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During t h e  week of June 17-21, 1985, Entropy Environmental is ts ,  Inc.  

conducted an emission measurement program a t  C. S. Ohm Manufacturing Company's 

ch rmiun  p l a t i n g  p l a n t  loca ted  i n  S t e r l i n g  Heights,  Michigan. The purpose of 

t h i s  program was t o  provide da ta  f o r  a sc reening  s tudy  t o  determine t h e  

quan t i ty  and form of chrmiun m i s s i o n s  a s soc ia t ed  with decora t ive  chraniun 

p l a t i n g .  

Comprehensive t e s t i n g  was conducted on a decora t ive  ch rmiun  p l a t i n g  tank 

whose m i s s i o n s  are con t ro l l ed  by a packed-bed w e t  scrubber .  T h i s  fune 

scrubber  c o n t r o l l i n g  m i s s i o n s  f r a n  t h e  decora t ive  chraniun p l a t i n g  t a n k  a t  t he  

p l a n t  was s e l e c t e d  f o r  source t e s t i n g  f o r  t h e  fol lowing reasons: 

a The p l a t i n g  t ank  appears t o  be  t y p i c a l  of o t h e r  autanated 
decora t ive  p l a t i n g  tanks i n  t h e  chrauiun p l a t i n g  indus t ry ,  based 
on opera t ing  parameters such as temperature,  c u r r e n t ,  vo l tage ,  
and p l a t i n g  time. The a u t a n a t i c  h o i s t  is programmed t o  change 
t h e  rack i n  t h e  chrauiun p l a t i n g  tank  every 4.5 minutes. 
E l e c t r o l y s i s  occurs i n  t h i s  tank  f o r  1.5 minutes during each 
cyc le ,  o r  33 percent  of t h e  time. A demisting agent  c a l l e d  
MSP-1, manufactured by Harshaw Chemicals, is med i n  t h e  tank  t o  
suppress  mist ing.  The use of demisting agents  is ccmmon p r a c t i c e  
f o r  decora t ive  p l a t e r s .  

a The emissions capture  s y s t m  is h igh ly  e f f i c i e n t  i n  d i r e c t i n g  
funes f r a n  t h e  p l a t i n g  tank  t o  t h e  con t ro l  device.  The tank  is 
equipped with a push-pull v e n t i l a t i o n  sys tan  t h a t  draws 16,000 
scfm across  a t o t a l  tank sur face  a r e a  of 90  f t  . ( Included i n  
t h i s  a r e a  is a s t o r a g e  tank  used t o  concentrate  chrauic  ac id  

' s o l u t i o n s  f r m  t h e  r i n s e  tank and t h e  fune scrubber .  N o  
e l e c t r o l y s i s  occurs i n  t h i s  tank.)  

2 

e The emissions c o n t r o l  device used a t  C. S. Ohm is t y p i c a l  of 
c o n t r o l  devices i n  use a t  o t h e r  decora t ive  p l a t i n g  f a c i l i t i e s .  
Most decora t ive  p l a t i n g  f a c i l i t i e s  use impingment-type m i s t  
e l imina to r s  o r  packed-bed fune scrubbers  t o  con t ro l  chranic  a c i d  
emissions.  
w e t  packed-bed fune scrubber  a t  t h i s  f a c i l i t y  w i l l  r epresent  
emissions con t ro l l ed  by a t y p i c a l  fune scrubber.  

m i s s i o n  da ta  f r a u  t e s t i n g  a t  t h e  o u t l e t  of t h e  Viron 
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P a r t i c u l a t e  concent ra t ions  and mass emission rates were measured a t  

t h e  scrubber i n l e t  and o u t l e t  using 11. S .  Environmental P ro tec t ion  Agency 

(EPA) Reference Method 5.' T o t a l  chromium concent ra t ions  and hexavalent  

chromium concent ra t ions  were measured a t  t h e  same loca t ions  by f u r t h e r  

a n a l y s i s  of t h e  Method 5 samples using t h e  a l t e r n a t e  sample prepara t ion  

and a n a l y t i c a l  procedures as described i n  Appendix C. Flue gas flow 

ra t e s ,  temperature,  moisture  conten t ,  and composition [oxvgen (02 ) ,  carbon 

d ioxide  ( C O z ) ,  and carbon monoxide CCO)] were measured i n  conjunct ion with 

t h e  p a r t i c u l a t e  tests. In  add i t ion ,  a n  impinger t r a i n  was run concurrent  with 

t h e  Method 5 t r a i n  a t  t h e  scrubber i n l e t  t o  determine impinger c o l l e c t i o n  

e f f i c i e n c y  for t o t a l  and hexavalent chromium. And f o r  approximately 8 1/2 

hours on t h e  second day of t e s t i n g ,  a special high volume, cons tan t  ra te ,  

s i n g l e  po in t  sampling run w a s  conducted a t  t h e  scrubber  i n l e t  us in? a Method 5 

t r a i n .  

MS. Barbara Duletsky [Midwest Research I n s t i t u t e  (MRI)] monitored process  

opera t ion  throughout t h e  t es t  period. M r .  Dan Bivins (EPA Task Manager) of t h e  

Emission Measurement Branch ( E m )  and Mr. A 1  Vervaert  of t h e  I n d u s t r i a l  S tudies  

Branch (ISB) observed t h e  t e s t  program. Mr. Robert Waters, P l a t i n g  P l a n t  

Manager served as  t h e  contac t  for C. S .  Ohm Manufacturing. 

Th i s  r e p o r t  is organized i n t o  seve ra l  s ec t ions  addressing var ious  aspec ts  

of  t h e  t e s t i n g  program. Immediately fol lowing t h i s  in t roduct ion  is t h e  

"Process Operation" sec t ion  which inc ludes  a desc r ip t ion  of t h e  process  and 

control device t e s t ed .  Following t h i s  is t h e  "Summary of Resul ts"  s ec t ion  

which presents  t a b l e  summaries of t h e  tes t  da t a  and d iscusses  these  r e s u l t s .  

The next s ec t ion ,  "Sampling Locations and T e s t  Methods" descr ibes  and 

'40 CFR 6 0 ,  Appendix A ,  Reference Method 5 ,  Ju ly  1,  1980. 
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illustrates the sampling locations f o r  emissions testing and then explains the 

sampling strategies used. The final section, "Quality Assurance," notes the 

procedures used to ensure the integrity of the sampling program. The 

Appendices present the complete Test Results and Example Calculations (Appendix 

A); Field and Analytical Data (ADDendix B); Sampling and Analvtical Procedures 

(Appendix C); Calibration Data (Appendix D); MRI Process Data (Appendix E); and 

Test Participants and Observers (Appendix F). 
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2.0 PROCESS OPERATION 
2.1 PROCESS DESCRIPTION 

The C. 5. Ohm Manufactur ing Company manufactures bumpers f o r  use i n  
the  automot ive indust ry .  The company has a c a p t i v e  p l a t i n g  shop t h a t  
performs decora t ive  nickel-chromium p l a t i n g  o f  t h e  bumpers. The p l a t i n g  

p l a n t  operates 24 hours per  day, 6 days pe r  week, 52 weeks pe r  year, w i t h  
the  except ion o f  Wednesday mornings f rom midn igh t  to-6:00 a.m., when t h e  

opera t ion  ceases f o r  maintenance purposes. 
The decora t ive  p l a t i n g  l i n e  cons is t s  o f  36 tanks t h a t  con ta in  var ious  

p l a t i n g  and c lean ing  so lu t ions .  
F igure 2-1. The l i n e  i s  serv iced  by an au tomat i ca l l y  c o n t r o l l e d  h o i s t  
t h a t  t r a n s f e r s  each rack o f  bumpers through t h e  var ious tanks i n  t h e  
p l a t i n g  l i n e .  

