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1.0 EXECUTIVE SUMMARY 

Johnson Controls, Inc. (Johnson Controls) operates two newly constructed 
lead oxide manufacturing mills at its facility -.-- in -_- Middletown, Delaware. 
The -as the - t k x . t l u n d  S out h MiTl37~Tch-mtl'l 
c o m e e  s.e,pjm,teLaucces;, the process stack, process vent, and 
m m i n g  pot. Each process stack and process vent has its own baghouse 
for the control of particulate inorganic lead emissions, while the melt- 
ing pots have no emission control system. 
' . 
Johnson Controls retained BCM Eastern Inc. (BCM) to characterize the lead 
emissions from two oxide mills. Both the North and South Mills have 
associated a single-lead feed rate and three separate points of lead 
emissions. Emissions testing was conducted at each oxide mill on sepa- 
rate days. Emission determinations a t  each mill Included simultaneous 
testing at the three sources with three test runs performed. EPA Refer- 
ence Test Method 12 was utilized for inorganic lead emission testing. 
The table o n  the following page summarizes the actual lead emission 
results obtained during the testing program. 
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Lead Emissions 
Source North M i l l  South M i 1 1  

( 1  b / h r )  ( l b l h r )  

Process Stack 
Process Vent 
M e l t i n g  Pot 

0.0045 0.0044 
0.0009 0.0022 
o.0044 rn 

Tota l  Emissions 0.0098 0.0096 
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2.0 SCOPE AND OBJECTIVES 

Sampling was conducted to determine the following parameters at each 
exhaust: 

- Gas flow - acfm and scfm 
- Gas temperature - 'F 

- 
- Gas velocity - fpm 
- 
- Opacity - percent 

Gas moisture content - percent by volume 

Inorganic lead emissions - grainldscf and lblhr 

All f i e l d  samples were returned to the BCM Laboratory in Norristown, 
Pennsylvania, for subsequent analyses. 

3 



3.0 PROCEDURES 

3 . 1  F-K 

F i e l d  t e s t i n g  a t  the Nor th MI11 was conducted on February 9, 1988, and a t  
the South M i l l  on February 18, 1988. The BCM sampling team cons is ted  of 
the f o l l o w i n g  personnel :  

P h i l i p  C. Burg - S c i e n t i s t  
W i l l i a m  J. Kesack - Engineer 
Thomas B e r n s t i e l  - S c i e n t i s t  
Nick Charno - Technic ian 
Chr i s  H e w i t t  - Technic ian 
Daniel  Petrovay - Technic ian 

M r .  Thomas Brossman acted as l i a i s o n  between Johnson Con t ro l s  and ECM, 
ensur ing t h a t  the processes were o p e r a t i n g  no rma l l y  d u r i n g  the t e s t i n g  
pe r iods .  

M r .  Char les K r i c k  and A l i  M i r z a k h a l i l i  o f  the Delaware Department o f  
Natura l  Resources and Environmental C o n t r o l  wi tnessed the tes , t ing  program 
and process o p e r a t i n g  c o n d i t i o n s .  

The f o l l o w i n g  methods o f  sampling were employed i n  the t e s t  program: 

- Sampling and t r a v e r s e  l o c a t i o n s  were determined i n  accordance 
w i t h  Method 1 o f  the Federal R e a i s t e  r, Volume 42,  No. 160, 
August 18, 1977, which i s  o u t l i n e d  i n  Appendix A .  

- Gas f l o w ,  gas temperature, and s t a t i c  pressure measurements 
were made I n  accordance with Method 2 o f  the  Federa l  
R 7 ,  Volume 42, No. 160, August 18, 1977, which i s  out- 
l i n e d  i n  Appendix A.  

- Excess a i r  and molecular  weight determinat ions were made i n  
accordance w i t h  Method 3 ( w i t h  the  except ion t h a t  a F y r i t e  
was used ins tead  o f  an Orsa t )  o f  the  Federal Rea ls te r ,  Volume 
4 2 ,  No. 160, August 18, 1977, which i s  o u t l i n e d  i n  Appendix A .  

. 
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- Moisture content  sampling was conducted i n  accordance w i t h  
Method 4 o f  the  Federal Rea is te r ,  Volume 42, No. 160, August 
18, 1977, which i s  o u t l i n e d  i n  Appendix A .  

- Ino rgan ic  l ead  sampling was conducted i n  accordance w i t h  
Method 12 o f  the  Federal Rea i s t e r ,  Volume 47, No. 74, A p r i l  
16, 1982, which i s  o u t l i n e d  i n  Appendix A. 

- Opaci ty  readings were conducted I n  accordance w i t h  Method 9 
o f  the Federal Reais ter ,  Volume 42, No. 160, August 18, 1977. 

3.2 EOUIP MENT C ALIBRATION 

I n  accordance w i t h  the  accepted procedures publ ished by the  EPA, a l l  gas 
v e l o c i t y  measuring equipment, volume mete r ing  equipment, temperature 
measuring equipment, and f l o w  r a t e  equipment had been c a l i b r a t e d  p r i o r  t o  
and a f t e r  t he  t e s t  date. C a l i b r a t i o n  data are inc luded i n  Appendix D. 

3.3 ANALYTICAL METHODS 

A l l  samples generated d u r i n g  the sampling program were analyzed a t  t he  
BCM Laboratory i n  Norr is town,  Pennsylvania. An o u t l i n e  o f  the a n a l y t i c a l  
methodologies i s  contained i n  Appendix 8 .  Laboratory da ta  are summarized 
i n  Appendix B. Table B-1. A copy o f  the  complete l a b o r a t o r y  r e p o r t  i s  
contained a t  t he  end o f  Appendix 8.  

3.4 CALCULA TIONS 

A l l  mois ture content ,  gas flow, molecular  weight,  and ino rgan ic  lead 
emission c a l c u l a t i o n s  w e r e  determined u s i n g  a computer. Raw da ta  gene- 
r a t e d  from the f i e l d  sampling program and the  r e s u l t s  o f  the l a b o r a t o r y  
analyses were i n t roduced  i n t o  equat ions presented i n  Methods 2, 3 ,  4 ,  and 
12, o f  the  Federal Rea is te r  , Volume 42, No. 160. August 18, 1977. as 
amended. 
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4 . 0  SUMMARY OF RESULTS 

4.1 GAS FLOW RATE DATA 

Gas f l o w  r a t e  data ob ta ined  by averaging r e s u l t s  o f  the  th ree  t e s t  runs 
performed a t  each source a re  conta ined i n  Table 1 .  Complete gas f l o w  
r a t e  r e s u l t s  for  each i n d i v i d u a l  t e s t  r u n  appear on the  computer p r i n t -  
outs  i n  Appendix 6 .  

4 . 2  INORGANIC LEAD TESTING RESULTS 

Ino rgan ic  lead emission r e s u l t s  fo r  each t e s t  run, for  the North M i l l  and 
South M i l l  systems are conta ined i n  Tables 2 and 3,  r e s p e c t i v e l y .  E m i s -  
s i on  concen t ra t i ns  o f  i n o r g a n i c  l ead  f o r  both m i l l s  a re  contained i n  
Table 4. 

4.3 PROCESS DA T4 

The lead feed r a t e s  for each system were recorded as h o u r l y  l b l h r  aver- 
ages. The sampling t imes were used t o  determine t h e  l ead  feed  r a t e s  
corresponding w i t h  each t e s t .  L i s t e d  i n  Table 5 a r e  the  average lead 
feed r a t e s  fo r  each m i l l ,  as supp l l ed  by Johnson Con t ro l s .  

4 . 4  OPACITY OBSER V A T 1 0 6  

Opaci ty  observat ions were conducted du r ing  the p a r t i c u l a t e  t e s t i n g  on 
each source. No v i s i b l e  emissions were observed from any source. 
V i s i b l e  emissions obse rva t l on  forms cover ing each p e r i o d  a re  i nc luded  i n  
Appendix A w i t h  the f i e l d  da ta  sheets. 

The BCM v i s i b l e  emissions e v a l u a t o r  was EPA-cer t i f ied i n  accordance w i t h  
€PA Method 9. A copy o f  the  V i s i b l e  Emissions Eva lua to r  c e r t i f i c a t e  i s  
i nc luded  i n  Appendix E. 
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TABLE 1 

GAS FLOW RATE DATA" 

Gas Mo is tu re  Gas 
Temperature Content V e l o c i t y  Gas Flow 

M i l l  Source (OF) ( 92 (fpm) (acfm) (scfrn) 

North Process Stack 185 1.6 4546.7 5579 4541 
South Process Stack 192 0.4 4617.1 5739 4674 

Nor th  Process Vent 78 1.3 1327.8 40 1 393 
South Process Vent 80 1.3 1365.2 41 2 402 

North M e l t i n g  Pot  119 0.9 866.1 1063 968 
South M e l t i n g  Pot  113 1 .o 1581.7 1943 1782 

" A l l  r e s u l t s  a r e  averages of t h e  th ree  t e s t  runs  
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ACTUAL 

TABLE 2 

INORGANIC LEAD EMISSION 
NORTH M I L L  

RATES 

Source 
I n o r a a n i c  Lead Emiss ions  ( l b l h r )  

Run No. 1 Run No. 2 Run No. 3 Average 

Process Stack 

Process Vent 

M e l t i n g  Pot 

0.0055 

0.0009 

0.0033 

0.0045 

0.0007 

0.0054 

0.0035 

0.0011 

0.0046 

0.0045 

0.0009 

0.0044 

0.0097 ' 0.0106 0,0092 0,0098 . 
--3 hoc, 0.0081 0.0066 0,0077 0.0oBa 

T o t a l  Emissions ,& 

a 



TABLE 3 

ACTUAL INORGANIC LEAD EMISSION RATES 
SOUTH MILL 

Source 
I n o r a a n i c  Lead Em iss ions  ( l b / h r )  

Run No. 1 Run No. 2 Run No. 3 Average 

Process Stack 0.0075 0.0036 0.0020 0.0044 

Process Vent 0.0022 0.0027 0.0017 0.0022 

Me1 tfng Pot 0.0047 0.0029 0.0014 0.0030 

0.0051 0.0096 
0 I WbO 0.01 la Tota l  Emissions 0.0144, 0.0092 0.0051 0.0096 ’ 17- O.olbQ O * O I O B  0 I WbO 0.01 la 

9 



TABLE 4 

INORGANIC LEAD EMISSION CONCENTRATIONS 

Inoraanlc Lead Em i s s i o  ns (a ra ins ldsc f )  
M i l l  Source Run No. 1 Run No. 2 Run No. 3 Average 

North Process Stack 

North Process Vent 

North Mel t ing Pot 

South Process Stack 

South Process Vent 

South Mel t ing Pot 

0.0001 0.0001 0.0001 0.0001 

0.0003 0.0002 0.0004 0.0003 

0.0004 0.0006 0.0006 0.0005 

0.0002 0.0001 0.0001 0.0001 

0.0006 0.0008 0.0005 0.0006 

0.0003 0.0002 0.0001 0.0002 

10 
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TABLE 5 

PROCESS DATA 

N o r t h 4 1  11 Sou t h-MA 1 1 
Average Lead Average Lead 

- Tim Feed Rate ( l b l h r )  Feed Rate  ( l b /h r )  

1200-1300 
1 300- 1 400 

1 500- 1 600 
1600-1700 

1 400- 1 500 

1 700- 1 aoo 
i aoo- 1 goo 

2162 
2352 

2906 
2468 
2505 
2370 

2468 

1000-1 100 
1 100-1 200 
1200-1 300 
1300-1 400 
1400-1 500 
1 500-1 600 
1600-1700 

1900-2000 2538 1 700-1 aoo 
2000-2100 2260 I 800-1 goo 1594 
2 100-2200 1984 

OM. = 2Wl. 3’k/’ 1707,$dt3Q. I bp 
1 I 200 b 

777 
6 1  5 
718 
697 
71 5 

551 
a64 

780 
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5.0 DISCUSSION OF RESULTS 

Field testing at both mills went well with few problems. All isokinetic - 
variations and leak checks were within allowable limits. One problem 
encountered at the North melting pot stack caused by an obstruction 
resulted in two traverse points being missed. The missed points were 
made up by sampling longer at a previous point. Gas flow traverses con- 
ducted across the two diameters o f  the stack, however, show gas flow in 
the stack as very laminar. In addition, the source of lead emissions was 
16 feet (13.7 duct diameters) downstream from the sampling ports. This 
would allow good mixing of the exhaust gases prior to the point of sam- 
pling. Therefore, BCM believes that the missed traverse points had no 
effect on the North melting pot lead emission results. 
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APPENDIX A 

FIELD SAMPLING PROGRAM 

1.0 SAM PLING PROCEDURES 

1.1 Jest S t a t  i o n  and Traverse Locat ions 

The l o c a t i o n  of the sampling s t a t i o n  and t rave rse  p o i n t s  i s  c r i t i c a l  t o  
p r o j e c t  performance. An exp lana t ion  o f  the  samplfng p o i n t s  and stack 
dimensions for  each source are shown i n  Table A-1. 

