n t i f i a b l e  and/or container  s e a l e d  

Jf2 3 ue.5 
-5 5 

c-a 



I 
I 
I 
I' 
I 
I 
P 
I 
I: 
E 
m 
I 
I 
1 

1 
a 
I 
I 

m 

PARTICULATE SAMPLE RECOVERY AND INTEGRITY SHEET 

Sample location o , , ~ , ~ ,  - Recovery d a t e  ', 
Run number p j p  - Recovered by UH rfc 

MOISTURE 

Impingers S i l i ca  gel 

Final volume ( w t )  /6 0 m l ( g )  F i n a l  w t  a l # c  9 
I n i t i a l  volume ( w t )  2nt, @ ( g )  I n i t i a l  w t  200 4 
Net volume ( w t )  ~ Y 6  m l ( g )  Net w t  6C. 0 9 
Description o f  impinger water .I?/&.,- 160 % spent 

Total moisture dn? 0 9 

RECOVERED SAMPLE 

F i l t e r  container number(s) / J U B  Sealed / 
Description o f  par t icu la te  on f i l t e r  " 

I 

/ 

/ 

Probe r inse Liquid level 
container no. i2.72 A marked 
-blank Liquid level 
container no. i&?f A marked 
Impinger contents L i q u i d  level 

marked container no. 
blank L i q u i d  level 

1 2 , 3  .<A / - 

container no. /2,=?pA mrked / 
Samples stored and locked J 
Remarks 

LABORATORY CUSTODY 

Received by gG Date c-'?-$/ 
Remarks 

c-9 



.. . . . . .~ . .  I ....:. . . .. ... . .  . .  

Sample Sample 
identifiable type 

Acetone rinse Y f3 

p 5  
J e5 

Impinger rinse 

Filter (s) 

1 Page 1 of 2 

I 
i 

Y 4  ‘I 

Liquid level at mark 
and/or container sealed 

y e.) 

Yes 

c-10 



BACK HALF ETHER-CHLOROFORM EXTRACTION 

Impinger contents and water wash of 

C2P-I impingers, connectors, and back 
half of filter holder. Contalner no. 13334 BLCW 
Inorganic fraction container no. BIA @ 7 ' ' ~ +  
Date and time of wt. 5-13-'61 10'3@nrr, Gross wt. / 0 3 4 / 5 * 1  mg I' 

Date and time of wt. 5-13-91 6 . 3 0 ~ -  Gross wt.- /O3+5.4- mgd 

Average gross wt. l o 3 - t i 5 . 2  m g J  

J J 

Total weight of inorganic phase a.0X3mg= Lt.0 

Organic fraction container no. 

Date and time of wt. 5 - / 2 - ? 1  J.'X3+ 

Date and time of wt. 5-f3-r1 1 0 . ' 3 O k  Gross wt. 6631 1.7 

( ooLc)JI ,5c.)1 l .@qf )  = 0.7 J 

f%A L ~ ~ ' ' ~ W  ' I  

Gross wt. 6631 l.Li mgJ 
- 

- 
Average gross wt. & ~ i  i .  9 mg-" 

Tare wt. 04511. i  mgJ 

Less ether-chloroform blank wt. 0 . 7  ma./' 

J mc 0 .o Total weight of organic phase 
BACK HALF SUBTOTAL +.o mgA' 

TOTAL WEIGHT l2.q mcJ  
Signature of analyst /a5 

d cj 

Signature of reviewer- 9j. I,,_ f k ,(.,U et-. , T , f . P .  

c-11 



. .  . I  . . , .~ ... . . . . .  . . ,  
. .  .. . I .. . .  

PARTICULATE SAMPLE RECOVERY A N D  INTEGRITY SHEET 

- 
Plant C A E  l E C k  Sample date  4/3 5 /&*/ 
Sample locat ion 0 , 1 r 1 ,  - - T 

Run number e97 - 2 Recovered by 
Filter number(s) c 

, 
Recovery date  

v 

MOISTURE 

Impingers S i l i c a  gel 

I n i t i a l  volume ( w t )  &oo @g) I n i t i a l  w t  -q&/J g 

Net volume ( w t )  -2 m l ( g )  Net w t  ; 30 g 
Description o f  impinger water /a % spent fa ,.- 

Final volume ( w t )  ,/9_k m1(g) F i n a l  w t  5-20 E g 

Total moisture I fP%$? 9 

RECOVERED SAMPLE 

F i l t e r  container number(s) /ad ti3 Sealed - - 
Description of par t icu la te  on f i l t e r  Lts\, 4- 91'% 

J i) I 

Probe r inse Liquid level 
container no. A /d 3 % marked J 

/ 
-&lank Liquid level 
container no. / d 2 p A  marked 

I 
Impinger contents Liquid level 
container no. 13 34 A marked 

/ 0 blank Liquid level 
k e r  no. / 12 % A  marked 
Samples stored and locked 1' 
Remarks 

LABORATORY CUSTODY 

Received by &--%e Date 5- L/- 6 I 
v Remarks 

c-12 
i i  



Page 1 of 2 

Sample Sample I type identifiable 

Analytical Organic Particulate Data 

Liquid level at mark 
and/or container sealed 

YG5 Acetone rinse 

Impinger rinse 

Filter (s) 
y e  

V e \  

) I C s  

Ye5 
y 4 

Acetone wash of nozzle, probe, cyclone 
(bypass), flask, front half of filter 
holder. Container no. 1238~ &A b/4  \lorl;-e 354-4~ J 

Date and time of wt. 5-Is-81 l D . ' / k  Gross w t .  lOa6lY.7 mg/ 

Date and time of wt. 5-/5-sl k 7 : s p r ,  Gross wt. /~abi+.'? mg/ 
/ 

./ 
( .OOLO c 354) L . ~ ~ D F J  5 1-7 J Average gross wt. lDJGle:I mgw 

Tare wt. /02&f*$ mg/ 

Less acetone blank wt. (Wa) 1.7 m g J  

Weight of particulate in acetone rinse 4.2 mg J 

Filter (s) container no. 6 ~ C b 3 7  rf 000&1446 

Date and time of wt. S i f - g I  3'30th Gross wt. - 366 .c mg 1 

Date and time of wt. 5-11%( 9:Ly5- Gross wt. 565.8 mgJ 
Average gross w t .  365.4 mg J 

Tare wt; 3W.# mg/ 

mg J Weight of particulate on filter ( 8 )  1.5 

Weight of particulate in acetone rinse +a mg J 
Total weight of particulate 5 :7 c- ms' 

FRONT HALF SUBTOTAL 57 mg J 

C-13 



BACK HALF ETHER-CHLOROFORM EXTRACTION 
I 
~ Impinger contents and water wash of m l  

impingers, connectors, and back 
half of filter holder. Container no. (?3?4 &L 6aS C W - 3  

1 
to f O O 0 . n p .  5oor.ce U S c A  Less water blank wt. a d  mg./ - A.iXa‘zLGn J 

Total weight of inorganic phase 1.5 XJ.,,, = 3.OJ 

I 
667/h’.O mgJ 1, 

d 
’ 1  / 

I 
Q W S  1 

‘I 

organic fraction container no. 629 “H.Y” 

Date and time of wt. 5-13-81 2:30- Gross wt. LXs718.3 m q J  

Date and time of wt. 5-13-81 ! G ; ’ % ’ h  Gross wt. 

/ . O O L c ) i , 5 0 ~  ~1.oYV) = 0 2  /, Average gross wt. 6~719.a mgJ 

Tare wt. 1&,7i7.i mg/ 

0.7 Less ether-chloroform blank wt. / m a  
0.3 L 2 = 0.8 

. 9.g m a t /  

Total weight of organic phase ma ,- 

i BACK HALF SUBTOTAL 3.8 m g u  

TOTAL WE I GHT 

Signature of analyst A J 
Signature of reviewer f,’&-- & / i  .:-! g ?,I. %. 

C-14 
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, , .  - .  . . .  
. .  . .,. 

I 
I 
1 
1 
I 
I 
1 
I 

1 
I 
I 
I 
1 
t’ 
1 
! 
I 
C 

i 

PARTICULATE SAMPLE RECOVERY AND INTEGRITY SHEET 

Sample date u / j ~ / p /  - P l a n t  PA2 - 
Sample location A ~ , ~ , ~  -- I Recovery date  ’( 

Run number r . 3 ~  - 7 Recovered by S,7u 
F i l t e r  number(s) 9/p 63% 

MOISTURE 

Impingers S i l i ca  gel 
Final volume ( w t )  / 42 ml(g) Final w t  5 0 2  < 9 
I n i t i a l  volume ( w t )  300 @g) I n i t i a l  w t  g 
Net volume ( w t )  -.?” r ml(g) Net w t  
Description o f  impinger water Cl eu J / n o  % spent 

9 
. A  

Total moisture q9-g 9 

RECOVERED SAMPLE 

F i l t e r  container number(s) / d Y ; i ~  Sealed f 
Description o f  par t icu la te  on f i l t e r  c,>Ar qrc, ,  

Q 

~ ~ 

/ Probe r inse  Liquid level 
container no. / d 4 3 A  marked 
A&,+zbl an k L i q u i d  level 
container no. marked 1 
Impinger contents Liquid level 
container no. marked / 2 U , 3 B  P / 

&%iie!’:? /ad PA marked / 
Liquid level 

Samples stored and locked I/ 
Remarks 

LABORATORY CUSTODY 

Received by ob Date 5 - - Y - b (  
Remarks 

C-15 



. .  i . .  ..., . . . , ~ . .  
.. . ~~~~~ 

. . .  . . .  . .  . 

Sample Sample 
type identifiable 

y e  7 
Acetone rinse 

Impinger rinse Ye 

Ye.) Filter (S I  

I Page 1 of 2 

I 
I 

Liquid level at mark 
and/or container sealed 

)!e5 

ye( 

3c 5 i 
FRONT HALF 

Acetone wash of nozzle, probe, cyclone 
(bypass), flask, front half of filter 
holder. Container no. lwaA & c b a  r / o / ~ w e  3 W d  / :I 

Date and time of wt. 5-15.%( 6 ; A o Q r n  Gross wt. 103309.6 mg*’ p 

Tare wt. iW301.8 m g y  1 

I 
Date and time of wt. s l ( * l  7 : 6 & -  Gross wt. b 7 . S  mg’ I 

J Date and time of wt. 54-%7 t C : r s @ - -  Gross wt.  l0+3@4.5 mg 

l . c 0 d 1 3 4 . r - )  C.’77oFjz 1.7 1 Average gross wt. lo@oq.6’ m g ~ ’  

mgJ I Less acetone blank wt. (Wa) 

Weight of particulate in acetone rinse 6.1 mg J’ 

Filter (s) container no. 8U638 000 /rile 

Date and time of wt. 5-9-gl  3:30- Gross wt. 3bci. 5 mg 

369.5 / Average gross wt. 

Tare wt. 367.5 

Weight of particulate on filter (s) 61.0 ms’ 1 

Total weight of particulate 8. I mg J I  
mg I 

Weight of particulate in acetone rinse 6.1 mg J 

J FRONT HALF SUBTOTAL 8. I 

C-16 



I 
I 
I 
I 
I 
I 
I 
I 
I 
t 
I 
I 
1 
I 
I 
1 
c 
I 
1 

Paae 2 of 2 

BACK HALF ETHER-CHLOROFORM EXTRACTION 

Impinger contents and water wash of 

/a+34 ~ . c b d q  C2?-3 
impingers, connectors, and back 
half of filter holder. Container no. 

&c 6M ' 'w . I  

Inorganic fraction container no. 
c 

Date and time of wt. 5-15-81 Io:3@+ Gross wt. 103544.9 mg J 

Date and time of wt. 5-13-81 6 : j O # u  Gross wt.- /035' /5 .3  mg/' 
J 

(.005a)(561)(/.@) 7.2.6 J Average gross wt. IC'3535.i mgJ 

V a ( d : n e  - Tare wt. lC353Y.7 mg/ 
d ,  /cteo( 

/ 
' D " C l d ,  soomy. & Less water blank wt. 3.6 m g J  .,, 

5.L" 4 ! 8 X d  Fns -.- 
d.k tn.?c-troA\ 

Total weight of inorganic phase 

Organic fraction container no. 03i~ 624 ' ' ~ 4  ' I  

Date and time of wt. 5-12-81 &3Oo, Gross wt. bSgS2.3 mgJ 

Date and time of wt. 5 - / 3 - % /  1 0 : 3 G k  Gross wt. 65 ~ 5 a .  f mg J 

k .595a.a  mg-- , 
$/ 

Average gross wt. [.oo.i) ( : s o )  CI.a4SI 5 0.7 J 

- 8  Tare wt. 65W'i.J mgl. 
Less ether-chloroform blank wt. c.7 mg J J 

1.sx2m9 - 3.6. 
Total weight of organic phase 

BACK HALF SUBTOTAL 9.2 mgJ 
17.3 J TOTAL WEIGHT - mg 

signature of analyst bU5 
Signature of reviewer .T.$. p, 

Y 

C-17 
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ANDERSEN IMPACTOR RECOVERY AND INTEGRITY SHEET 

P lan t  Sample date 

Run number . L / M  -3, Recovered by 

RECOVERY SAMPLE 

Cyclone p a r t i c u l a t e  L i q u i d  l e v e l  

con ta iner  number 

con ta ine r  number .MA marked 

Cyclone and nozz le  r i n s e  

J i n r  i n l e t  chamber) L i q u i d  l e v e l  
r i n s e  con ta ine r  number 38';;v) p marked 

Acetone b lank L i q u i d  l e v e l  
con ta iner  number 77L63-5 A marked 

F i  1 t e r s  

3 8  > 3 f i  marked L i q u i d  7 l e v e l  

,/, &. 
~- 

Stage 

0 
1 

2 
3 

4 
5 

6 

7 
Backup 

Container number 

I I 
Samples s to red  and locked 

Remarks 

LABORATORY CUSTODY 

Received by Q b l w M 4 -  Date 5 - 4 -  b( 
Remarks v 

c-18 

I 1  
1 
I 
I 
I 
I 
1 
I 
I 
U 
I 
I 
1 
I 
I 
Q 
J 
1 
I 



Sample 
type 

Acetone rinse 
filter (s) 

Backup 

Sample Liquid level at mark 
- 

identifiable and/or container sealed 

.IC> J z5 

Weight of particulate in acetone rinse 
Total 

Signature of analyst b& 
Signature of reviewer Ty. 

I 

c-19 



- ~ ~~ . . . .  , . . . . . . . . . . . . . . ~~~ .... . . .  

Sample 
type 

Acetone rinse 
filter(s1 

ANDERSON IMPACTOR ANALYTICAL DATA 

Sample Liquid level at mark 1 

identifiable and/or container sealed 

J 65 w 5  
\I c5 +5 

Stage 

0 
1 
2 
3 
4 
5 
6 
7 

Backup 

Filter No. Lab No. Gross,mq 
F R O #  P a G E  I -  c y c i  

Weight of particulate in acetone rinse 1.g J 

Total 64.6 1 
Signature Of analyst B&S 

Signature of reviewer Lf Lctk I, f.P 

c-20 
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ANDERSEN IMPACTOR RECOVERY AND INTEGRITY SHEET 

P lan t  C O ? ~ N ~ ; . ~  I 6 . C  t, Sample date q - 2 7  -g/ 
- 

Sample l o c a t i o n  Slfc+ I ~ / e y  Recovery date g-z9-8’ 
Run number c ] A? - 3 Recovered by ph ,//,DS 

RECOVERY SAMPLE 

L i q u i d  l e v e l  hlfi marked 
Cyclone p a r t i c u l a t e  
conta iner  number 

Cyclone and nozz le r i n s e  J L i q u i d  l e v e l  

L i q u i d  l e v e l  

Acetone blank ‘$2-3 6 L i q u i d  l e v e l  
conta iner  number - _  

3938 4 marked 

r i n s e  con ta ine r  number 3837  d marked / 
marked 

F i  1 t e r s  

Stage 
D 
1 
2 
3 
4 
5 
6 
7 

Backup 

Samples s to red  and locked 

Remarks 

~~ CUSTODY 
Received by Date 5-”/- 8 / 
Remarks 

c-21 



Sample 
type 

Acetone rinse 
filter ( s )  

0 
1 

Sample Liquid level at mark 
identifiable and/or container sealed 

qs’) v e5 

4 
5 
6 
7 

Backup 

Weight of particulate in acetone rinse 
Total 

Signature of analyst 0 4  o&& 
(I J 

Signature of reviewer ,>& . . ,  
U 

I 
I 
I 
1 
I 
I 
1 
i 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 

--%L 



I 
I 
I 
I 
I 
I 
I 
I 
I, 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 

Sample 
type 

Acetone rinse 
filter ( s )  

Sample Liquid level at mark 
- 

identifiable and/or container sealed 

VL5 J L5 
Jr5 9 c3 

Date and time of wt 5- l l -81 I.'30,,m Gross wt Lb42Li .S  mgd 

Date and time of wt 5-12-81 8 300m Gross wt G?bqa'i 2 m g d  

Average gross wt 6L4r1YLt mg/ 

Tare wt 6&4;1?3 mg./ 

Less acetone blank wt (Wa) 13 mg1/ 

Weight of particulate in acetone rinse G 8  mgJ 

Filters 

Stage 

0 
1 
2 
3 
4 
5 
6 
7 

Backup 

Tare, mq Net, mg Lab No. Gross,mq 
1. 7 J 

Weight of particulate in acetone rinse 00 J 

Total 8.2 a % 
Signature of analyst L d e r  t ,=L iup .w ro/;fL 

0 Y 

Signature of reviewer anll S L C d  T, J. k/ 
r 

C-23 



ANOERSEN IMPACTOR RECOVERY AND INTEGRITY SHEET 

1 

Plan t  &r3eM&r Iech. Sample da te  'j- '-&& 
/ 

Sample l o l a t i o n  ?fc# / L U k f  Recovery date c / - . ! t2 -x /  

Run number ,-e / M -  Recovered by p, 4,l,,;L 
1 

RECOVERY SAMPLE 

L i q u i d  l e v e l  
marked 

Cycl one p a r t  i c u l  a t e  
con ta ine r  number 

Cyclone and nozz le r i n s e  L i q u i d  l e v e l  ,' 
Nozzle ( o r  i n l e t  chamber) L i q u i d  l e v e l  
r i n s e  con ta ine r  number 2.853 4 marked 

L i q u i d  l e v e l  / 
marked 

Acetone b lank 
conta iner  number 

conta iner  number 3 8 yz 4 marked :/ 

\T<$? ' .  , ,7 r? 
F i  1 t e r s  

Stage 

0 
1 

2 
3 

4 
5 

6 

7 
Backup 

Comments 

Samples s to red  and locked 

Remarks 

LABORATORY CUSTODY 

Received by Date ~ - Y - G /  
Remarks 

C-24 
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1 
I 
I 
I 
I 



II 
I 

Sample Sample 

I 
I 

Liquid level at mark 

I 
1 

Acetone rinse 

1.0 9 py 
ANDERSON IMPACTOR ANALYTICAL DATA 

Y e 5  y e5 

Plant Ld.5 E.PA Run No. Cln7-6  

Sample location 

Relative humidity 5093 

Density of acetone (pa) .7?09 g/ml 

Acetone rinse container no. 3?534 Lab no. &A 673 

Acetone rinse volume (Vaw) 173 ml J 

Acetone blank residue concentration (Ca) .007? mg/gJ 

Wa = Ca Vaw p a  = ( OO-II,$ ( i 7 3  ) ( 7 Y c ' G )  = 1.0 mg J 

Date and time of wt S - l l - Y l  / 30- Gross wt 7C19b.5 5 mg 

Date and time of wt 5-13 $ 1  B. jOh.m Gross wt 7c'ib5,2 mg 

Average gross wt 70'7b54 mgJ 

Tare wt 70LiG3.2 mgJ 

Less acetone blank wt (Wa) 1.0 mgJ' 

Weight of particulate in acetone rinse 1.2 mg J 
Filters 

Stage Filter No. Lab No. Gross,mq Tare, mq Net, mq 

6 
7 

Backup 

Weight of particulate in acetone rinse 
Total 

Signature of analyst &LJA Q.& ILS 

Signature of reviewer ,Ad", bJ L A  id& Kf& 
B 

C-25 



ANDERSON IMPACTOR ANALYTICAL DATA 
P""% J-86 a 

Sample 
type 

Acetone rinse 

Sample Liquid level at mark 
identifiable and/or container sealed 

J is v e) 

1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
1 
I 
I 
I 
I 
I 



. . .r . . .  

* .. 
. .  . . . . .  

. .  
.. . I 

I 
I 

I 
1 
I 
I 
I 

1 
I 
I 
I 
1 

ANDERSEN IMPACTOR RECOVERY AND INTEGRITY SHEET 

P lan t  Sample date 4- z B  -3 

Run number CZ-P? - L  A,  

v 
Sample l o c a t i o n  fS,r~*tz Recovery date 4-37 -R/ 

Recovered by /o,, s- 

RECOVERY SAMPLE 

Cyc 1 one par  ti c u l  a t e  
conta iner  number u4- marked 

Cyclone and nozz le r i n s e  L i q u i d  l e v e l  
con ta iner  number /" 14 marked 

Nozzle Mt+P&-&arrteer) L i q u i d  l e v e l  
r i n s e  conta iner  number 3 8 3 C A  marked 

Acetone blank L i q u i d  l e v e l  

F i l t e r s  

L i q u i d  l e v e l  

/ 

conta iner  number ? R a  3 A. marked (/ 

Stage F i l t e r  number Container number Container sealed Comments 
0 A-97-  

2 x - 445- 
3 x - 0 4  7 

1 A - 5 0  

2 - 7 1  3 I U4 

6 W-61 a 3) I J $3 
7 d- 40 

Backup m B L / 3 5  

Samples s to red  and locked / 
Remarks 

~~ X R Y  CUSTODY 

Received by Date s'y-%/ 
Remarks 

c-27 



ANDERSON IMPACTOR ANALYTICAL DATA 

Sample 
type 

Acetone rinse 
filter (s) 

Sample Liquid level at mark 
identifiable and/cr container sealed 

y e.3 y es 
y c5 y 6s 

Weight of particulate in acetone rinse 1.3 / 
Total 4.2 J 

Signature of analyst AAdA b A L S  

P o  Signature of reviewer ?& f2 W U t t  0 . .  