The chromium p l a t i n g  segment o f  t he  l i n e  i s  comprised o f  one p l a t i n g  
tank, one evaporat ion tank, and th ree  r i n s e  tanks. Emissions f rom t h e  
chromium p l a t i n g  tank were measured du r ing  t h i s  source t e s t  program. The 
tank measures 3.0 meters (m) (10 f e e t  [ f t ] )  i n  length, 1.4 m (4.5 f t )  i n  
width, 2.4 m (8 ft) i n  depth, and holds 10,600 l i t e r s  ( e )  (2,800 ga l l ons )  
o f  p l a t i n g  so lu t ion .  

concent ra t ion  o f  330 t o  340 grams pe r  l i t e r  (g/e) (44 t o  46 ounces per  
g a l l o n  [oz /ga l ] ) .  Th i s  i s  i n  t h e  range o f  220 t o  370 g/e (30 t o  
50 oz/ga l )  t y p i c a l l y  used by decora t ive  chromium p l a t e r s .  
i s  used i n  the  s o l u t i o n  as a c a t a l y s t  i n  a concent ra t ion  o f  1.0 t o  1.2 g/e 

(0.14 t o  0.16 oz /ga l ) .  
maintained by adding chromic a c i d  and s u l f u r i c  a c i d  every o ther  day, and 

by adding make-up s o l u t i o n  from the evaporat ion tank on a l t e r n a t e  days. 
The t o t a l  chromic ac id  consumption a t  C. S. Ohm i s  about 8,200 ki lograms 

(18,000 pounds) per year. 

and 20 seconds. The normal ope ra t i ng  temperature o f  t he  tank i s  between 
46" and 63°C (115" and 145°F). 

t r a n s f o r m e r / r e c t i f i e r  se t  t h a t  au tomat i ca l l y  c o n t r o l s  the  opera t ing  
vo l tage and current .  Dur ing a t y p i c a l  p l a t i n g  cyc le ,  t he  tank operates a t  
2.5 v o l t s  (V) and 1,500 amperes (A)  f o r  15 seconds t o  a c t i v a t e  t h e  
n i cke l -p la ted  surfaces. 

The sequence o f  tanks i s  shown i n  

The s o l u t i o n  conta ins  chromic a c i d  i n  a 

Sulfuric a c i d  

The proper  concent ra t ion  o f  cons t i t uen ts  i s  

Typ ica l l y ,  a rack remains i n  the  chromium p l a t i n g  tank f o r  4 minutes 

The e lec t rodes  are  charged by a s i n g l e  

Then, the  vo l tage increases t o  12.4 V and .the 
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Tank 
sequence 

1 
2 
3 
4 
5 

10 
11 
12 
13 
14 

15 
16 

17 

18 
19 
20 
21 

22 
23 
24 
25 

Description 

Soap tank 
Power spray 
Electro-cleaner No. 1 
Electro-cleaner No. 2 
Water rinse 

Water rinse 
Anodic etch (contains H2) 
Anodic etch (contains H,) 
Rinse 
Rinse 

Rinse 
Electro-cleaner No. 3 
Rinse 
Muriatic acid 
Rinse 

Nickel strike 
Dull nickel plate 
Dull nickel plate 
Dull nickel plate 
Dull nickel plate 

Dull nickel plate 
Dull nickel plate 
Dull nickel plate 
Dull nickel plate 
Bright nickel plate 

Bright nickel plate 
Micro-porous (MP) nickel plate 
Nickel reclaim 
Rinse 
Activator chrome 

Chromium plate (evaporation tank) 
Chromium plate 
Chromic acid reclaim 
Rinse 
Rinse 

26 Hot water rinse 

Figure 2-1. Sequence of tanks on the decorative plating line 
at C. 5. Ohm Manufacturing Company 
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current increases to 12,000 to 16,000 A for 90 seconds, during which 
chromium is deposited on the activated surfaces. 
cal led "electrolysis. '' 
dependent on the surface area being plated and is automatically adjusted 
for each new rack o f  bumpers. 

2.2 A I R  POLLUTION CONTROL 

This 90-second period is 
The current required during electrolysis is 

A fume suppressant called "MSP-1" is used in the chromium plating 
tank to inhibit the release o f  gases generated during electrolysis. The 
suppressant is manufactured by Harshaw Chemical Company. It contains a 
fluorocarbon that decreases the surface tension of  the plating solution, 
thus, decreasing the generation o f  mist. 
showing the emission reduction achieved by using this fume suppressant, 
although it is used commonly in the electroplating industry to preclude 
mi s t i ng . 

The chromium plating tank and evaporation tank are equipped with a 
push-pull ventilation system. 
across the plating solution to a 1.2-m-high (4-foot-high) hood on the 
other end. An induced draft fan driven by a 20-horsepower motor draws 
emissions away from the tanks to the control device. 

by Viron International (Model HSDP-2000). The scrubber is designed to 
treat about 7.6 cubic meters per second (m'/s) (16,765 standard cubic feet 
per minute [scfml) o f  plating tank exhaust gases. Chromic' acid i s  removed 
from the gas stream by impacting on two 30-cm-deep (12-inch-deep) beds o f  
filter media that are continuously sprayed with scrubbing liquid, 
spent liquid drains into a remote holding tank from which it is 
recirculated through the scrubber. 
2 or 3 days and refilled with fresh water. 
estimated volume o f  500 e (132 gal) and pumps about 91 e/min (24 gal/min) 
o f  liquid to the scrubber. 

The scrubber also contains a mist eliminator stage for the final 
removal o f  liquid droplets from the gas stream. This stage consists of a 
"Chevron-type" arrangement of baffles that change the direction o f  gas 

There are no test data available 

Air jets on one end o f  the tanks push mist 

The control device is a wet, double-packed-bed scrubber manufactured 

The 

The holding tank is emptied once every 
The holding tank has an 
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flow several times. 
efficiency of 99 percent for chromic acid. 

2.3 PROCESS CONDITIONS DURING TESTING 

The entire scrubbing unit has a design removal 

The process was operating normally during the source test program. 
Process operating parameters such as temperature, voltage, and current 
were monitored during each test run and are recorded on the process data 
sheets in Appendix E. No operating parameters were monitored for the 
scrubber; however, there were no indications of any malfunction in the 
system during the testing. 

Normal operating conditions allowed all three test runs to be 
performed without interruption. A scheduled 10-minute break in operation 
occurred each day at 10:30 a.m., but this was not considered cause to 
suspend testing because it was of short duration. 
testing were performed simultaneously. 

calculated in terms of ampere-seconds and included in Appendix E. A 
summary of the total current values is presented in terms o f  
ampere-seconds and ampere-hours in Table 2-1. 