1.2 Gas Flow and Gas Temoeratu r e  Determinat ions 

The gas f low r a t e  and temperature p r o f i l e  a t  each source was measured by 
conduct ing a simultaneous v e l o c i t y  and temperature t rave rse .  Gas ve lo-  
c i t y  heads were measured w i t h  a standard type p i t o t  tube t h a t  was con- 
nected to  an i n c l i n e d  manometer. A Chromel-Alumel thermocouple connected 
to  a potent iometer  was used t o  determine gas temperature. 

1.3 Moisture Co n t e n t  

Sampling methods employed the  p r i n c i p l e s  presented i n  EPA Method 4 ,  and 
concur ren t l y  w i t h  l ead  sampling. Parameters evaluated I n  o rde r  t o  de te r -  
mine the  gas stream's mois ture content  were sample gas volume, sample gas 
temperature, sample gas pressure,  impinger mois ture ga in,  and s i l i c a  ge l  
mo is tu re  ga in.  Some minor m o d i f i c a t i o n s  w e r e  made to  the Method 4 t r a i n  
t o  al low concurrent lead and mois ture content  sampling. These mod i f i ca -  
t i o n s  d i d  n o t  dev ia te  from sampling p r i n c i p l e s .  Such m o d i f i c a t i o n s  were 
Inco rpo ra ted  as the s u b s t i t u t i o n  o f  a g lass  f i b e r  f i l t e r  fo r  Pyrex w o o l  
as a f i l t e r i n g  medium, and the s u b s t i t u t i o n  o f  a c a l i b r a t e d  o r i f i c e  fo r  a 
rotameter as a f l o w  meter ing device.  

1.4 Molecu l a r  Weiaht Determination$. 

A F y r i t e  gas analyzer was used t o  determine the  molecular weight o f  the 
exhaust gas a t  each source. The f o l l o w i n g  parameters were  measured i n  
o rde r  to c a l c u l a t e  molecular  weight:  volume percent  carbon d i o x i d e  
(COz) ,  volume percent oxygen 02, and volume percent  n i t r o g e n  ( N z ) ,  
determined by d i f f e r e n c e .  A l l  sources exhausted ambient a i r ;  t h e r e f o r e ,  
t he re  was no carbon monoxide present .  



TABLE A-1 

TEST LOCATION INFORMATION 

Stack Diameters 
Duct I D  From Nearest Total 

or Dimensions Flow Dis turbance Sample Sample* 
Source ( i n )  Upstream Downstream Ports Points 

North Process Stack 15 12 8 2 12 

South Process Stack 15 12 8 2 12 

North Process Vent 6.0 x 7.25 2 .0  5.5 4 20 

South Process  Vent 6.0 x 7.25 2.5 6.7 4 20 

5 2.8 13.7 2 12 

5 2.8 13.7 2 12 

North M e l t i n g  Pot 

South M e l t i n g  Pot 

* I n  accordance w i t h  EPA Method 1, amended September 30, 1983 (48 FR191) 



1.5 Ina r a a n i c  Lead Sa mD1 i nq 

A l l  sampling procedures and sampling equipment employed were those out -  
l i n e d  i n  Method 12 o f  the Federal Reais te r ,  Volume 47, No. 74, A p r i l  16, 
1982. 

The nozzle s i z e  r e q u i r e d  t o  ma in ta in  i s o k i n e t i c  sampling was c a l c u l a t e d  
from the  r e s u l t s  o f  the p r e v i o u s l y  completed v e l o c i t y  and temperature 
t rave rses .  The sampling t r a i n  used a g lass - l i ned  s t a i n l e s s  s t e e l  probe 
t h a t  was heated to  250 degrees Fa renhe i t  by an i n t e r n a l  h e a t i n g  element. 
A nozzle o f  the c a l c u l a t e d  s i z e  was a t tached  t o  the  end of the  probe, 
which was i n s e r t e d  i n t o  the  s tack.  A standard type p i t o t  tube and a 
Chromel-Alumel thermocouple were clamped t o  the  i n  o rde r  t o  mon i to r  the 
v e l o c i t y  head and the temperature a t  the t rave rse  p o i n t s  d u r i n g  the sam- 
p l i n g  pe r iod .  Sampled gas passed through the  nozzle and probe t o  a glass 
f i b e r  f i l t e r  for  the removal o f  the suspended p a r t i c u l a t e s  and ino rgan ic  
lead. The f i l t e r  was housed I n  a heated chamber w i t h  a temperature main- 
t a ined  a t  250 degrees Fa renhe i t .  From the f i l t e r ,  the s tack  gas passed 
through a heated Te f lon  sampling l i n e  t o  the  impinger t r a i n .  The f i r s t  
two impingers each conta ined 150 m l  of  0.1 N n i t r i c  a c i d  ("03). The 
t h i r d  impinger contained no reagents and was a knockout impinger.  The 
f o u r t h  impinger contained approx imate ly  200 grams o f  coarse s i l i c a  g e l ,  
which c o l l e c t e d  any mois ture and/or vapors t h a t  w e r e  n o t  captured i n  the 
preceeding impingers.  

The second impinger was a 500-ml Greenburg-Smith impinger;  t he  f i r s t ,  
t h i r d ,  and f o u r t h  were 500-ml impingers o f  the Greenburg-Smith design, 
mod i f i ed  by r e p l a c i n g  the t i p  w i t h  a l / Z - i n c h  I . D .  g lass  tube. I t  should 
be noted t h a t  t he  impinger t r a i n  was monitored d u r i n g  t h e  e n t i r e  t e s t  
p e r i o d  t o  prevent  the  e x i t  gas temperature from exceeding 70 degrees 
Farenhei t. 

From the implnger t r a i n ,  t he  gas was conducted through an u m b i l i c a l  cord 
to  the c o n t r o l  console, a Model 2343 RAC Staksampler t h a t  conta ined the 
f o l l o w i n g  pieces o f  equipment ( l i s t e d  i n  the o rde r  i n  which sampled gas 
passed through them): a main valve,  a bypass va lve for  flow adjustment,  
an a i r t i g h t  vacuum pump, a d r y  gas meter, and a c a l i b r a t e d  o r i f i c e .  The 
o r i f i c e  was equipped w i t h  pressure taps t h a t  were connected across the 
i n c l i n e d  manometer used t o  ensure t h a t  i s o k i n e t i c  c o n d i t i o n s  were being 
maintained. A schematic diagram o f  t h e  EPA Method 12 sampling t r a i n  i s  
depic ted a t  the end of t h i s  appendix. 

The sampling t r a i n  was subjected to  a l eak  check p r i o r  to  and a f t e r  each 
sample r u n .  The i n l e t  o f  the nozzle was plugged, and the pump vacuum was 
h e l d  a t  the h ighes t  vacuum a t t a i n e d  d u r i n g  the t e s t i n g  p e r i o d . .  I n  a l l  
cases, t he  leakage r a t e  was minimal,  n o t  exceeding the maximum al lowable 
leakage r a t e  o f  0.02 c f m .  



Upon complet ion o f  a t e s t ,  the s o i l e d  g lass  f i b e r  f i l ter  was removed from 
i t s  f i l t e r  ho lder  and placed i n  a p e t r i  d i s h  . t h a t  was subsequently 
sealed. The probe nozzle and heated sample l i n e  were washed i n t e r n a l l y  
w i t h  0.1 N "03; the r e s i d u a l  m a t t e r  remaining i n  the probes and heated 
sample l i n e  was removed w i t h  a ny lon  brush at tached t o  a polyethy lene 
l i n e .  The f r o n t  h a l f  o f  the g lass f i l t e r  ho lder  was r i n s e d  w i t h  0.1 N 
"03, and the washings obta ined were added t o  those c o l l e c t e d  from the 
nozzle and probe. A l l  washings were s to red  i n  sealed amber glass b o t t l e s  
for t r a n s f e r  t o  the  l a b o r a t o r y .  The s i l i c a  ge l  used i n  the f o u r t h  
impinger was removed and s tored i n  a sealed sample b o t t l e .  The contents 
o f  t he  f i r s t ,  second, and t h i r d  impingers were combined and measured 
v o l u m e t r i c a l l y .  The impingers were then r i n s e d  w i t h  0.1 N "03 and 
added t o  the impinger s o l u t i o n .  

The preceeding sampling methodologies a re  as o u t l i n e d  i n  EPA Method 12, 
w i t h  the except ion t h a t  standard p i t o t s  were used ins tead  o f  '5"- type 
p i t o t s .  Due to  the  r e l a t i v e l y  small duc t  s izes,  cons iderable flow 
dis turbance was created by the  sampling probe when i n s e r t e d  i n t o  the 
ducts. Using standard p i t o t s  enabled v e l o c i t y  pressures o f  the  s tack gas 
to  be measured approximately 6 inches upstream from the  sampling probe, 
where f l o w  d is turbance e f f e c t s  caused by the  probes were n o t  as g r e a t .  

The o n l y  o t h e r  m o d i f i c a t i o n  to  the method was the use o f  .a heated Te f lon  
sample l i n e  between the heated f i l t e r  and impinger t r a i n .  Th is  d i d  n o t ,  
however, d e v i a t e  f rom general sampling procedures. 

2.0 FIELD DATA 5 HEETS 

The f i e l d  data sheets for  the i n o r g a n i c  lead t e s t i n g  and the o p a c i t y  
observat ions f o l l o w .  
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CALIBRATED PRESSURE DIFFERENTIAL ACROSS 
ORIFICE, in. $0 

AVERAGE METER TEMPERATURE (AMBIENT+20'n.'F 

Betz Converse Murdoch Inc. 

AH@ 

Tm fvg. 

NOMOGRAPH DATA 

AVERAGE STACK TEMPERATURE. "F 

AVERAGE VELOCITY HEAO. in. H20 

MAXIMUM VELOCITY HEAD, in. H20 

SAMPLING LOCATION 

T%g. 

Apavg. 

APmaX. 

1 PERCENT MOISTURE IN GAS STREAM BY VOLUME I b o  

STATIC PRESSURE IN STACK, in. Hg i (Pm+0.073 I STACK GAUGE PRESSURE in in. H20) 

RATIO OF STATIC PRESSURE TO METER PRESSURE 

loo I 

I .s C FACTOR 

CALCULATED NOZZLE DIAMETER. in. 

ACTUAL NOZZLE DIAMETER, in. 

-93 j.LS REFERENCE Ap, in. H20 



Betz Converse Murdoch 0 '  Inc, [ 1 

PERCENT MOISTURE IN GAS STREAM BY VOLUME 

BAROMETRIC PRESSURE AT METER, in. Hg 

STATIC PRESSURE IN STACK, in. Hg 

(Pmf0.073 I STACK GAUGE PRESSURE in in. HzO) 

RATIO OF STATIC PRESSURE TO METER PRESSURE 

NOMOGRAPH DATA 

PLANT \Ah C,&& 
DATE a./ 1,188 
SAMPLING LOCATION n m A A  

%e ;L 

Pm 

PS 

CALIBRATED PRESSURE OIFFERENTIAL ACROSS 
ORIFICE, in. H20 

AVERAGE STACK TEMPERATURE. "F 

AVERAGE VELOCITY HEAD, in. H20 

MAXIMUM VELOCITY HEAD, in. H20 

C FACTOR 

CALCULATED NOZZLE DIAMETER, in. 

ACTUAL NOZZLE DIAMETER, in. 

REFERENCE AP, in. H20 

AVERAGE METER TEMPERATURE(~BIENT+~~~F) ,~F I Tm,,g. 1 /OO 1 

Tsavg. 8s - 
liPavg. - I 3  

JP,,. 