I/ 

C-28 

. ..*--- 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
1 
I 
I 
I 
I 



1 %  
I 
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1 
1 
1 
I 
I 

ANDERSEN IMPACTOR RECOVERY AND INTEGRITY SHEET 

P1 an t  c Sample date - - 

Sample l o c a t i o n  S , F  - 2 - k- 7‘ Recovery date 
Run number /I 2 m - 3  * Recovered by 

RECOVERY SAMPLE 

Cyclone p a r t i c u l a t e  L i q u i d  l e v e l  
con ta iner  number marked .Fi 

‘i: 
oh- 

Cyclone and nozz le r i n s e  
conta iner  number 

L i q u i d  l e v e l  
marked ),I 

L i q u i d  l e v e l  
3 c?Y~-. /  marked 

Nozzle 7 ) 
r i n s e  conta iner  number 

Acetone blank L i q t i d  l e v e l  
con ta iner  number , .  marked 

CL 
i >. I 

- 
F i l t e r s  

Samples s to red  and locked /- 

Remarks 

LABORATORY CUSTODY 
Received by LgWYlLL- Date 5- q-g(  
Remarks 

C-29 



~~ ~~~ 

ANDERSON IMPACTOR ANALYTICAL DATA 

Sample 
type 

Run NO. Cam-3 plant M . 5 .  @ A -  mqt3 
sample location 

Relative humidity 5@% 

Density of acetone (pa) -740'2 g/ml 

Sample Liquid level at mark 
identifiable and/or container sealed 

Acetone rinse I I Y.-S 
filter (s) Ye5 y 4 I 

Acetone rinse container no. 3864 Lab no. & 4 9 /  

Acetone rinse volume (Vaw) 53 ml J 

Acetone blank residue concentration (Ca) Q07if mg/g J 
mg Wa = Ca Vaw pa = ( CD)~) (53 ) ( 7 r ' O f )  = 0 3  

Date and time of wt 5-11-%1 1 3 0 -  Gross wt 7 1  5 9  mgw' 

Date and time of wt 5-12-5 1 b 300-  Gross wt 71 l Y 6 . I  mgw 

Average gross wt - 1 1  l'i 6 0 mgy' 

Less acetone 

Weight of particulate in 

Filters 

Stage Filter No. Lab No. 

0 
1 
2 
3 
4 
5 
6 
7 

Backup 

blank wt (Wa) 0.3 mgJ 

acetone rinse 0.P mgJ 

Gross ,mq Tare, mq Net, mq 

I+l.O J 147.2 J [ - c i . > ) *  J 
135.a J /3+$ /' .0.5 r/ 
lW.7 /' 149.5 / a.a J 
133.5 J 134.5 J 0.3 J 

147.a 1 IY7.0 / 0.2 J 
135.4 / 135.8 r. 0 . t  J 

1.3 8.0 ./ ,373 ' 0.3 J 

I % . &  J e. 0.a J 

1W.b / 1uq.Y "' y/ 

Weight of particulate in acetone rinse 0.9 J 
Total a.!? / 

N o r  r * I C ~ u p E ~  ;& T J W L  
9 Signature of analyst bu 

Signature of reviewer %dLL R,n,vu& r. f .  P. 
J J 
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1 
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. .. . . . .  .. . .  : . . 

ANOERSEN IMPdTOR RECOVERY AN0 INTEGRITY SHEET 

Sample date  #w-j/ _ -  Plant / A A  , 1 < -  ‘- 

Sample locat ion c I - I r  Q-- , JT ,&~  Recovery dat 
Run number czM-,’j Recovered by 

RECOVERY SAMPLE 

Cyclone par t icu la te  Liquid level 
container number marked 

Cyclone and nozzle r inse  L i q u i d  level 
container number F A  marked 

Nozzle (or i n l e t .  chamber) Liquid level 

Acetone b l a n k  Liquid level 
container number s’ c3g ‘3 R marked 

/LA 

rinse container number 3fi 55/ marked J 

./ 
Fi l t e r s  

Stage 
0 
1 
2 
3 
4 

5 
6 
7 

Backup 

Samples stored and locked 

Remarks 

- LABORATORY CUSTODY 
Received by -<&nJk Date 3-r-53 f 
Remarks fl 

C-31 



ANDERSON IMPACTOR ANALYTICAL. DATA 

Sample Sample 
type identifiable 

Acetone rinse q c s  
filter(s) \I d5 

Liquid level at mark 
and/or container sealed 

I/ e5 

y 4 

Filters 

Stage 

0 . I 
2 
3 
4 
5 
6 
7 

Backup 

Signature 

Signature 

1 

Weight of particulate in acetone rinse 1.5 J 

I 
I 
I 
I 
I 
1 
I 
1 
I 
I 
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I 
I 
I 
I 
I 
I 
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ANDERSEN HEAVY GRAIN LOADING IMPACTOR RECOVERY AND INTEGRITY SHEET 

Plant - { , q & ~ &  , Sample date y -28- e/ 
Sample location S T / -  - / / - /L  E7- Recovery date  L/-28 -8/ 

Run number C I A  I - Recovered by d f  

R E C O V E R E D  SAMPLE 

Par t icu la te  Container Rinse 
container sealed container Liquid level 

S tage  number comments number marked 

Cyclone 
0-precutter &)A OK J" ?,827.A 

1 &'A r/E/?V H.d ,x r J '  -2a26YL J 
$1 2 fib / / 6'. n 7 36'34A 

/ 
'3-Cycl one r j  ?, 3 R - .: ". j i 4 F A W  e' 

$'-Backup L - J 
I 

A L /n-/JI 7 ,  .. 

Samples stored and locked /" 

Remarks .:/L%& '.I / , L. ,, p I-. '.- 

3 + , 2 3 A  

LABORATORY CUSTODY 

Received by 

Remarks 

c-33 



page of 'j 

sample Sample 
type identifiable 

Acetone rinse qc-5 

Particulate 

Liquid level marked 
and/or container aealed 

v e5 

Particulate container no. 

Date and time of wt Gross wt 9 

Date and time of wt Gross wt 9 

Average gross wt 9 

Tare ut 9 

stage 

Weight of particulate mg 

Weight of particulate in acetone rinse mg 

mg Total weight of particulate stage 

Mote: In no case aha11 a blank residue greater than (.01 mg/g) or 
.OOl\ of the weight of acetone used be mubtracted from the sample 
weight. 

Remarks: 

* "&Of& r.9 Q, U 
Signature of reviewer 

c-34 

I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 



,I 

Sample Sample 
tYPe identifiable 

Acetone rinse J &S 

Particulate 

I 
I 
I 
1 
I 
1 
I 
I 
I 
I 

Liquid level marked 
and/or container mealed 

9 6  

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

Sample Sample 

Page 3 of 5 

Liquid level marked 

n c u  PARTICULATE ANALYTICAL DATA 
Plant LA 5 €Pfi - m B  Run No. CIlt-1 
Sample location 6~4642 

Density of acetone (pa) .7'?GS g/ml 

Relative humidlty 

tYPe identifiable and/or container eealed 

Acetone rinse \ / e  5 I 9 el 
Particulate I 
Acetone rinse container no. 382779 stage 2- 
ketone rinse volume ( ~ a w )  76 ml " 

Acetone blank residue concentration (Ca) .06.7 mg/g - 
wa = ca vaw pa = ( .007yl~ 76 )(.WOW = mg /' 

Date and time of wt 5 - 1 3 - 8 t  1 0 : . 3 3 ~ G r o s s  wt @09?.6rng" 
Date and time of w t  S-/i-f( Y;'L~S/; -  ~ r o s s  wt WOP?.G. r q * *  

, 

0 4  

Average gross wt C14097.6,,,g/ 
Tare wt CfLiO7Q.3hg~ 

Less acetone blank ut (Wa) 0e.t- mg J 

Weight of particulate in acetone rinse 8.9 mgJ 
Particulate container no. 

Date and time of ut Gross wt 9 

Date and time of wt Gross w t  9 

Average gross wt 9 

Tare wt 9 

Stage 

Weight of particulate mg 

Weight of particulnte in acetone rinse mg 

Total weight of particulate stage mg 

Note: In no case shall a blank residue greater than (.01 rng/g) or 
.0019 of the weight of acetone used be subtracted from the sample 
weight. 

Remarks: 

Signature of analyst 

Signature of reviewer 
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Sample Sample 
type identifiable 

Acetone rinse r.s 
Particulate 

3 
Page of 2 

Liquid level marked 
and/or container aealed 

l e  5 

Signature of analyst J d  a43 A Q s  

Signature of reviewer 2dll. &d&- 7-J.P 
# 

c-37 
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Sample Sample 
tYPe identifiable 

Acetone rinse .4 G 
Thimble v e 5  

"63 C-38 

Liquid level marked 
and/or container sealed 

J d S  

ye $ 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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ANDERSEN HEAVY GRAIN LOADING IMPACTOR RECOVERY AND INTEGRITY SHEET 

Sample date - - P l a n t  - z m  
Sample l o c a t i o n  c, 7 ~ -  / - ,/ L6,- 

Run number - Recovered by p ’  
Recovery date 4-29- &/ 

RECOVERED SAMPLE 

Stage 

P a r t i c u l a t e  Conta iner  
con ta ine r  sealed 

number comments 

Rinse 
conta iner  L i q u i d  l e v e l  

number marked 

m J bi f id  y Gdpn “ L 
- Cyclone 

p r e c u t t e r  r/Pt 

Samples s to red  and locked ”’ 

Remarks 

3 q 2 3 A  

LABORATORY CUSTODY 

Received by 44-531 

Remarks 

c-39 



. . . . .  . .  . . .  . . .  . . .  . . . . .  ............. . . . . . . .  . < ;$- ~. .. . . . . . . . . .  . . . . . . . . . . . . . . .  . .  . .  ' 

sample Sample 
type identifiable 

Acetone rinse v es 
Particulate 

Liquid level marked 
and/or container oealed 

v e.5 

C-4 0 
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I 
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. .  .. , .. . . . ... . . .  . . . .  

Sample Sample 

Acetone rinse V c5 

Particulate 

type identifiable 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Liquid level marked 
and/or container aealed 

Y’LS 

I 
I 
I 
I 

Note: In no case shall a blank residue greater than (.01 mg/g) or 
.OOlP of the weight of acetone used be subtracted from the sample 
veight. 

Remarks: 

Signature of analyst ~ 

Signature of reviewer 

C-41 



~ ~~ ~ ~~~~~~ . . . . . . . . . . . . . . . . . . .  . . .  . .  .. . .  . .  

Sample Sample 
tYPe identifiable 

Acetone rinse ll e5 
Particulate 

Liquid level marked 
and/or container sealed 

J e> 

Signature of analyst h J l 4 l  h 5  - signature of reviewer '9~2 & A.id . .  I 
B 

C-42 
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. . , , ~ . . .  
.. . .  . . - .  . . . .  . .  

.. . 
I _ 1  

? w e  - 4 o f  - 5 

HGLI PARTICULRTE ANALYTICAL DATA 

Plant IL.5. EPtt - Emf3 Run NO. el*-& 
Sample location &&* a~ibY-7 
Relative humidity 5 8 - 9 2  
Density of acetone (OA) .7468 g/ml 

Sample Sample Liquid level marked 
type identifiable And/or container sealed 

I I 

Acetone rinse I 1 U t 5  

Acetone rinse container no. 394& stage 3 
Particulate 

Acetone rinse volume (VAW) 3 1 4  ml J 
J Acetone blank residue concentration (Ca) . 007 4 mg/g 

W A  = CA Vaw oa = t . ~ 7 J )  ( 3 t + )  ( . 7 4 0 ~ )  - 1.3 mg 1 
Date and time of wt 5-13.81 ~o:mfi--, GSOSS wt Li@coO.&g*-- 

Date and time of wt 5-13 -81 om Gross wt q30cc.Smg- 
Average gross wt Y30G0.Lfmg/ 

Tare wt ria4/5.arng./ 
Less acetone blank wt (Wa) 1.8 mg J' 

83.Y mg J Weight of particulate in acetone rinse 

Particulate container no. 

Date and time Of Wt Gross wt 9 

Date and time of wt Gross wt 9 

Average gross wt 9 

Tare Wt 9 

stage 

Weight of particulate mg 

Weight of particulate in acetone rinse mg 

Total weight of particulate stage mg 

Note: In no case shall A blank residue greater than t.01 mg/gl or 
.0010 of the weight of acetone used be subtracted from the sample 
weight. 

Remarks: 

signature of analyst ( ? J u A  h~ 
Signature of reviewer 

C-43 



BGLI PARTICULATE ANALYTICAL DATA 

plant L1.5. @ A -  EMB RunNo. c1H-Z 

Bwple location Lab* &C650 

knsity of acetone (pa) .7%? g/ml 

Relative humidity so/; 

Sample Sample Liquid level marked 
type identifiable and/or container mealed 

Acetone rinse q .c> y e5 

Thimble Y r S S  Y 2s 
Acetone rinse container no. 3 QLfY-A Stage 4 
Acetone rinse volume (Vaw) /7k ml A' 

Acetone blank residue concentration (Ca) .m? '+ mg/g I' 

Wa = Ca Vaw pa = ( .007v( I 7 b  ( .7qOf) = 1.0 mg 

Date and time of Wt 5-/3-9f /o.'joC- Gross vt l00487.3,g J 

Date and time of vt 5 i 3 - Y I  +:%on. Gross wt /Ooqti3.%g 

Average gross wt / 0 0 + ~ 7 . . C m g  J 

/oLi'k?t93. I ng /'' Tare Wt 

Less acetone blank vt (Wa) i.0 mg/ 
3.3 mg/ Weight of particulate in acetone rinse 

Thimble container no. &65l 2 
J Date and time of wt 5 - 4 - 9 (  3:30,- Gross vt A37F.D c.g 

Date and time of wt 5-//-9 ?:'66-- Gross wt 2 3 7 9 ,  rig J 
23.19 - 0 , y g  ' 

Tare vt JOI3-.9 rrg*/ 

Average gross wt 

Weight of particulate in Thimble 365.2 m g J  

Weight of particulate in acetone rinse 3.3 mgJ 
368.5 m9J 

Total stage o /3J,9 mg/ 
Total stage 1 5.9 m g J  

Total stage 2 5.4 m g d '  
Total stage 3 83.Y m g J  

Total stage 4 3b8.5 mgY' 
Total particulate 545.5 mg J 

Total weight of particulate in stage 4 

Signature of analyst 

Signature of reviever . .  . 
n 

e-44 



ANDERSEN HEAVY GRAIN LOADING IMPACTOR RECOVERY AND INTEGRITY SHEET 

P lan t  -- TF C- ft Sample da te  y-  3# -p/ 

Run number L/JJ --? Recovered by J P  
Recovery date y-30 -. PI Sample l o c a t i o n  5 1 7 , ~  1 - i & r & f i r  

RECOVERED SAMPLE 

P a r t i c u l a t e  Conta iner  Rinse 

Stage number comments number 
conta iner  sealed con ta ine r  

3 r5-B-A 
1 .& -5 LfF7 pr 
2 A -2xb-A- 

. ~ z L ~ . A  

Cyclone 
p r e c u t t e r   pi 

Cyclone t-' A 3561 fr  
Backup j V I I '  8 L E  ?/o.3 bTdg fi) 

L i q u i d  l e v e l  
marked 

Samples s to red  and locked ) 
Remarks 

&&&& 3 3 2 3 A  

LABORATORY CUSTODY 

Received by  Date 5-e/- 'd I 
// 
i/ Remarks 

c-45 
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Sample Sample 
type identifiable 

Acetone rinse yes 

Particulate 

signature of analyst f L l 2 s  
Signature of reviewer ' f i  l A Q b L M T  -f*Y.* 1 0 

Liquid level marked 
and/or container aealed 

v CS 

C-4 6 



~. .. ~ . .  .. . .  . :. . . .,. .. . .. .. 

Sample 
type 

HGLI PARTICULATE ANALYTICAL DATA 

Plant U S .  U A  f 2 13 Run NO. C i H - 3  
Sample location La64 0u 653 
Relative humidity 9 4 0  
Density of acetone (pa) . 7‘709 g/ml 

Sample Liquid level marked 
identifiable and/or container 8ealed 

Particulate I I 
Acetone rinse container no. 3 9 5 q a  stage I 

Acetone blank residue concentration (Ca) ,007 .f- mg/g ’. 

wa - ~a vaw pa = C . O O . I ~ )  ( I W  ) (,-/+PI = 0.7 mg -. 

Acetone rinse volume ( ~ a w )  ;a/ ml 

Date and time of wt 5-/3-91 /CJ:.30k-. Gross wt l@S”O.Qg 

Date and time of wt 5-13-8i Lt-+50.1,Gross wt / o ~ ~ % l  *gJ 

Average gross wt Ioq‘/+&.ong *’’ 

Tare wt IOqLi.k;.G,g’ 
Less acetone blank wt lwa) 0.7 mg 

Weight of particulate in acetone rinse 5.3 mg J 
Particulate container no. 

Date and time of wt Gross wt 4 

Date and time of wt Gross wt 9 

Average gross wt 9 

Tare wt 9 

Stage 

Weight of particulate mg 

Weight of particulate in acetone rinse mg 

mg Total weight of particulate stage 

Note: In no case shall a blank residue greater than t.01 rng/g) or 
.OOl% of the weight of acetone used be subtracted from the sample 
weight. 

Remarks: 

Signature of analyst b 2 e s  
Signature of reviewer 

c-4 7 
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Sample Sample 
type identifiable 

Acetone rinse yes4 
Particulate 

Page 2 of 5 

Liquid level marked 
and/or container sealed 

YCJ 

Signature of analyst R d  Q f M S  
Signature of reviewer r-/".n: Y O  

c-48 



. . .  .? . .  . . .  . .  , .  

sample 
type 

IIGLI PARTICULRTE ANALYTICAL DATA 

Sample Liquid level marked 
identifiable and/or container sealed 

Plant U.5 @A - m 6  Run NO. Cll+-3 
Sample location L a b R  gab55 

Density of acetone (pa) . H ~ Q  
Relative humidity soyJ 

g/ml 

Acetone rinse J ts'j I p 5  

c-49 



Sample 
type identifiable 

Acetone rinse ,jL> 

Thimble 2.s 

"69 C-50 

m Liquid leve marked 
and/or container Bealed 

y r 5  

y t5 



PARTICULATE SAMPLE RECOVERY AND INTEGRITY SHEET 

Plant ,/,At : *& Sample date 4.- 9 +--I 
Sample location -- Recovery date  - 
Run number - Recovered by c L P B P  
F i l t e r  number(s) oao 2 o P 7  23my 

MOISTURE 

Impingers S i l i ca  gel 

Final volume ( w t )  ml (g)  F i n a l  w t  9 
In i t i a l  volume ( w t )  m1(g)  I n i t i a l  w t  9 
Net volume ( w t )  ml(g) Net w t  9 
Description o f  impinger water % spent 

Total moisture /J#- g 

RECOVERED SAMPLE 

F i l t e r  container number(s) 3863 6 Sealed L' 

Description o f  part iculate  on f i l t e r  7 

Probe rinse Liquid level 
container no. , VYi- marked 

blank Liquid level 
container no. , UA- marked 
Impinger contents L i q u i d  level 
container no. #J&- marked 

blank L i q u i d  level 
container no. / !  marked 
Samples stored and locked ./' 

Remarks 

LABORATORY CUSTODY 

Received by Date 5-4-61 
Remarks C k m d b ~  

c7 

C-51 



Plant d.5< EPA-  m I!.&* f3a 6J- I 
Sample location C * O t a L 4 e R + +  I m p  

Relative humidity 507'~ 

Liquid level marked and container sealed 

Density of acetone (pa )  cT'Io8 g/ml 

Blank volume (V,) 5 3.7 ml J 

Date and time of wt 5-15-81 / o . ' l 5 n ,  Gross wt 10535i.5 mg-/ 

Date and time of wt 5-15-81 6:30ph Gross wt /05351.7 m y  

Average gross wt ,10535 1.6 mg/ 

Tare wt l 0 5 3 M . O  mgy 

Weight of blank (ma) 2.6 mgJ 

( d . 6  .0061 mg/g,/ ma ca = 
va Pa ( 5 3 7 )  (:7q@e 1 

Note: - In no case should a blank residue greater than 0.01 mg/g) 
or 0.001% of the blank weight be subtracted from the sample 
weight. 

Filters Lab at BicL34 Filter number C O O . N H  

Date and time of wt 5-4 -81  3:300, Gross wt 363.q mgd 

Date and time of wt 5 - I l - g l  7:yljG-Gross wt 23 .v  mgJ 

Average gross wt %.+ mgJ 

Tare wt 363.0 mgJ 

Difference wt 0.4- mgd 

Note: Average difference must be less than +J mg or 2 %  of total 
r -  sample weight whichever is greater. .zc. 3 

Remarks 

Signature of analyst b&S 

Signature of reviewer ) / u L C i t ; c  I 7.2. 
il 

I U 
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BLANK ANALYTICAL DATA 

1' 
I 
I 
P 

I' 
I 

Plant s. wa 
Sample location 

Relative humidity 53Vc 

Type of blank Ha0 
Liquid level at mark and container sealed 

Density of blank (pa) g/ml J 

ye5 

Blank volume (Va) SOD ml J 

Date and time of wt. 5 / 3 - 9 1  /D:3Oc- Gross wt. 1 1 0 6 4 l . O  mg v .  

Date and time of wt. 5-/3-81 G.'30, Gross wt. I l O l r O . ?  mgJ 

Average gross wt. I lotLtO..Y m g y  

Tare wt. 1 1 ~ b j f . 3  mgJ 

Weight of blank (ma) A L  mgJ 

Note: In no case shall a blank residue greater than (0.01 
mg/g) or 0.001% of the weight of blank used be subtracted 
from the sample weight. 

Signature of analyst fJwk b6 
Signature of reviewer v J bc , : ~ . , \ A &  f .  f k 

$ 0 4  

II- 

c-53 



BLANK ANALYTICAL DATA 

Plant d85. € P A  - € M e  * &b30 WI~”  

Sample location 

Relative humidity 50% 

Type of blank e7%k O h / o Q o f b h  

Liquid level at mark and container sealed W5 

Density of blank (pa) / .Oqf g/ml’ 

Blank volume (Va) 150 m l y  

Date and time of wt. 5-12 81 J.300., Gross wt. 6d.555.9 mq J 

Date and time of wt. 5-13 F /  IO.sO&m Gross wt. 62-5555 mqJ 

Y 

Average gross wt. 6as55.7 mq 

Tare wt. ba55-5.~ mq’ 

Weight of blank (ma) 0.7 mq J 

Note: In no case shall a blank residue greater than (0.01 
mg/g) or 0.001% of the weight of blank used be subtracted 
from the sample weight. 