Inlet and outlet 

The total current supplied to the tank during each test run-is 
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TABLE 2-1. TOTAL CURRENT SUPPLIED TO TANK DURING SOURCE TESTS 

Total  current ,  .. 
Total  current ,  ampere-seconds ampere-hours 

Test No. I n l e t  O u t l e t  I n l e t  Out le t  

1 90,000,000 83,900.000 25,000 23.300 

2 79,590.000 73,740,000 22,100 20,500 

3 94,620.000 84,350,000 26,300 23,400 
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3.0 SUMMARY OF RESULTS 

P a r t i c u l a t e  mat te r  (EPA Method 5 )  tests were c o n d x t e d  a t  t h e  i n l e t  and t h e  

o u t l e t  of t h e  packed-bed w e t  scrubber  c o n t r o l l i n g  t h e  decora t ive  chraniun 

p l a t i n g  tank. 

t e s t s  were run a t  t h e  scrubber  i n l e t  t o  eva lua te  t h e  use of Method 5 f o r  sample 

co l l ec t ion .  An add i t iona l  run using the Method 5 t r a i n  was conducted a t  a high 

sampling r a t e  (HV) f o r  e i g h t  hours a t  a s i n g l e  poin t .  The data is  presented 

f o r  t h e  high volune run but  not  discllssed s i n c e  t h e  o t h e r  t e s t s  were 

q u a n t i f i a b l e  and condmted i s o k i n e t i c a l l y  a t  a l l  po in t s .  Table 3 . 1  sunmarizes 

t h e  t e s t i n g  schedule for t h i s  t e s t i n g  program. 

BecauSe t h e  emissions were chromic ac id  f u n s ,  "impinger t r a in"  

In b r i e f ,  f r a n  t h e  r e s u l t s  of t he  Method 5 t e s t i n g ,  t h e  uncontrol led 

emissions f r a n  t h e  tank averaged 0 .035  pounds p e r  hour of p a r t i c u l a t e  mat te r ,  

0.000017 pounds p e r  hour of hexavalent chraniun, and 0 .000065  pounds p e r  hour 

of t o t a l  chraniun. Based on t h e  Method 5 results, t h e  con t ro l l ed  emissions 

averaged 0 .024  pounds p e r  hour of p a r t i c u l a t e  mat te r ,  0.000016 pounds per  hour 

of hexavalent chraniun,  and 0;000095 pounds p e r  hour of t o t a l  chraniun. Also 

based on t h e  Method 5 results, t h e  c o l l e c t i o n  e f f i c i ency  of t h e  w e t  scrubber  

appeared t o  be low, however, t h i s  is inconc1rr;ive due t o  quest ionable  da ta  

q u a l i t y  a s  ind ica ted  by t h e  methods eva lua t ion  canparison w i t h  t h e  impinger 

t r a i n .  The impinger t r a i n  samples were not  analyzed f o r  p a r t i c u l a t e  mat te r .  

The c o l l e c t i o n  e f f i c i e n c y  of t h e  impinger t r a i n  ind ica ted  t h a t  e s s e n t i a l l y  a l l  

t h e  chraniun was c o l l e c t e d  by t h e  impinge= and t h e  impinger t r a i n  r e s u l t s  f o r  

hexavalent  chraniun a t  0.00011 pounds p e r  hour averaged about seven times 

g r e a t e r  than those  f r a n  t h e  Method 5 t r a i n .  
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I n  t h e  following s e c t i o n s ,  t h e  r e s u l t s  addressed above and add i t iona l  

r e s u l t s  a r e  presented and d i s c w s e d  i n  d e t a i l  according t o  t h e  m i s s i o n  type 

and sampling loca t ion .  

can be found i n  Appendix A. 

da t a  a r e  loca ted  i n  Appendix B. 

The canputer  p r i n t o u t s  of t h e  emission ca l cu la t ions  

The o r i g i n a l  f i e l d  data  sheets and t h e  a n a l y t i c a l  

3 . 1  PAKPICULATE MATTER, HEXAVALENT CHWMIUM, AND TOTAL CHFOMIUM 

P a r t i c u l a t e  ma t t e r  tests (EPA Method 5 )  along with t h e  determination of t he  

a s soc ia t ed  f l u e  gas flow r a t e s  were conducted a t  both t h e  scrubber  i n l e t  and 

o u t l e t ;  impinger t r a i n  method eva lua t ion  t e s t s  were condwted  a t  the scrubber  

i n l e t .  The p a r t i c u l a t e  ma t t e r  samples were i n i t a l l y  analyzed s i n g  gravi- 

me t r i c  techniques t o  determine t h e  mass of p a r t i c u l a t e  mat te r .  Then t h e  

samples were . f u r t h e r  analyzed f o r  hexavalent  and t o t a l  chraniun. The impinger 

t r a i n  samples were analyzed f o r  hexavalent and t o t a l  chraniun only.  Complete 

desc r ip t ions  of each sampling loca t ion  and t h e  sampling and a n a l y t i c a l  

procedures a r e  given i n  Chapter 4 (and Appendix C ) .  

3 . 1 . 1  Scrubber I n l e t  (EPA Method 5 ) 

The results f o r  t h e  scrubber  i n l e t  (EPA Method 5 )  represent  t h e  

uncontrol led m i s s i o n s  f r m  t h e  p l a t i n g  t ank  as measured by EPA Method 5. The 

c i r c u l a r  v e r t i c a l  i n l e t  duct  was t r ave r sed  with both an EPA Method 5 sampling 

t r a i n  and an inp inger  t r a i n .  The r e s u l t s  f r a n  these  two t r a i n s  should be 

canpared f o r  methods evaluat ion purposes a s  a check on t h e  a b i l i t y  of t h e  EPA 

Method 5 sample t r a i n  t o  c o l l e c t  chranic  a c i d  funes.  

F lue  G a s  Conditions and I s o k i n e t i c  Sampling Rate - A s m a r y  of t h e  f l u e  

gas condi t ions a t  t h e  scrubber  i n l e t  (EPA Method 5 and impinger t r a i n )  and t h e  

scrubber  o u t l e t  (EPA Method 5 t r a i n )  is presented i n  Table 3.2. The vo lune t r i c  
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flow r a t e s  f o r  t h e  i n l e t  Method 5 t e s t s  were f a i r l y  c o n s i s t e n t  and averaged 

20,600 a c t u a l  cubic  meters p e r  hour (727 ,000  act l la l  cubic  f e e t  p e r  hour ) .  

The f l u e  gas temperature averaged 25OC ( 7 8 % ) ,  with a moisture content  

of 1 . 1  percent .  m e  oxygen, carbon d ioxide ,  and carbon monoxide conten t  was 

t h a t  of a i r  a t  2 0 . 9 ,  0.0,  and 0 . 0  percent ,  r e spec t ive ly .  The vo luue t r i c  flow 

r a t e  a t  s tandard  condi t ions averaged 19,400 dry  s tandard  cubic meters p e r  hour 

(684,000 dry  s tandard  cubic f e e t  p e r  hour) .  

( 6 8 O F I .  7 6 0  mm Hg ( 2 9 . 9 2  in. ~ g ) ,  and dry. 

w i t h i n  t h e  al lowable range f o r  a l l  t h r e e  sample runs. 