1.V - 
- 

-322 
. i 2  
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CALIBRATED PRESSURE DIFFERENTIAL ACROSS 
ORIFICE. in. H20 AH@ 

AVERAGE METER TEMPERATURE (AMBIENT+20eF).eF Tm ?VI. 

Betz Converse Murdoch Inc. [ 1 
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NOMOGRAPH DATA 

DATE A,/, 7/88 
SAMPLING LOCATION &a U I  sfad c &&\) 

PERCENT MOISTURE IN GAS STREAM BY VOLUME 

BAROMETRIC PRESSURE AT METER, in. Hg 

STATIC PRESSURE IN STACK, in. Hg 

(Pm+0.073 x STACK GAUGE PRESSURE in in. H20) 

%O z 
Pm 

CP 
=.4s 

ps 

RATIO OF STATIC PRESSURE TO METER PRESSURE 

AVERAGE STACK TEMPERATURE, O F  

AVERAGE VELOCiTY HEAD, in. H20 

/Pm 
PS 

Tsavg. 190 
Apavg.  1.34 

~~ 

C FACTOR 

CALCULATED NOZZLE DIAMETER, in. 

ACTUAL NOZZLE DIAMETER, in. 

I REFERENCE AP, in. H ~ O  

I .  55 

I a85 
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CALIBRATED PRESSURE DIFFERENTIAL ACROSS 
ORIFICE, in. H20 

AVERAGE METER TEMPERATURE (AMBIENT +ZL~~F).~F 

Betz Converse Murdoch Inc, '- I BcM I 

0w 2 2 s  
AH@ i8Lt 

%. 10s- 

NOMOGRAPH DATA 

PERCENT MOISTURE IN GAS STREAM BY VOLUME 

BAROMETRIC PRESSURE AT METER, in. Hg 

STATIC PRESSURE IN STACK, in. Hg 

(Pmf0.073 x STACK GAUGE PRESSURE in in. H20) 

RATIO OF STATIC PRESSURE TO METER PRESSURE 

AVERAGE STACK TEMPERATURE, O F  

AVERAGE VELOCITY HEAD, in. HzO 

MAXIMUM VELOCITY HEAD, in. H20 

C FACTOR 

PLANT 

bo 2 
Pm 

Q=.8Y L p -  ' . -  - 99 

ps 

ps 
/Pm 

1 30 T%"g. 

APavg. . 08 . ,os 
APWX.  . i D  -08 ! 

J- I 

SAMPLING LOCATION m+ P k  ; N * d  s * L  

34 CALCULATED NOZZLE DIAMETER, in. 

ACTUAL NOZZLE DIAMETER, in. .374 
-09 REFERENCE Ap, in. H20 . 



Betz Converse Murdoch Inc. 1 BcM 1 

CALIBRATED PRESSURE DIFFERENTIAL ACROSS 
ORIFICE. in. H20 AH@ 

AVERAGE METER TEMPERATURE (AMBIENT +20°F), O F  Tmqt .  

NOMOGRAPH DATA 

L% -t 
1-72 

J 0 0  

SAMPLING LOCATION 

BAROMETRIC PRESSURE AT METER, in. Hg 

STATIC PRESSURE IN STACK, in. Hg 

(Pmf0.073 x STACK GAUGE PRESSURE in in. H20) 

P, 33.w 
-._ .?+ I + , ;  =P .CIq - 

ps .%.Yo 

I PERCENT MOISTURE IN GAS STREAM BY VOLUME 

AVERAGE STACK TEMPERATURE, O F  

AVERAGE VELOCITY HEAD, in. H20 

MAXIMUM VELOCITY HEAD, in. HP 
C FACTOR 

CALCULATED NOZZLE DIAMETER. in. 

ACTUAL NOZZLE DIAMETER, in. 

REFERENCE Ap. in. H20 

l % l Z  I 

TSav$ 

Apavg. .I3 

~ p n n x .  . /6 
1.0 Yap / & S y  -99 ( 

.32 
* 3zr 
.I6 .* J6- 

I RATIO OF STATIC PRESSURE TO METER PRESSURE I 'SPm I 1.0 I 

&I = - 3 2 2 ,  -323 ,320 =*322  
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Betz Converse Murdoch Inca I BcM 1 
NOMOGRAPH DATA 

DATE 

SAMPLING LOCATION LSM * ( d a L j  

CALIBRATED PRESSURE DIFFERENTIAL ACROSS 
ORIFICE. in. HzO 

AVERAGE METER TEMPERATURE (AMBIENT+20°F),oF 
~~ ~ 

PERCENT MOISTURE IN GAS STREAM BY VOLUME 

BAROMETRIC PRESSURE AT METER, in. Hg 

STATIC PRESSURE IN STACK, in. Hp 

(Pmf0.073 x STACK GAUGE PRESSURE in in. H20) 

RATIO OF STATIC PRESSURE TO METER PRESSURE 

AVERAGE STACK TEMPERATURE. "F 

AVERAGE VELOCITY HEAD, in. H$ 

MAXIMUM VELOCITY HEAD. in. H20 

C FACTOR 

CALCULATE0 NOZZLE DIAMETER, in. 
~~ ~ 

ACTUAL NOZZLE DIAMETER. in. 

REFERENCE Ap, in. H20 

APavp. I i.84 

%lax. 1 2.2 



Betz Converse Murdoch Inc. Iscrvll 
VELOCITY DETERMINATIONS 

Sample Port Location: 

Y!!, '> 

Date: 

Stack Pressure: - 1.5 
Barometric Pressure: 

Pitot Factor: 

Engineer : \ 
Pitot/Temperature Readings 

- .  

Ts-130 cp..qq 

us: qw.8  

/ I S =  130 
Q S S  I I SC g, =. 30.33 

,,.,% :rs.a.t CP'2Y Ps i 30.33 
ms = .B .2Y 
vs = )OOo-Y . .. 

- 



Betz Converse Murdoch lnc. 1 6cM 1 
VELOCITY DETERMINATIONS 

Client: Sample P o r t  Location: 

Nor rc, 
Date: 2 j8/38 - s 

Y 

3 

Stack Pressure:  

Barometric Pressure: 

Pitot Factor:  .99 2 
I 

Engineer : 

Pitot/Temperature Readings 

- >  , . d  

- "  .: . 0 

- 2  ,. , . 
- 
__ ............ 

.................. . .  __ 

. . . .  

I I I I I I I I I I 
AVG. I (012?'(&/ I I I I 

663.6 



Betz Converse Murdoch Inca [ 
VELOCITY DETERMINATIONS 

-c 
Client: Sample Port  Location: 

I 

I 
1 

Location: 

Date: 

Stack Pressure: - .sc/ 
Barometric Pressure: 30.qcI 

Pitot Factor: 94 
Engineer: p3c& 

! 

? O  

Pitot/Temperature Readings I 
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Betz Converse Murdoch Inc. 1 BcM 1 
TRAVERSE POINT LOCATION FOR CIRCULAR DUCTS 

PUNT. 
OAT( 
SAMPLING LOCATION 

U 

/ 2"  
3" 

,INSIDE OF FAR WALL TO 
OUTSIDE OF NIPPLE. (DISTANCE AI 

INSIDE OF NEAR WALL TO 
OUTSIDE OF NIPPLE. (DISTANCE 61 

STACK 1.0.. (DISTANCE A .  OISTAIICE 61 
NEAREST UKTREAD DISTURBANCE 

1.5' 

~ ~~ 

NEAREST OOHNSTREAY OISTURBANCE 
CALCULATOR . SCHWATIC OF SUPLING LOCATION -1 

0-r - 

COLUMNS 2 AND 3 



TRAVERSE POINT LOCATION FOR CIRCULAR DUCTS 
- 

p'I(T DATE riq! 
SAmPLiNG LocATlbN 
.INSIDE OF FAR WALL TO 

INSIDE OF NEAR KALL TO 
OUTSlOE OF NIPPLE. IDISTANCE A\ 

OUTSIDE OF NIPPLE. (DISTANCE E1 
STACK 1.0.. (DISTANCE A .  OISTANCE 8) 
NEAREST UKTREAkl DlSTilREANCE 
NEAREST DOWNSTREAP DISTURBANCE 
CALCULATOR .7X" . SCHCWATIC OF SAMPLING LOCATION 

FRm OUTSIDE OF NIPPLE 



Betz Converse Murdoch Inc. [ m") " - 
TRAVERSE POINT LOCATION FOR CIRCULAR DUCTS 

/ Y/? r c 

I J A U C O m  . 7 h b  c (LrrcupGh 1 hkfd- 
P U N T  
DATE 
SAmPLlh'G LOCATION 
INSIOE OF FAR WALL TO g. , d " auA OUTSIDE OF NIPPLE. IDISTANCE A) , 

3 I' 
INSIDE OF REAR %ALL TO 

OUTSIDE OF NIPPLE. (DISTANCE 61 
STACK 1.0.. IOISTANCE A .  DISTANCE 61 
NEAREST UPSTREAM DISTURB.lNCE 'k 90' 
NEAREST OOWNSTREAP DISTUi.EANCE 
CALCULATOR , SCHEMATIC OF SAMPLING LOCATION 

13" 

I I I I I 

1 
I I I I 

t I 
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I I 
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APPENDIX B 

LABORATORY ANALYSIS AND DATA EVALUATION 

1.0 ANALYTICAL ME THQBS 

A l l  samples generated du r ing  the  t e s t  program were analyzed by BCM 
personnel a t  the BCM Laboratory i n  Norr is town,  Pennsylvania. The follow- 
i n g  paragraphs descr ibe the a n a l y t i c a l  methods employed. 

1.1 Inoraan ic  Lead Sa m l e s  

For each sample run ,  the glass f i b e r  f i l t e r  was c u t  i n t o  s t r i p s  and conk 
bined w i t h  the probe wash and impinger s o l u t i o n  f o l l o w i n g  volume determi-  
na t ions .  Care was taken t o  assure complete t r a n s f e r r a l  o f  a l l  samples so 
as no t  t o  b ias  the ana lys is .  The combined sample was then ex t rac ted  for  
lead, as s p e c i f i e d  i n  EPA Method 12. and analyzed by atomic absorp t ion  
spectroscopy fo l  low1 ng spectrophotometer c a l l  b r a t i o n .  Mandatory checks 
for  m a t r i x  e f f e c t s  on the lead r e s u l t s  were performed on one sample from 
each source us ing the Method o f  Add i t i ons  to  de tec t  any s e n s i t i v i t y  o f  
the atomic absorp t ion  ana lys is  t o  the  chemical composi t ions and to  the  
phys ica l  p r o p e r t i e s  o f  the sample. Resul ts  o f  a l l  Method o f  Add i t ions  
analyses show less  than 3 percent  o f  v a r i a b i l i t y  caused by ma t r i x  
e f f e c t s .  This i s  below the 5 percent  a l lowab le  v a r i a t i o n .  

Both f i l t e r  and n i t r i c  a c i d  blanks were analyzed to  determine a b lank 
value t o  be used as a c o r r e c t i o n  f a c t o r .  The labo ra to ry  r e s u l t s  are 
summarized i n  Table 5-1. The complete l abo ra to ry  r e p o r t  i s  presented i n  
t h i s  appendix f o l l o w i n g  the  t e s t  r e s u l t  ca l cu la t i ons .  The r e p o r t  
inc ludes r e s u l t s  o f  a u d i t  samples, f i e l d  samples, b lanks and ma t r i x  
e f f e c t s  r e s u l t s .  Also inc luded are the spectrophotometer c a l i b r a t i o n s  
and spectrophotometer r e s u l t s  o f  a l l  samples. 

1.2 Mois tu re  Content 

S i l i c a  ge l  had been tare-weighted p r i o r  to  i t s  use. Upon complet ion o f  a 
t e s t  run, the  s i l i c a  ge l  was reweighted. The e n t i r e  weight ga in  was con- 
s idered due t o  water vapor. The t o t a l  volume of the impinger so lu t i ons ,  
minus the  o r i g i n a l  volume o f  n i t r i c  a c i d  i n  the impingers, p lus  the 
volume o f  mois ture andlor  vapors c o l l e c t e d  by the s i l i c a  g e l ,  equaled the 
t o t a l  mois ture ga in  o f  the sampling t r a i n .  Th is  volume was used t o  ca l -  
c u l a t e  percent  moisture by volume. The labo ra to ry  r e s u l t s  o f  the 
mois tu re  analyses appear concur ren t ly  w i t h  the r e s u l t s  o f  the inorgan ic  
lead t e s t i n g  program i n  Table B-1. 