Remarks : 

Signature of analyst &h 

Signature of reviewer ‘L L e  . .  J Q ,  
U 
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ANDERSEN IMPACTOR RECOVERY AND INTEGRITY SHEET 

P lan t  u,f TF64 Sample da te  V - 2 y - f /  
Sample l o c a t i o n  - Recovery date - 

p Run number C M B F  Recovered by  

RECOVERY SAMPLE 

Cyclone p a r t i c u l a t e  L i q u i d  l e v e l  
con ta ine r  number P A  marked 

Cyclone and nozz le r i n s e  L i q u i d  l e v e l  
con ta iner  number r /P marked 

Nozzle ( o r  i n l e t  chamber) L i q u i d  l e v e l  
r i n s e  con ta ine r  number marked 

Acetone b lank L i q u i d  l e v e l  
container 

F i  1 t e r s  

Stage 

0 
1 
2 
3 

4 
5 

6 
7 

Backup 

number N& marked 

F i  1 t e r  number + 
& 

h J  y A  

kr38 
d 3 s  
w3LJ 

LJ3a 
n.;;1/7 

- 

Container number 

??-v6 
& 3 r ?  
2 . 3  5-cr 
Q 75-9 

Container sealed Comments 

b' 

2-367 
i /  

$2- 89 
Y 

I a 
Samples s to red  and locked J 
Remarks 

LABORATORY CUSTODY 
Received by I ,  Qpnk- Date 4-4-%1 
Remarks L/ 

c-55 



~~ ~- 

ANDERSON IMPACTOR ANALYTICAL DATA 

Sample 
type 

Acetone rinse 
filter (s) 

Sample Liquid level at mark 
identifiable and/or container sealed 

yes ye-5 

Filters 

Stage 

0 . I 
2 

6 
7 

Backup 

1 
I 
I 
I 
I 
I 
1 
1 
I) 
I ’  1 
I 
I 
I 
I 
I 

Filter No. Lab NO. Gross,mq Tare, mq Net, mg 

LL‘ 3q i3L4 ?.lo 14Y a J w . 7  J 0,s , 
+a 6 , ~  srr 136 4 6 I 3b  ? r /  (-0 3I*-’ 

K d9 AuPda /fiYi.b ., I * 2  Y’ G ’ t  I 

l3ti Y v /3t G I/ 0 %  J’ 

i w a  r, 0 1  J 

iz 19 A b c S . 3 3  
w 55 flufa+ i‘t7.3 ’ 

w 3 4  Bu 9a.i 138.0 :/ 131 Y r, 0 3  J 
W 3  I Ad. 82.6 i4P.B [ 1476 J 1.a J 
G3a B L L D  -I 13b 0 J 135.8 J oa J 
B *&I? A&Gx / B o  J I ? $ . /  J -2 

Weight of particulate in acetone rinse - 
Total 2 8  

$07 I N C ! . G , ’ f ”  , ‘r, n r 8 L  Signature of analyst i&g % 

Signature of reviewer 1- r.2 w 
U Y I 

I 



P 

1 

I 

ANDERSEN 

. .  

IMPACTOR 

P lan t  -L/q Sample date -7 7-p/ 

Sample l o c a t i o n  
/ A,AJJz- 

- R/ Recovery date Y -1 0 3  5 / F Z  -fl u j-LF7- 

Run number {->&-I' Recovered by </ &5KA 

RECOVERY 

Cyclone p a r t i c u l a t e  
conta iner  number ,,dA 

PA- Cyclone and nozz le r i n s e  
conta iner  number 

)/I- 
Nozzle (.ectR+&dmnber) 
r i n s e  con ta ine r  number 

0 1. 3 
u n  1 / A  

Acetone b lank - 
conta iner  number 

F i  1 t e r s  

Stage 

0 
1 

2 
3 
4 
5 
6 
7 

Backup 

SAMPLE 

L i q u i d  l e v e l  
marked 

L i q u i d  l e v e l  
marked 

L i q u i d  l e v e l  
marked 

L i q u i d  l e v e l  
marked /' 

Container sealed Comments 
i/ p'h L E ' r t D , d L L -  

J / I  

/ / I  
J I (  

J J 

J f /  

/' ' I  

I I  
/ 

J I {  

Samples s to red  and locked / 
Remarks 

LABORATORY CUSTODY 
Received by gzwJz-& Date s-q-%( 
Remarks u 

c-57 
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ANDERSON IMPACTOR ANALYTICAL DATA 

Sample 
t..p= 

Acetone rinse 
filter(s) 

Sample Liquid level at mark 
identifiable and/or container seaied 

- 

Filters 

Stage 

0 
1 
2 
3 
4 

7 
Backup 

Weight of particulate in acetone rinse mg 

Filter No. Lab No. Gross ,my Tare, mq Net, mq 

acetone rinse 
Total - 0. 

Signature of analyst a h S  
0 1 0  

Signature of reviewer 3 d i L  fA , A .  w. 

C-58 
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I 
I 
I 
1 
I 
I 
I 
I 
1 
I 
1 
I 
I 
I 
s 
I’ 
I 
I 
I 

BLANK ANALYTICAL DATA FORM dcL~;ra& B/f)d/!, 

Plant ~ U.5 LQ# . - 6 m R  h b *  &L 6 6 3  
Sample location C L ’ O i h f l W 6  ,38234 
Relative humidity 50 90 
Liquid level marked and container sealed d e 5  

Density of acetone (pa) -7908 g/ml 

Blank volume (V,) aa-/ ,/ ml:/ 

Date and time of wt 5 - / l - % l  / : 3Oom Gross wt 62lg1.4’ mg-‘ 

Date and time of wt 5 - l a - S I  8 ; 3 0 ~ r r ,  Gross wt 6alqJ.7 mg’ 

Average gross wt O w q a . 8  mgv’ 

Tare wt 6;3-ic)-r.5 mg/ 

Weight of blank (ma) 1.3 mgJ 

( 1.3 ) .mlY mg/g/ ma ca = 
“a Pa (2bl ) (.7LjOS) 

Note: In no case should a blank residue greater than 0.01 mg/g) 
or 0.001% of the blank weight be subtracted from the sample 
weight. 

Filters Filter number 

Date and time of wt Gross wt mg 

Date and time of wt Gross wt mg 

Average gross wt mg 

Tare wt mg 

Difference wt mg 

Note: Average difference must be less than - +5 mg or 2 %  of total 
sample weight whichever is greater. 

Remarks 

Signature of analyst OW&’ (IS& 

Signature of reviewer T Y .  A4 
r 

c-59 
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ANDERSEN HEAVY GRAIN LOADING IMPACTOR RECOVERY AND INTEGRITY SHEET 

Plant -( AA C& Sample date - 2 ,Y--f/ 

Sample location - Recovery date - 
Run number Lhi8F - / Recovered by - 

Stage 

Cyclone 
precutter 

1 

2 

Cyclone 

Backup 

Part iculate  
container 
number 

RECOVERED SAMPLE 

Container 
sealed 

comments 

Rinse 
container Liquid level 
number marked 

Samples stored and locked I 

Remarks 

LABORATORY CUSTODY 

Received by 5 5 4 4  \ 

Remarks 

C-60 
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I 
I 
I 
I 
i 
I 
1 
I 
t 
I 
I 
B 
I 
I 
1 
1 
0 
I 
I 

Sample Sample 
type identifiable 

Acetone rinse 

Particulate ./ c5 

Page I of I 

Liquid level marked 
and/or container aealed 

J e s  

Signature of analyst 

Signature of reviewer r3? k 
/ 

C-61 
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ANDERSEN HEAVY GRAIN LOADING IMPACTOR RECOVERY AND INTEGRITY SHEET 

P l a n t  - r_ARTzsr-ct Sample date y s ?  +/ 
I 

Sample l o c a t i o n  - Recovery date 

Run number cHRF - 3 Recovered by - 

RECOVERED SAMPLE 

Stage 

P a r t i c u l a t e  
con ta ine r  

number 

Container 
sealed 

comments 

Rinse 
conta iner  L i q u i d  l e v e l  

number marked 

r / A  
Cyclone 
p r e c u t t e r  

Samples s to red  and locked J 

Rema r ks 

LABORATORY CUSTODY 

Received by  L W . 4 = +  Date 5-4-41 
U - 

Remarks 

C-62 
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n 
1 
I 
I 
I 
I 
I 

Sample Sample 
type identifiable 

Acetone rinse 

Particulate J i 5  

Page i of - i 

Liquid level marked 
and/or container sealed 

Y d 5  

Signature of analyst < 
J , , , !  

Signature of revierer / ,l "It/&.(/f& re;'& 

C-63 
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ANDERSEN HEAVY GRAIN LOADING IMPACTOR RECOVERY AND INTEGRITY SHEET 

P l a n t  - L A A W  C . H  Sample date - w-i/ 
Sample l o c a t i o n  - Recovery date - 
Run number c - f t 8 F  3 Recovered by - t 

Stage 

Cyclone 
p r e c u t t e r  

1 

2 

Cyclone 

P a r t i c u l a t e  
con ta ine r  

number 

.A 
rJ A- 

P’pr 

RECOVERED SAMPLE 

Container 
sealed 

comments 

Rinse 
conta iner  L i q u i d  l e v e l  

number marked 

/A- 

NA 

Samples s to red  and locked --- 
Remarks 

LABORATORY CUSTODY 

Received by +- Date $ &I-$ I 
n u Remarks 

~ 

I 
I 
I 
I 
I 
I 
1 
I 
1 
I 
I 
I 
I 
I 
a 
I 
I 
I 
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Sample Sample 
type identifiable 

I 
I 
I 
1, 
I 
1 
1 
I 
I 
I 
I 
Y 
1 
E 
I 
I 
I 
I 
I 

Liquid level marked 
and/or container sealed 

BGLI PARTICUIATE ANALYTICAL DATA 

Plant M .5 U'fl - €RIB Run NO. C d i 3 F - 3  
Sample location 

Relative humidity 5je 9; 
Density of acetone (pa) , 7 ' / O S  g/ml 

Acetone rinse I I 
Particulate 

Acetone rinse container no. Stage 

Acetone rinse volume (Vav) ml 

Acetone blank residue concentration (Ca) mg/g 

wa = Ca Vav pa = ( ) (  1 -  mg 

Date and time of wt Gross wt 9 

Date and time of vt Gross vt 9 

Average gross wt 9 

Tare wt 9 

Less acetone blank vt (Wa) mg 

Weight of particulate in acetone rinse mg 

Particulate container no. &.CL~D'  &L 
Date and time of vt 5-4-s/  j;J&.., Gross vt d3da .o  hg .-e 

Date and time of wt s-/I-fl 'i'*;Q--- Gross wt d 3 3 d . l  -d .  

Average gross wt 2 3 3 2 . G  cqJ 

Tare wt dL3Aci.z ~3 J 

-_ Stage 
/ Weight of particulate d . 9  rng 

mg 
/ Total weight of particulate stage a,? mg 

Weight of particulate in acetone rinse - 
Note: In no case shall a blank residue greater than (.01 mg/g) or 
.0018 of the weight of acetone used be subtracted from the sample 
weight. 

Remarks: 

Signature of analyst 

Signature of reviewer Q,( ,&., 4...&L& 1.j.h. 
1/ 

C-65 
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C O M M E R C I A L  TESTING & ENGINEERING CO. 
G E N E R A L  OFFICES: 118 N O R T H  LC S ILLE STREET, CHICAGO, lLClUOlS SOSO? . AREA CODE 3(1 710-8134 

INSIPVMENTAL ANALYSIS OIVISION. !4335 W f S l  U l H  AVENUE, GOLDEN, COLORADO 80401, PHONE: 303-178.9511 
-_ . ~ - Reply to 

T ~ :  M r .  Thomas J. Wagner 

11499 Chester Road 
C i n c i n n a t i  , OH 45246 

PEOCo Enviromental ,  I n c .  .u. ..... I 
I 

Date: June 16, 1981 

Analyst J. Oldham 

I 
I 

P 0. NO PEI-81-4012-3530-2 

Sample No BU610 SPARK SOURCE MASS SPECTROGRAPHIC ANALYSIS 'AD No 97-6525-515-04 
CTf - P S - /  Y - 7 Y - S )  

ELEMENT CONC ELEMENT CONC ELEMENT CONC ELEMENT CONC 

CONCENTRATION IN PPM WEIGHT 
__ 

Uranium < 0 . 6  Terb i  um 

Thorium c0.B Gadol i n i  um 
I Ruthenium Vanadi um 270 

Molybdenum MC T i  t a n i  um MC 

C O . 1  - I 
1 
I 
1 

Osmi um Cesium 1 Arsen ic  19 A1 uminum >90 0 
I 
1 

Lu t e t i  um Indium STO N icke l  MC N i t rogen NR 1 

Bismuth 70 Europi um N i  ob i  um 21 Scandium 

Lead MC Sama r i um Zi rconium 3 Calcium MC 

Tha l l i um 2 Neodymi um < - 0.4 Y ttri um 0.7 Potassium MC 

Mercury NR Praseodymium 0.2 S t ron  t i um 65 Ch lor ine  510 

Gold Cerium 2 Rubidium 16 Su l fu r  >560 

P1 a ti num Lanthanum 0.9 Bromine 8 Phosphorus 390 

I r i d i u m  Barium 430 Se len i  um 280 S i l i c o n  MC 

Rheni um I o d i n e  0.4 Germani um 9 Magnesi urn MC 

Tungsten 89 T e l l  ut- i um 0.7 Gal 1 i urn 75 Sodi um >230 

Tantalum <0.3 - An ti mony 7 Z inc MC F1 u o r i  ne MC 

Hafnium Tin 16 Copper MC Oxygen NR 

Y t t e r b i  um 

Thul i um 

Cadmium 

S i l v e r  

27 

84 

Cobal t  

I r o n  

MC Carbon 

MC Boron 

NR 

2 I 
I P a l  1 a d i  um Manganese >920 Bery l  1 iurn <O. 1 Erb i  um 

Holmium Rhodi um Chromium MC L i t h i u m  3 

Oysprosi urn 
STO - Internal Standard 
NR - Not Reported 
All elements not detected < 0. lppm 
MC - Msior Component 
INT - Interference C-66 

Approved: 

Hydrogen NR 



C O M M E R C I A L  TESTING & ENGINEERING CO. 
GENERAL OFFICES:  228 NORTH L A  SALLE STREET. CHICAGO, ILL INOIS  eo001 . AREA C O D E  312 720.8134 

Reply to INSIPUHENIAL ANALYSIS DIVISION. ! I 3 3 5  WESl U l H  AVENUE, GOIDEN. COLORADO 80401. PHONE: 303.279.9521 
~. -_ ~ 

I 
. _. ~ 

I TO M r .  Thomas J. Wagner 
PEDCo Enviromental ,  I nc .  
11499 Chester Road 
C inc inna t i ,  OH 45246 

.. , , . 
Date: June 16, 1981 

Analyst: J. Oldham 1 P. 0. No.: PEI-81-4012-3530-2 
Sample No.: BU611 
crz  - ~ ' S - I  y-,zy-g/ 

SPARK SOURCE MASS SPECTROGRAPHIC ANALYSIS IAD No.: 97-G525-515-04 

CONCENTRATION IN PPM WEIGHT 

ELEMENT CONC. ELEMENT CONC. ELEMENT CONC. ELEMENT CONC. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Uranium <0.9 Ter b i  um 

Thorium 2 Gadolinium 

Bismuth 45 Eunopium 

Lead MC Samarium 

Thal 1 i um 6 Neodymi um 

Mercury NR Praseodymium 

Gold Cerium 

P1 a ti num Lanthanum 

I r i d i  um Barium 

Osmi  um Ces i um 

Rheni um Iod ine  

Tungs ten  73 T e l l  u r i  um 

Tantalum Antimony 

Hafnium 

L u t e t i  um Indium 

Ytterbium Cadmium 

Thul ium S i  1 ver  

Erbium Pal 1 a d i  um 

Holmium Rhodi um 

Dysprosium 

<0 .8  T i n  - 

STD - Internal Standard 
NR - Not Reported 
All elements not detected < 
MC - Maior Component 
IN1 - Interference 

0. 1PPm 

0.3 

1 

0.6 

0.9 

6 

5 

140 

2 

0.6 

2 

10 

26 

STD 

10 

140 

Ruthenium 

Molybdenum MC 

N i  ob i  um 17 

Zirconium 4 

Y t t r i u m  1 

53 S t r o n t i  um 

Rubidium 51 

Bromine 11 

Selenium 640 

Arsenic  27 

13  Germanium 

Gal l ium 110 

Z inc MC 

Copper MC 

N icke l  MC 

Cobal t  MC 

I r o n  MC 

Manganese MC 

Chromium MC 

Approved: 
C-67 

Vanadium 

T i tan ium 

Scandi um 

Calcium 

Potass i  urn 

Ch lor ine  

S u l f u r  

Phosphorus 

S i  1 i c o n  

A1 umi num 

Magnesi urn 

Sodium 

F l u o r i n e  

Oxygen 

N i t rogen 

Carbon 

Boron 

Bery l  1 i um 

L i t h i u m  

Hydrogen 

99 

680 

< 3.1 

MC 

MC 

740 

>810 

560 

MC 

>130 

MC 

>330 

MC 

NR 

NR 

NR 

5 

<0.1 

8 

NR 



I C O M M E R C I A L  TESTING & ENGINEERING CO. 
GENERAL OFFICES: 2 1 s  WORTH LA SALLE STREET. C H I C A G O .  ILLINOIS e o m  . A R E A  CODE 3 1 1  710-8434 

Reply to INSTRUMENTAL ANALYSIS DIVISION, I4335 WESI 4ITH AVENUE. GOLDEN, COLORADO 80401. PHONE: 303-278.VSZI 
- __ - __ . . ..______ 

T,,: M r .  Thomas J .  Wagner 
PEDCo Enviromental ,  Inc.  
11499 Chester Road 
C inc inna t i ,  OH 45246 I 

Date: June 15, 1981 

Analyst: J. Oldham 

I P.O.NO.: PEI-81-4012-3530-2 

Sample No.: BU612 SPARK SOURCE MASS SPECTROGRAPHIC ANALYSIS IAD No.: 97-6525-515-04 
c7-E - L - 3  $ j - 3 0 . f /  

CONCENTRATION IN PPM WEIGHT 

ELEMENT CONC. ELEMENT CONC. ELEMENT CONC. ELEMENT CONC. 