Standard condi t ions a r e  20°C 

The i s o k i n e t i c  sampling r a t e  w a s  

P a r t i c u l a t e  Emissions - The p a r t i c u l a t e  en iss ions  fran t h e  p l a t i n g  tank 

( s e e  Table 3 . 3 )  were va r i ab le .  The p a r t i c u l a t e  m i s s i o n s  for t h e  i n l e t  runs 

averaged 0 . 8 2  milligrams p e r  dry  s tandard  cubic  meter (0 .00036  gra ins  p e r  dry 

s tandard  cubic  f o o t )  and 0 . 0 1 6  kilograms p e r  hour ( 0 . 0 3 5  pounds p e r  hour) .  The 

v a r i a b i l i t y  was l i k e l y  due t o  sampling and a n a l y t i c a l  e r r o r  i n  measuring t h e  

extremely low p o l l u t a n t  concentrat ions.  

Hexavalent Chraniun Emissions - The hexavalent  chraniun emissions f o r  each 

t e s t  run ( s e e  Table 3.3) were a l s o  v a r i a b l e  with t h e  corresponding p a r t i c u l a t e  

run. They averaged 9 5 ,  2150, and 6 3 3  mill igrams of hexavalent  chraniun per 

gram of p a r t i c u l a t e  m i s s i o n s  f o r  runs 2, 5, and 8, respec t ive ly .  The 

hexavalent  chraniun emissions f o r  t h e  i n l e t  t e s t s  averaged 0 . 3 9  x 

mill igrams per  dry  s tandard  cubic meter (0 .17  x l o d 6  gra ins  per dry  s tandard  

cubic  f o o t )  and 7 x kilograms p e r  hour (17 x pounds per  hour ) .  

T o t a l  Chromiun Emissions - .The t o t a l  chraniun emissions for each test run 

( s e e  Table 3.3) were va r i ab le  with respec t  t o  t h e  corresponding p a r t i c u l a t e  run 

and averaged 423, 8290 ,  and 2429 mill igrams of t o t a l  chraniun p e r  gram of 
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p a r t i c u l a t e .  The t o t a l  chraniun emissions averaged 1 . 5 2  x mill igrams 

p e r  dry  s tandard  cubic meter (0.7 x grams p e r  dry s tandard  cubic  f o o t )  

and 0 . 0 2 9  x kilograms p e r  hour ( 0 . 0 6 5  x pounds p e r  hour ) .  

3 . 1 . 2  Scrubber I n l e t  (Impinger T r a i n )  

The r e s u l t s  f o r  t h e  scrubber  i n l e t  ( impinger t r a i n )  represent  t h e  

uncontrol led emissions f r m  t h e  p l a t i n g  tank  a s  measured by the  impinger 

t r a i n .  

i n  t h e  v e r t i c a l  c i r c u l a r  d w t  p r i o r  t o  t h e  packed bed scrubber.  

t r a i n  tests wree conducted t o  e v a l m t e  t h e  use of t h e  Method 5 t r a i n  f o r  t h e  

re ference  method c o l l e c t i o n  of t h e  chrcmic a c i d  f m e s  for t h e  chraniun  p l a t i n g  

indus t ry .  

cmparab le .  

The Method 5 and impinger t r a i n  sampling were conduzted s imul taneomly  

The impinger 

The results of t h e  Method 5 and impinger t r a i n  t e s t i n g  should be 

Flue Gas Conditions and I s o k i n e t i c  Sampling Fate - A sunmary of t h e  f l u e  

gas condi t ions a t  t h e  scrubber  i n l e t  ( impinger  t r a i n )  is presented i n  

Table  3 . 2 .  The volunet r ic  flow r a t e  results f o r  both t h e  Method 5 t r a i n  and 

impinger t r a i n  were within s tandard  measurement e r r o r  of each o ther .  The 

i s o k i n e t i c  sampling r a t e  w a s  wi thin t h e  al lowable range f o r  a l l  t h r e e  impinger 

t r a i n  sample runs. 

P a r t i c u l a t e  Emissions - The c o l l e c t e d  samples were not  analyzed f o r  

p a r t i c u l a t e  emissions s i n c e  a l l  of t h e  impinger contents  would have had t o  be 

taken t o  dryness.  Also, it would have made t h e  ana lys i s  f o r  hexavalent and 

t o t a l  chraniun more d i f f i c u l t  i n  t h e  sample prepara t ion  phase. 

Hexavalent Chrauiun Emissions - The hexavalent  chraniun emissions were 

f a i r l y  cons i s t en t  averaging 2.5 x mill igrams p e r  dry  s tandard  cubic  

meter ( 1 . 1  x gra ins  per dry  s tandard  cubic  f o o t )  and 5 1  x 

kilograms per  hour (110 x pounds p e r  hour ) .  This w a s  about seven times 

g r e a t e r  than  t h e  hexavalent chraniun emissions measured by t h e  EPA Method 5 

t r a i n .  The reason for t h e  extremely poor agreement is  not  known. 
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Tota l  Chromiun Emissions - The t o t a l  chraniun emissions averaged 10.8 x 

milligrams per dry s tandard  cubic meter  (4.7 x gra ins  p e r  dry 

s tandard  cubic f o o t )  and 0 . 2 2  x kilograms p e r  hour ( 0 . 4 8  x pounds 

p e r  hour ) .  This  w a s  about e i g h t  times g r e a t e r  than the  t o t a l  chraniun 

emissions measured by t h e  EPA Method 5 t r a i n .  This is  i n  agreement with t h e  

cmpar i son  of t he  hexavalent chraniun results between t h e  two sampling t r a i n s .  

3-8 

3.1.3 Scrubber Ou t l e t  

The scrubber  o u t l e t  represents  t h e  con t ro l l ed  emissions f r a n  t h e  chraniun 

p l a t i n g  tank  a s  measured by EPA Method 5 ;  no impinger t r a i n  tests were 

conducted a t  t h e  scrubber  o u t l e t .  A f o u r i n c h  f i l t e r  and l a r g e r  than noma1 

s i z e  nozzle were used i n  an e f f o r t  t o  c o l l e c t  t h e  maximun sample volune under 

i s o k i n e t i c  sampling condi t ions.  

F lue  G a s  Conditions and I s o k i n e t i c  Sampling Rate - A s m a r y  of f l u e  gas 

condi t ions  a t  t h e  scrubber  o u t l e t  is presented i n  Table 3.2.  The vo lune t r i c  

flow r a t e s  for t h e  t h r e e  o u t l e t  runs were very cons i s t en t .  The o u t l e t  

vo lune t r i c  flow r a t e  averaged 22,200 a c t u a l  cubic meters p e r  hour (783,000 

a c t u a l  cubic f e e t  p e r  hour) with a f l u e  gas temperature of 21% (69OF) and 

a moisture  content  of 1.6 percent .  The oxygen, carbon dioxide,  and carbon 

monoxide concentrat ions were t h a t  of ambient a i r  a t  20.9, 0 . 0 ,  and 0 . 0  percent ,  

respec t ive ly .  The volunetric flow r a t e  a t  s tandard  condi t ions averaged 21,100 

dry  s tandard  cubic  meters p e r  hour (747,000 dry s tandard  cubic f e e t  p e r  hour) .  

Standard condi t ions a r e  2OoC (6EoF), 760 mm Hg (29 .92  i n .  Hg), and dry. 

The i s o k i n e t i c  sampling rates were we l l  within t h e  allowable range f o r  a l l  

rms. 