2.0 COMPUTER INPUT SHEET 

The reduced data calculated from the field data sheets were combined with 
the laboratory results on the computer input data sheet to facllitate 
programming. The computer input data sheets follow Table B-1.  

3.0 CALCULATIONS 
The equations used to calculate test program results follow the computer 
input sheets. 

4.0 TEST RESU LTS 

The complete results of the computer analysis and data reduction of the 
input data generated from the sampling program follow the calculations. 



TABLE B-1 

LEAD LABORATORY INORGANIC RESULTS 

Oxide Run Tota l  Pb i n  - Moisture  Gra in (mil 
M i  1 1  Source No. Sample (ug)  Gel Impingers Tota l  

North 
North 
Nor th 

South 
South 
South 

North 
North 
North 

South 
South 
South 

North 
North 
North 

South 
South 
South 

Me l t i ng  Pot 
M e l t i n g  Pot 
M e l t i n g  Pot 

M e l t i n g  Pot 
M e l t i n g  Pot 
M e l t i n g  Pot 

Process Stack 
Process Stack 
Process Stack 

Process Stack 
Process Stack 
Process Stack 

Process Vent 
Process Vent 
Process Vent 

Process Vent 
Process Vent 
Process Vent 

1 
2 
3 

1 
2 
3 

1 
2 
3 

1 
2 
3 

1 
2 
3 

1 
2 
3 

948 
1,540 
1,330 

973 
604 
289 

431 
356 
279 

604 
293 
163 

772 
634 
998 

1,840 
2,320 
1,440 

12 .1  
6 . 0  
7 .o  

1 0 . 2  
1 2 . 4  
8 . 2  

9 .8  
8 .5  
8 .7  

14 .0  
1 5 . 5  
8 . 4  

1 0 . 4  
7 . 4  

11.3 

14 .9  
11.5 
12 .9  

-5 7 . 1  
0 6 . 0  
0 7 . 0  

0 10.2 
0 12.4 
0 8 . 2  

-10 4.0 
-10 5 . 5  

-5 3 . 4  

5 . 4  15 .8  
2 9.4 
2 1 3 . 3  

5 19.9 
0 1 1 . 5  

-5 7 . 9  



EQUATIONS FOR PARTICULATE, NOISTURE, AND FLOW CALCULATIONS 
(BASED ON STANDARD CONDITIONS OF 68OF AND 29.92"Hg) 

- 10. C', - 

- 11. C', - 

12. C', - - 

- 13. C', - 

- 14. E - 

W t  0.0154 
' m ( s t d )  

+ ' w ( s t d )  " m ( s t d )  
0.0154 

12 C', 
%CO* 

(T, + 460) (29.92) 
WW (528) (P,) 

0.00857 Q,(,td) C', 



LEGEND 

9, 
AS 

Bwo 

"a 

C'C 

CIS 

C'W 

Dn 

P C 

E 

EA 

A H  
I 

Ms 

ps 

G 

Qs 

'bar 

Qs (std) = 

Tm 

TS 

'm 

'm(std)' 

- - 
- - 
- - 

-ea of nozzle, ftL 

Area of stack, in 

Moisture content of gas stream, dimensionless 

Pitot correction factor, dimensionless 

2 

Particulate concentration (stack conditions), gr/ft 3 

Particulate concentration at 12% C02 (dry), gr/dscf 

Particulate concentration (dry) , gr/dscf 
Particulate concentration (wet), gr/scf 

Diameter of nozzle, in. 

Particulate emission rate, lb/hr 

Excess air, percent 

Orifice pressure drop, in. 

Isokinetic ratio, percent 

Dry molecular weight of stack g 

2O 

s ,  lb/lb-mol 

Molecular weight of stack gas, lb/lb-mole 

Barometric pressure, in. Hg 

Stack pressure (absolute), in. Hg 

Average of square roots of pitot pressure differential, 
in. H20 

Stack gas flow, acfm 

Stack gas flow, scfm 

Average dry gas meter temperarure, OF 

Average stack temperature, OF 

Dry sample volume (meter conditions), ft3 

Dry sample volume (standard conditions), ft3 



= Stack v e l o c i t y ,  f t /min  vs 
V = V o l u m e  of l i q u i d  c o l l e c t e d  i n  impinqers and s i l i ca  

gel ,  m l  w c  

= Volume of l i q u i d  c o l l e c t e d ,  f t 3  'w ( s t d )  

= Tota l  weight  of p a r t i c u l a t e s  c o l l e c t e d ,  mq W t  

9 = Duration o f  test ,  min. 
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NORTH SYSTEM-PHOCESS STACK (CIRCULAR) 

:I MOISTURE 1 . 2  1 . 8  1 . 8  

. .  .. . . .  . .. 
,I . . . , . ,  . 
j l  1:- .;. . ., .:I. 
Y 

Y 

Y 

". . .. . 

. ... 

. . < .  . 
.. 

. .- .- :. . -. " _  



NORTH SYSTEH-PROCESS VENT (RECTANGULAR) I *  * 

. o  

" OXYGEN (VOL X )  21 . o  21 . o  21 . o  
N I T m G t N  ( V O L  X )  7 9 . 0  7 9 . 0  7 9 . 0  

. .  , ORSAT ANALYSIS: 
. I  

' 
, i:. , , .'F.&,. 

D . .  '*""CARBON HONOXIDE (VOL X )  . o  . 0' . o  

-14583 .2  -14583 .2  -1 4 5 8 3 . 2  
I%) lO0.E~ 103 .5  . ~ , ~ ~  99.;. 
( X )  

. . . . . .  

~~ ~~ , ... >.e:. ..... .. 
......... . . ,,. . . , . . ,  .. . .  

... ..*--._ . . . .  ., . . .  , 

. . . . . . . . . .  . .  . I ,  . 



NORTH SYSTEn-MELTING POT 

,. O R S A T  ANALYSIS: 
" :g$c::.....- ( v o L x ) O  0 . o  -_ 
.I 'J; J"-' %ARBON flONOXlDE I VOL X )  . o  . o  . o  

( V O L  % )  21 . o  21 . o  21 . o  S I _ .  

n N I  
- OXYGEN 

II 

I EXCESS A I R  ( % I  -14583 .2  - 14583.2 - 1  4583.2  
~ , z . .  .. I%) 1 0 0 . 9  1 0 0 . 8  1 0 1  . 8  
~ $ < $ * s . ~ =  ,.%a,..,. 

._*- ' .% _... r.=X1. 



c *  

1 

I 

I 

I 

1 

r - 
0 

d 

f 

5 

3 

0 
w 
c 

U 
O I  

t? 

SOUTH S Y S T E M - P R O C E S S  S T A C K  ( C I R C U L A R )  

i -. 
! I  

. 
, 
, 

. . ... , . 

ox W E N  ( V O L  X )  2f . o  21 . o  2 1 . 0  

EXCESS A I R  ( % I  - 1  4583.2 - 14583.2  -14583.2 
5 ':< 1 . s o m  cs ( X I  101 . I  1 0 2 . 6  9 9 . 7  

N I T m G t N  ( V O L  % )  7 9 . 0  7 0 . 0  7 9 . 0  

. . .  t,? r , .:*. . 1 .. 
,'.> ..... !.+., . . _ -  . 

, 

I 

.. . .. .. 
i , ." . ,  -~, ; .  . .. L t .  

' 2 .  I . .il _. . . .,. 
i;:: . : .; " 
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, II ,... ... . 

I .  
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c L '  
SOUTH SYSTER-PROCESS VENT (RECTANGULAR) I. 

. o  . o  . o  . .. , . . . . ' '1 'OXYCEN (VOL X )  21 . o  21 . o  21 . o  
N T I ' R O G ~ N  ( vo L % )  7 9 . 0  7 9 . 0  7 9 . 0  

. .  

. .. . . . . . . . . . . . . . . - . . .  . 
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SOUTH SYSTEM-MELTING POT 



BCM Laborgtory Division 
1850 Gravers Road 

CLIENT 

JOHNSON CONTROLS 
A n :  PHILIP EURO 
ECM MALL 
00-5945-01 

ECM NUmOer : 803899 
Location : EPA AUDIT 
C l i e n t  I D  : 52 

PLEASE REMIT CHECKS TO: 
BcMmlanhc 
1 PLYMOUTH MEEllNO 
PLYMOUTM MEETINQ PA 1- 

- 
Date : 03/02/88 
am# : 
P.0.I)  : 

oroar* : 19785 

- - 

Nornstown. PA 19401 

Date sampiea : 02/09/88 
Date Receivea : 02/11/88 

2 1 s z 5 a o n  

1 T e s t  Descr ip t ion  
/_ -_ - -__________*  

Metal D igest ion  2/18/88 M/D/Y €PA - llETALS 

i 
392 UP EPA 0 bot0  

I 
I 

YMENT IS DUE UPON RECEIPT OF INVOICE. PAST DUE AMOUNTS OVER Jo DAYS WILL BE SUBJECT TO AN INTEREST RATE OF lex PER ANNUM. 
I 

- 



BCM Laboptory Division 
1850 Graveni Road 
Nonistown. PA 19401 
(215) 275-0281 

FINAL REPORT 
Tnis is a final report. 
m e  results nave men cnecKea ana avtnorizea for release. - CLIENT 

JOHNSON CONTROLS 
A n :  PHILIP EURO 
8- MALL 
00-5945-0 1 

CM NumDer : 803900 
.ocation : EPA AUDIT 
lient ID : 98 

. 
. .  

,~ . 
PLEASE REYITCMECXS m: 

,I / D  

1 PLVMOUIU MEEllNQ 
PLYMCUW MEETINQ. PA 1- 

PAGE : 2 

- 
e Date : 03/02/88 a 

B a y  0 : .&; 

.:g. : oraere : 19785 

%pate Sampled : 02/09/88 
~, :.Mate . Received : 08/11/88 
'3 I 
.?2: 

- - 
w. 
<$;. *: P.O.* : 

I<... . ., .rl, _~._. - .*a: 
._: 

'est Description --------------- 
letal Digestion 

eaa EPA # 6010 

&. 
PAYMENT IS DUE UFUN RECEIPT OF INVOICE PAST DUE AMOUNTS OVER 30 DAIS WILL BE S U W k  AN INTEREST RATE OF 1BX PER ANNUM. 



BCM Laborgtory Division 
1850 Gravers Road 
Nornstown. PA 19401 
I (215)275&81 
FINAL REPORT 
mi5 is a final report. 
m e  results nave Been cneckea ana autnorizea for release. 

PLEASE REMIT CHECKS TO: 

1 P L Y M r n  YErnNQ 
PLYMOUTH YEmNG. PA 1- 
21- 

m-hc 

PAGE : 3 

- CLIENT - 
JOHNSON CONTROLS 
Am: P H I L I P  BURQ 

OO-S94S-O1 
e a  MALL 

844 . .. m1 . 

I L  PAYMENT IS DUE UPON RECEIPT OF INVOICE. PAST DUE AMOUNTS OVER JO DAYS WILL BE SUWECT TO AN INTEREST RATE OF 18% PER ANNUM. 
~~ 



BCM Laboratory Division 
1850 Gravers Road 
Nanislown. PA 19401 . . - . 
(215) 275-6201 

FINAL REPORT 
Tnis ts  a f i n a l  report.  
tne resul ts  nave been cneckea ana autnorirea f o r  release. - CLIENT 

JOHNSON CONTROLS 
A n :  P H I L I P  EVRO 
BQ1 MALL 
00-5945-01 

ICM NUmDer : 803902 
.ocation : MELTINO POT & --F)CM 
: l i en t  I D  : #2 

m 

Date : 03/0i?/08 
eqclr : - - 
P . O . #  : 

orasre : 19785 

MU smpiea : Oe/OQ/88 
~ t e  Receivea : 02/11/88 



PLEASE REAffr CHECKS TO: 
BcMEmtanhc 
2 PLYMouTn MEEllNQ 
PLYMOVTU MEmNQ. PA 1- 
21- 

K M  Laborglory Division 
1850 Gravers Road 
Nomslown. PA 19401 
(215) 275-0281 

FINAL REPORT PAOE : 5 
ThlS is a final report. 
Tna results nave been cnecma ana autnorizea for release. 

CLIENT 

JOHNSON CONTROLS 
An: PHILIP BUR0 
ECM MALL 
00-5995-01 

ECM NUIMOT : 803903 
Location : MELTINQ POT . ~ r & ' S & m  
client IO : #3 . 