Urani  um 

Thorium 

Bismuth 

Lead 

Thal 1 i um 

Mercury 

Gold 

P1 a ti num 

I r i d i u m  

Osmium 

Rheni um 

Tungs ten  

Tan t a l  um 

Hafnium 

Lu te  t i  um 

Y t t e r b i  um 

Thul i um 

Erbium 

Holmium 

Dysprosium 

<3.7 Terbium 

< 0.8 Gadolinium 

33 . Europium 

MC Samarium 

5 Neodymi um 

NR Praseodymium 

Cerium 

Lanthanum 

Bar i  um 

Cesium 

I o d i n e  

85 T e l l  u r i  um 

Antimony 

T i n  

Indium 

Cadmi um 

S i  1 ver  

P a l  1 a d i  urn 

Rhodi um 

STO - Internal Standard 
NR - Not Reported 
All elements not detected < 0. lppm 
MC - Maior Component 
IN1 - Interference 

~~~ ~ 

0.2 

0.5 

0.5 

0.4 

2 

2 

260 

1 

0.5 

0.7 

8 

19 

STD 

7 

40 

Ru t h e n i  um 

Molybdenum MC 

Niobium 12 

Z i rconium 6 

Y t t r i u m  0.7 

S t ron  t i  um 31 

Rubidi  um 2 1  

Bromine 8 

Sel en i  urn 290 

Arsen ic  20 

German i um 10 

Ga l l i um 80 

Z inc MC 

Copper MC 

N icke l  MC 

Coba l t  MC 

I r o n  MC 

Manganese MC 

Chromium MI: 

Vanadium 

T i tan ium 

Scandium 

C a l  c i  um 

Potass i  um 

Ch lo r ine  

S u l f u r  

Phosphorus 

S i  1 i c o n  

A1 uminum 

Magnesi um 

Sodium 

F l u o r i n e  

Oxygen 

N i t rogen 

Carbon 

Boron 

Bery l  1 ium 

L i t h i u m  

180 

150 

<0 .1  - 

MC 

MC 

540 

>600 

170 

MC 

>96 

MC 

>250 

MC 

NR 

NR 

NR 

2 

<0 .1  

fi .- - 
Hydrogen NR 

Approved: 

C-68 
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C O M M E R C I A L  TESTING & ENGINEERING CO. 
I 
- E 

1 

GENERAL OFFICES: 1 2 8  N O R T H  L A  SALLE STREET,  cnicAoo, ILLINOIS eo001 . AREA CODE 311 720-8434  

Reply to INSlPUMENlAL ANALYSIS DIVISION, 14331 WEST U l H  AVENUE, GOLDEN. COLORADO 80101. PHONE: 303.278-9521 
.~ .- .- ._ . ~. . . ~ 

8 To: M r .  Thomas J.  Wagner 
PEDCo Enviromental, I nc .  
11499 Chester Road Date: June 16, 1981 
Cinc innat i ,  OH 45246 

Analyst: J .  Oldham 1 P. 0. No.: PEI-81-4012-3530-2 
Sample No.: B U l O O l  SPARK SOURCE M A S S  SPECTROGRAPHIC ANALYSIS IAD No.: 97-G525-515-04 

N B J - S 4 r l -  / t 3 3  
CONCENTRATION IN PPM WEIGHT 

ELEMENT CONC. ELEMENT CONC. ELEMENT CONC. ELEMENT CONC. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Uranium 

Thorium 

Bismuth 

Lead 

Thal 1 i urn 

Mercury 

Go1 d 

Plat inum 

I r i d i u m  

Osmi urn 

Rheni urn 

Tungs ten  

Tan t a l  urn 

Hafnium 

Lute  ti urn 

Y t t e r b i  urn 

Thul i urn 

Erbium 

Holmium 

Dysprosium 

13 

16 

0.9 

59 

4 

NR 

1 

2 

0 .3  

2 

0.2 

0.6 

0.8 

1 

Terbium 0.6 

Gadolinium 2 

Europium 2 

Samari urn 12 

Neodymi urn 16 

Praseodymium 8 

Cerium 85 

Lanthanum 68 

Barium MC 

Cesium 10 

I od ine  0 .3  

T e l l  u r i  urn 

Antimony 3 

T i n  3 

Indium STD 

Cadmi urn 3.5 

S i l v e r  < - 0 .3  

Pal 1 ad i urn 

Rhodi urn 

STO - Internal Standard 
NR - Not Reported 
All elemenfs not defected < 0. lppm 
MC - Major Component 
INT - Interference 

Ruthenium 

Molybdenum 

Niob i  urn 

Z i  r c o n i  urn 

Y t t r i u m  

S t r o n t i  urn 

Rubi d i  urn 

Bromine 

Selenium 

Arsenic  

Germani urn 

Gal l ium 

Zinc 

Copper 

N icke l  

Cobal t  

I r o n  

Manganese 

Chromium 

7 

19 

95 

48 

240 

56 

3 

4 

31 

8 

48 

96 

49 

27 

11 

MC 

74 

170 

Vanadium 

T i  t a n i  urn 

Scandi um 

Calcium 

Potass i  urn 

Ch lo r ine  

S u l f u r  

Phosphorus 

S i1  i con  

A1 uminum 

Magnesium 

Sodi urn 

F l u o r i n e  

Oxygen 

N i t rogen 

Carbon 

Boron 

Bery l  1 i urn 

L i t h i u m  

Hvdrooen 

110 

MC 

21 

MC 

MC 

8 

>910 

MC 

MC 

>150 

MC 

>370 

223 

NR 

NR 

NR 

14 

11 

>410 

NR 

Approved gv@ 
C-69 
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C O M M E R C I A L  TESTING & ENGINEERING CO. 
BENERAL O F F I C E S :  118 NORTH LA SALLE S l R E E l ,  C H I C A G O .  I L L I N O I S  80801 ' AREA C O D E  311 7 1 8 - B 4 3 4  

Reply to INSlRUMENlAL ANALYSIS DIVISION, ' U 3 S  WEST 14lH AVfNUE. GOLDEN. COLORADO 80401. PHONE. 303-278-V521 
. . __. -. 

To: Mr. Thomas J. Wagner 
PEDCo Enviromental, InC. ..., . ..,.. 
11499 Chester Road 
C inc inna t i ,  OH 45246 I 

Date: June 16, 1981 

Analyst: J. Oldham 

I 
1 

I 
1 

Thal 1 i um Neodymi urn 1 Vttri urn 7 Potassi  urn MC I, 
I; 
I 

Osmi um Cesium 1 Arsenic  5 A1 uminum >90 i 
I 
I 

Lu t e t i  urn Indium STD N icke l  9 N i t rogen NR I 
I 
I 

Hydrogen NR I 
I 

P. 0. NO.: PEI-81-4012-3530-2 
Sample No.: NBS SRM1632 SPARK SOURCE MASS SPECTROGRAPH~C ANALYSIS IAD No.: 97-6525-515-04 

CONCENTRATION IN PPM WEIGHT 

ELEMENT CONC. ELEMENT CONC. ELEMENT CONC. ELEMENT CONC. 

Uranium 1 Terbium Ru t h e n i  um Vanadium 17 

Thorium 2 Gadolinium Molybdenum 3 T i  t a n i  urn MC 

Bismuth Europium 0.1 N iob i  urn 5 Scandi urn 0.5 

Lead 4 Sama r i urn 2 Zirconium 23 Calcium MC 

Mercury NR Praseodymium 1 S t r o n t i  urn 150 Ch lor ine  200 

Go1 d Cerium 13 Rubidi  urn 31 S u l f u r  >560 

P1 a t  i n urn Lanthanum 21 Bromine 3 Phosphorus *620 

I r i d i u m  Bar i  urn 430 Sel e n i  urn 2 S i l i c o n  MC 

Rheni urn I o d i n e  2 Germanium 2 Magnesi urn MC 

Tungsten Te l l u r i um 0.2 Ga l l ium 13 Sodi urn >230 

Tan t a l  urn A n t i  mony 0.2 Zinc 15 F1 uo r ine  =14 

Hafnium T i n  0.4 Copper 12 Oxygen NR 

V t t e r b i  urn Cadmi urn 0.7' Cobal t  0.7 Carbon NR 

Thul i urn S i  1 ve r  I r o n  MC Boron 19 

Erbium Pal ladium Manganese 46 Bery l  1 i um 2 

Hol m i  urn Rhodi urn Chromium 10 L i th ium 51 

Dysprosium 
STD - Internal Standard Heterogeneous 
NR - Not Reported 
All elements not detected < 0. lppm Approved: 
MC - Maior Component 
INT - Interference C-70 
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PEDCo ENVIRONMENTAL 
l l l O D  CWLSTER ROAD 

CINCINNATI OcllO l S 2 a 6  
(613) 782.4700 

A l l A l Y l l C L L  RtLYLTS 

Sample received: 
I 
tllent: 135~%'3 

I Attn: 
Results reported: 7/Pz-/f/  

Pa ramet er U n i t !  

PEDCo SamDle Number - 

Sample number 
I I 1  

I - 1  

+-I-+ 



PEDCO ENVIRONMENTAL, INC. 
1 1499 CHESTER ROAD 

CINCINNATI. OHIO 45246 
(51 3) 782-4700 

T C U X  IS1 3) 7824807 

LABORATORY REPORT 

FLUORIDE ANALYSES 

Run N o .  

C2P-1 
C2P- 3 

* N o t  ana lyzed  

Run N o .  

CTE-PS-1 
CTE-PS-2 

F- i n  r i n s e  F- o n  f i l t er ( s )  Total  F- 
(mg 1 (mg 1 

0 .07  c 0 . 0 7  
0 . 0 7  0 . 2 6  0 . 3 3  

T o t a l  F-, mg/q 

1 4 . 2  
1 6 . 1  

Samples c o r r e c t e d  for b lanks .  

Reagent blank for r i n s e s  = cO.04 mg F - / f l a s k  
Reagent blank for f i l ters  = 0 . 2 4  mg F- / f la sk  
F i l t e r  blank = 0 . 3 0  mg F- 

Submitted By:  $b&ffs 
Date: 9 - 15-8 1 

I 
I 
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PEDCO ENVIRONMENTAL, INC. 
1 14DO CHESTER ROAD 

CINCINNATI, OHIO 45246 
IS1 1 1  782-4700 

T C L C X  I5 1 SI 782-4807 

PARTICULATE RUNS - 

Run No. 

C2P-P (Method 5 set) 
C2P-2 (Method 5 set) 

All blanks: Non-detectable 

Total pg  metal 

Chromium Lead Nickel 

5 2  <18 59 
6 3  <18 52 

BULK SAMPLES 

Run No. 

CTE-PS-1 
CTE-PS-2 

mg/g metal 

Lead Nickel - Chromium 

4 2 . 2  2 . 2 0  2 1 . 6  
5 6 . 3  2 . 2 0  2 1 . 4  

Date: September 

Submitted By: 

. .  
BRANCH OFFICES < 

. .. .. . .  : i, 
DALLAS, TUAS COLUYWS. WK) 

. .  ! ' ,:. " . ' "  . 
. i:, : . . . * .  ... .+ 

CHESTER -wens U N S M  C m .  MISSOURI DURHAM. NOR" CAROUNA 

c-79 
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MRI PROCESS SUMMARY 
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MIDWEST RESEARCH INSTITUTE 
450s Creedmoor Road 

Raleigh, N.C. 27612 

Telephone(919) 781-5750 

Date: May 18, 1981 

Subject: Source Test--Carpenter Technology Corporation, Reading, Pa. 
Electric Arc Furnaces in the Steel Industry 
EPA 'Contract No. 68-02-3059; ESED Project No. 79/9 
MRI Project No. 4663-L 

From: William Terry, MRI 

To: Reid Iversen, Lead Engineer 
ESED/ISB/SSAS (MD-13) 
U.S. Environmental Protection Agency 
Research Triangle Park, NC 27711 

I. Purpose 

The purpose o f  this visit was to observe the operation o f  the No. 2 
argon-oxygen decarburization (AOD) vessel and to monitor its associated 
environmental control equipment during the source test at the Carpenter 
Technology Corporation (CarTech) plant in Reading, Pennsylvania. 

11. Place and Date 

Carpenter Technology Corporation 
101 Bern Street 
Reading, Pennsylvania 19601 
Telephone: (215) 371-2000 
April 27-30, 1981 

111. Attendees 

A. Carpenter Technology Corporation (CarTech) 

Larry H. Geiser, Air Quality Control Engineer 
George Michael, Air Quality Control Technician 

B. PEDCo Environmental, Inc. (PEDCo) 

John Prohaska, Team Leader 

C. Midwest Research Institute (MRI) 

William Terry, MRVRaleigh 
Lalit Banker, MRI/Raleigh 

D-3 

Principal Laboratories 425 VoIker Boulevard. Kansas City. Missouri 6411C 
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I V .  Dicussion 

A. Background 

CarTech was selected f o r  source t e s t i n g  because i t  operates an AOD 
associated w i t h  a separate con t ro l  system. A t  o ther  s i t e s ,  t y p i c a l l y  the 
e l e c t r i c  arc  furnaces (EAF's) and 400 vessels are ducted t o  a common 
c o n t r o l  system. Add i t i ona l l y ,  the con t ro l  system exhausts the cleaned 
a i r  through f i v e  stub stacks, which made i t  amenable f o r  p a r t i c u l a t e  
mat ter  sampling by €PA Method 5. 
very valuable uncontro l led and c o n t r o l l e d  emissions data from an AOD 
process. P a r t i c u l a t e  matter (PM) and p a r t i c l e  s i ze  d i s t r i b u t i o n  (PSO) 
measurements were performed on the i n l e t  and o u t l e t  o f  the con t ro l  system 
( f a b r i c  f i l t e r )  associated w i t h  the No. 2 AOD vessel. Ve loc i t y  measure- 
ments were performed on the scavenger ducts, and v i s i b l e  emission (VE) 
readings were taken from the meltshop r o o f  and the f a b r i c  f i l t e r  o u t l e t .  
Also, f u g i t i v e  emission (FE) readings were made o f  the f a b r i c  f i l t e r  dust 
handl ing system, and grab samples were taken o f  the f a b r i c  f i l t e r  dust 
dur ing t h e  source tes t .  The t e s t  was performed on A p r i l  27-30, 1981, and 
covered 15 f u l l  heats and p a r t s  o f  6 a d d i t i o n a l  heats. 

CarTech operates a t o t a l  o f  f i v e  EAF's and t w o  AOD's a t  t h e i r  
Reading p lan t .  The No. 2 A00 has a r a t e d  capaci ty o f  18.1 megagrams (Mg) 
(20 tons) and t y p i c a l l y  r e f i n e s  a 15.4-Mg (17-ton) charge o f  molten 
metal. 
s tee l  which are used i n  numerous i n d u s t r i e s  such as e lec t ron i cs ,  automotive, 
appl iance, aerospace, and i n d u s t r i a l  equipment. 

capaci ty,  which i s  3 s h i f t s  per day, 5 days per week. 

This was an exce l l en t  source o f  obta in ing 

The Reading p l a n t  can make approximately 400 d i f f e r e n t  grades o f  

During the t e s t ,  the CarTech f a c i l i t y  was operat ing a t  normal 

B. Process 

Each o f  the f i v e  EAF's has a r a t e d  capaci ty  o f  13.6 Mg (15 tons) 
and produces an average heat o f  15.4 Mg (17 tons). 
r a t e d  capaci ty  o f  15.4 Mg (17 tons), w h i l e  the No. 2 AOD has a r a t e d  
capaci ty  o f  18.1 Mg (20 tons). The No. 2 AOD vessel normally operates 
cont inuously w i t h  on l y  a 5- t o  10-minute delay between a tap and a 
subsequent charge o f  molten metal. The molten metal charge comes f r o m  
one o f  t h e  two EAF's which are designated as "C" and "E"  by CarTech. 
r e f r a c t o r y  gunning i s  performed on the AOD, which al lows f o r  the sho r t  
pe r iod  o f  t ime between tap and charge. P e r i o d i c a l l y ,  longer delays can 
occur i f  maintenance i s  performed on the ADD vessel o r  i f  charging the 
vessel i s  delayed because a crane i s  no t  ava i l ab le .  A delay i n  tapping 
the vessel could occur i f  the continuous cas te r  i s  s t i l l  cas t i ng  the 
metal from t h e  No. 1 AOD o r  i f  the continuous caster  i s  broken down. 

Each heat i n  the No. 2 A00 vessel begins w i t h  the charging of 

The No. 1 AOD has a 

NO 

molten metal from e i t h e r  of two EAF's ("C"  or  "E")  fol lowed by t h e  a d d i t i o n  
o f  the f l u x i n g  agent ( l ime).  The vessel blow begins almost immediately 

D-4 
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a f t e r  t h e  charge w i t h  an oxygen-to-argon r a t i o  o f  3 : l .  
c o n t r o l  panel i n d i c a t e d  a f l o w  r a t e  o f  33,000 s tandard cub ic  f e e t  p e r  
hour (sc fh )  o f  oxygen and 11,000 s c f h  o f  argon. Some o f  t h e  heats  a l s o  
used n i t r o g e n  i n  a r a t i o  o f  3 : l : l  (0xygen:argon:ni t rogen) f o r  t h e  f i r s t  
phase o f  t h e  heat  (33,000 s c f h  o f  oxygen, 11,000 s c f h  o f  argon, and 
11,000 s c f h  o f  n i t rogen) .  
vessel  i s  t u rned  down f o r  a temperature check. 
a t  t h i s  t ime  i f  t h e  temperature i s  c l o s e  t o  1923'K (3182'F). 
t h a t  a re  added t o  t h e  vessel  i nc lude  any o f  t h e  meta ls  and m e t a l l i c  
compounds l i s t e d  i n  Table 1. 
depends on t h e  f i n a l  p roduc t  s p e c i f i c a t i o n s .  

For t h e  nex t  stage o f  t h e  heat  (approx imate ly  one hour) ,  t h e  
o r i e n t a t i o n  o f  t h e  vessel  a l t e r n a t e s  between an u p r i g h t  p o s i t i o n  f o r  
b lowing  o r  s t i r r i n g  t h e  mol ten metal  w i t h  oxygen, argon, o r  n i t r o g e n  gas 
and a tu rned  down p o s i t i o n  f o r  temperature measurement, sample a c q u i s i t i o n ,  
and a l l o y  and f l u x  a d d i t i o n .  
an oxygen-to-argon r a t i o  o f  1:3 (11,000 s c f h  o f  oxygen t o  33,000 s c f h  o f  
argon). 
a d d i t i o n s ,  which a r e  determined by mathematical  c a l c u l a t i o n s  based on t h e  
gross we igh t  o f  t h e  heat. 
o f f  i n t o  a s l a g  p o t  t o  remove t h e  l i m e  and i m p u r i t i e s  which a r e  chemica l l y  
bound i n  t h e  s lag.  

A t  t h e  end o f  t h e  heat,  a f t e r  t h e  f i n a l  sample (CarTech's des igna t ion  
"V4") r e s u l t s  a r e  a v a i l a b l e ,  t h e  f i n a l  chemical a d d i t i o n s  a r e  made. 
A f t e r  t h e  a l l o y s  a r e  mel ted i n t o  t h e  b a t h  by  s t i r r i n g  w i t h  argon o r  
n i t r o g e n  gas, t h e  mol ten metal  i s  tapped i n t o  a l a d l e  t o  be t r a n s f e r r e d  
t o  t h e  cont inuous c a s t e r  area. 

The meter on t h e  

A f t e r  a gas b low o f  15 t o  30 minutes,  t h e  
A l l o y  a d d i t i o n s  a r e  made 

The a l l o y s  

The t y p e  and we igh t  o f  t h e  a l l o y s  added 

The b low ing  a t  t h i s  s tage o f  t h e  heat  has 

The A00 vessel  opera tors  make t h e  necessary a l l o y  and f l u x  

Near t h e  end o f  t h e  heat,  t h e  s l a g  i s  poured 

C. A i r  P o l l u t i o n  Cont ro l  System 

The process emissions generated d u r i n g  t h e  r e f i n i n g  i n  t h e  No. 2 
A00 vessel  a r e  captured by  a canopy hood b u i l t  i n t o  t h e  r o o f  t russes  
approx imate ly  13 meters (m) [42.7 f e e t  ( f t ) ]  above t h e  mouth o f  t h e  
vessel .  The fumes a r e  d i r e c t e d  t o  t h e  canopy hood by a d i v e r t e r  hood 
which i s  movable and i s  l oca ted  1.5 m (5 f t) above t h e  mouth o f  t h e  A00 
vessel .  The d i v e r t e r  hood swings o u t  o f  t h e  way f o r  charg ing  and tapp ing  
t h e  vessel .  The shop r o o f  above t h e  No. 2 A00 i s  c losed,  and any emissions 
n o t  captured by  t h e  canopy hood remain i n s i d e  t h e  b u i l d i n g  and a r e  drawn 
i n t o  two scavenger ducts  l o c a t e d  i n  t h e  peak o f  t h e  r o o f  between t h e  A00 
canopy and t h e  cont inuous c a s t e r  area. The scavenger ducts  a r e  duc ts  
t h a t  open i n t o  t h e  b u i l d i n g ,  and t h e y  do n o t  have any hoods at tached.  
The AOD shop and t h e  cont inuous c a s t e r  b u i l d i n g  a r e  separated by a sheet 
metal  w a l l  which i s  suspended from t h e  c e i l i n g  t o  about  6.1 m (20 f t )  
above t h e  f l o o r .  The mol ten metal  l a d l e  f rom t h e  A00 i s  passed under 
t h i s  w a l l  t o  t h e  l a d l e  s t i r r i n g  area be fo re  be ing  d e l i v e r e d  t o  t h e  s i n g l e -  
s t r a n d  cont inuous cas ter .  

D-5 
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The canopy hood and scavenger ducts are combined t o  f o r m  a main 
i n l e t  duct, which i s  then s p l i t  i n t o  two ducts. 
has a 522-ki lowatt (kW) C700-horsepower (hp)] fan which routes the emissions 
t o  the i n l e t  plenum o f  the fabr ic  f i l t e r .  The emissions f r o m  the continuous 
cas ter -cu t t ing  to rch  are routed t o  the f a b r i c  f i l t e r  by a small duct. 
However, s ince t h i s  duct was closed o f f  du r in  the source t e s t  a t  the 

w i th  the AOD emissions. 

Each o f  these two ducts 

rsqiiest o f  NRI Personnel, the cu t t i ng  t w c h  cu-ter 9 emissiofls would net m i x  

The AOD gases are t reated i n  a p o s i t i v e  pressure Carborundum f a b r i c  
f i l t e r  t o  remove the pa r t i cu la te  matter. 
v i a  one o f  f i v e  shor t  stacks on the f a b r i c  f i l t e r .  
technica l  data ava i lab le  on the No. 2 A00 and the associated cont ro l  
device. 

The cleaned exhaust gases e x i t  
Table 2 presents the 

CarTech has i n s t a l l e d  a shopwide pneumatic system t o  gather a l l  the 
dust from the two cont ro l  devices a t  the arc  m e l t  shop t o  a s ing le  l oca t i on  
f o r  storage before recycl ing.  
reclamation company, INMETCo. o f  Ellwood City, Pennsylvania and pe l le t i zed ,  
reduced, and smelted. Then CarTech buys metal back f r o m  the reclaimer a t  
current  market value. CarTech inspects t h e  contro l  devices regu la r l y  and 
performs maintenance as required. 

The s o l i d  waste i s  hauled away by a 

D. Test Observation 

Table 3 presents a summary o f  the sampling p lan f o r  CarTech. 
and PSD measurements were performed a t  the i n l e t  and o u t l e t  o f  the f a b r i c  
f i l t e r .  Ve loc i ty  measurements were taken i n  the scavenger ducts. VE 
readings were taken o f  the meltshop roo f  and the fab r i c  f i l t e r  stacks, 
and f u g i t i v e  emission (FE) readings were taken o f  the f a b r i c  f i l t e r  
dust-handling system. 
taken f o r  laboratory  analyses. 

a t  CarTech. 
the  heats covered dur ing the  4-day source t e s t .  
w i t h  only minor delays during the source tes t ,  and the times o f  these 
delays are ind icated i n  Table 3. Figure 1 provides a schematic top view 
o f  the cont ro l  system a t  CarTech w i t h  the sampling po in ts  indicated. 
t i m e  between heats averaged under 5 minutes, and the t e s t i n g  was stopped 
between heats when maintenance was t o  be performed o r  when the AOD operators 
ind icated t h a t  there would be a delay. The t e s t i n g  was a lso stopped 
dur ing a heat i f  a s i g n i f i c a n t  emission d r i f t  was observed from the No. 1 
AOD . 

PM 

Grab samples o f  the  fabr ic  f i l t e r  dust were also 

Attachment 1 contains the observation sheets made o f  the AOD operation 
Table 4 presents a summary o f  the charge and tap times o f  

The No. 2 AOD operated 

The 

VE readings were taken f r o m  the meltshop roo f  and f a b r i c  f i l t e r  
dur ing favorable weather on A p r i l  28, 29, and 30. 
ind icated zero percent opacity dur ing normal operations. 
upset condi t ions and extended delays, the t e s t i n g  was b r i e f l y  stopped 
four  times dur ing the source test .  

A l l  observations 
However, due t o  
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The operation of the vessel and the fabric filter was monitored by 
William Terry of MRI. 
tests with very few short delays. 
and was observed approximately every hour. 
room contained indicator dials that showed which compartment was closed 
for cleaning, the amperage on each of the two fans, the inlet exhaust gas 
temperature, and the fan amperage of the reverse air fan. The reverse 
air fan amperage was typically 100 to 105 amps when the fan was in the 
cleaning operation; the fan was pulling 60 amps when it was not cleaning 
a compartment. The other control room indicator dial readings are recorded 
on the lower section of the heat sheets contained in Attachment 1. 

The AOD vessel operated normally during the source 
The fabric filter was operating normally 

The fabric filter control 

V. Conclusions and Recommendations 

The test conditions were representative and should provide useful 
data on controlled and uncontrolled emissions from an individually 
controlled AOD vessel. The most significant emissions occurred during 
the blowing operation, and the flow to the fabric filter appeared to be 
adequate to capture almost all of the emissions in  the canopy hood. The 
small amount of emissions not captured by the canopy drifted northward 
toward the continuous caster area and was captured by the scavenger 
ducts. The charging and tapping emissions were minimal and were 
predominantly captured by the canopy hood. 

D- 7 
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TABLE 1. ALLOYS USED I N  STEEL REFINING AT 
CARPENTER TECHNOLOGY CORPORATION 

F e r r o - s i l i c o n  

Ferro-chrome s i l i c o n  

N icke l  

High carbon manganese 

Low carbon chrome 

A1 umi num 

Manganese 

S i  1 icon  

Monel (copper -n ick :  compound) 

Ferro-boron 

Ferro-molybdenum 

Cobalt  

Molybdenum 

Molybdenum oxide 

Charge chrome 

I r o n  shot 
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TABLE 2. TECHNICAL DATA FOR PROCESS AND CONTROL SYSTEM 
CARPENTER TECHNOLOGY CORPORATION 

A. Argon-oxygen deca rbu r i za t i on  vessel  P 
1. Capaci ty  
2. Average charge s i z e  
3. Vessel dimensions 

4. Tapping temperature 
5. R e f i n i n g  t ime (average) 

B. Capture system 

1. Y 2. 
3. 
4. # 

1 

Design 
Hood s i z e  
Dis tance above vessel  
Design f l o w  

T o t a l  
Canopy hood 
Scavenger ducts  

C. Cont ro l  system-- fabr ic  f i l t e r  

1. Manufacturer 
2. Type 
3. Compartments 
4. T o t a l  number o f  bags 
5. Bag dimensions 

6. A i r - t o - c l o t h  r a t i o  
7. Cleaning 
8. Two fans  (each) 
9. Pressure drop 

10. I n l e t  temperature 

18.1 Mg (20 tons) 
15.4 Mg (17 tons) 
Diameter 2.8 m (9.2 ft); 
Height 4.4 in (14.5 f t )  
1755O-1866OK (270O0-29OO0F) 
1.6 hours 

Canopy hood 
8.5 m (28 f t )  by 11 m (36 f t )  
13.0 m (42.7 ft) 

141.6 m3/s (300,000 acfm) 
106.2 m3/s (225,000 acfm) 
35.4 m3/s (75,000 acfm) 

Carborundum 
P o s i t i v e  pressure 
10 
1,200 (Dacron p o l y e s t e r )  
Diameter 29.2 cm (11.5 i n . ) ;  
Length 9.6 m (31.6 f t) 
2.68: 1 (gross); 3.17: 1 (ne t )  
Reverse a i r  
522 kW (700 bhp); 2,300 v o l t s ;  710 rpm 
0.6 t o  1.5 kPa (2.5 t o  6 i n .  water)  
330°K (135'F) 

D-9 
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TABLE 3. SAMPLING PLAN FOR CARPENTER TECHNOLOGY CORPORATION 

Sampl i ng Sampl i ng No. o f  Time f o r  
s i t e  Sample type method samples each sample 

No. 1- 
I n l e t  

No. 2-- 
Ou t le t  

No. 3-- 
Scavenger duct 

Me1 tshop 

Fabr ic  f i l t e r  
dust 
hand1 i n g  
system 

Par t i cu la te  
P a r t i c l e  s ize 

Par t i cu la te  
P a r t i c l e  s ize 
VE 

Ve loc i ty  

VE 

FE 
Dust 

EPA 5 
High capaci ty 

impactor 
Impactor 

EPA 5 
Impactor 
EPA 9 

EPA 2-- 
Average p o i n t  

EPA 9 

EPA 22 
Grab 

3 
3 

3 

3 
3 
3 

3 

3 

3 
3 

Composites 

-8 hours 
-3 hours 

-1/2 hour 

-8 hours 
-8 hours 
-8 hours 

-8 hours 

-8 hours 

-8 hours 
4 grabs/day = 

1 composite 
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TABLE 4. SUMMARY OF SOURCE TEST CHARGE AN0 TAP PERIODS 
CARPENTER TECHNOLOGY CORPORATION 

~ 

Tes t  S t a r t  s t o p  
r u n  observa- Heat Charge Tap observa- 
No. t i o n  No. S t a r t  F i n i s h  S t a r t  F i n i s h  t i o n  

1 1525: 00 
C40469 
C40470 
C40473 

2 0921 : 00 
C40492 
C40493 
C40496 
C40497 

T e s t  i n t e r r u p t e d :  
C40497 
C40500 

Tes t  i n t e r r u p t e d :  
C40500 
C40501 

3 0922: 00 
C40521 
C40522 

Tes t  i n t e r r u p t e d :  
C40525 
C40526 
C40529 

Apr i l  27, 1981 

1621:OO 1623:OO 
1625: 00 1628: 00 1751 : 00 1752: 00 
1754: 00 1755: 00 

-- _- 

1905: 00 

A p r i l  28, 1981 

0921:OO 0924:OO 1041:OO 1044:OO 
1047:OO 1053:OO 1231:OO 1232:OO 
1240:OO 1247:OO 1410:OO 1412:OO 
1417:OO 1421:OO 

1555: 00 t o  1602: 00 

1602:OO 1603:OO 
1608:OO 1613:OO 

1631:OO t o  1647: 00 

1747:OO 1748:OO 
1752:OO 1757:OO 

1900: 00 

A p r i l  29, 1981 

0926: 00 0927: 00 1121 : 00 1122: 00 
1127:OO 1129:OO 1255:OO 1256:OO 

1303: 00 t o  1316:OO 

1316:OO 1318:OO 1523:OO 1526:OO 
1528:OO 1532:OO 1659:OO 1701:OO 
1702:OO 1707:OO 

1825: 00 
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TABLE 4. SUMMARY OF SOURCE TEST CHARGE AN0 TAP PERIODS 
CARPENTER TECHNOLOGY CORPORATION 

(concluded) 