P a r t i c u l a t e  Emissions - The p a r t i c u l a t e  emissions e x i t i n g  f r a n  t h e  con t ro l  

equipnent t o  t h e  atmosphere were not q u a n t i f i a b l e  ( s e e  Table 3.3) for two of 

t h e  t h r e e  runs. For t h e  one run which had q m n t i f i a b l e  r e s u l t s ,  t h e  p a r t i c u l a t e  
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emissions averaged 0.5 mill igrams per  dry s tandard  cubic  m e t e r  (0 .0002 g ra ins  

p e r  dry s tandard  c b i c  f o o t )  and 0.01 kilograms per hour (0 .02  pounds per 

hour) .  

t o  accu ra t e ly  measure p o l l u t a n t  concentrat ions a t  these  low l e v e l s .  

The o t h e r  two runs had negat ive sample weights. Method 5 was ‘intended 

Hexavalent Chromiun Emissions - The hexavalent chraniun en iss ions  f o r  each 

test run were f a i r l y  c o n s i s t e n t  and averaged 0.34 x 

s t anda rd  cubic meter (0.15 x loe6 gra ins  per dry s tandard  cubic f e e t )  and 

7 x kilograms per hour (16 x pounds per hour) .  These r e s u l t s  

were similar i n  magnitude t o  t h e  Method 5 uncontrol led results. 

mill igrams per  dry 

T o t a l  Chromiun Emissions - The t o t a l  chrcmiun emissions were f a i r l y  

c o n s i s t e n t  and averaged 2 . 0 4  x 

(0.9 x grams per dry s tandard  cubic f o o t )  and 0.043 x kilograms 

p e r  hour (0.095 x pounds per  hour) .  These results were g r e a t e r  than the  

con t ro l l ed  en iss ions  a s  measured by the  EPA Method 5 t r a i n .  

mil l igrams per  dry  s tandard  cubic meter 

3.2 EMISSIONS I N  UNITS OF PROCESS RATE AND CONTIIDL EQUIPMEXT COLLECTION 
EFFICIENCY 

The m i s s i o n  rates i n  units of process r a t e  a r e  given i n  t e rns  of 

mil l igrams of en iss ions  p e r  hour per square  f o o t  of tank  su r face  a rea ,  and i n  

un i t s  of mill igrams of emissions per amperage input  t o  t h e  p l a t ing  operat ion.  

To determine t h e  c o l l e c t i o n  e f f i c i ency  of t he  scrubber ,  t h e  mill igrams per  hour 

p e r  s q m r e  f o o t  (uncont ro l led  eniss ions and con t ro l l ed  emissions) were used f o r  

t h e  ca l cu la t ions .  

3.2.1 m i s s i o n s  i n  U n i t s  of Process Rate 

Two process parameters were used t o  determine the m i s s i o n s  i n  t e rns  of 

units of t h e  process r a t e  as shown i n  Table 3.4. The f i r s t  was mil l igrams of 

emissions per  amperage inpu t  t o  the  p l a t i n g  operat ion.  The second was 

mil l igrams of en iss ions  per hour per  square f o o t  of tank  su r face  a rea .  The 

s u r f a c e  a rea  of t h e  tank w a s  45 ft2 f o r  a l l  tests. 
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3.2.2 Control  Equipnent Col lec t ion  E f f i c i e n c y  

The c o l l e c t i o n  e f f i c i e n c y  of t h e  packed-bed scrubber  ( s e e  Table 3.4) w a s  

extremely low based on t h e  EPA Method 5 results. The c o n t r o l  equipnent 

c o l l e c t i o n  e f f i c i e n c y  was 32.8 percent  f o r  p a r t i c u l a t e  and was ze ro  percent  f o r  

hexavalent  chraniun. The measured emissions f o r  t o t a l  chraniun were g r e a t e r  

a f t e r  t h e  scrubber  than p r i o r  t o  t h e  scrubber .  The v a l i d i t y  of t h e  r e s u l t s  a r e  

quest ionable  based on t h e  methods eva lua t ion  tests and should not be used a s  an 

accu ra t e  ind ica t ion  of c o l l e c t i o n  e f f i c i ency .  

3.3 SUMMARY OF ANALYTICAL FSSULTS FOR HEXAVALENT AND TOTAL CHFOMIUM 

The sunmary of a n a l y t i c a l  r e s u l t s  f o r  t h e  hexavalent chraniun and t o t a l  

chraniun analyses  of samples co l l ec t ed  is presented i n  Table 3.5. The 

a n a l y t i c a l  da ta  shee t s  a r e  contained i n  Appendix B. The results shown i n  Table 

3.5 f o r  hexavalent and t o t a l  chraniun a r e  t h e  results obtained using t h e  EPA 

t e n t a t i v e  method f o r  “Determination of Hexavalent Chrcaniun Emissions from 

S t a t i o n a r y  Sources“ and t h e  “EPA Protocol  f o r  Emissions Sampling f o r  Both 

Hexavalent and To ta l  Chraniun“ (see Appendix C ) .  When, f o r  t o t a l  chraniun 

a n a l y s i s ,  t h e  t a b l e  ind ica t e s  t h a t  t h e  sample “residue” w a s  analyzed, then t h e  

values  presented f o r  t o t a l  chraniun conten t  a r e  a sun of ( 1 )  t h e  hexavalent 

chraniun i n  t h e  sample f i l t r a t e  f r a n  t h e  ex t r ac t ion  of t h e  sample and ( 2 )  t h e  

chraniun in t h e  residue f r a n  t h e  ex t r ac t ion  a s  measured by Neutron Act ivat ion 

Analysis .  When t h e  t a b l e  ind ica t e s  t h a t  t he  “ t o t a l ”  sample was analyzed, then  

t h e  values  presented f o r  t o t a l  chraniun content  a r e  f r a n  t h e  d i r e c t  ana lys i s  of 

t h e  t o t a l  sample f o r  t o t a l  chraniun by Neutron Act iva t ion  Analysis. A t a b l e  

showing t h e  t o t a l  chraniun ca l cu la t ions  for each sample can be found a t  t h e  end 

of Appendix A of t h i s  repor t .  

The c o l l e c t i o n  e f f i c i e n c y  of hexavalent c h r a n i m  by t h e  impinger t r a i n  is 

be l ieved  t o  be g r e a t e r  than 99%. 

t h e  impinges contents  s e p a r a t e l y  a s  shown i n  Table 3.5. 

The e f f i c i e n c y  was determined by analyzing 
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Both the quantity of the particulate and the hexavalent chromium analyzed 

were extremely low and, under these circumstances, both sets of analytical 

results are subject to greater analytical error. 

Quality assurance audit samples were analyzed for both the hexavalent and 

total chromium methods. AS shown in Table 3 . 6 ,  no bias was present and the 

results are considered acceptable. 

There is some sample analysis variability due to the small amount of 

hexavalent chromium present. 

believed to be fairly accurate. 