- 
Oat0 : 03/02/88 
E a #  : 

P . O . *  : 
Oraer. : 19785 

- - 

oate sampiea : 02/09/88 
oate RaCeiVea : 02/11/88 

Metal oigestion 2/18/88 M/D/V EPA - UETALS 
EPA 6010 . .". 1330 ug 

722 mi ._. * , -  ' 
. i* ' . .  

a .  . .: . .  . 

1 I 

i 
I 

I 

I 
I 

AYMENT IS DUE UPON RECEIPT OF INVOICE. PAST DUE AMOUNTS OVER 30 DAYS WILL BE SUBJECT TO AN INTEREST R A E  OF 18% PER ANNUM 



ECM Laboratory Division 
1850 Gravers Road 
Nomistown. PA 19401 
(215) 275-0281 

FINAL R E W T  
fnis is a final report .  
Tne resuits nave Dean cnecKea ana autnorizea for release. - CLIENT 

JOHNSON CONTROLS 
A l T :  P H I L I P  EURO 
BCM MALL 
00-5945-01 

Qy NUIMer : 803'304 
ocation : PROCESS VEKT ~ y s b r n  
lient I D  : +I 

PLEASE REMIT CHECKS ro: 
BcMEQlahc 
1 R V w U r n  U E m N G  *> ' 
R V u o u T n  MEETING. PA 1- 
21Sa?smm 

P A N  : 6 

Date : 03/02/88 
B c m +  : - 
order+ : 1078s 

oate sunplea : 02/oe/ee 
oate Receivea : 02/11/88 

'est oescription --__----------- 
Mtal Digestion 

eaa 

i-10 VOlWM 608 I lnl 

. .. 
.. 
.. . .  

I 

PAYMENT IS DUE UPON RECEIPT OF INVOICE. PAST DUE AMOUNTS OVER 30 OAVS WILL BE SUBJECTTO AN INTEREST RATE OF 18% PER ANNUM. I 



PLEASE REMITCHECKS TO: 
BMEor(anhc 
1 PLYYOUTH MEETING 
PCYMOUTII MERINO. PA 1- 
ZlssZuBm 

BCM Labomtory Division 
1850 Gravers Road 
Nomlown. PA 19401 
(215) 275-0281 

FINAL REPORT PAGE : 7 

B CLIENT 

JOHNSON CONTROLS mtS : 03/02/88 
A T T :  PHIL IP  EURO 801 ,  : - - 
ECM MALL P .O.0  : 

00-SQ45-01 oraer. : 1978s 

BCM NumDer : 80300s Date sampiaa : oe/oo/ee 
Date Receivea : oe / i i / ee  Locat ion : PROCESS VENT .. . 

Client ID : r e  

Test Description ReSUltS units lest mtnoa 

W C C 6  system 
. .  

---------------- -----_ _______-__- ------_-----____ 
Metal D i g e s t i o n  2 /18 /88  M/D/Y €PA - METALS 

Leas 

sample V O l ~  695 

634 UO' €PA l 6010 

mi 
.. . .  . .  

This is a final report. 
The results nave Dean cnecKea ana autnorizea for release. 

PAYMENT IS DUE UPON RECEIPT OF INVOICE. PAST DUE AMOUNTS OVER 33 DAYS WILL BE SUBJECT TO AN INTEREST RATE OF 18% PER ANNUM, 
--I-- . 



BCM Laboratory Division 
1850 Gravers Road 
Nomstown. PA 19401 
(215) 275-0281 

FINAL REPORT 
inis is a final report. 
Tne results nave aeon cneckea ana autnorirea for release. 

I. 

PLEASE REMIT CHECKS to: 

1 RVMOUIH MEETINQ 
RVMOUTI( YEETINO, PA 1- 
2154z5moa 

BcM-hc 

PAGE : 8 

D CLIENT 0 

JOHNSON CONTROLS 
A n :  P H I L I P  BUR0 
6CM MALL 
OO-5945-0 1 

Date : 03/02/88 
8cM* : 

p . 0 . e  : 

oraere : 1978s 

- - 

ICM NUIMOT . 803906 rate sampiea : 02/09 /88  
.ocatlon . PROCESS VENT S&W m t e  ReceIvea : 02/11/88 
:lient ID : e3 

rest Description ._______-__----- 
mtei Digestion 

.eaa 

iampie voluma 

2/18/88 M/D/Y EPA - WETALS 

998 ug E P A  6010 

722 m i  



' I. 

BCM Laboratory Division 
1850 Gravers Road 
Norristown. PA 19401 
12151 275-0281 . .  

FINAL REWRT 
Thls is a final report. 
me resuits nave Dean cnecma ana autnorizea for release. 

PLEASE REMIT CHECKS TO: 
BcMEQIemnc 
1 PLYMOUTH M E m N G  
RYYOUTH YEETINO. PA 1 W  
215az%3wa 

PAQE : 9 

I 

i I ! 
II 

~AYYENT IS DUE umm RECEIPT OF INVOICE. PAST DUE AMOUNTS OVER Y) DAYS WILL BE SUBJECT TO AN INTEREST RATE OF 18% PER ANNUM. 



BCM Laboratow Division 
1850 Gravers Road 
Nomstown. PA 19401 
I (215)275-0281 

FINAL REWRT 
inis is a firm1 report. 
Tne results naue been cnecKea ana autnorizea for release. 

.I . PLEASE REMlTCHECKS 10: 
B c M m h c  
1 PLYMOUTn WEETINO <. 
PLIMouTIl MEETINQ. PA 1 o ( g  
2 I w u B o o  

P A N  : IO 

c 

Date : 03/02/88 
E M #  : - - 
P.O., : 
oraerr : 19785 R 

Date sampiea : 02/09/88 
Date ReCeIVeQ : 02/11/88 



r r  . 
. .:: 

. .  . ,., 

ECM Labomtory Division 
1850 Gravers Road . Nmstmm PA 19401 

This is a final report. 
me results nave been cnecKea ana authorized for  release. 

PLEASE RENITCHECKS TO: 
BcM6aBmhe. 
1 R Y y o u T n  MEETING 
PLYMOUIW MEETINO. PA 1- 
21582u1100 

P A M  : 4 1  

INTEREST RATE OF t8X PER ANNUM. 



. ,  . , c . .. . .> 

BCM Labocatory DMsion 
1850 Gravers Road 

PLEASE R m r  c m x s  
B c M m h c  :. 
1 PLYYOUIU YEmNQ 
RVMOUTH YEmNQ. PA 1- 

inis is a f ina l  report. 
me results nave Dean cneckea ana autnorizea for release 

Nomstown. PA 19401 

D CLIENT 

215a2z400 

JOHNSON CONTROLS 
Am: PHIL IP  BURQ 
801 MALL 
00-5945-01 

BCM NWMer : 80J909 
Location : PROCESS STACK 
Cl ient  I D  : e3 

. .. 

PAYMENT IS DUE UPON RECEIPT OF INVOICE. PAST DUE AMOUNTS OVER 30 DAYS WILL 8E SUBJECT TO AN INTEREST RATE OF 18% PER ANNUM. 1 



.- . . . - .. . - . .. . . . . . .  ... - ~ ~ ~~ .. . , .. 

<. 

PLEASE REMIT CHECKS TO: 
BcMhImnhc 
1 PLYMOUTH MEmNQ 
PLYMOUTH MEETING. PA 19462 
2 1 6 4 2 3 a m  

BCM Laboratory Division 
1850 Gravers Road ' 
Narnslom. PA 19401 
(215) 275-0281 PAGE I 

T n i S  I S  a f i n a l  r e p o r t .  
Tne results nave been cnecKea ana a u t n o r i z c a  f o r  r e l e a s e .  

CLIENT 

JOHNSON CONTROLS 
ATT: P H I L I P  BURG 
ECM MALL 
OO-S945-01 

am Numoer . 804970 
L o c a t i o n  . MELTING POT r C l i e n t  ID : SOUTH S V S . o l  

- 
D a t e  : 03/15/88 
8CM # : 00-594S-Of 
P . O . #  : 

o r a e r o  : 19968 

D a t e  sample0 : 02/19/88 
Date Received : 02/19/08 



~. .. .  .. - . . . . . . . . . . . .  - . .  
i, . 

BCM Laboratory Division 
1850 Gravers Road ' 
Nornstown. PA 19401 

PLEASE m u r  c m x s  ro: 
BcMEosemhc 
1 PLYMOUTH MEETING 
PCYMOVTn MEETINO. PA 19462 
215(U5J800 

TniS is a final repor t .  
Tne results nave been cnccnea ana autnorizea f o r  release 

1 - CLIENT 

JOHNSON CONTROLS 
ATT: P H I L I P  BURQ 
BCM MALL 
00-5945-01 

ECM Numoer : 804971 
Location : MELTINQ POT 
Client I D  : SOUTH SVS.#2 

Date : 03/1S/88 

1 
BCM # : 00-5945-01 
p . 0 . r  : 

oraerr : 19968 

Dare sampiea : 02/19/88 R 
Date Recetvea : 02/19/88 

i 

sample volume 660 mi 



BCM Labqratoty Division 
1850 Gravers Road 
Norristown. PA 19401 

J (215)2754281 FINAL REPORT 
Tnis  is a f i n a l  repor t .  
Tne results nave been cnecKea ana autnorlzea f o r  release - CLIENT 

JOHNSON CONTROLS 
A T :  P H I L I P  BURG 
BCM MALL 
00-5945-01 

8CM NUmDer : 804972 
LOCat  ion : MELTINO POT 
C l i e n t  ID : SOUTH SYS 03 

PLEASE REMIT CHECKS TO: 
BcM-!nc. 
1 PLYMOUTH MEETINQ 
PLYMOUTH MEETINQ. PA 1- 
215-w53ml 

PAGE : 3 

- 
Date : 03/15/88 
BCM 0 : OO-S945-01 
P . O . 0  : 

oraern : 19968 

Date  sampiea : 02/19/88 
Date Received : 02/19/88 

PAYMENT IS DUE UPON RECEIPT OF INVOICE. PAST DUE AMOUNTS OVER 30 DAYS WILL EE SUWECT TO AN INTEREST RATE OF 18% PER ANNUM. 



BCM Laboratory Division 
1850 Gravers Road ' 
Nornstown. PA 19401 
(215) 2754281 

F I N A L  REPORT 
This IS a f i n a l  repor t .  
Tne resu l ts  nave Dean cnecKea ana autnor izea fo r  release. 

. .  
PLEASE RCM/T CHECKS TO:. 
B c M ~ h c .  
1 PLYMOUTH MEETING 
PLYMOUTH MEETING, PA 19402 
2 1 ~ 3 8 0 0  

PAOE : 4 

CLIENT 

JOHNSON CONTROLS Date  : 03/15/88 

8CM .MALL P . O . 1 )  : 

00-5945-01 oraern : 19968 

A T T :  P H I L I P  BURG BCM 1) : 00-5945-01 

BCM NumDer : 804973 Date sampiea : 02/!9/88 
Date Receivea : 02/19/88 L o c a t i o n  : PROCESS VENT 

c l i e n t  ID : SOUTH SYS #l 

T e s t  Descr ip t ion  R e S U l t S  un i ts  Test Metnoa ___________-----  ------ ----------- - - - - - - - - - - - - - - - 
M e t a l  Oigest ion 2/26/88 M/D/Y EPA - METALS 