~~~ 

Test  S t a r t  s top 
r u n  observa- Heat Charge Tap observa- 
No. t i o n  No. S t a r t  F i n i s h  S t a r t  F i n i s h  t i o n  

Apr i l  30, 1981 

0907: 00 0908: 00 C40548 
C40549 0914: 00 0926: 00 1101 : 00 1103: 00 
C40552 1106:OO 1113:OO 1255:OO 1258:OO 
C40553 1301 : 00 1306: 00 1434: 00 1435: 00 
C40556 1438:OO 1444:OO 1616:OO 1617:OO 

-- -- 4 0850: 00 

Test  . in ter rupted:  1619:OO to 1624: 00 

C40557 1624: 00 1628: 00 1748: 00 1749: 00 
C40560 1754: 00 1756: 00 

1843:OO 

D-12 



11 

Figure 1. Control system schematic a t  Carpenter Technolow Corporation. 

i 
I 
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1 o f  3 CARPENTER TECHNOLOGY CORPORATION Page - - 
AOD VESSEL NO. 2 

1 
IC:TEST RUN 1 DATE: 4/27/81 HEAT NO. C40469 

NO. HEATS ON VESSEL: 15 TRAOE NAME Type 430 

FINISH COMMENT 
Tes t  begins 
(Charge a t  14:55) 
Blow - dense brown emissions 15:25 1 15:34 15:36 AOD r e d u c t i o n  m ix  

15:36 15:43 Blow; then a t  15:43, s t i r  w i t h  argon # 15:44 15:47 Turn down, sample taken 
15:51 15:54 Slag; then w a i t  on l a d l e  I 16:lO 16:18 S t i r  mo l ten  meta l  w l t h  argon 
16:21 16:23 Ta P 

START 

15:34 
I 15:25 

I' 
1 
I 
I 
8 

, 

' TOTAL GAS USED (SCF): Oxygen 16,610 Argon 17.290 N i t r o g e n  330 

' FINAL BILLET WEIGHT: 36,750 l b  

15:18 - compart. 6 - c lean ing ,  temp. 14OOF. f a n  amps - 115 
16:19 - compart. 8 - cleaning, temp. 135OF, f a n  amps - 115 

COMMENTS: Baghouse observa t ion :  

1' 

I' D-15 



CARPENTER TECHNOLOGY CORPORATION 
AOD VESSEL NO. 2 

,.. Page 2 o f  3 - 
TEST RUN 1 DATE: 4/27/81 HEAT NO. C40470 
NO. HEATS ON VESSEL: 16 TRADE NAME 304 modified 

START FINISH COMMENT 
16:25 Addition of fluxes 
16:27 16:28 Charge - 31,100# 
16:44 16:45 Alloy addition 
16:45 16:54 B1 ow 
16:54 
17:02 17:06 Blow - 0, - 11, Ar - 33 
17:06 17:07 Add reduction mix 
17:07 17:12 B1 ow 
17:12 Stfr with argon 
17:16 
17:21 17:24 Slagging 
17:34 
17:36 17:38 Blow - reheat 
17:41 Turn down - temp. check, wait to tap 

16:29 16:43 Blow - 0, - 33, N, - 1 1  ( X  1,000 SCFH) 

Turn down - sample taken 

Turn down, temp. check, sample taken 

Final alloy addition - reheat 

17: 51 17: 52 Ta P 

TOTAL GAS USED (SCF): Oxygen 14.030 Argon 9.770 Nitrogen 30 
FINAL BILLET WEIGHT: 33,140 lb 
COMMENTS : Baghouse observation 

16:47 - compart. 8 cleaning, temp. 15OoF, fan amps - 110 

D-16 



3 of - CARPENTER TECHNOLOGY CORPORATION Page - 3 

A00 VESSEL NO. 2 

@TEST RUN DATE: 4!77!R1 HEAT NO. cum73 
Type 430 NO. HEATS ON VESSEL: 17 TRADE NAME 

1 START F I N I S H  COMMENT 
17:54 17:55 Charge metal (34.400#) I 18:OO 18:Ol A1 l o y  a d d i t i o n  
18:Ol 18:20 Blow - O7 - 33, A r  - 11 1 18:20 18:21 Turn down - temp. check 
18:23 18:24 Add i t i on  

18:34 B1 ow 
Turn down - temp. check 

18: 39 18:44 B1 ow 

18:46 18:59 B1 ow 

19:oo 19:03 B1 ow 

1 18:45 18:46 Turn down - t a k e  sample 

8 18:59 19:oo Turn down - add reduc t i on  mix 

_ .  # 19:03 19:05 S t i r  w i t h  argon 
19:05 Test f i n i s h e d  

I 
I 
I 

TOTAL GAS USED (SCF): Oxygen 21.110 Argon ~ ~ ~ 5 1 0  N i t rogen  -- 

COMMENTS: Baghouse observat ion 
1 FINAL BILLET WEIGHT: 

I 
31.670 l b  

17:56 - compart. 3 cleaning, temp. 123°F. f a n  amps - 115 
18:36 - compart. 7 c leaning, temp. 130°F. f a n  amps - 115 
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CARPENTER TECHNOLOGY CORPORATION Page 1 o f  - 7 c 
AOD VESSEL NO. 2 

TEST RUN DATE: 4/28/81 HEAT NO. 40492 'II 
25 TRADE NAME Type 430 

I 
NO. HEATS ON VESSEL: 

START 
9:20 

9:22 
9:24 
9:43 
9:44 
9:45 
9:52 
9:54 
10:05 
10:07 
10:12 
10:17 

~ 

10:21 
10:35 
10:36 
10:41 
10:44 

FINISH COMMENT 
Charge addi t ion 

Charge 37,500# * t e s t  begins* 
9:42 Blow - 0, - 33, A r  - 11 
9:44 Turn down, temp. check 
9:52 Blow - 0, - 11, A r  - 33 
9:49 Crane de f lec t ing  emissions 
9:54 Turn down, sample taken, temp. check 
10:05 
10:07 Turn down; add reduct ion mix 
10:12 B1 ow 
10:17 S t i r  w i th  argon 

- 
- 

Blow - 0, - 11, A r  - 33 

Turn down, temp. check, sample 
10:23 Slagging 
10:36 Turn up, s t i r  w i t h  argon 
10:40 Turn down, temp. checked 

10:44 Ta P 
Temp. checked. 

I 

m 
1 
R 
I 

TOTAL GAS USED (SCF): Oxygen 18,280 Argon 17,690 Nitrogen -- 
FINAL BILLET WEIGHT: 36,205 l b  
COMMENTS: Baghouse observation 

I 
f 

1. 
2. 

9:31 - compart. 10 cleanlng, temp. 155"F, fan amps - 110 
10:24 - compart. 10 cleaning, temp. 12OoF, fan amps - 110-120 

P 
D-1E I 



?. 

Page 2 o f  - 7 CARPENTER TECHNOLOGY CORPORATION - 
AOD VESSEL NO. 2 

I T E S T  RUN 2 DATE: 4/28/81 HEAT NO. 40493 

I START F I N I S H  COMMENT 
10:47 10:48 Charge (35,200#) 1 10:53 Addi t ion 
10:54 11:lO B1 ow 1 1 1 : l l  Turn down, temp. check 
11:13 11 :16 B1 ow 

i ::;:; 11 :23 81 ow 

1 11:23 11:24 Addi t ion o f  a l l o y s  

1, 11:32 Sample taken 

1 11:43 11 :44 Addi t ion o f  reduct ion mlx 
11 :45 S t i r  w i t h  argon I 11:54 Turn down, sample taken, temp. check 
11:58 12:Ol Slagging then w a i t  on sample resu l t s  

NO. HEATS ON VESSEL: 26 TRADE NAME Type 316L 

11:18 Addi t ion 

11:zo 11 :21 Add1 ti on 

11:25 11 :31 Blow 

11 :35 11 :42 Blow - heavy emissions - good capture 

12:23 Final  adds 

12:32 Ta P 

I 
I 

TOTAL GAS USED (SCF): Oxygen 16.440 Argon 17.680 Nitrogen -0 

COMMENTS: Baqhouse contro l  panel observation 
1 FINAL BILLET WEIGHT: 38,950 l b  

10:59 - cornpart. 2 cleaning, temp. 150°F, fan  amps - 105-110 
11:35 - cornpart. 5 cleaning, temp. 13OoF, fan  amps - 110-120 