However, the average values for the runs are 
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4.0 SAMPLING LOCATIONS AND TEST METHODS 

This  s e c t i o n  descr ibes  t h e  sampling loca t ions  and t e s t  methods used t o  

c h a r a c t e r i z e  aa i s s ions  f r a n  t h e  decora t ive  chraniun p l a t i n g  tank a t  C. S. Ohm 

Manufacturing Company i n  S t e r l i n g ,  Michigan. Two sampling loca t ions  were used 

i n  t h e  emission t e s t i n g  program. A t  each sampling l o c a t i o n  (one a t  t h e  

scrubber  i n l e t  and one a t  t h e  scrubber  o u t l e t ) ,  emissions t e s t i n g  was conducted 

f o r  p a r t i c u l a t e  mat te r ,  t o t a l  chraniun conten t ,  and hexavalent chraniun 

conten t .  Sampling f o r  chraniun and an impinger c o l l e c t i d n  e f f i c i ency  

de tennina t ion  Mas a l s o  conducted a t  t h e  scrubber  i n l e t  using an impinger 

t r a i n .  One s p e c i a l  high volune, cons tan t  flow r a t e ,  s i n g l e  poin t  sampling run 

was conducted a t  t h e  i n l e t ,  a l so .  The r e l a t i v e  pos i t i ons  and t h e  type of 

t e s t i n g  conducted a t  each loca t ion  are shown i n  t h e  s i m p l i f i e d  process flow 

diagram ( s e e  Figure 4-1)  and accanpanying Table 4 . 1 .  The subsect ions which 

fol low f u r t h e r  descr ibe  each sampling l o c a t i o n  and app l i cab le  t e s t  methods. 

4.1 SCRUBBER INLET (SAMPLING LOCATION A )  

P a r t i c u l a t e  mat te r ,  hexavalent chraniun, and t o t a l  chrcmiun were measured 

a t  t h e  i n l e t  t o  t h e  packed-bed scrubber  con t ro l l i ng  emissions fran t h e  

decora t ive  chrcmiun p l a t ing  t ank  a s  shown i n  Figure 4-2. Two sampling ports 

were i n s t a l l e d  90° a p a r t  i n  t h e  v e r t i c a l  c i r c u l a r  duct ( 3 2  inches i n  

d iameter ) .  These ports were loca ted  26 inches (0.81 duct  diameters) upstream 

of a bend i n  t h e  duct t o  t h e  scrubber and 168 inches ( 5 . 2 5  duct diameters)  

downstream f r a n  another  bend. 
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Figure 4-1 .Diagram o f  decorative cnrczium p i a t i n g  l i n e  and ec i s s ions  
c o n t r o l  system a t  C. S. Ohm Kanu:ac;uring Company. 
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Sample Type 

P a r t i c u l a t e  m a t t e r  

Hexavalent chromium 

T o t a l  chromium 

Chromium ( Imp inger  
e f f i c  i ency  ) 

TABLE 4.1. SAMPLING PLAN FOR C .  S. OM 

Sampl i n g  
Loca t ions  

Num be r 
o f  Samples 

3 (M5) 
1 (M5 HVq a t  A )  

3 

W t h o d s  

EPA Method 5 or  
EPA Method 5 High Volume 

EPA hk thod  5 or  
EPA Method 5 High Volune 
u s i n g  T e n t a t i v e  EPA 
Method f o r  t kxava len t  Chromium 

EPA W t h o d  5 o r  
EPA Method 5 High Volume 
u s i n g  EPA P ro toco l  f o r  
T o t a l  Chromium 

Impinger T r a i n  us ing 
T e n t a t i v e  EPA bkthod f o r  
Hexavalent Chromium and EPA 
P r o t o c o l  fo r  To ta l  Chromium 



7 32" DIA 

TRAVERSE POINTS 

2 AXES 
8 POINTS/AXIS 

16 TOTAL POINTS 

A 

SECTION L - 4  

ELEVATION VIEW 

FIGURE 4-2. SCRUBBER INLET (SAMPLING LOCATION A )  
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For t h e  Method 5 t e s t i n g ,  (used f o r  p a r t i c u l a t e  mat te r ,  hexavalent 

chraniun, and t o t a l  chraniun determinat ions)  and the impinger t r a i n  t e s t i n g ,  a 

t o t a l  of 16 p o i n t s ,  a s  p e r  Method 1,  were sampled. Each of t h e  16 po in t s  was, 

sampled f o r  20 minutes for a t o t a l  of 320  minutes of sampling p e r  run. Each of 

t h r e e  Method 5 and t h r e e  impinger t r a i n  runs were conducted t o  co inc ide  w i t h  

t h e  sampling a t  t h e  scrubber  o u t l e t  l oca t ion .  

4 . 2  SCRUBBER OUTLET STACK (SAMPLING LOCATION B )  

P a r t i c u l a t e  mat te r ,  hexavalent chraniun, and t o t a l  chraniun were measured 

a t  t h e  scrubber  o u t l e t  a s  shown i n  Figure 4-3.'  Four sampling po r t s  were 

i n s t a l l e d  along t h e  s h o r t e r  s i d e  of t h e  26 1/2 by 34 3/4 inch v e r t i c a l  

r ec t angu la r  s t ack .  The ports were loca ted  about 8 inches (0.025duct diameters)  

upstream from t h e  s t a c k  e x i t  and 3 2  1/4 inches (1 .07 d K t  diameters)  downstream 

f r a n  t h e  fan.  Because of t h e  c lose  proximity of t he  flow d is turbance  ( s t a c k  

e x i t )  downstream of t h e  p o r t s ,  t h i s  l o c a t i o n  d id  not m e e t  EPA Method 1 sampling 

requirements: a planned s t a c k  extension was refused by EPA f o r  reasons of 

excess ive  a d d i t i o n a l  cos t .  

For  t h e  EPA Method 5 sampling (used f o r  p a r t i c u l a t e  mat ter ,  hexavalent 

chraniun, and t o t a l  chraniun detexminat ions) ,  a t o t a l  of 24 p o i n t s ,  6 p e r  a x i s ,  

were sampled. Each po in t  was sampled f o r  12 minutes for a t o t a l  sampling time 

of 288 minutes .  

4.3  VELOCITY AND GAS TEMPERATURE 

A type  S p i t o t  tube and a n  inc l ined  d r a f t  q a q e  mananeter or h o  

d i f f e r e n t i a l  p ressure  gauges i n - p a r a l l e l  were rsed t o  measwe t h e  gas ve loc i ty  

p re s su re  ( p ) .  Velocity pressures  were measured a t  each sampling p i n t  across  

4-5 
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FIGURE 4-3.  SCRUBBER OUTLET (SAMPLING LOCATION B)  



w e  duct  t o  determine an average value according t o  t h e  procedures ou t l ined  i n  

Method 2 of t h e  Federal  Regis ter .*  The temperature a t  each sampling poin t  was 

measured using a thennocouple and d i g i t a l  readout.  

4 . 4  MOLECULAR WEIGHT 

Flue gas c a p o s i t i o n  was e s s e n t i a l l y  t h a t  of t h e  ambient a i r  drawn i n  frcm 

above t h e  p l a t i n g  tank. Therefore ,  t h e  dry molecular weight and canposi t ion of 

a i r  was med. 