EPA # 6010 Leaa 1840 ug 

sample volume 626 m i  

PAYMENT 1s OUE UPON RECEIPT OF INVOICE. PAST DUE AMOUNTS OVER 30 DAYS WILL BE SUWECT TO AN INTEREST RATE OF 18% PER ANNUM. 
~~~ ~ ~ 



~. . ~. . .  

<. 

K M  Laboratory Division 
1850 Graven Road 
Nornslown. PA 19401 

PLEASE REMITCHECKS TO: 
BcMEadmlInc. 
1 PLYMOUTH MEmNG 
PLYMOUTH MEETINQ. PA 19462 
21Yu13800 

Tnis i s  a f i n a l  repor t .  
Tne results nave been cnecmea ana autnorizea f o r  re lease. - CLIENT m 

JOHNSON CONTROLS Date : 0 3 /  15/58 
A n :  P H I L I P  EURO 8CM 0 : 00-5945-01 
BCM MALL P . O . 0  : 

00-5945-01 o r a e w  : 19968 

E C M  N u m e r  : 804974 Date  sampiea : 02/19/88 
Locat ion PROCESS VENT Date Reccivea : 02/19/88 
C l i e n t  I D  : SOUTH SYS 02 

I 
I 

I 
I 

I 

- - - - -_______-___ ______- - - -_____-  ------ _________--  
Metdl Diges t i on  2 / 2 6 / 8 8  M/O/Y €PA - METALS 

Leaa 2320 ug EPA # 6010 

PAYMENT IS DUE UPON RECEIPT OF INVOICE. PAST DUE AMOUNTS OVER 30 DAYS WILL BE SUBJECT TO AN INTEREST RATE OF 18% PER ANNUM. - 



PLEASE REMIT CHECKS TO; 

1 PLY- MEmNQ 
PLYMOUTH MEETING. PA 1S402' 
215e25aQo 

BcMEQkmhc . .  BCM Laboratory Division 
1850 Gravers Road . 
Nornstown. PA 19401 
(215) 275-0281 PAQE : 4 

TniS IS a f i n a l  repor t .  
rne resul ts  nave been cnecKea ana autnorized for re lease.  - CLIENT 

JOHNSON CONTROLS 
A T :  P H I L I P  B U W  
ECM MALL 
00-5945-01 

BCM NumDer : 804975 
L o c a t i o n  : PROCESS VENT 
C l i e n t  I D  : SOUTH SVS#3 

- 
Date : 03/15/88 
BCM 0 : 00-5945-01 
P . 0 . Y  : 

oraerr : 19948 

Date sampiea : 02/19/88 
D a t e  Received : 02/19/88 

~ 

Test Descr ip t ion ---------------- 
M e t a l  Digeltion 2/24/08 M/D/Y EPA - METALS 

Lead 1040 ug EPA 0 4010 

sample volume 64 1 m l  

- 
PAYMENT IS DUE UPON RECEIPT OF INVOICE. PAST DUE AMOUNTS OVER 30 DAYS W U  BE SUBJECT TO AN INTEREST RATE OF 18% PER ANNUM. 



. .. .-, - .- . - .. . .  . . . . . . -. .. - .. .... ~. 

PLEASE RENITCHECKS TO: 
BcMEar)emhc 
1 PLYMOIITU MEETING 
PLYMOUTU MEETINQ. PA 19482 
2 1 ~ ~  

K M  Laboratory Division 
1850 Gravers Road 
Nornstown. PA 19401 
(215) 275-0281 PAGE : 7 

This  is a f i n a l  r e p o r t .  
Tne results nave Deen cnecKea ana autnor izea f o r  re lease - CLIENT - 

JOHNSON CONTROLS 
A T T :  P H I L I P  BURG 
BCM MALL 
00-5945-01 

ECM NUmDer : a04978 

C l i e n t  ID : SOUTH SYS ti 
L O C a t i O n  : PROCESS STACK 

Date : 03/15/88 
ECM 0 : 00-5945-01 
P . O . 0  : 

oraer. : 19988 

Date sampiea : oz/ f9 /aa  
Date  Received : 02/19/88 

PlVMENT IS DUE UPON RECEIPT OF INVOICE. PAST DUE AMOUNTS OVER 30 DAVS WILL BE SUWECT TO AN INTEREST RATE OF 18% PER ANNUM. 
-.. - 



., ' 
PLEASE REMfT CHECKS TO: 
BcM-hc 
1 PLYMOUTH MEETINQ 
PLYMOUTH MEETING. PA 19482 
21s425JBOo 

BCM Laboratory Division 
1850 Gravers Road ' 
Nornstown. PA 19401 
(215) 275-0281 PAGE . 8 FINAL REPORT 

L I CLIENT - 
i JOHNSON CONTROLS Date : 03 / is /88  

BCM MALL p . 0 . n  : I 
00-9945-0f oraern : i99e.e 

A T :  PHILIP BURQ BCM (I : 00-5945-01 

I 
am Nurnoer : 804977 Date sampiea : 02/19/88 
Locat ion  : PROCESS STACK Date Receivea : 02/19/88 1 
C l i e n t  ID : SOUTH SYS #2 

lest Descr ip t i on  I 
I 

m l  L 

I 

II 

I 
I 

PI 

I 

I 

4 

I 

RCSUltS u n i t s   est Metnoa ---------------- ---------------- ------ ----------- 
Metal Diges t i on  2/26/80 M/D/Y EPA - METALS 

Lcaa 293 ug EPA 8010 

sample volume 543 

Tnis i s  a f i n a l  repo r t .  
The resu l ts  nave Deen cnecwa ana autnor izea f o r  re lease.  

, I PAYMENT IS DUE UWN RECEIPT OF INVOICE PAST DUE AMOUNTS OVER 30 DAYS WILL BE SUBJECT TO AN INTEREST RATE OF 18% PER ANNUM b 



. . .. . ... . ... . .. .. . - . -. . _. - .- . - . - - . . . . .. .. - , . .- ... . .. . ... - . __ 

PLEASE aEwr CHECKS ro: 
BcMEaullhlc. 
1 P L Y M M H  MEmNG 
PLYMOUTH MEETINQ. PA 19482 
215a253am 

E M  Laboratory Division 
1850 Gravers Road 
Norrstown. PA 19401 
(215) 275-0281 

PAQE : 9 
This is a f i n a l '  report .  
The resuits nave Dean cnecwea ana autnorizea f o r  release. 

CLIENT 

JOHNSON CONTROLS 
Am: P H I L I P  BUAQ 
BCM MALL 
00-5945-0 1 

BCM NUmDer : a04978 
Location : PROCESS STACK r C l i e n t  I D  : SOUTH S Y S  Y3 

B 

Date : 03/1s/a8 
am I )  : 00-5945-01  
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- E l e m e n t  Name ~ 0 2 1 6 . 9  G a i n  767 

S t a n a a r a  1 
PD216.9 AV 98820 SD 1342.4 CV 1 . 3  CONC 20.000 m g / l  

S t a n a a r a  2 
PD216.9 A V  90070 SO 216 .4  CV 0 . 4  CONC 10.000 m g / l  

S t a n a a r a  3 
PD216.9 AV 22455 SD 12.9 cv 0 . 0  CONC 4 .  ooo mg/ I 

S t a n a a r a  4 

174 .6  CV 2 . 3  CONC 1 .  ooo mg/ I 

PD216.9 AV 4922 SD 937 .4  CV 11.8  CONC 0.200 mg/ I 

PD216.9 AV 7481 SD 

S t a n d a r d  5 

E I d l lK  
PO2 1 6 . 9  AV 3989 SD 4 0 8 . 7  CV 1 0 . 2  CONC 0 . 0 0 0  m g / i  

E l e m e n t  Name ~ 0 2 1 6 . 9  c o r r e l a t i o n  C o e f f i c e n t  0 . 9 9 9 6  

S t a n a a r a  1 

PD216.9 A V  18.486 m g / l  SD 0.2337 CV 1 . 2  

ICP INTER SOL" 
PD216.9 A V  1.534 m g / l  SD 0.0312 CV 2 . 0  

PD216.9 AV 0 . 0 2 9  m g / l  SD 0.1310 cv 4 4 1 . 4  

B 3-3 

304970 

PD216.9 A V  9 .733  m g / ~  ~ 7 3  SO 0.2093 cv 2 . 1  

PD210.9 AV 14.561 m g / l  /ysd SD 0.1643 CV 1 . 1  5 7 2 9 2 %  
304970 SA - %rl* m d k q h '  Quul 

S A  '$95  % d o /  . 2 , 6  3 
PD216.9 A V  6 .041  m g / l  SD 0.0394 CV 0.5 

Lo( l  

30497 1 

104972 
PD216.9 AV 2.885 m g / l  SD 0.0097 CV 0 . 3  

'397 
304973 

PD216.9 AV 18.397 m g / l  SD 0.0064 CV 0 . 0  IfP 
804973 SA - *A Pnaess umt , aw\ 

PD210.9 22 .603 mg1.i over cai I D  



r - I  -v - - -  
Over ICaI i D .  

0 . 0 5 8 5  cv 0 . 2  .I ’ 

PD2! 6 . 9  22.519 m g / i  
PD216.9 A V  22.561 m g / l  SD 

804974 
PD216.9 22.097 m g / i  
PD2 16.9 22.551 mg/ i  

PD216.9 A V  22.324 mg/l  SO 

804975 
PD216.9 A V  14.401 m g / l  / y q o  SO 

804976 
PC2t5.9 Ab‘ 6.035 m g / l  LO? SD 

804976 SA -.%A PfCCeSr sbCt RUN( 
PD216.9 AV 10,949 m g / l  / O $ d  SD 

804977 5& 62/ 
PD216.9 A W  2.930 m g / i  SO 

Pb216.9 A V  1.630 m g / i  1 6  3 SD 

2-q 3 
804978 

806294 m g / K g  
PD216.9 A V  19.775 m g / l  198 SD 

stanaara 3 
PD216.9 A V  4.376 m g / i  SD 

8 I dnK 
PD216.9 AV 0.015 m g / l  SD 

ICP INTER SOL” 
PD2 16.9  AV 1.501 mg/l SD 

fG d7/& 
80+73 S A / 5  

PD216.9 A V  4.738 m g / i  2 3 . b ~  SD 

PD216.9 A V  4.633 m g / i  3 3 . 2  SO 

S A  L’70 
804974/5 

o v e r  c a i i o .  

Over cat i o  s ee6eijPw 
0.3209 CV 1 . 4  

0.3749 cv 2 . 6  

0 . 0 9 5 8  CV 1 . s  - 
0,1992 CV 1 . 8  

7,dQY 2.77 
0.0475 CV 1.6 

0 .  1031 CV 6.3 

0.7601 CV 3 . 8  

0.0923 CV 2 . 1  

0.0694 CV 439.6 

0.0’780 CV 9 . 2  

0.0241 CV 0 . 5  
Z J e v  3.07 

0.0392 CV 0 . 8  







Elemen t  Name PD216.9 C o r r e l a t i o n  C o e f f l c e n t  0.9999 

i t a n a a r a  I 
PD216.9 AV 20.774 mg/kg SO 0.3253 CV 1.5 

CP INTER SOL" 
PD216.9 AV 0.972 W/Kg SO 0.0071 CV 0.7 

I 2-18 
PD216.9 AV -0.022 mg/kg SO 0.0040 CV 17.9 

-3 

K: 
PDEI6.9 AV 9.708 mg/kg SD 0.1843 CV 1.8 

PD216.9 AV 3.268 mg/kg SO 0.1021 CV 3.1 
q03899 (iismi) 

803899 tiismi) )342 
PD216.9 AV 3.18s mg/&g SO 0.0405 CV 1.2 

803900 
PD216.9 AV 8.005 mg/kg SO 0.1255 CV 1.5 1 

803900 
Pb216.9 AV 8.118 mg/Kg SO 0.2500 CV 3.0 



80390 1 
Pb216.9 A V  9 .478 F4k SO 0.2609 

803901 SA NOfih ht,RbUi 
; PD216.9 AV 1 3 4 8  /‘fvf SO 0.0055 

& S &  4 5 L  o ,800 de/ 

Pb216.9 A V  15.365 mg/Kg / P / O  SO 0.0437 
803902 

803903 
PD216.9 AV 13.317 mg/Kp 1 3 3 0  SO 0 .2212 

stanaara 3 
Pb216.9 AV 4 .520 mg/Kg SO 0.0933 

8 I anK 
PD216.9 AV 0 .041  W / K g  SD 0.0446 

803904 
PD216.9 AV 7 .721  mg/Kg 7 7 Z L  SO 0.0097 

803904 SA NOPA fraess ueut, R,, 1 
Pb216. 9 AV 12.625 W / K g  SO 0,0574 

803905 
Pb216.9 AV 6 .341  mg/Kg L 3 +  SO 0.1541 

SO 0 .0941 PD216.9 AV 9 .984 mg/Kg 
803906 

9 4 8  
803907 

Pb216.9 AV 4 .306 W / K g  431 SO 0 ,1882 

PD216.9 AV 9 .162  W / K g  516 SO 0 .2251 

803908 
PD216.9 AV 3 .558  W / K g  3rd SO 0 .0428 

803909 
PD2 16.9 AV 2 . 7 9 3  mg/Kg 277 SO 0.0408 

cv 

cv 

cv 

cv 

cv 

cv 

cv 

cv 

cv 

cv 

cv 

cv 

cv 

cv 

2 . 9  

0 . 0  

0 . 2  

1 . 6  

2 . 0  

155.5 

0 . 1  

0 . 4  

2 . 4  

0 . 9  

4 . 3  

2 . 4  

1 . 2  

1 .4  

stanaara 3 5 

Pb216.9 AV 4 .372  mg/Kg SD 0 .1111 C V  2 . 5  

B I anK 
PD216.9 AV -0 .038  mg/Kg SO 0.0393 C V  9 1 . 1  

ICP INTER SOL” 

PD216.9 AV 1.007 mg/Kg SO 0.0348 C V  3 . 6  

Qc apg 
Pb216.9 AV 2 .749 mg/Kg SO 0.0024 C V  0 . 0  

f . J l . 4  47 < 
. 

1 
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i beaker with a watch glass and heat 
gently. The wam acid will soon dis- 
solve the membrane. 

Increase the temparature of the 
hot plate and digest the material. 
When the acid h,as nearly evaporated. 
cool the beaker and watch glass and 
add another 3 mL of conc. "0% 
Cover and continue heating until the 
digestion is complete. generally indi- 
cated by a light colored digestate. 
Evaporate to near dryness (2 mL1. cod. 
add 10 mL HCI (1+1)  and 15 mL 
deionized, distilled water per 100 mL 
dilution and warm the beaker gently 
for 15 min. to dissolve any precipi- 
tated or residue material. Allow to 
cool. wash down the watch glass and 
beaker walls with deionized distilled 
water and filter the sample to remwe 
insoluble material that could clog the 
nebulizer. (See Note 4.) Adjust the 
volume based on the exwcted con- 
centratlons of elements present. This 
volume will vary depending on the 
elements to be determined (See Note 
6). The Sample is now ready for 
analysis. Concentrations so determined 
shall be reported as "suspended" 
NOTE 4: In place of filtering, the 
Sample after diluting and mixing may 
be centrifuged or allowed to settle bv 
gravity overnight to remove insoluble 
material. 

9.3 For the determination of total 
elements. choose a measured. volume 
of the well mixed acid presewed 
sample awropriate for the expected 
level of elements and transfer to a 
Griffin.beaker. (See Note 5.) Add 3 mL 
of mnc. HNOI. Place the beaker on 
a hot plate and evaporate to near dry- 
ness cautiously. making cenain that 
the sample does not boil and that no 
area of the bottom of the beaker is 
allowed to go dry. Cool the beaker and 
add another 5 mL portion of conc. 
"0% Cover the beaker with a watch 
glass and return to the hot plate. 
Increase the temperature of the hot 
plate so that a gentle reflux action 
occurs. Continue heating, adding addi- 
tional acid as necessary. until the 
digestion is complete (generally indi- 
cated when the digestate is light 
in color or does not change in appear- 
ance with continued refluxing.) Again. 
evaporate to near dryness and ad 