I 
I D-19 



Page 3 o f  7 CARPENTER TECHNOLOGY CORPORATION - - 
AOD VESSEL NO. 2 

TEST RUN 2 DATE: 4/28/81 HEAT NO. C40496 

NO. HEATS ON VESSEL: 26 TRAOE NAME Type 430 

START FINISH COMMENT 
12:40 1 2 ~ 4 1  . Charge metal  (34,000#) 
12:46 12:47 A d d i t i o n  
12:47 13:03 Blow - 0, - 33, A r  - 11 
13:03 13:04 Turn down, temp. check 
13:04 13:lO B1 ow 
13:lO A d d i t i o n  
1 3 : l l  13:15 B1 ow 
13:15 13:16 Turn down, temp. check 
13:16 i 3 : i a  B1 ow 
13:18 Turn down. temo. check. samDle taken 
13:22 13:30 Blow - O2 - 11, A r  - 33 

~~~ 

13:30 Sample f o r  carbon 
13:34 13:39 ' Blow - crane d e f l e c t s  emissions 
13:39 Add r e d u c t i o n  mix  
13:41 13:49 B1 ow 
13:50 
13: 55 i3 :58 
14:lO 14:12 Ta P 

Turn down, take  V4 sample 
S1 agging , then s t i r  meta l  w i t h  argon 

N i t r o g e n  -- TOTAL GAS USED (SCF): Oxygen 19,800 Argon 18.900 
FINAL BILLET WEIGHT: 34,695 l b  
COMMENTS: Baghouse obse rva t i on  

12:49 - canpart .  2 c lean ing ,  temp. 130DF, f a n  amps - 110-115 
13:46 - compart. 2 c lean lng ,  temp. 125OF, f a n  amps - 110-115 
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CARPENTER TECHNOLOGY CORPORATION 

AOD VESSEL NO. 2 
Page 4 of 7 I 

(TEST RUN 2 DATE: 4/28/81 HEAT NO. C40497 

I START FINISH COMMENT 

NO. HEATS ON VESSEL: 28 TRADE NAME Type 316 

14:17 A d d i t i o n  4 14:19 14:21 Charge meta l  (31,400#) 
14:22 14:34 Blow - O3 - 33, A r  -11 I 14:34 14:35 Turn down, temp. check 
14:35 14:37 B1 ow I 14:37 A d d i t i o n  o f  a l l o y s  
14:38 14:41 B1 ow 

1 14:41 14:42 Turn down, temp. check - 
14:42 14:46 B1 ow 

14:51 Turn down, temp. check, add a l l o y s  
14:59 Blow - removed d i v e r t e r  s tack t e m p o r a r i l y  - s t i l l  good I 14:46 14:51 

mI caDture b u t  more d r i f t  
I 

m 1 4 : 5 9 -  15:Ol A d d i t i o n  

1 15:06 15:18 Turn down. add redux mix  

1 15:30 

15:Ol 15:06 Blow - 0, - 11, A r  - 33 

15:27 S t i r  w i t h  argon 

15:32 15:35 B1 ow 
Turn down, temp. check, throw i n  bags o f  l i m e  

15:35 15:42 Slag 

('TOTAL GAS USED (SCF): Oxygen 14,940 Argon 10,890 N i t r o g e n  4,400 

8 14:28 - compart. 2 c lean ing ,  temp. 150OF. f a n  amps - 110, 115 
15:21 - compart. 7 c lean ing ,  temp. 125°F. f a n  amps - 115, 120 

FINAL BILLET WEIGHT: 33,705 l b  
COMMENTS: Baghouse obse rva t i on  

R 
I 
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CARPENTER TECHNOLOGY CORPORATION 
AOD VESSEL NO. 2 

Page 5 o f  - 7 
,.. 

TEST RUN DATE: 4/28/81 HEAT NO. C40497 
NO. HEATS ON VESSEL: 28 TRADE NAME Type 316 

START FINISH COMMENT 
15:42 15:53 S t i r ;  then w a i t  f o r  sample r e s u l t s  

~~ 

15:54 Turn down, f i n a l  a d d i t i o n  
.................... 
15:55 16:02 Stopped t e s t ,  w a i t i n g  on crane 

16:OO 16:Ol Add i t i on  

16:OZ 16:03 Tap 

TOTAL GAS USED (SCF): Oxygen Argon Mi t r ogen  
FINAL BILLET WEIGHT: 
COMENTS: 
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CARPENTER TECHNOLOGY CORPORATION 

AOD VESSEL NO. 2 
Page - 6 o f 7  

I >. 

TEST R U N  2 DATE: 4/28/81 HEAT NO. C40500 
NO. HEATS ON VESSEL: 29 I TRADE NAME Type 430 

START FINISH COMMENT 
16:08 16:lO Charge metal 35,400# 

16:14 16:31 

16:31 16:47 *Test s topped - too much d r i f t  from No. 1 AOD I 16:47 Addition 
16:48 16:51 Blow 

1 16:51 Turn  down 
16:52 16:55 B1 ow 

16:58 *I ;;is”; 17:06 B1 ow 
17:09 Add reduction mix I’ ;;::: 17:13 B1 ow 

17:13 17:21 Stir molten metal bath w i t h  argon 1 17:21 Turn  down - sample 
17:26 17:29 S1 ag 1 17:39 Throw i n  3 bags of lime 
17:40 B1 ow I 17:42 17:44 S t i r  w i t h  argon 
17:44 Turn down, temp. check 

1 16:13 16:14 Addl tions 
Blow - O3 - 33, A r  - 11 (crane def lec t ing  emissions 

for several minutes) i 

Turn  down, sample taken, temp. check 

17:47 17:48 Tap 

Nitrogen -- 
1 

TOTAL GAS USED (SCF): Oxygen 19,790 Argon 20,350 

COMMENTS: Baghouse observation 
1 FINAL BILLET WEIGHT: 

I 
33,185 l b  

16:17 - compart. 7 cleaning, temp. 14OoF, fan amps - 110-115 
17:14 - compart. 7 cleaning, temp. 135OF, fan amps - 110-115 

II 
I 
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o f  - CARPENTER TECHNOLOGY CORPORATION Page - 7 1. 

AOD VESSEL NO. 2 
C40501 

Custom Flo 302 
HEAT NO. 4/28/81 DATE: TEST RUN 

NO. HEATS ON VESSEL: 30 TRAOE NAME 

2 

START FINISH COMMENT 
17: 52 17:53 Charge - 31,300# mol ten metal 
17:56 17:57 Addi t ion 

17:57 18: l l  Blow - O7 - 33. A r  -11, N? - 11 . 

18 : l l  18:13 Turn down, temp. check 

18:13 
18:19 Turn down, temp. check 
18:21 Molten metal leak a t  j o i n t  i n  vessel 
18: 27 18:31 Pack w i t h  re f rac to ry  by hand 
18:31 Addi t ion 
18:32 18:39 B1 ow 
18:40 18:41 Addi t ion 
18:41 18:43 

18:43 18:44 Addi t ion 
18:44 18:46 81 ow 

18:46 Turn down, temp. check 
18:47 18: 56 Blow, then sample 
19:oo *Stop test ing*  

18:19 , Blow - a t  18:16 switch t o  0, - 11, A r  - 33, N3 - 11 

Blow wi thout  d i v e r t e r  stack - dispersion of fumes due 
t o  cross d r a f t s  

1 
1 
1 
1 
1 
1 
1 
1 
1! 
1 
1 
1 

1 
TOTAL GAS USED (SCF): Oxygen l 9 s 5 O o  Argon 26,030 M i  t rogen 2,560 

FINAL BILLET WEIGHT: 36,620 l b  
COMMENTS: Baghouse observatfon 

18:13 - compart. 9 cleaning, temp. 145'F. fan amps - 105-110 

1 
1 
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CARPENTER TECHNOLOGY CORPORATION 
AOD VESSEL NO. 2 

Page - 1 o f  - 8 

3 DATE: 4/29/81 HEAT NO. C40521 I TEST RUN 

8 START F IN ISH COMMENT 

I g"2 

Type 309 NO. HEATS ON VESSEL: 4 TRADE NAME 

Test u s  
Charge, add f l u x  m a t e r i a l  

9:26 9:27 Charge 33,700# 

9:37 Add i t i on  

9:48 9:51 Turn down, temp. check 

I 9:27 9:37 Blow - 0, - 33, N, - 11 - - 
4 9:38 9:48 61 ow 

9:53 # 9:54 
9:57 1 9:58 

9:52 B1 ow 
9:53 
9:57 

A1 l o y  a d d i t i o n  
B1 ow 

9:58 
1O:l l  

F u g i t i v e  emissions from t r u c k  unloading a l l o y s  
Turn down, temp. check 
Blow - 0, - 11, A r  - 33 

~ i o : i i  10:13 Turn down, sample taken 
1 10:14 10:30 B1 ow 

10:30 10:31 Turn down - add reduc t i on  mix 

10:42 
I 10:38 10:42 S t i r  mol t e n  metal  w i t h  argon 

Turn down, sample, temp. check 

I 
~ 

TOTAL GAS USED (SCF): Oxygen 19,940 Argon 25,840 N i t rogen  4,380 
FINAL BILLET WEIGHT: 34,310 l b  
COMMENTS: Baghouse observa t ion  
I 
1 9:44 - compart. 5 cleaning, temp. 15OOF. fan  amps - 105-110 

10:38 - compart. 5 c leaning, temp. 125OF. f a n  amps - 110-115 

I 
D-25 



Page 2 of - 8 CARPENTER TECHNOLOGY CORPORATION - 
AOD VESSEL NO. 2 

TEST RUN 3 DATE: 4/29/81 HEAT NO. C40521 

NO. HEATS ON VESSEL: 4 TRADE NAME Type 309 

START F IN ISH COMMENT 
10:45 10:46 Addi t ion 

10:46 10:48 S t i r  w i th  argon 
10:52 10 :55  Slag. i n t o  s lag  po t  
10:56 11:lO Waitinq t o  qet  f i n a l  sample resu l t s  
11:lO F ina l  add i t ion  
11:13 11:15 S t i r  molten metal w i t h  argon 
11:16 Sample t o  determine s o l i d i f v i n a  temp. - -  
11:19 11:20 Addit ion, then s t i r  

11:21 11:22 Ta P 

TOTAL GAS USED (SCF): Oxygen Argon Nitrogen 
FINAL BILLET WEIGHT: 
COMMENTS: 

D-26 
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8 of - CARPENTER TECHNOLOGY CORPORATION Page - 3 

AOD VESSEL NO. 2 I TEST RUN 3 DATE: 4/29/81 HEAT NO. C40522 
NO. HEATS ON VESSEL: 5 TRADE NAME Type 430 

START FINISH COMMENT 
11:27 11:28'  Charge - 34,100# o f  molten metal 

11 :29 11:52 
11:52 Turn down, temp. check 

I 
1 11:28 11 :29 Add i ti on 

Blow - 0, - 33, A r  - 11 ( x  1,000 = SCFH) 

11:53 11:59 B1 ow 1 11:59 12:oo Add i t i on  - 
12:oo 12:04 B1 ow 

Turn down, temp. check 
Blow - sw i t ch  t o  0, - 11. A r  - 33 12:09 I 12:04 12:05 

12:09 1 2 : l l  Turn down w h i l e  blowing - take sample I 1 2 : l l  12:21 Blow - 0, - 11, A r  - 33 
12:21 12:22 Add reduc t i on  mix I' 12:22 12:26 Blow - 0, - 33, A r  - 11 f o r  192 counts 0, 
12:28 12:33 S t i r  w i t h  argon 1 12:33 Turn down, take sample 
12:36 12:40 Slag, then w a i t  f o r  sample r e s u l t s  

I 12:45 A d d i t i o n  

- 

- .. 

12:55 12:56 Ta P 
I 

I 

TOTAL GAS USED (SCF): Oxygen 20,380 Argon 18,430 N i t rogen  _ _  
1 FINAL BILLET WEIGHT: 

1 
34,905 l b  

11:41 - compart. 7 c leaning, temp. 16OoF, f a n  amps - 105-110 
COMMENTS: Baghouse observat ion 
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CARPENTER TECHNOLOGY CORPORATION 

AOD VESSEL NO. 2 
Page 4 o f  8 

3 DATE: 4/29/81 HEAT NO. C40525 TEST RUN 
NO. HEATS ON VESSEL: 6 TRADE NAME Tvoe 309 

START FINISH COMMENT 

13:03 13:16 - move q laa  pots 
13:16 A d d i t i o n  
13:17 13:18 Charge - 32,800# 
13:18 13:32 Blow - 0, - 33, A r  - 11, N - 11 
13:32 13:38 Turn down, temp. check 
13:33 13:37 B1 ow 
13:37 13:39 A d d i t i o n  
13:40 13:46 B1 ow 
13:46 13:47 Turn down, temp. check 
13:47 13:53 B1 ow 
13:53 13:54 Turn down, temp. check 
13:54 13:58 B1 ow 
13:58 14:03 Turn down. tp-n 

14:04 14:06 B1 ow 
14:06 14:07 Turn d a w n . n  
14:07 14:12 Blow 
14:12 14:13 Turn gpbuL t ake  m o l e .  t e m o . k  

L 

14:13 14:23 B1 ow 

TOTAL GAS USED (SCF): Oxygen 25,350 Argon 15,720 N i t r o g e n  6,960 

FINAL BILLET WEIGHT: 35,415 l b  
COMMENTS: Baqhouse obse rva t i on  

13:27 - compart. 6 c leaninq,  temo. 160OF. f a n  3mps - 
14:32 - compart. 9 c lean ina .  temp. 125 0 F. f a n  amps 

- 
- 0 

~ 
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I 
5 o f  8 CARPENTER TECHNOLOGY CORPORATION Page - - 

AOD VESSEL NO. 2 
I 
ITEST RUN 3 DATE: 4/29/81 HEAT NO. C40525 

I START FINISH COMMENT 

I 14:31 14:34 B1 ow 
14:34 Turn down (end steD 2 )  1 14:38 Add reduc t ion  mix  
14:38 14:49 S t i r  

t ;;:;I 14:55 Add i t i on  

I E: 

NO. HEATS ON VESSEL: 6 TRADE NAME Type 309 

14:23 14:31 Turn down, take sample 

Turn down, temp. check 

14:58 B1 ow 

Turn down, temp. check 
15:OO Take sample 
15:06 15:08 Slag 
15:14 A d d i t i o n  1 15:16 15:22 S t i r  
15:22 Turn down, temp. check I 15:23 15:26 Ta P 

I 
I 

~ ~ 

1 

I 

TOTAL GAS USED (SCF): Oxygen 25,350 Argon 15 3 720 N i t r o g e n  6,960 I FINAL BILLET WEIGHT: 35,415 l b  
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CARPENTER TECHNOLOGY CORPORATION 
AOD VESSEL NO. 2 

Page - 6 o f -  8 

TEST RUN 3 DATE: 4/29/81 HEAT NO. C40526 
NO. HEATS ON VESSEL: 7 TRAOE NAME Type 430 

START FlNISH COMMENT 
15:28 A d d i t i o n  
15:31 15:32 Charge mol t e n  meta l  34,400# 
15:32 15:49 Blow - 0, - 33, A r  - 11 
15:49 15:51 Turn down, temp. check 
15:51 15:54 E1 ow 
15:54 15:56 Turn down, a d d i t i o n  
15:56 16:Ol E1 ow 
16:Ol 16:02 Turn down, temp. check 
16:02 16:07 E1 ow 
16:07 16:09 Turn down, take  sample 
16:09 16:23 Blow (smal l  f i r e  i n  AOD bav - some emissions o u t  

16:23 16:24 Add r e d u c t i o n  m ix  
16:25 16:36 Turn UP. s t i r  f o r  aoprox. 5 minutes 
16:36 Turn down. take  samole 
16:37 16:42 Blow and s t i r  
16:42 16:53 Slaaaina - 2 minutes:  then w a i t  on m e  r P w l t 5  

16:53 A d d i t i o n  

.. 

louvers  i n  w a l l )  

16:55 16:58 S t i r .  Mol ten meta l  ba th  
16158 161.59 Tan . -r 

TOTAL GAS USED (SCF): Oxygen 20,680 Argon 19,900 N i t r o g e n  -_ 
FINAL BILLET WEIGHT: 19,035 l b  p l u s  i n q o t s  , t o t a l  approx. 38.000 l b  
COMMENTS: Baghouse obse rva t i on  

15:34 - compart. 2 c lean ing ,  temp. 13OoF, f a n  amps - 110. 115 
16:33 - compart. 3 c lean ing ,  temp. 125OF, f a n  amps - 105, 115 
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CARPENTER TECHNOLOGY CORPORATION Page - 7 o f 8  

AOD VESSEL NO. 2 
TEST RUN 3 DATE: 4/29/81 HEAT NO. C40529 

NO. HEATS ON VESSEL: 8 TRADE NAME Custom F l o  302 

START ' FINISH COMMENT I 
A d d i t i o n  

Blow - 0, - 33, A r  - 11, N - 11 
I ;;I:: 17:07 Charqe - 30,600# o f  mol t en  metal  

17:07 17:21 1 17:21 17:22 Turn down, temp. check 
17:22 17:28 B1 ow 1 17:28 17:29 A d d i t i o n  
17:29 17:32 B1 ow I 17:32 17:33 Turn down, a d d i t i o n  ( kep t  b lowinq  w h i l e  t u r n i n s  down1 
17:33 17:37 B1 ow 
17:37 17:38 Turn down, try t o  check temp. I 17:39 17:40 B1 ow 
17:40 17:42 Turn down, check temp.. sample 1 17:43 17:49 Blow (beqin s tep  2)  0, - 11. A r  - 33 
17:49 17:51 S t i r  I 17:51 17:52 Add reduc t i on  mix  
17:52 17:55 B1 ow I 17:55 18:02 S t i r  

- 

1 

I 

TOTAL GAS USED (SCF): Oxygen 17-47n Argon 1a- lnn Ni t rogen  ? - a n  

COMMENTS: Baqhouse obse rva t i on  

1 
I FINAL BILLET WEIGHT: 

I 
34,975 l b  

17:11 - cornpart. 7 c lean inq ,  temp. 155OF, f a n  amps - 110 

18:57 - compart. 3 c lean inq ,  temp. 15OoF, fan amps - 110 

I 
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CARPENTER TECHNOLOGY CORPORATION 

AOD VESSEL NO. 2 I 

3 DATE: 4/29/81 HEAT NO. C40529 TEST RUN 
NO. HEATS ON VESSEL: 8 TRADE NAME Custom Flow 302 

START F I N I S H  COMMENT 
18:02 18:03 . Turn down, temp. check, take sample (V4) 
18:03 18:07 B1 ow 
18:07 18 : l l  S1 ag 
1 8 : l l  18:16 B1 ow 
18:16 

18:25 ------ Stop t e s t  
I d l e  - wa i t ing  on sample resu l t s  

TOTAL GAS USED (SCF): Oxygen 17,470 Argon 19,100 Nitrogen 2,510 
FINAL BILLET WEIGHT: 34,975 l b  

COMMENTS: 
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CARPENTER TECHNOLOGY CORPORATION Page - 1 o f 9  

AOD VESSEL NO. 2 
TEST RUN 4 DATE: 4/30/81 HEAT NO. C40548 
NO. HEATS ON VESSEL: . 16 TRADE NAME Custom F lo  302 

START FINISH COMMENT 
7:25 Charged (29,400#) 

8:22 Add reduc t i on  mix 
8:40 S1 ag 
8:50 Begin observing f o r  t e s t  
8:59 F ina l  a d d i t i o n  
9:oo 9:07 S t i r  f o r  approx. 2 minutes 
9:07 9:08 Tap, f i n a l  w t  35,700# (approx.) 

TOTAL GAS USED (SCF): Oxygen 14.900 Argon 16.980 N i t rogen  7.- 

FINAL BILLET WEIGHT: 34,410 l b  
COMMENTS: 
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Page 2 o f  - 9 - CARPENTER TECHNOLOGY CORPORATION 
AOD VESSEL NO. 2 

TEST RUN 4 DATE: 4/30/81 HEAT NO. C40549 
NO. HEATS ON VESSEL: 17 TRADE NAME Type 430 

START FINISH COMMENT 

9:14 A d d i t i o n  
9:24 9:25 Charge - 30,300# 
9:26 9:52 Blow - 0, - 33, A r  - 11, - a t  9:35 - flames 

I 

9:52 9:53 A d d i t i o n  
9:53 9:54 Turn down, temp. check 
9:54 9:57 B1 ow 
9:57 9:58 Turn down - a d d i t i o n  
9:58 10: 04 B1 ow 
10:04 10:05 Turn down, temp. check 
10:05 1 O : l O  Blow (end s tep  1) - 0, - 11, A r  - 33 
1O:lO 10:12 Turn down w h i l e  blowing, take  sample 
10:12 10:16 B1 ow 
10:17 10:21 Turn down and w a i t  on r e d u c t i o n  mix 
10:21 10: 23 A d d i t i o n  r e d u c t i o n  mix  
10:23 10:28 Blow 
10:28 10:31 Stir  
10: 31 10:35 Turn down, temp. check, take  V4 sample 
10: 36 10:43 Wai t ing  on crane t o  s t a r t  s lagg ing  

TOTAL GAS USED (SCF): Oxygen 20,660 Argon 15,560 N i t r o g e n  -- 
FINAL BILLET WEIGHT: 33,950 l b  
COMMENTS: Baghouse observa t ion  

9:28 - compart. 10 c lean ing ,  temp. 105"F, f a n  amps - 115, 120 
10:14 - compart. 7 c lean ing ,  temp. l lO"F, fan amps - 115, 120 
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3 o f  9 CARPENTER TECHNOLOGY CORPORATION Page - - 1 I.  

AOD VESSEL NO. 2 I TEST RUN 4 DATE: 4130181 HEAT NO. C40549 
NO. HEATS ON VESSEL: 17 TRADE NAME TYPe 430 

START FINISH COMMENT 
10:43 10:46 Slag - then w a i t  on ladle 1 10:56 Addit ions - 
10: 57 10:59 Stir 

11:Ol , 11:03 Tap, f i n a l  w t  - 35,500# (approx.)  

I 10:59 Turn down, temp. check 

I 
I 
I 
I 
I 

TOTAL GAS USED (SCF): Oxygen 20,660 Argon 15,560 N i t r o g e n  1 FINAL BILLET WEIGHT: 33,950 l b  

I 
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CARPENTER TECHNOLOGY CORPORATION 
AOD VESSEL NO. 2 

4/ 30181 HEAT NO. C40552 TEST RUN 4 DATE: 

NO. HEATS ON VESSEL: 18 TRADE NAME Type 430 

START F I N I S H  COFIMENT 
11 :06 11:08 Charge - 31,700# 
11:12 11:13 Addi t ion 

11 :21 
11:29 11:31 Blow - 0, - 33, A r  - 11 
11:31 11:32 Turn down, temp. check 
11:32 11:33 B1 ow 
11:33 11:34 Turn down, add i t ion  
11:34 11:37 Blow 
11:37 11:3B Turn down, add i t ion  
11:38 11:43 Blow 
11 :43 
11:45 11 :46 Addi t ion 
11:46 11:50 B1 ow 
11:50 11:52 Turn down - add i t ion  
11:52 12: lO B1 ow 
12: lO Turn down - add reduct ion mix 
12:12 S t i r  

11:13 11:29 Blow - 0, - 33, N - 11 

Fug i t i ve  emissions from unloading l ime t ruck  

Turn down - whi le  blowing - check temp. 

TOTAL GAS USED (SCF): Oxygen 23,840 Argon 18,210 Nitrogen 5,020 

FINAL BILLET WEIGHT: 41,380 1 b 
COMMENTS: Baghouse observation 

11:14 - compart. 8 cleaning, temp. 12OoF, fan amps.- 110, 115 
12:09 - compart. 8 cleaning, temp. l lO°F ,  fan amps - 110, 115 

~~ 
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I 
5 o f  9 CARPENTER TECHNOLOGY CORPORATION Page - - 

AOD VESSEL NO. 2 

1 
1 TEST RUN 4 DATE: 4/30/81 HEAT NO. C40552 

1 START F I N I S H  COMMENT 

NO. HEATS ON VESSEL: 18 TRADE NAME Type 430 

12:14 12:16 B1 ow 1 12:16 12:23 S t i r  
12:23 I 12:31 12:34 Slag, w a i t  on sample r e s u l t s  
12:48 12:49 F i n a l  adds 

Turn down, sample (V4), then w a i t  on s l a g  p o t  t o  s l a g  

~~ 

1 2 4 9  12:50 Blow - 1 minute I - 
17-50 17.67 C t i r  

12:52 12:53 Turn down, temp. check 1 12:53 12:55 S t i r  

12:55 12: 58 Ta P I 

I 

I 
I 
1 

TOTAL GAS USED (SCF): Oxygen 23,840 Argon 18,210 N i t rogen 5 . ~ 0  

I FINAL BILLET WEIGHT: 41,380 1 b - 
COMMENTS: 
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AOD VESSEL NO. 2 
4 DATE: 4130181 HEAT NO. C40553 TEST RUN 

NO. HEATS ON VESSEL: 19 TRADE NAME TYPe 430 

START 
13:Ol 
13:05 
13:06 
13:30 
13:31 
13:32 
13:37 
13:38 

13:44 
13:50 

FINISH 

13:06 
13:30 

13:32 
13:37 
13:38 
13:44 

COMMENT 
A d d i t i o n  
Charge 31,700# 
Blow - O2 - 33, A r  - 11 
Turn down, a d d i t i o n  
Blow w i t h o u t  d i v e r t e r  s tack  i n  p lace  
Moved d i v e r t e r  s tack  i n t o  p lace  
Turn down, temp. check, take  sample 
Blow - 0, - 11. A r  - 33 

13:49 
13:54 

Turn down - 
S t i r  1 minutp.  then blow 

d redyr t inn  m i x  

13:54 13:58 S t i r  
13:58 -. k k p  V4 - le 

14:02 14:06 Slag. then w a i t  on r e s u l t s  
14:22 F i n a l  adds 
14:24 14:28 S t i r  
14:29 Turn down, temp. check 
14:34 14:35 Tap, 34,600# approx. f i n a l  w t  

TOTAL GAS USED (SCF): Oxygen 17,220 Argon 11,000 N i t r o g e n  3.870 
FINAL BILLET WEIGHT: 33,110 l b  
COMMENTS: Baghouse obse rva t i on  
13:08 - compart. 9 c leaning,  temp. 115"F, f a n  amps - 110, 115 
14:03 - compart. 10 c leaning,  temp. 112'F. f a n  amps - 115, 120 
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CARPENTER TECHNOLOGY CORPORATION 

AOD VESSEL NO. 2 
4 DATE: 4/30/81 HEAT NO. C40556 RUN 

Type 316 NO. HEATS ON VESSEL: 20 TRADE NAME 

1 START FINISH COMMENT 
14:38 A d d i t i o n  

1 14:42 14:44 Charge - 33,400# 
14:44 15:Ol I 15:Ol 15:02 Turn down, temp. check 
15:02 15:05 B1 ow 

1 15:05 15:08 Turn down, a d d i t i o n  
15:09 15:13 81 ow 
15:13 15:16 Turn down, temp. check, t ake  sample 1 15:16 15:21 B1 ow 
15:22 15:29 Turn down, add r e d u c t i o n  mix  1 15:30 15:40 S t i r  and blow 
15:40 

1 15:47 15:49 Slaa then w a i t  on samole r e s u l t s  

Blow - 0, - 33, A r  - 11, N, - 11 

Turn down, temp. check, take  sample (V4) 

m 
15:52 1 16:02 

.. 
Put newly r e l i n e d  l a d l e  by door - smoke going o u t  door 
Throw i n  2 bags o f  l l m e  

- 
16:06 F i n a l  adds 

16:12 Turn down, temp. check 
1 16:lO 16:12 S t i r  

16:13 A d d i t i o n  

16:16 16:18 Tap, approx. f i n a l  w t  38,000# 

I 16:15 16:16 S t i r  w i t h  n i t r o g e n  

I 16:19 16:24 Stopped t e s t  - " p u l l i n g  c o l l a r "  o f f  A00 w i t h  crane 

TOTAL GAS USE0 (SCF): Oxygen 12,570 Argon 12,000 N i t r o g e n  4,050 

1 FINAL BILLET WEIGHT: 
COMMENTS: Baghouse observa t ion  

I 
35,595 l b  

14:48 - compart. 6 c lean ing ,  temp. 130°F, f a n  amps - 115, 115 
15:47 - compart. 7 c lean ing ,  temp. 115OF, f a n  amps - 110, 115 

I 

I D-39 



CARPENTER TECHNOLOGY CORPORATION 
A00 VESSEL NO. 2 

>. 

4 DATE: 4130181 HEAT NO. C40557 TEST RUN 
NO. HEATS ON VESSEL: 21 TRADE NAME Type 430 

START 
16:24 
16:27 

. 16:28 
16:44 
16:45 
16:49 
16:50 
16:56 
16:58 
17:02 

FINISH 

16:28 
16:44 
16:45 
16:49 
16:50 
16:56 
16:58 
17:02 
17:03 

COMMENT 
A d d i t i o n  
Charge - 32,000# 
Blow - O2 - 33, A r  - 11, N, - 11 
Turn down, temp. check 
61 ow 
Turn down, a d d i t i o n  
61 ow 
Turn down, sample, temp. check 
61 ow 
Add reduc t i on  mix 

17:03 17:18 Blow - O2 - 11, A r  - 33 
17:18 17:22 Turn down, temp. check, take V4 sample 
17:22 17:24 Slag then w a i t  on sample r e s u l t s  