4.5 PARTICULATE MATTER 

Method 5 ,  a s  described i n  t h e  Federal  .Regis te r ,*  was used t o  measure 

p a r t i c u l a t e  g ra in  loading a t  loca t ions  A and 6.  A l l  tests (except  t h e  s p e c i a l  

high volune run) were conducted i s o k i n e t i c a l l y  by t r ave r s ing  t h e  

c ross -sec t iona l  a r ea  of t h e  s t a c k  and r egu la t ing  t h e  sample flow r a t e  r e l a t i v e  

t o  t h e  flue gas flow r a t e  a s  measured by t h e  p i t o t  tube a t tached  t o  t h e  sample 

probe. A sampling t r a i n  cons i s t ing  of a hea ted ,  g l a s s - l i ned  probe, 79 nun 

( 3  i nch )  [or 102 mm (4  inch)  for t h e  high volune run] diameter Teflon f i l t e r  

(Sch le i che r  & Schue l l ) ,  and a series of Greenbug-Smith impingers was employed 

f o r  each test. An acetone rinse and a water  rinse of t h e  nozzle,  probe, and 

f i l t e r  ho lde r  por t ions  of t h e  sample t r a i n  were made a t  t h e  end of each t e s t .  

The p a r t i c u l a t e  c a q h t  on t h e  f i l t e r  media was dr ied  a t  roan temperature,  t h e  

canbined acetone and water r i n s e  was taken t o  dryness i n  an oven; both were 

des icca ted  t o  a cons tan t  weight,  and weighed on an a n a l y t i c a l  balance.  Tota l  

f i l t e r a b l e  p a r t i c u l a t e  mat te r  was determined by adding these  t h r e e  values .  See 

Appendix C for d e t a i l e d  sampling procedures. 
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4.6 IMPINGER COLLECTION EFFICIENCY 

A sample t r a i n  s i m i l a r  t o  t h a t  used f o r  EPA Methods 1-5 was w e d  t o  measure 

t h e  impinqer c o l l e c t i o n  e f f i c i ency  a t  t h e  scrubber  i n l e t .  The t r a i n  did not 

conta in  any f i l t e r ,  i n s t ead  a f i l t e r  bypass was i n s e r t e d  i n  t h e  l i n e  and th ree  

Greenburq-Smith impinqers each containing 100 m l  of d i s t i l l e d  water w e r e  wed  

t o  c o l l e c t  t h e  emissions. The impinqer t r a i n  t e s t s  were run s imultaneovsly 

with t h e  Method 5 tes t s  and were conducted i s o k i n e t i c a l l y  by t r a v e r s i n g  the 

cross-sec t iona l  a r ea  of t h e  s t a c k  and r egu la t ing  t h e  sample flow r a t e  r e l a t i v e  

t o  t h e  f l u e  gas flow r a t e  a s  measured by t h e  p i t o t  tube a t tached  t o  t h e  sample 

probe. The contents  of each impinqer were recovered s e p a r a t e l y  a t  t h e  end of 

each test. 

these  rinses were then added t o  the  corresponding impinqer conten ts .  The probe 

and f i l t e r  bypass were also r insed  with both acetone and water  and these  rinses 

were added t o  t h e  first impinqer contents .  The conten ts  and r in ses  f r a n  each 

impinger were concentrated and analyzed f o r  hexavalent and t o t a l  chraniun 

content .  

Each impinqer'was r insed f i r s t  w i t h  acetone and then with water: 

4.7 HEXAVALENT CHIIDMIUM CONTENT 

Hexavalent chraniun content  was detennined u t i l i z i n g  procedures described 

i n  t h e  t e n t a t i v e  EPA Method "Determination of Hexavalent Chraniun Emissions 

fran S ta t iona ry  Sources" (see Appendix C). The Method 5 f i l t e r  catches 

c o l l e c t e d  and weighed f o r  each Method 5 run and t h e  impinqer t r a i n  impinqer 

catches were taken and analyzed f o r  hexavalent chraniun con ten t ' u s inq  t h i s  

method. It was a l s o  used t o  detennine t h e  

f i r s t  impinger f o r  r ep resen ta t ive  Method 5 

40 CFR 60, Appendix A,  Reference Methods 
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4.8 TOTAL CHWMIUM CONTENT 

T o t a l  c h r a n i m  content  w a s  detennined using procedures descr ibed i n  t h e  

"EMB Pro to tco l  f o r  Sample Preparation and m i s s i o n  Calcula t ion  of F i e l d  Samples 

f o r  T o t a l  Chranim" i n  canbinat ion with Neutron Act ivat ion Analysis ( N A A )  (see 

Appendix C ) .  Samples co l l ec t ed  during Method 5 and impinger t r a i n  runs and 

f i r s t  s u h i t t e d  for ana lys i s  for hexavalent chraniun were then analyzed f o r  

t o t a l  chraniuo using this method. 

ilF' 
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5.0 QUALITY ASSURANCE 

Because t h e  end product of t e s t i n g  is  t o  p rodwe  rep resen ta t ive  emission 

results, q u a l i t y  assurance is one of t h e  main f a c e t s  of s t a c k  sampling. 

Q u a l i t y  assurance guidel ines  provide t h e  d e t a i l e d  procedures and ac t ions  

necessary f o r  def in ing  and prodwing acceptab le  da ta .  Two such docunents were 

used i n  t h i s  t e s t  program t o  ensure t h e  c o l l e c t i o n  of acceptable  da ta  and t o  

provide a d e f i n i t i o n  of unacceptable data .  These docunents a re :  t h e  EPA 

Q u a l i t y  Assurance Handbook Volune 111, EPA-600/4-77-027 and Entropy 's  "Qml i ty  

Assurance Program Plan" which has been approved by t h e  U. S. EPA, EMB. 

Rela t ive  t o  this t e s t  program, t h e  fol lowing s t e p s  were taken t o  ensure 

t h a t  t h e  t e s t i n g  and a n a l y t i c a l  procedures prodmze q u a l i t y  data .  

Ca l ib ra t ion  of f i e l d  sampling equipnent.  (Appendix D descr ibes  
c a l i b r a t i o n  guide l ines  i n  more d e t a i l . )  

0 Check4 of t r a i n  conf igura t ion  and on ca lcu la t ions .  

O n - s i t e  q u a l i t y  assurance checks such a s  sampling t r a i n ,  p i t o t  
t ube ,  and Orsa t  l i n e  leak  checks, and q u a l i t y  assurance checks of 
a l l  t e s t  equipnent p r i o r  t o  use. 

Use of designated a n a l y t i c a l  equipnent and sampling reagents.  

Table  5-1 sunmarizes t h e  on-s i te  a u d i t  da ta  shee t s  f o r  t h e  sampling 

equipnent used f o r  p a r t i c u l a t e  t e s t i n g  a t  each sampling loca t ion ,  including 

dev ia t ion  limits. In add i t ion  t o  the pre- and p o s t - t e s t  c a l i b r a t i o n  a u d i t s ,  a 

f i e l d  a u d i t  was performed on t h e  meter boxes used f o r  sampling. Entropy used 

t h e  procedures descr ibed i n  t h e  December 14, 1983 Federa l  Regis te r  (48FP.55670). 