the beaker; Add 10 mL of 1 +1 HCI 
and 15 mL of deionized. distilled 
water per 100 mL of final solution 
and warm the beaker gently for 15 
min. to dissolve any precipitate or 
residue resulting from evaporation. 
Allow to cool. wash down the beaker 
walls and watch glass with deionized 
distilled water and filter the samDle to 
remwe insoluble material that could 

- 

l 

clog the nebulizer. (See Note 4.) Adjust 
the sample to a predetermined volume 
based .on the exwcced concentrations 
of elements present. The sample is 
now ready for analysis (See Note 6).  
Concentrations so determined shall be 
reponed as "total." 
NOTE 5: If low demrminations of 
boron ara critical. quartz glassware 
should be use. 
NOTE 6: If the sample analysis solution 
has a different acid concentration 
from that given in 9.4. but doeS not 
introduce a physical interference or 
affect the analnical result, the same 
calibration standards may be used. 

9.4 For the determination oftotal 
recoverable elements. choose a mea- 
sured volume of a well mixed, acid 
preserved sample appropriate for the 
expected level of elements and trans- 
fer to a Griffin beaker. (See Note 5.) 
Add2mLof ( l * l )HNO1and 10mL 
of (1 *1 1 HCI to the sample and heat 
on a steam bath or hot plate until the 
volume has been reduced to near 25 
rnL making certain the sample does 
not boil. After this treatment. cool 
the sample end filter to remwe inso- 
luble material that could clog the 
nebulizer. (See Note 4.) Adjust the 
volume to 1 0 0  mL and 'mu. The sample 
is now ready for analvsis. Concentra- 
tions so determined shall be reported 
as "total." 

10. Procedure 

10.1 Set up instrument with proper 
-rating parameters established in 
6.2. The instrument must be allowed 
to become thermally stable before be- 
ginning. This usually requires at least 
30 min. of operation prior to calibra- 
tion. 

10.2 Initiate appropriate owrating. 
configuration of computer. 

10.3 Profile and calibrate instru- 
ment according to instrument 
manufacturer's recommended 
pocedufes. using the typical mixed 
calibration standard wlutions 
described in 7.4. Flush the system 
with the calibration blank (7.5.1) 
bl)NvBen each standard. (See Note 7.) 
(The use of the average intensity of 
multiple exposures for both 
nandardimtion and sample analysis 
has been found to reduce random 
WOl.) 
NOTE 7: For boron concentrations 
greater than 500 m / L  extended flush 
times of 1 to 2 min. may be required. 

10.4 Before beginning the sample 

calibration standard as if it m e  a 

tu. 1982 Merah.26 

' run. reanalne the highest mixed 

sample. Concantration values obtained 
should not deviate lrom the actual 
values by more than i 5 percent 
(or the established control l imin 
whichever is lower). If they do. follow 
the recommendations of the insau- 
ment manufacturer to conea for this 
condition. 

10.5 Begin the sample run flushing 
the %stem with the calibration blank 
wlufion (7.5.1) between each sample. 
(See Note 7.) Analyze the instrument 
check standard (7.6.1) and the calibra- 
tion blank (7.5.1) each 10 samples. 

10.6 If it has been found that 
method of standard addition are 
required. the following procedure is 
recommended. 

IO.6.I The standard addiiion tech- 
nique (14.2) involves preparing new 
standards in the sample matrix by 
adding known amounts of standard to 
one or more aliquots of the processed 
sample solution. This technique com- 
pensates for a sample constituent that 
enhances or depresses the analne 
signal thus producing a different slope 
from that of the calibration standards. 
It will not correct for additive intar- 
ference which causes a baseline shift. 
The  impl lest version of this technique 
is the single-addition method. The 
procedure is as follows. Two identical 
aliquots of the sample solution. each 
of volume V.. are taken. To the 
first (labeled A) is added a small 
volume V. of a standard analyte 
solution of concentration c.. To the 
second (labeled BI is added the same 
volume V. of the solvent. The analy- 
tical signals of A and B are measured 
and corrected for nonanalvte signals. 
The unknown sample concentration 
C. is calculated: 

cx = SSVSCS 
(Sa . Sa) V. 

where SA and SS are the anavical 
signals (corrected for the blank) of 
solutions A and 9. respeaively. Vs 
and cs should be chosen so mat SA 
is roughly twice Sm on the average. It 
is best if Vs is made much less than 
VX., and thus cs is much greater than 
Cx. to avoid excess dilution of the 
sample matrix. If a separation or 
concentration step is used. the 
additions are best made first and 
carried through the entire procedure. 
For the reSultS from this technique to 
be valid. the following limitations 
must be taken into consideration: 
1. The analytical curve must be linear. 
2. The chemical form of the analwe 
added must respond the same as the 
anelwe in the samfile. 



APPENDIX C 

PERTINENT REGULATIONS 



k60.341 Definitions. 
As used In this subpart. all terms not 

iefined herein shall have the Same 
nIeanIng given them in the Act and in 
Subpart A of this part. 

(a) "Llme manufacturing plant" in- 
:ludes any plant which produces a 
dme product from limestone by calci- 
nation. Hydration of the lime Product 
ls also Considered to be part Of the 
source. 

(b) "Ume product" means the prod- 
uct of the calcination process includ. 
ing. but not limited to. calcitic lime. 
dolomftic lime. and dead-burned dol- 
mite. 

( E )  "Rotary lime kiln" means a unit 
with an inclined rotating drum which 
is used to produce a lune PI'odUCt from 
limestone by calcination. 

(d) "Llme hydrator" means a unit 
used to produce hydrated lime Prod- 
Uet. 

liquid supply presure to the control 
device. The monitoring device must be 
accurate within 5 5  percent of the 
design scrubbing liquid Supply Dres- 
sure. 

(E) T h e  owner or operator of any 
lime hydrator using a wet scrubbing 
emission control device subject to the 
urovisions of this subpart shall install. 
callbrate. maintain. and operate the 
following continuous monitoring de. 
vices: 

(1) A monitoring device for the con- 
tinuous measuring of the scrubbing 
liquid flow rate. The monltoring 
device must be accurate within 2 5  Per. 
cent of design scrubbing liquid flow 
rate. 

(2)  A monitoring device for  the con- 
tinuous measurement of the  electric 
current. in amperes. used by the scrub- 
ber. The monitoring device must be ac. 
curate within 2 1 0  percent over its 
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of the exhaust BBSes from hydrators. 
the Method S sample train may  be 
modified to include a calibrated orifice 
immediately following the Sample 
n d e  when tesfing lime hydrators. In 
this configuration. the sampling rate 
necessary for maintaining isokinetic 
conditions cawbe directly related to 
exhaust gas velocity without a correc- 
tion for moisture content. Extra care 
should be exercised when cleaning the 
sample train. with the orifice in this 
position following the test runs. 

perlormma for LubAcld Baltsy 

(Subpart KK added by 47 FR 16573. April 16. 
1982) 
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9 60.342 Standard for purticulatc malter. 
(a) On and after the date on which 

the performance lest required to be 
conducted by $60.8 is completed. no 
owner or operator subject to the DrOVi- 
siom of this subpart shall cause to be 
discharged into the atmosphere: 

(1) Fmm any rotary lime kiln any 
gases which: 

(1) Contain particulate matter in 
exceaa of 0.15 kilogram per megagram 
of limestone feed (0.30 lb/ton). 

(ii) Exhibit 10 percent opacity or 
greater. 

(2 )  From any  lime hydrator a n y  
gases which contain particulate matter 
in excess of 0.075 kilogram per mega- 
.gram of lime feed (0.15 lb/ton). 

860.343 Monitoring of emissions and o p  

(a) The owner or operator subject to 
the provisions of this subpart shall in- 
stall ,  calibrate. maintain. and operate 
a continuous monitoring sysLem. 
except as provided in paragraph (b) of 
this section. to monitor and record the 
opacity of a representative portion of 
the m e s  dlseharged into the atmos- 
phere from any rotary lime kiln. The 
span of this system shall be set at 40 
percent opacity. 

(b)  The owner or operator or any  
rotary lime kiln using a wet scrubbing 
e d i o n  control device subject to the 
provisions of this subpart shall not be 
equired to monitor the opacity of the 
@es discharged as required in para- 
graph (a) of this section. but shall in- 
stall. callbrate. maintain. and operate 
the following continuous monitoring 
devices: 
(1) A monltoring device for the con- 

tinuous measurement of the pressure 
loss of the gas stream through 'the 
grubber. The monitoring device must 
be accurate within =250 pascals tone 
inch of water). 

(2) A monitoring device for continu- 
ous measurement of the scrubbing 

erationa. 

normal owratin0 range. 
(d) For the purpose of conducting a 

performance test under $60.8.  the 
owner or operator or a n y  lime manu- 
facturing plant subject to the provi- 
sions of this subpart shall install. call. 
brate. maintain. and operate a device 
for measuring the mass rate of lime- 
stone feed to a n y  affected rotary lime 
kiln and the mass rate of lime feed to 
any  affected lime hydrator. The meas- 
uring device used must be a.ccUraCe to 
wlthin e 5  percent of the m w  rate 
over Its operating range. 

(e) Fur the purpose of repohs re- 
quired under D60.7tc). WriOdS of 
excesa emkions that shall be rePOrted 
are defined as ail six-minute periods 
during which the average OPaciCY Of 
the plume from any lime kiln subject 
to paragraph (a) of this subpart Is 10 
percent or greater. 
9 60.344 Teat methods and pmedum.. 

(a)  Reference methods in Appendix 
A of this pan. except as provided 
under $60.8(b). shall be used to deter- 
mine compliance with 0 60.322ta) 88 
follow: 

(1) Method 5 for the measurement 
of psr(lculaLe matter. 

(2) Method 1 for sample and velocity 
travems. 

(3 )  Method 2 for velocity and voiu- 
metric flow rate. 

( 4 )  Method 3 for gas analyais. 
(5) Method 4 for stack gas moisture. 

and 
( 8 )  Method 9 for visible emhiom. 
(b) For Method 5. the sampling tome 

for each run shall be at least 80 rmn. 
utes and the Sampllng rate shall be at 
least 0.85 std m3/h. dry basis (0.53 
dscf/min). except that shorter sam- 
plmg times. when necessitated by 
p- variables or other factors. m a y  
be approved by the Administrator. 

(c) Because of the high moisture 
content (40 to 85 percent by volume) 

(a) The pmvia io~ of this subpart are 
applicable to the affected facilities hated 