17:28 
17:42 17:43 F i n a l  a d d i t i o n  

17:43 S t i r  w i t h  arqon 
17:45 17:48 Turn down, temp. check 
17:48 17:49 Tap, f i n a l  es t .  w t .  - 35,000# 

Pneumat ica l ly  l o a d i n g  l i m e  b i n  - some emissions 

TOTAL GAS USED (SCF): Oxygen 17,880 Argon 13,490 N i t r o g e n  3,250 
FINAL BILLET WEIGHT: 32,715 l b  
COMMENTS: Baghouse observa t ion  

16:30 - compart. 3 c leaning,  temp. 12OoF, f a n  amps - 115, 120 
17:54 - cornpart,. 10 c leaning,  temp. 120°F, f a n  amps - 110, 120 

I 

I 
I 
1 
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9 o f  9 CARPENTER TECHNOLOGY CORPORATION Page - - I 3. 

AOD VESSEL NO. 2 1 TEST RUN 4 DATE: 4130181 HEAT NO. C40560 

I START F I N I S H  COMMENT 
I 17:54 A d d i t i o n  

NO. HEATS ON VESSEL: 22 TRADE NAME Type 316L 

I 17:55 17:56 Charge - 36,400# 
17:57 18:07 Blow - 0, - 33, A r  - 11, N, - 11 I 
18:07 18:08 Turn down, a d d i t i o n  
18:08 18:09 Blow 1 18:09 
18:lO 18:18 B1 ow 

18:19 I ;::;; 18:25 

1 18:26 18:34 B1 ow 

1 18:37 

Turn down, temp. check 

Turn down, take  sample, temp. check 
Blow - 0, - 11, A r  - 33 

18:25 18:26 Turn down, a d d i t i o n  

18:34 18:37 Turn down, take sample 
- 

Blow - heavy emissions, good capture 

w 
Test ended 

- A  

I 18:43 

I 
I 
I 

TOTAL GAS USED (SCF): Oxygen 21,210 Argon 18.490 N i t r o g e n  4,760 

COMMENTS: Baghouse observatfon 
18:OO - compart. 5 c leanins,  temp. 135'F, f an  amDs - 110 

I FINAL BILLET WEIGHT: 

I 
38,350 l b  

I D-41 
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APPENDIX E 

CALIBRATION PROCEDURES AND RESULTS 
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CALIBRATION PROCEDURES AND RESULTS 

All of the equipment used was calibrated according to the 

procedures outlined in Maintenance, Calibration, and Operation 

of Isokinetic Source-Sampling Equipment.* 

NOZZLE DIAMETER 

The nozzles were calibrated by making 3 separate measure- 

ments of different inside diameters and calculating the 

average. If a deviation of more than 0 .004  inches was found, the 

nozzle was either discarded or reamed out and remeasured. A 

micrometer was used for measuring. This calibration data is 

shown in Figure E-1. 

PITOT TUBE CALIBRATION 

The pitot tubes used 

Environmental and met all 

in sampling were constructed by PEDCo 

requirements of Method 2 ,  Section 4.1 

of the Federal Register.** All pitot tubes were calibrated before 

field use according to the Quality Assurance Handbook for Air 

Pollution Measurement Systems*** to determine a base line coef- 

ficient. See Figures E-2 and E-2a for alignment requirements of 

Method 2 ,  and Figure E-3 for actual inspection and calibration 

data of the pitot tubes used during the test program. 

* 
* *  Office of Air Programs Publication No. APTD-0576. 
40 CFR 60, Appendix A, July 1, 1980. ***  
Quality Assurance Handbook for Air Pollution Measurement 
Systems, Vol. 111, August 1977. 
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NOZZLE CALIBRATION 

Date +2b-8I 

identification 

Calibrated by 

I 
in. D2f in. 1 AD, in. D3' 

where: 

D = nozzle diameter measured on a different diameter, in. 
1'213' Tolerance = measure within 0.001 in. 

AD = maximum difference in any two measurements, in. 
Tolerance = 0.004 in. 

D = average of D1, D2, and D3. 
av9 

.Figure E-1. Nozzle calibration data. 
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NOZZLE CALIBRATION 

Date y -2 3 -2)  Calibrated by /--,7 ? ~ ~ R A L , >  
I 

Nozzle 

number 
identification 

L X h -  P 

L 2 M - l  d f  

L 2 f i - Z  d P  

i . ,., - - I ,' 

La,+ y !I p 

6fi hx 

-, 

in. D1' D3, in. AD, in. D 1 avg 

where: 

= nozzle diameter measured on a different diameter, in. D1'2'3' Tolerance = measure within 0.001 in. 

AD = maximum difference in any two measurements, in. 
Tolerance = 0.004 in. 

D = average of D1, D2, and D.,. 
avg 

Figure E-1 (continued) 
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Date ;c/ .97/a/ 
I I 

Nozzle 

number 
identification 

NOZZLE CALIBRATION 

D1, in. 

. iyi? 

D2, in. 

,139 

D3, in. AD, in. 

where: 

D1'213' 
= nozzle diameter measured on a different diameter, in. 

Tolerance = measure within 0.001 in. 

AD = maximum difference in any two measurements, in. 
Tolerance = 0.004 in. 

D = average of D1, D2, and D3. 
=vg 

Figure  E-1 (continued) 
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i TRANSVERSE 
TUBE AXIS 

OPENING ' PLANES ' 
( a )  ENOVIEW 

A-SIDE PLANE 

NOTE : LONGITUDINAL 
TUBE __c AXIS I"-+-- 1 . 0 5  Ot 5 P 5 1.50 Dt 

PA = PB 

8 
- - -  - -  

0.48 cm 5 Dt 5 0.95 cm 
(3/16 i n . )  (3/B i n . )  B-SIDE PLKNE 

( b )  

Figure E-2. Properly cons t ruc ted  Type S p i t o t  t u b e ,  shown i n :  ( a )  end view; 
face  o p e n i n g  planes perpendicular  t o  t r a n s v e r s e  a x i s ;  ( b )  t op  view; f ace  open- 
ing planes p a r a l l e l  t o  l ong i tud ina l  a x i s ;  ( c )  s i d e  view; b o t h  l e g s  of equal 
length and c e n t e r l i n e s  co inc iden t ,  when viewed from b o t h  sides. Basel ine 
c o e f f i c i e n t  values of 0.84 may be assigned t o  p i t o t  tubes constructed this  way. 
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I I 
(b) 

(9) 

F i q u r e  E-2a. Types o f  face-open ing  m i s a l i g n m e n t  t h a t  can r e s u l t  f r o m  f i e l d  
use  o r  improper  c o n s t r u c t i o n  of Type S p i t o t  tubes .  These w i l l  n o t  a f f e c t  
Cp so l o n g  as  a1 and a2 < l o o ,  B1 and B2 <5', z 4 . 3 2  ( 1 / 8  i n . )  and w 4 . 0 8  
cm (1 /32  i n . ) .  

I 
%*I 
I 
I 
I 
I 
I 
I 
:I 
I 
I 
I 
I 
I 
I 
I 
I 
I1 

I 
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PITOT TUBE INSPLCTION DATA SHEET 

n = / ,@ (must be less  t h a n  10") 

n = ( 3 . O "  ( m u s t  be less  t h a n  10") 

El = a" ( m u s t  be l ess  t h a n  5 " )  

6, = 3 G @ ( T . . U S ~  be less t h a n  5 " )  

1 

2 

L 
- 

1 = g o  

$ = 0 . 0 "  

A = i n c h e s  

z = A sin ) = 071 i n c h e s  (must be less t h a n  0 . 1 2 5  i n c h e s )  

k' = A s i r ,  i. = c-,oG i n c h e s  ( m u s t  be less t h a n  0 . 0 3 1 2 5  i n c h e s 1  

PA = ,q.<~/ i n c h e s  

PB = 
i n c h e s  

P t  = ,3,7C i n c h e s  

P i t o t  t u b e  No. 179 
Keed ca 1 i b r a  t i  or. 

Ins?ector ( .- 

Datc 

y e s  & no  

'2, c*=--:. 
-r4 

Figure E-3. Pitot tube inspection and calibration data. 
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PITOT TUBE CALIBRATION DATA SHEET 

Pltot tube No.: 177 Date: & C a l i b r a t o r :  &.Aor,fm3 

Reference p i t o t  tube No.: c 0 2  Type: A,~wO/ Cp: 0, 9? 

a cP(S) = (CPstd) (APstd/Aps)’/* 

‘ Must be less than or  equal t o  0.01. 
Dev ia t ion  = ICp(s)-tp(A or  B ) (  

Figure E-3 (continued) 

E-10 
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I 
I 

n 
I 

I I  
I' 
I 
I 
li 
I 
I 
I 
I' 
r 
I: 
1 
I 
I 

i 
PITOT TUBE INSPECTION DATA SHLLT 

= 0. O (must be less than 10") 

a = /,IT O (must be less than 10") 2 
6 = 3 . 0  ( m u s t  he less than 5') 1 -  
E 2  = cc (rr.ast be less thal, 5 " )  

> = e . 0  

e = / . v  

A = 1.0.66 inches 

z = A sin y = & PC-C inches (must be less than 0.125 inches) 

w = A sin f; = & o f 7  inches (must be less than 0.03125 inches) 

PA = d.5-Ec' inches 

= 6 2  inches 

Pt = o&inches 

Pitot tube NO. /60  
Need calibration - yes K no 

O1 

- 
- 

- 

pJ3 

Inspector p. 7 A,,L .., 
Date L/,(h/ 

Figure E-3 (continued) 
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PITOT TUBE CALIBRATION DATA SHEET 

/@D Date: 2/ / ( /8 /  C a l i b r a t o r :  $, A-,Ldm 
3 

P i t o t  tube No.: 

Reference p i t o t  tube No.: co 2 Type: cp: 0. c 9  

APstd Aps Cp(s) Dev. 
S ide  i n .  H20 in .  H20 a b 

I 

Cp(A) Dev. (A)  4 
cP(S) = ( CPstd) (APstd/Aps 11” 
Dev ia t i on  = ICp(s)-cp(A o r  B ) I  
Must be l e s s  than or equal t o  0.01. 

a 

F i g u r e  E-3 (cont inued)  
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PITOT TUBE INSPECTION DATA SHIXT 

o = bo (must be less  t h a n  1 0 " )  

= so (muFt be less  t h a n  10") 

1 

" 2  

El = 

F 2  = /,' 

3 , G 0  (must be less t h a n  5 " )  

(n .us t  be less t h a n  5 " )  

= / ,3 

+ = a c i o  

A = & i n c h e s  

z = A s i n  ) = , O m  i n c h e s  (must be less t h a n  0 . 1 2 5  i n c h e s )  

\i = A s i n  6 i n c h e s  ( m u s t  be less  t h a n  0 . 0 3 1 2 5  i n c h e s )  

PA = -<inches 

PB = ;/3&'inches 

Ft  = ,377 i n c h e s  

P i t o t  t u b e  KO. ={?,S 

Iieed c a l i b r a t i o n  y e s  no  

p. I n s p e c t o r  , L, - "V', f L  __ " 
Figure E-3 (continued) 
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I 

J 1  
PITOT TUBE CALIBRATION DATA SHEET 

P i t o t  tube No.: l R <  Date: Cal ibrator:  fl.A,-..d-n 

Reference p i t o t  tube No.: 0 2  Type: -J-J cp: 0 .79  

- - 
S i  de 

a cP(S) E (CPstd) bPstd/Aps) 112 

Deviat ion = ICp(s)-tp(A o r  B ) I  
Must be less than o r  equal t o  0.01. 

F i g u r e  E-3 (continued) 
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I 
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i 

a' 

PlTOT TUBE INSPECTION DATA SHEET 

a3 = uo (must be less  t h a n  10") 

= 3.2 (must be less t h a n  loo) 

= - ' < '  . .  (must be less t h a n  5') 
" 2  ~ 

- 
( n . u s t  be l e s s  t h a n  5") - 7 ' .  F2 - & 

, = '?, L C  0 

i = &i' 0 

A = C. 7-5 ' . i n c h e s  

z = A s i n  1 = L.'.ii.~' i n c h e s  (must be less t h a n  0 . 1 2 5  i n c h e s )  

w = A s i n  6 = : ; ~ ? t ~ ~ .  i n c h e s  ( m u s t  be less t h a n  0 . 0 3 1 2 5  i n c h e s )  

PA = (. 5-F i n c h e s  

= <;.'I-:; i n c h e s  

F t  - c,.;?: i n c h e s  

- 
- 

- 

pB 
- 

P i t o t  t u b e  So. I 5' ;7 

Keed c a l i b r a t i o n  y e s  Y' n o  

Figure E-3 (continued) 
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PITOT TUBE CALIBRATION DATA SHEET 

Date: z,hk, Cal t b r a t o r :  Am 5 j r n  -J P i t o t  tube No.: 183 

Reference p i t o t  tube No.: K O 2  Type: A m d J  Cp: 0.97 

a cP(S) (CPstd) (APstd/Aps) 1 /2 
Devia t ion  = ICp(s)-Cp(A or B ) I  
Must be less than or equal t o  0.01. 

Figure E-3 (continued) 
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I 
I 
1 
I 
I 
II 
I 
E 
1 
I 
I 
i 
I, 

, 8  
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PITOT TUBE INSI'LCTION DATA SHLLT 

= &o ( m u s t  be less than 10") 

a = 0 , ~ ~  * (must be less than 10") 
al 

2 
= 0 . 0  ( m u s t  be l ess  than 5 " )  

( m u s t  be less than 5") 
- 

b 2  = 2.3 

-) = E O  

e = 0 . 0  0 

A = 0,978 inches 

z = A sin y = c ? . c o '  inches ( m u s t  be less than 0.125 inches) 

K = A sin 6 = @ L ( C ~ O  inches ( m u s t  be less than 0.03125 inches) 

= 0. rc'* inches 
= O../)g inches 

= f i , ~  ;.f inches 
pB 

Pt 

- 

Pitot tube No. / 3 5  
Need calibration y e s  X no 

Inspector 6. A-5 L,,, 
Date . . / , I / $ ,  

Figure E-3 (continued) 
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PITOT TUBE CALIBRATION DATA SHEET 

P i t o t  tube No.: / %  4 Date: Lb./.I C a l l b r a t o r :  6. A r - 3  4 " ~  
Reference p i t o t  tube No.: .COL Type: ._.x,,d,,d Cp: 0, 97 

,- 

Cp(A) Dev. ( A )  *:A 
a cP(S) (CPstd) (APstd/Aps) 112 

D e v i a t i o n  = ICp(s)-Cp(A o r  B ) I  
Must be l e s s  than o r  equal t o  0.01. 

F i g u r e  E-3 (cont inued)  
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PITOT TUBE INSPECTION DATA SHLL'T 

0 = (1. cy 0 (must be less t h a n  l o o )  

0 = C:.L' ' ( m u s t  be less t h a n  10") 

E = + . v  ( m u s t  be less t h a n  5 O )  

( r . .us t  be less t h a n  5 " )  

1 

2 -  

1 
- .. 

.. - a , .  0 
e ' -  - 

F2 - 
) = L O  

- 0  fJ = I .  . L '  

A = / , 2 < ? 7 '  i n c h e s  

Z = A siL 'I = ( : . L ' : ~ ?  i n c h e s  ( m u s t  be less  t h a n  0 . 1 2 5  i n c h e s )  

w = A s i n  6 = i.,:~-c.' i n c h e s  ( m u s t  be less t h a n  0.03125 i n c h e s )  
.<. . = ~ l . 5  l i  i n c h e s  

P = : : . .5: i  i n c h e s  

- 
*. 

B 

t -  
P = i. .<,'!: i n c h e s  

P i t o t  t u b e  ho. I 72. 

Keed c a l i b r a t i o a  - Yes - .<' no 

~ n s p e c t o r  -1  L....,, 
D a t e  ;;, /, .;. j . ,  

-> 

Figure E-3 (continued) 
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PITOT TUBE CALIBRATION DATA SHEET 

Aps Cp(s) Dev. 
a b 

APstd 
Side i n .  H20 i n .  H20 

A 0-51 6.73 e.?3 6 . 0 0  

Cp(A) A 0.33 0.v7 6.93 0 . 0 0  

0.22 0-32. 0 . a  O.O(  0.93 A 

P i t o t  tube No.: 172 Date: z,/f,h/ Cal ibrator :  d/Q-s{my 

Reference p i t o t  tube No.: 0 2  Type: s X n J r - d  Cp: 0 . 9 9  

~ C P ( A ) - ~ P ( B )  I 
t P ( S )  C 

0.83 0 . 0 0  - 
Dev. ( A )  

0.003 
C 

B 

B 

B 

0' >-I 0.73 0.43 6.00 

P. 13 0. '(7 0.87 0.00 Cp(B) Dev. C (B) 
- 

0.22 6.32 0.a 0 . 0  ( 0. %3 0 . 0 0 3  

1 /2  CP(S) (CPstd) (APstd/Aps) 
Deviat ion = ICp(s)-tp(A or B ) I  
Must be less  than or equal t o  0.01. 

a 

Figure E-3 (continued) 
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DRY GAS METER AND ORIFICE METER 

Figure E-4 was the set-up used for the initial and post-test 

calibration. A wet test meter with a 2-cubic-feet-per-minute 

capacity and +1 percent accuracy was used. The pump was run for 

approximately 15 minutes at an orifice manometer setting of 0.5 
- 

inch of water to heat up the pump and wet the interior surface of 

the wet test meter. The information on Figure E-5 (example 

. calculation sheet) was gathered for the initial calibration and 

then, the ratio of accuracy of the wet test meter to the dry test 

meter, and the A H @  were calculated. 

POST-TEST METER CALIBRATION CHECK 
8 

A post-test meter calibration check was made on the meter 

box used during the test to check its accuracy against its last 

calibration check. This post-test calibration must be within +5 

percent of the initial calibration. The initial calibration was 

performed as described in APTD-0576. The post-test calibration 

was performed using the same method as the initial calibration. 

Three calibration runs were made using the average orifice 

setting obtained during each test run and with the vacuum set at 

the average value obtained during each test run. After running 

the post-test calibration check all three runs were within the - +5 

percent range allowed by the Federal Register.* 

- 

The initial and post-test meter box calibration data are 

presented in Figure E-6. 

* 
40 CFR 60, Appendix A, July 1, 1980. 
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WET TEST METER 

CONTROL 

AH 

0 . 5  

VALVE 

T bHP 

I t y +  4 6 0 1  B 1 
AH v w  Ph (td . 4001  

Pb (td + 4 6 0 1  
H rn 

Vd ( P b  t &I it,, + 4 6 0 1  

0 . 0 1 6 8  

Figure E-4. Calibration setup. 

1 . 0  

1 . 5  

1 . 0  

1 .0  

4 . 0  

1 
I 
1 
I 
I 
I 
I 
II 

0 . 0 1 1 1  

0.110 

0 . 1 4 1  

0 . 1 1 1  

0 . 1 9 1  

Danoneter : I, 
I 
1 
1 

. 
Figure E-5. Calibration data sheet. 
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DRY l 3 S  METER All0 ORIFICE CALIBRATIW DATA SHEET 

LEAK CHECK: 

POSITIVE*: 

NEGATIVE**: vacuum used 

DATEJ, 1/B METER BOX NO. -2 
BARWETRIC PRESSURE, Pb = 30.33 In. Hg. CALIBRATOR 13, A r m s  Jd-3 
VACUUM USED DURING CALIBRATION 

27.Cd4 leakage rate b,000 cfm*** 

- /o 

IPF md 

. .. ... A t  l u s t  f ive 1wKh.l I t e r  pnrsun.  
Mithin thrm Inch( urcury of absoluta vacutm. 
mt to U C d  0.m C h .  

Figure E-6. Pretest and post-test dry gas meter calibration data. '. 
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DRY GAS METER AND O R I F I C E  CALlBRATlON OATA SHEET 

LEAK CHECK: 

POSITIVE' :  

NEGATIVE'.: vacuum used 27. 0 '%'$ leakage rate 0, OOL' cfm'.' 

DATE 3 ,(y/gi i'ETER Box NO. ~ d - 3  
BAROMETRIC PRESSURE, Pb = 2 9 , 1 6  i n .  Hg. 

VACUUM USED DURING CALIBRATION 

CALIBRATOR /T. d.-- sf-.. 

5 1 t. If fJ5 

1 * Rat io  of accuracy of *et test  meter t o  dry test meter. 
Tolerance - : 0.021 
29.92 inches of  mercury. i n .  HzO. 
Tolerance * 0.15. 

I\t least f i re  hcher water pressure. 

we = Orifice Of pressure differential that  gives P.75 cfm of air a t  7O.F and 

. .. 
uitnin t h m  i n c m  mercvry of absolute WYM. ... Mot t o  erceed 0.005 cfm Figure E-6 (continued) 
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DRY US M U E R  AND ORIFICE ULIBRAllOw MlA SHEET 

LEAK CHECK: 

POSITIVI ' :  w 
NEGAlIVE**: vacuum used 2 6-2 l e a k a g e  r a t e o -  O-qfm**' 

. DATE 6 //Z&O W E l E R  BOX NO. Fi?- t/ 
BAROMETRIC PRESSURE, Pb . z%go I n .  Hg. C A L I B R A T O R ~ ~ ~ J ~  T G 4 G  

J 
VACULM USID DURING CALIBR4lION // ,A //< 

J 

1 . h t I 0  of accuracj 01 et 1.11 - 1 t T  tn dry lest R P r .  
loleranrt * : 0.02, 

29.92 t n c h s  of I c r c u v ,  In.  n p  
foleramt - 0.15. 

A t  1 ~ 1 t  rive tnches -it, p n s r ~ r r .  
Yfthtn t k a e  tncZks ~ r c v r ) .  o f  abwlute wac~m. 

ID1 tQ U C I d  0 . a  C h .  

UP - Ortftce or preswvt  dtrferential init pires 0.75 cfm of air a t  1O.i an9 

. Figure  E-6 (continued) .. 
0.. 
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DRY W MITER AIU) ORIFICE CALIBRATIOW M T A  SHEET 

LEAK CHECK: 

POSITIVE*: L.&A 
NEGATIVE**: vacuum rate 6 o ~ ~ C f m I * * ’  

DATE p&- g 

-VACUUM USE0 DURING CALIBRATION -.I 0 ,;, 
..BARMETRIC PRESSURE. Pb m J z  f 7 i n .  Hg. CALIBRATOR b?uw A 

Ow p wmtrr 

min. Y AH@ 

I - Ratio of accuracy of wet test mtter to dry test mtter. 
Tolerance - 0 . 0 2 ~  

bn@ * Orifice of pressure differential that gives 0.75 C f m  of a ir  @t 7O.F and 
29.92 lnchr of mrcury. In. ll 0 2 ’  
Tolerance - 0.15. . .. 

m 

A t  least five i n c h s  uater pressure. 
UIthin three I ~ k s  =)‘Fury of absolute vacum. 
mot to u c n d  0.ms c f l .  Figure E-6 (continued) 
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THERMOCOUPLE 

Thermocouples were calibrated by comparison aqainst an ASTM- 

2F thermometer at approximately 32OF, ambient temperature, 100°F, 

and 500'F. The thermocouples read within 1.5 percent of the 

reference thermometer throughout the entire range when expressed 

in degrees Rankine. If the thermocouple did not read within 1.5 

percent, a correction formula based on a least squares analysis 

of the data was utilized. The correction formula corrected the 

data to within 1.5 percent. The thermocouple was checked at 

ambient temperature at the test site to verify the calibration. 

Calibration data is presented in Figure E-7. 

DIGITAL INDICATOR FOR THERMOCOUPLE READOUT 

A digital indicator was calibrated by feeding a series of 

millivolt signals to the input, and comparing the indicator 

reading with the reading the signal should have generated. Error 

did not exceed 0.5 percent when the temperatures were expressed 

in degrees Rankine. Calibration data are shown in Figure 

E-8. 

DRY GAS THERMOMETERS 

The dry gas thermometers were calibrated by comparison 

against an ASTM-2F thermometer at approximately 32'F, at ambient 

temperature, and at approximately 110OF. The thermometer agreed 

within 5OF of the reference thermometer. The thermometers were 

checked prior to each test series at ambient temperature to 

verify calibration. Calibration data are included in Figure 

E-9. 
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TliEWIOCOUI'LE CALIBRATlON DATA SHLLI' 

- 

Ref erencc Thtrmocoupl e 

point Source,* temperature, temperature, 
Reference the rr.iome ter 

No. (specify) OF*** OF 

7f I 2 7 5  

Date: Thermocouple No. : 12 5 

Differenci, 
i t *  

c. cc. 

__  I 7 7  

3 '3 - I I L  

2 

9 3 I 5fiJ 

Reference temp. OF - thermocouple temp. O F  ~ loocL,  

(Reference temp. O F  + 460°F) 

37 ~ c, C' c, 

0. t S  I t 2  

,/B -7 .  0 5  

! 

Each percent difference must be less than or equal to 1.5;. 

***Reference thermometer must be ASTM. 

****Correction factor must be determined if any percent difference 

Figure E-7. Thermocouple calibration data. 
is >1.5%. 

Reference Corrected 
Reference thermometer thermocouple 

temperature, temperature, point 
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Re fer enc e 
Reference thermometer 

THERNOCOUFLC CALIBRATlON DATII SHLLT 

Correcte2 
thermocouF,le 

70 O F  Barometric pressure. . 5q.37 " 11.: Ambient temperdtcre: 

Calibrator: n . A t m s  ru-q Reference: t;l, &FM- L -ur7 I; 4fFt 
J 

h: n 

point 

__ __ __-  - 
Thcrmocoupl c 

Reference ' thermometer 
DOlnt 