in paragraph (b) of this rection at any 
lead-add battery manufecturlng plant 
that produces or bas the design capadty 
to pmduca in one day (U how) 
batteries c o n t a w  an amount of lead 
equal to or graster than 5 3  (6.5 tom). 

(b) The PIOV~B~OM of this subpart am 
applicable to tha f o l l o a  affected 
facilities used in the manufacfum of 
lead-add storage batteries: 

(1) Grid casting fadllty. 
(2) Paste facility. 
(31 lbwprueees operation facility. 
(4) Lead oxide manufacturing facility. 
(9) Lead reclamation facility. 
(6) Other lead-emitting opera ti^^. 
(e) Any facility under paragraph (b) of 

thin section the construction or 
modirkation of which ie-commenced 
afisr January 14.1880. is subject to the 
requirements of this subpart. 

$60.371 mftnwn% 
Aa used in this subpart all terms not 

defined herein shall have the m e w  
given them in the Act and in Subpart A 
of this part. 

(a) "Grid casting facility" meam the 
facility which includes all lead melting 
pots and machines wed for casting the 
@d rued in battery manufacturing. 

(b) "Lead-add battery manufachlring 
plant" means any plant that produces a 
storaga battery using lead and lead 
compoun& for the plates and sulhvic 
add for the electrolyte. 

[c) "Lead oxide manufacturing 
facility" maam a facility that produces 
lead oxide from lead including product 
recovery. 

(d) "Lead rwamation fadlity"meam 
the facility that remelts lead scrap and 
carts it into lead bots for UM in the 
battery manufaemring pmwsa. and 
which is not a h a w  affected under 
Subpart L of this part. 
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(e) "Other lead-emitting operation" 
m e w  any lead-acid battery 
manufecturing plant operation from 
which lead emissions nm collected and 
ducted to the etmosphere and which Is 
not pait of a grid casting. lead oxide 
manufacturing, leed mclamatioa pasts 
mixiae. or three-process operation 
facility. or e furnace effected under 
Subpart L of this part. 

facility including lead oxide storage. 
conveying. weighing. metering. and 
chnrging operations: paste blending, 
handline. and Cooling operations; and 
plate pasting. takeoff. coohg, and 

(e) 'Three-process operation facility" 
means the facility including those 
pmcessea involved with plate stacking. 
burniq or strap casting. and assembly 
of elements into the battery caw. 

Po0372 ShndadDf lJrmd 

performance test required to be 
conducted by 8 80.8 is completed no 
owner or operator subject to the 
provisions of this subpart shall cause to 
be dischaged into the atmosphere: 

(1) From any grid casting facility any 
g e e s  that contain lead in excess of 0.40 
milligram of lead per dry standard cubic 
meter of exhaust (O.wol78 grldscf). 

(2) From any paste mixing facility any 
gases that contain in excess of 1.00 
milligram of lead per dry standard cubic 
meter of exhaust (0.- gr/dSd). 

(3) From any he-process  operation 
facility eny gases that contain in excesn 
of 1.W milligram of lead per dry 
standard cubic meter of exhaust (O.WO44 
gr/dscf). 

(0 "Paste mix iq  facility" mema the 

drylne OperatiOM. 

(a) On and after the date on which the 

, 

contain in excess of 5.0 milligrams of 
lead per kilogram of lead feed (0.mo Ib/ 

I ton). 
(5) From any lead reclamation.facilityl 

any gases that contain in excess of 4.50 
milligrams of lead per dry standard 
cubic meter of exhaust (O.OOl98 gr/dscn. 

(e) From any other leadsmitting 
operetion any geses that contain in 
excess of 1.00 milligram per dry 
standard cubic meter of exhaust (O.ooo44 
gddscf). 

I (7) From any effected facility other 1 
than e lead reclamation facility any 
gases with greater then 0 percent 
opawty (measured according lo Method 
9 and rounded to the nearest whole 

J percentage). 
(8) From any lead reclametion facility ' 

any gases with greater than 5 percent 
ope* [measured according to Method 
g and rounded to the nearest whole 
percentage). 

(b) When two or mom fadlltim at che 
-me pleat (exmpt the lead oxide 
manufacturing facility) nm ducted to a 
common control device, nn equivdent 
standard for the total exhaust from the 
commonlv controlled facilities shall be 
detenninid as follow: 

N 

s.- %1QdJQ-J 

0-1 

When: 
%-is the equivalent s w d u d  for tho toul  

exhaust stream. 
%*is the a c ~ s l  standard for en& exhaust 

smim ducted to the ana01 device. 
N-is the total number of exhaust #Manu 

ducted IO the conmi devisk 
Q--is the dry 8Undard voiumspic flow 

rate of the emuant gas sueam from M& 
facility ducted lo the conml dsvlce. 

%=is the total dry standard volumethe 
flow rate of all effhuant gu meam8 
ducted to the mml dewice. 

5602373 Yar((akgd.mMarnd 
0- 

The owner or operator of any lead- 
acid battery manufacturing fadlity 
subject to the provisions of this subpart 
and controlled by a scrubbing system(n) 
shall install. calibrate. maintain. end 
operata a monitoring device(s) thnt 
measwen and recorda the pressure dmp 
acmss the scrubbing system(s) at least 
once every 15 minutes. The monitoring 
device shall have an a-cy of k 5  
percant over it8 operating range. 
1% 114 of the Clem Air Act as amended (42 
U.SC 74141) 

5wa74 ~utmmm&ad- 

of this pert. except as provided under 
$ eo.e(b). shell be used to determine 
complience eccording IO D 80.8 as 
follows: 

(1) Method 12 for the measurement of 
lead concentrations. 

(2) Method 1 for sample and velocity 
traverses. 

(3) Method 2 for velocity end 
volumetric flow rete, and 

(4) Method 4 for steck gas moisture. 
(b) For Method lZ the s a m p h ~  Ume 

for each run shall be et least 60 minutes 
and the sampling rate a h d  be at leest 
0.85 dscm/h (0.53 dscflmin). except that 
shorter sampling times. when 
necessitated by process variables or 
other factors. may be approved by the 
Administrator. 

(c) When different operations in a 
three-process operation facility am 
ducted to separate control devices. the 
lead emission concenlratioll from the 
facility shall be determined wing the 
equatioll: 

(a) Reference methods in Appendix A 

N 

duccal 

e n d  mml dewics. 

rate of the emuant g u  8m.m fmm each 
coaml darlck 

flow nte hum d dcbsmnml devicas. 

facilities. the average lead feed rnte to a 
facility, expressed in kilogram per hour. 
shall be.determined for each test w 81 

&,-is the smiuion Conwn~tion from 

94-b the dry s u n d a d  volmetric flm 

&-b the told drp 8lrndUd VdIJlWITk 

(d). For lead oxide maDufaauring 

followl: 
111 Calculate the total amount of lead 

cb&ed to the fadllty d w i q  chs run by 
multiplying the number of lead plga 
(ingots) chnrged d m  the run by the 
average mnan of e pie in kilogram or by 
another suitable method 

(2) Divide the total amount of lead 
charged to the facility d w i q  the w by 
the duration of the run in houn. 

(e) Lead emission8 from lead oxide - 
manufacturing faciliticn. expressed in 
milligramn per k i l m  of lead charged 
shall be determined wing cbe following 
equation: 
b 4 W F  
Where: 
&-is the land smirsion rate bum the 

fadlily in muLlpanu per Ldlopm of lead 
chagsd 

exhsurt stream in millisrum psr dry 
standard cubic meter as daMmiaed 
a v a r d h  to pansnpb IaIII) of h i a  
nution. 

QI-i6 the dry standard volumeaic flow rule 
in dry standard cubic malm per bour as 
determined according to pmgmph laIl31 
of lhia sedion. 

kilogram per hour as detnmlrd 
according to para(psph Id) of th& 
section. 

CI.- in the conwnbllllon of lead in Iba 

f - i s  the lead fsed rate lo the faduty in 

[See. 114 of the Clean Alr M a8 uaenddd (42 
U.SC 741411 

SubpM MY-- Of 
Pdonnance tw A-blk md UOM 

TNCk sur(- colw 
o p e m r o n r '  
!Sub art MM added by 45 FFI 85415, De 

0a.m APPlk-Wd-d 
-hcwnr. 

(a)  The provisions of this subpart 
apply to the following affected facilities 
in en automobile or lightduty truck 
assembly planti each prime coat 

cem & r 24.19801 

f 8 . L  rnJsO(.)l 
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APPENDIX D 

EQUIPMENT CALIBRATION 



" 1.0 PITOT CALIBRATION 

The pitot tubes were calibrated by measur,ing the velocity 

head in a duct with both an " S "  type pitot and a standard pitot 

with a known coefficient. This was done at several different 

velocities. 

follows : 

The pitot tube coefficient can be calculated as 

'p(test) = 'p (std) 

Where: 

= Pitot tube coefficient of "S" type pitot 

= Pitot tube coefficient of standard pitot 

= Velocity head measured by "S" type pitot 

= Velocity head measured by standard pitot 

'P (test) 

'p (stdl 

APtest 

hPstd 
Coefficients were determined for each leg of the "S" type 

may deviate more than f0.01 from the average Cpr 

for each leg must be 

pitot. 

and the difference between the average C 

50.01. 

No C P 

P 

2.0 DRY GAS METER AND ORIFICE METER 

The dry gas meter and orific were calibrated using a wet 

test meter. 

pressure differentials (AH'S) of 0 . 5 ,  L.0, and 2.0 inches of 

water. 

Gases were moved through the dry gas meter at orifice 

With the information obtained, r, the ratio of accuracy 
of wet test meter to dry test meter: andAH@, the orifice pressure 



. .- 

differential that gives 0.75 cfm of air at 68OF and 29.92 inches 

of mercury, were calculated. 

and the AH@ has a tolerance of 1.84 +0.26 -0.24. 

are determined as follows: 

The yhas a tolerance of 1.00 50.01 

The rand AH@ 

.. 

x =  
~. .. 

VwPb (td + 460) 

( T ~  + 460) e 
- 0.0317 &I) ( vw )2 

Pb (td + 4-60) AH@ - 

Where: 

A H  = Orifice pressure differential, in H20 

Pb = Barometric pressure, in Hg 

td = Average temperature of dry gas meter, OF 

tw = Average temperature of wet test meter, OF 

e = Duration of test, min. 

Vd = Dry gas meter volume, ft 3 

= Wet test meter volume, ft3 vW 

3.0 POTENTIOMETER CALIBRATION 

The Therm0 - Electron potentiometers were calibrated by using 
a known voltage source as an input to the potentiometer. 

4.0 PROBE CALIBRATION 

The probes were calibrated by measuring the outlet temperatures 

at various variable transformer settings while passing air through 

at approximately 0.75 cubic feet per minute. 
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NOZZLE 

Nominal 
Size 

u 
Set NO. 2 -,.I 

Micrometer Readings 
1 2 3 I Ave. Comments 

DIAMETER CALIBRATION SHEET 

I I I -1 

.0.125 I 

0.250 

0.3125 
~ 

0.375 

0.500 



NOZZLE DIAMETER CALIBRATION SHEET 

0.375 I - 1  
I I I I I 

~ 0 . 5 0 0  

. 



NOZZLE DIAMETER CALIBRATION SHEET 

QQ-l Date 3 88 Inspector S e t  NO. 2 'L z 4- 



NOZZLE DIAMETER CALIBRATION SHEET 



COMPUTATION SHEET I sheet Number of 1 oats 7 -13  - 98 
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