temperature, temperature, ! Dif ferer.:r, 
or I o r  I ( * n  

I - -  
No. (spec if y )  OF 

I YS 7 % 7 - Y 
Critical test points are 3 2 ' ,  l o o o ,  and 5 0 0 ' .  

'Source: 1) Ice bath 
2 )  Ambient 
3 )  Furnace 

**Percent difference 
Reference temp. OF - thermocouple temp. O F  )[ 

(Reference temp. O F  + 460°F) 
Each percent difference must be less than or equal to 1.5'. 

***Reference thermometer must be ASTM. 

****Correction factor must be determined if any percent difference 

Figure E-7 (continued) 
is >l.S%. 
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THERElOCOUPLE 

Reference 
point Source,* 
No. (specify ) 

I I 7 

- 

CALIBRATION DATA SHLLT 

Reference Thermocouple 
thermometer 
temperature, temperature, Dlfferencc, 

OF*** OF %* * 

74' 74' 0. O b  

2 f 3 2  
3 I 3 ( OL 
Y 3 3-/ 0 

Critical test points are 3 2 " ,  100'. and 500' .  

*Source: 1) Ice bath 
2 )  Ambient 
3) Furnace 

**Percent difference 

3 2  3 02 

(0 2- 0.ol- l  

X / L  -0.21 

Reference temp. O F  - thermocouple temp. OF 
(Reference temp. OF + 46OoF) 100r 

Reference 
point 
No. 

Each percent difference must be less than or equal to 1.5%. 

***Reference thermometer must be ASTM. 

****Correction factor must be determined if any percent difference 
is >l.5%. 

Figure E-7 (continued) 

Reference Corrected 
thermometer thermocouple 
temperature, temperature, Difference, 

O F  O F  % * *  
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Reference 
point 
No. 

THERMOCOUPLE CALIBRATION DATA SIILLT 

Reference Corrected 
thermometer thermocouple 
temperature, temperature, Difference, 

OF O F  e**  

! 
I 

Date: ‘ f 7 t  8t Thermocouplc No.: 2 5 5  
/ /  

Ambient temperature: 7.y O F  Barometric pressure: 2 4  , 7 6  I‘ nc; 

Calibrator: B, A c + Reference : PrT/v?-3F 

Reference Thermocouplc 
Reference 

( spec if y ) 

I I I 
Critical test points are 3 2 O ,  l o o o ,  and 500’. 

*Source: 1) Ice bath 
2 )  Ambient 
3 )  Furnace 

**Percent difference 
Reference temp. OF - thermocouple temp. O F  >( 

(Reference temp. OF + 460’F) 
Each percent difference must be less than or equal to 1.5%. 

***Reference thermometer must be ASTM. 

****Correction factor must be determined if any percent difference 
is >1.5%. 

Figure  E-7 (cont inued)  
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Reference te-;. 'F - therzocou?le te-1:. ' 7  x 1 O C '  
(Reference ter.;,. . O F  + 4 6 0 O F )  

Figure E-8. Digital readout calibration data. 
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6 2 2 .  ? i  10:: 949. c 0. o/ -- 

Psrcent  c i f f e r c n c e  r.;1st k t c  le55 t ixr  c r  e;.;-.! t c "  C .  3 

**Percent d i f f e rence  
Reference texp .  OF - thermocouple ter : . .  OF s l o ? :  

(Reference tern>. OF' + 46C!'TI 

Figure E-8 (continued) 
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P?rcent  d i f fe rence  r,i?st be l e s s  tha-  cr e;'JJ"! t r  ( . i . .  

,**Percent e i f f e rence  

Reference te7.p. - thernocoaple te?;:. O r  x l G C  
(Reference ten;;. OF' t 4 6 0 O F )  

Figure E-8 (continued) 
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Reference 
point 
KO. 

DRY GAS THERMOMETER C A L I B R A T I O N  DATIi SllLE'J' 

Reference I Thermometer 
I 

thermometer 1 
source,* temperature, 1 temperature, Differcncc. 

* *  OF*** I O F  

Date: {'O Thermometer No. : F B . - 2  I, /&k 

Ambient tcmperature: 72- O F  Barometric pressure:z 7.3 f " 1 1 ~ :  
I 

/ Calibrator: 17. * A 7  3 r"- c. A S T A - P r  Reference: 
1 

Figure E-9. Dry gas thermometer calibration data. 

*Source: 1) Ice bath 
2) Ambient 
3) Furnace set at approximately l l O o f  

**Difference must be less than or equal to +5OF. - 

***Reference thermometer must be ASTN. 
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DRY GAS THERMOMETER CALIBRATION DATA SIILIJ'I' 

Reference 
point 
No. 

Date: 6/.0/& ~~iermomctcr NU. : ~ 6 . 2  O~+L+ 
Ambient temperature: 7.2- Barometric pressurc:2c/ .Ti. " H(.. 

I 

~l ' - -  Rcf ercnct Thermornctcr 

temperature, ! temperature, Dif fercncc, 
1 thermometer i 

* *  O F * * *  i O F  

Figure E-9 (continued) 

*Source: 1) Ice bath 
2) Ambient 
3 )  Furnace set at approximately l loor 

**Difference must be less than or equal to + 5 " F .  - 
***Reference thermometer must be ASTM. 
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Reference 
point 
bi@ . 

D R Y  GAS THERMOMETLR CALIBRATlON DATA S11LLl 

I 
.- - 

Ri :erciLct ' Thermomctcr I 

thermometer I 
source,* temperature, ! temperature, Difference, 

OF*** O F  * *  I 
I 

Date: 6/,3/y0 l'hermomcter No. : F D  ;Z LA (&4 
I 

Ambient tenipcrature: 7~ O r  B a r r ~ e t r i c  pressure: 25,3f " I 1 (  

Figure E-9 (continued) 

*Source: 1) Ice bath 
2) Ambient 
3 )  Furnace set at approximately llOor 

**Difference must be less than or equal to t S ° F .  - 
***Reference thermometer must be ASTN. 
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Reference 

NO. 
point Source,* 

Figure E-9 (continued) 

I 
Rcferencf Thermomctc: I 

thermomctci t 

temperature, temperature, Dlfferencc, 
OF+'* OF 

I 
I 

* +  

*Source: 1) Ice bath 
2) Ambient 
3) Furnace set at approximately llOor 

**Difference must be less than or equal to + 5 O € .  - 
***Reference thermometer must be ASTM. 
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Reference 
point 
No. 

DRY GAS THERMOMETER CALIBRATION DATA SHLE'I' 

Date: 6 / /u /do Thermomctcr No. : f 0 . y  r,- 
A;nb 1 en t temp e r a tu r e : 7 z  O r  Barometric pressure: 3%. 38 " 1 1 ~ :  

~ 

~ thermometcx 
Sourcc,' temperature, I temperature, , Difference, 

* *  OF*** I O F  

I I 

j I 32 .7  1 e. 7 
I 

2 1 

Figure E-9 (continued) 

*Source: 1) Ice bath 
2) Ambient 
3) Furnace set at approximately l l O D F  

**Difference must be less than or equal to +5'F. - 

***Reference thermometer must be ASTN. 
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DRY GAS THERMOMETER CALIBRATION DATA S l l L E l  

. 

Reference 
point 
No. 

1 

2 

... 

Reference Thermorncter I 
Source, * temperature, 1 temperature, Difference, 

thermome t e r I 

* *  OF+** O F  

f .  c. .+*< 73 . 

2 .7- 3L/ 1 . 9  
I 

Figure E-9 (continued) 

*Source: 1) Ice bath 
2) Ambient 
3) Furnace set at approximately llOor 

**Difference must be less than or equal to +5OF. - 
***Reference thermometer must be ASTN. 
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___ 

Reference 
point 
KO. 

1 

- 2 
3 

DRY GAS THCRMOME'I'LR CALIBRATION DATA S l I L E l  

~~ 

~-7 ~~ - 1- 

1 thermometer I 

Reference , Thermometer 1 

Source,* I temperature, ' temperature, . Difference, 
* *  O F  

o r *  * i 
1 , 

0. c, 
. I ?2----- .. . 

-7 .? 0- .7 

j /- CJ 

+ 72. t;. 2 

' &--- 
1 32. 7 -.+ 

! 

- - ., ___- 3 -1 I /: >- J I I / I ( /  
.- -- _-- _ _  . 

Figure E-9 (continued) 

*Source: 1) Ice bath 
2) Ambient 
3) Furnace set at approximately llOor 

**Difference must be less than or equal to +5OF. - 
***Reference thermometer must be ASTN. 
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DRY GAS THERMOMETER CALIBRATION DATA SIILE1' 

Date: 4 / 0  (0  Thermometer No.: f B - 6  obt /eC 

Ambient temperature: 72 O t  Barometric p.-essure:JC.3$ " 111 ,  

calibrator: 13 - <  . Reference: ,A5T/M -2e' 

- 
Reference-' Thermometer 1 

Reference thermometer I 
I temperature, . Difference, 

OF*** O F  * *  

Figure E-9 (continued) 

*Source: 1) Ice bath 
2) Ambient 
3) Furnace set at approximately l l O ° F  

**Difference must be less than or equa l  to +S°F. - 
***Reference thermometer must be ASTN. 
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Reference Thermometer 
Reference thermometer 

point Source,* temperature, temperature, I NO. OF*** O F  

I 3 3 ( O f O / =  108°F 

1 2 %@I; 3K"F 
2 1 7 3 v  -7 +Or,  

I 

I 
I 

Difference, * *  

2 "r- 
f"F 

D0F 

Figure E-9 (continued) 

I 
I 
I 
I 
I 
I 
I 
I 

*.Source: 1) Ice bath 
2 )  Ambient 
3) Furnace set at approximately 

**Difference must be less than or equal to 

***Reference thermometer must be ASTM. 

llO°F 

+5OF. - 
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Reference Thermometer 
Reference thermometer 

point Source,* temperature, temperature, 
No. OF* * OF 

***Reference thermometer must be ASTM. 

Difference, **  

DRY GAS THERMOMETER CALIBRATION DATA SHEET 

Thermometer No.: K&s D&fif?7 
Ambient temperature:,>$<4 I O F  Barometric pressure: aSi4 11 ~g 

Calibrator: UprJ ( - I T U S E E & C A  Reference: A 5 -r"*&- 3 F 1 c 

Figure E-9 (continued) 

*Source: 1) Ice bath 
2) Ambient 
3) Furnace set at approximately llOOF 

**Difference must be less than or equal to +SoF. - 
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TRIP BALANCE 

The trip balance was calibrated by comparison with a Class-S 

standard weight and agreed within 0.5 g. Calibration data are 

shown in Figure E-10. 

BAROMETER 

The field barometer was calibrated to within 0.1 in. Hg of 

an NBS-traceable mercury-in-glass barometer before each test 

series. The field barometer was checked against the mercury-in- 

glass barometer after each test series to determine if it read 

within 0.2 in. Hg. If it did not read within 0.2 in. Hq,  a 

correction factor was determined for the last test series. 

Calibration data are included in Figure E-11. 

ORSAT ANALYZER 

The orsat analyzer was calibrated before each test series by 

determining the percentages of oyxgen, carbon monoxide, and 

carbon dioxide in a calibration gas containing known percentages 

of each. The analyzer read within 0.5 percent of the known value 

for each gas. Calibration data are shown in Figure E-12. 
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T r i p  b a l .  
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TRIP BALANCE ACCURACY LOG 

Figure E-10. Trip balance calibration data. 
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D i f f e r e n c e *  I 0.e~' I c lr' 3 I 4 <e 

BAROMETER CALIBRATION LOG 

0 C Q  

Barometer 
Reading 

Reference 
Barometer 
Reading 

D i f f e r e n c e * *  

F i g u r e  E-11. Barometer c a l i b r a t i o n  d a t a .  

z? 546 37, Y,' 

27 7'6 44 
6. 0 0  o,o& 
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ORSAT C A L I B R A T I O N  DATA SHEET 

Orsat No.: 232. Gas (circle one): 0, CD, @ 
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. __ . . . . .. . 

Figure E-12. Orsat calibration data. 
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ORSAT CALIBRATION DATA SHEET 

I 
I 
I 
I 
I 
I 

I 
I 
I 
1 
R 
I 
I 

I 
c 

Orsat NO. :  23a Gas ( c i r c l e  one): 0, CO 

C a l i b r a t o r  I Date Value Det.  

W 

Figure E-12 (continued) 
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ORSAT C A L I B R A T I O N  DATA SHEET 

Gas (circle one): @ CO, 
- 0  Orsat No.: A 

Calibrator I D a t e  

' i  

! I 

Value Oet. 
. I  

,-- 
0 I 

. . . . . . . - 
! 
I 

/Le 

. . ~ . . . .  i 
__t 

! 
- 1  

/5 3 
I 

__/_ ,I?! 7 : I  
' '  

I 

. . . .  , 
I .4.. 

. . .  -. 

Figure E-12 (continued) 
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APPENDIX F 

QUALITY ASSURANCE SUMMARY 
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QUALITY ASSURANCE SUMMARY 

The following summary addresses factors that ultimately are 

used to ensure data quality and accuracy for any given emission 

test project. 

PROJECT ORGANIZATION AND RESPONSIBILITES 

The project organization and responsibilities are generally 

defined in the test plan. Specific responsibilities for this 

field test are shown in the list of project participants in 

Appendix G. 

QA OBJECTIVE 

The QA objective of the data collection was for potential 

NSPS standards setting. Therefore, all procedures used to 

collect and analyze emissions samples followed EPA reference 

methods where applicable. No attempt was made to determine pre- 

cisions, because the precision of these reference methods had 

previously been determined. The completeness of the data was the 

same as required for a performance test as defined in 40 CFR 60, 

Section 60.8. The emission results were to be representative of 

normal operations. The data and results were presented in 

several units to allow for comparability with data from all other 

organizations wishing to access the data summary. 
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DATA REDUCTION, VALIDATION, AND REPORTING 

Data reduction and reporting have been shown to be great 

potential sources of system error. Most of PEDCO'S test method 

calculations are performed by a validated computer program to 

minimize error. The field data sheets are also set up on a 

standard computer card to allow accurate input of data into the 

computer by individuals unfamiliar with testing procedures. The 

data printout is then validated by comparison with the field and 

analytical data sheets. In addition, hand calculation checks are 

generally made to validate the computer output. Other data 

validations are made whenever possible. The particulate emission 

test results were validated by good agreement with the particle 

size sample results. The reporting format provides efficient and 

effective review of all data and results. 

PERFORMANCE AND SYSTEM AUDITS AND FREQUENCY 

When feasible, PEDCo performs both performance and system 

audits. A performance audit for accuracy was performed in the 

field on all dry gas meter systems using critical orifices that 

were supplied and calibrated by the EPA. The EMB task manager 

was unable to be onsite to perform a general system audit. The 

PEDCo team leader was therefore given the responsibility for 

performing this audit. Items checked were similar to those on 

the checklist in "Quality Assurance Handbook"; however, no 

written record was made. 
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SPECIFIC ROUTINE PROCEDURES USED TO ASSESS DATA PRECISION, 
ACCURACY, AND COMPLETENESS 

No attempt was made to assess data precision, which had been 

reported elsewhere or else was not in the scope of the report. 

Precision results for EPA reference methods are summarized in 

"The EPA Program for the Standardization of Stationary Source 

Emission Test Methodology, A Review," EPA-600/4-76-044. PEDCo 

has been a collaborator in several of the EPA programs to deter- 

mine method precision. In all cases of final data summary 

reporting, PEDCo was within two standard deviations of the 

method precision. Based on the quality and experience of the 

test team used in this test series, all data summaries are likely 

to be within one standard deviation of the documented precision, 

as determined for a single run for each specific reference 

method. The accuracy audit procedure used for the dry gas meter 

is the standardized written procedure used by the EPA Quality 

Assurance Division program. The procedure for determining 

completeness of data is the same as that specified in 40 CFR 60, 

Section 60.8. 

INTERNAL QUALITY CONTROL CHECKS 

Several internal quality control checks are usually made for 

each test. The majority of these checks usually deal with the 

field sample analysis. Filter blanks were returned to the 

laboratory for gravimetric analysis. This control checked the 

quality of both the initial and the final weighing. Results of 

the control sample checks are included in Section 5 .  
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CORRECTIVE ACTION 

PEDCo has two methods for corrective action. The first is 

the use of control limits. Examples of control, limits are audit 

sample results, control sample results, and calibration results. 

When any of these limits show that data are of questionable 

integrity, then the procedure is repeated, additional data are 

collected, or the data are rejected. The second method is the 

use of red tags. Whenever any piece of equipment is suspected of 

producing unacceptable data, the entire apparatus or malfunc- 

tioning component is replaced and a red tag is placed on the 

item. That piece of equipment is then rejected until its ability 

to perform its function properly is verified by the proper 

individuals. The use of control limits and red tags reduces the 

amount of unacceptable data and provides a system to track and 

correct unacceptable items and procedures. 

PREVENTIVE MAINTENANCE PROCEDURES AND SCHEDULES 

PEDCo has a comprehensive preventive maintenance program. 

Many major components of test equipment have pretest checklists. 

These checklists ensure that all functions are checked and that 

action is taken to repair or replace any part likely to malfunc- 

tion. These checks are made before every field test series; 

however, only the control console (meter box) checks are re- 

corded. Although the preventive maintenance program and schedule 

are not in writing, PEDCO'S commitment of three full-time, ex- 

perienced personnel for equipment construction, preparation, 

calibration, and maintenance has resulted in a program based on 
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experience and skill that cannot be matched by a program based on 

written guidelines. 

QUALITY ASSURANCE REPORTS TO MANAGEMENT 

The standard quality assurance procedures used in this test 

program generate sufficient documentation to indicate the quality 

of data. All evidence of the execution of the quality assurance 

guidelines is reviewed by management. In addition, all PEDCO'S 

EMB task managers and project managers meet weekly. During these 

group meetings all aspects of each task, including quality as- 

surance, are discussed. No written reports result from these 

meetings because all interested parties are verbally apprised of 

the situation during each meeting. 

Two other reports not related to EMB task are made to man- 

agement. PEDCo's emission test and laboratory groups participate 

in all EPA QAD's national audits; and PEDCO's quality assurance 

coordinator, Mr. T.J. Wagner, makes several independent checks 

for management. 
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APPENDIX G 

PROJECT PARTICIPANTS AND ACTIVITY LOG 
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Name 

J .  Prohaska 

R. Campbell 

M. Phi l l ips  

R .  Antesberger 

D. Fitzgerald 

P. Reinermann 

S. Howison 

T. Clark 

W .  Terry 

L.  Geiser 

G. Michael 

TABLE G-1 .  PROJECT PARTICIPANTS 

Af f i 1 i a t i  on 

PEDCo 

PEDCo 

PEDCo 

PEDCo 

PEDCo 

PEDCo 

PEDCo 

PEDCo 

MRI 

Cartech 

Cartech 

Act ivi t ies  

Coordinate test  a c t i v i t i e s ,  l i a i son  with 
MRI, s i t e  preparation, co l l ec t  d u s t  sam- 
pl es, recovery of PSD samples 

Team leader S i t e  2 ,  par t icu la te  (PM) runs 
a t  S i t e  2 ,  sample recovery 

Team leader S i t e  1 ,  s i t e  preparation, 
a s s i s t  in PM and PSD runs a t  S i t e  1 ,  sam- 
ple recovery 

Tests a t  S i te  1 ,  s i t e  preparation, sample 
recovery 

PSD runs a t  S i t e  2 ,  sample recovery 

Assist in t e s t s  a t  S i t e  2 ,  s i t e  prepara- 
t ion ,  sample recovery 

Visible emissions from fabr ic  f i l t e r ,  
fug i t ive  emissions from d u s t  hand1 ing 
system, sample recovery 

Visible emissions from the melt shop, 
sample recovery 

Monitor process operation 

P l a n t  contact,  general assistance 

General assistance 
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Fr iday  

Saturday 

Sunday 

Monday 

Tuesday 

Wednesda! 

Thursday 

F r iday  

- 
late,  
I981 

4/24 

4/25 

4/26 

4/27 

4/28 

4/29 

4/30 

511 

TABLE 6-2. FIELD SAMPLING LOG 

A c t i v i t y  

Transported equipment t o  s i t e  (P.R., R.A.) 

Transported equipment t o  s i t e  (cont . ) ;  t r a v e l e d  t o  s i t e  
(J.P., M.P.) 

Set-up equipment, took Method 1 measurements, prepared 
sampling t r a i n s  ( 4  men); t rave led  t o  s i t e  (D.F., R.C.) 

Took Method 2 measurements a t  a l l  s i t e s ;  completed 
p r e l i m i n a r y  and b lank t e s t  runs ( 6  men); t r a v e l e d  t o  
s i t e  (S.H., T.C.) 

Conducted one run  a t  a l l  s i t e s  ( e n t i r e  crew) 

Conducted one run  a t  a l l  s i t e s  

Conducted one run  a t  a l l  s i t es ;  packed equipment and .?ft 
s i t e  

Returned t o  base ( 6  men); re tu rned w i t h  equipment and 
samples (P.R., R.A.) 
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