I n  add i t ion ,  t h e  a n a l y t i c a l  balance used f o r  f i l t e r  weighing was audi ted  with 

Class  "S" weights. Appendix D includes t h e  a u d i t  run da ta  shee t s  f o r  each d ry  

gas meter  used fo r  p a r t i c u l a t e  t e s t i n g  and a u d i t  da ta  shee t s  f o r  t h e  o the r  

sampling equipnent. 
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TABLE 5.1. FIELD EQUIPMENT CALIBRATION 

E q u i pment 

Wi th in  

Reference E r r o r  E t  r o  r L i m i t s  
A1 lowable Actual A1 lowable 

Meter box (N-6) 

Meter box thermometer 

T r i p  balance I 

Meter box (N-5) 

Meter box thermometer 

T r i p  bal ance 

A n a l y t i c a l  balance 

Wet t e s t  meter Y + 0.03Y t0.025 v,, 
ASR4-3F a t  ambient 5OF +1 OF 7/ 
IOLY standard weight 0.5 grams 0.1 gram 1/ 

.J 

- 

temperature 

C1 ass "S" standard 0.1 mg 0.02 mg 
weight 

Wet t e s t  meter 

ASTM-3F a t  ambient 
temperature 

IOLM standard w i g h t  

Meter box (N-8) 

Meter box thermometer 

Y - + 0.03Y t0.0158 
5OF -2OF 

0.5 grams 0.1 gram 

T r i p  balance 

Ana ly t i ca l  balance 

Ana ly t i ca l  balance ?/ C1 ass "S"  standard 0.1 mq 0.02 mg 
weight  

Wet t e s t  meter 

ASM-3F a t  ambient 
temperature 

IOLM standard w i g h t  

5-2 

Y - + 0.03Y t0.016 

5OF O°F 

0.1 gram 0.1 gram 

C1 ass "S"  standard 
weight  

0.1 mg 0.02 mg 



Audit s o l u t i o n s  prepared by the  EPA w e r e  used t o  check t h e  a n a l y t i c a l  

procedures of t h e  l abora to r i e s  conducting t h e  hexavalent  and t o t a l  chraniun 

analyses .  Table 5 - 2  presents  t h e  results of these  a n a l y t i c a l  a u d i t s .  The 

a u d i t  t e s t s  show t h a t  t h e  a n a l y t i c a l  techniques were good. 

% I  
I 
8 The sampling equipnent,  reagents ,  and a n a l y t i c a l  procedures for t h i s  test 

s e r i e s  were i n  canpl iance with a l l  necessary guide l ines  s e t  f o r t h  f o r  a c c w a t e  

tes t  results a s  descr ibed i n  Volune I11 of t h e  Qual i ty  Assurance Handbook. 
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TABLE 5.2. AUDIT REPORT CHROKIUM ANALYSIS 

Plant: COS. Ohin Task No.: 5021 
Date samples received: 

Sample analyzed by: 

Reviewed by: Tc* Gdh- Date of review: 

7/ 2 1 6 7 Date analyzed: 7/ju 8s- 

Relative Source oE Audit 
Sample Value error, % 

Sample 
Number 
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I 
I 
I 
I 
t 
I 
1 
I 
1 

k 

1.3s 
1 2 8  
1 ,::a 
1.38 
1 28 
1.38 
1 .5* 
1 .58 
1 .58 
1 .58 
1.55 
1.58 
1.58 
1.58 
1 .5!3 
1 .58 
2 .so 
2.53 
2 . 3  
2.53 
2.5.3 
2.53 
2.53 
L .53 
2.53 
2.53 
2.53 
2.53 
2.53 
2.53 
2.53 
2.53 

-7 

2.010 
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rl 3 ljPi/fl3 
113.0 
20.0 
.?0.0 
40.0 
50.0 
6o.o 
70 .!I 
:30.13 
'20.0 
100.0 
110.0 
120.0 
130.0 
140.13 
150.0 

10.0 
211 .I) 
30.0 
40.0 
50.0 
60.0 
70.0 
*A .I3 
90.0 
1 IO0 .0 
110.0 
1 213.0 
1 .?O.Il 
1 4ij.tj 
150.0 

A 160i0 

FINAL 320/0FI 
DIFFt' AVG. 

. 

1 .45 
1.43 
1.45 
1.58 
i .%? 
i .y:3 
=e 

.58 
c n ..A? 

co ._I., 

.75 

.75 

.Sf, 
1 .e6 
L.l u 
2.1 0 
i . 1 0 
2.10 
2.10 
2.10 
2.113 
2.1 0 

2.27 

2.27 
2.27 
'7 - .- "7 

2.27 

-c i J 

-c . f J 

., 

.-. 

.-. .,- 
C.6 i 

._I .>- L . L /  

.-, .:.7 
&...I 

1.897 
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PARTICULATE F I E L D  DATA & RESLILTS TABCILATION 

PLANT: 12.5. Ohm, D e t r o i t ,  M i c h i s a n  

SAMPLING LOCATION __-__--_---_----_ 
Sc  r u  to be r I n 1 e t  

I TEST TEAM LEADER ---_-----__----- 

Gera rd  M. !::art.), ,-. - 4 .>c r u b be r I n  1 c t 

7 

RlJN DATE 

RUN START T I N E  
RUN F I N I S H  TIME 

NET SAMFL I NCi P O I  NT8 

I G e r a r d  M. C :ar tY  

1 4 7 

I 
8 
I 
I 

320.  ( j i j  T h e t a  NET FtLw TIME. MINUTES :I-:zu. 0I:l  d2l:l. SIO 

Dia NOZZLE DIAMETER, INCHES 0. 252 0.252 0.252 

* -  

C P  P I T O T  TUBE COEFFICIENT CI. 240 0. a40 0. 840 

Y DRY GAS METER CAL. FACTOR 0 . 9.7 ,:< CI . '999 I). 999 

Pbar BAROMETRIC PRESSURE. I N .  HG. 29. 00 29.20 29.20 

D e l t a  H AVO. PRESS. DIFFERENTIAL OF Z.010 1 . w 7  1.904 
O R I F I C E  METER, I N .  H2O 

Vm 

1 
VOLUME OF METERED GAS SAMPLE 254.167 247.523 251.366 

DRY ACTUAL CLIBIC FEET 

t m DRY GAS METER TEMP. 9 UEG. F cJ7 135 '9 6 

VKI( r t d )  VOLCINE OF METERED GAS SAMPLE 234 . '?""> c I _ I C b  .-, &,4. 7.. 821 234.253 
@ DRY STtl.  COND. I DC:CF* 

I 
I 
Y 

v1 c VOLUME OF WATER CATCH I N  50. 0 50. 0 .XI. 1:I 

IMPINGERS & S I L .  GEL.,ML 

V w ( s t d )  VOLUME OF WATER VAPOR, SCF* 2.334 2.354 L .354 

XH2O MOISTURE, PERCENT BY VOLIJME 1.0 1 . 0 1.0 

Mf J DRY MOLE FRACTION 0.390 0. 93CI 0. 3*?0 

( c o n t i n u e d  n e x t  Page) 
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M d 

M s  

Ps 

PS 

t s  

Del t a  P 

V S  

A 

IC! 5 83 

Q a w  

%I 

mi 

sr./KI!X:F 

L h / H r  

DRY MlIlLECLlLAH WT, LH/LH-MOLE 

WET MOLECULAR WT, LH/LF-MOLE 

im:: STATIC PRES:?., I p j .  H ~ C I  

AHSOLCITE GAS PRESS., IN .  HC;. 

OAS TEMPERATURE, DEI:;. F 

AVO VELIOCITY HEAD, I N .  H2i1 

FLUE GAS VELOCITY, FT/!?EC: 

STACK/Dl.lCT AREA, SCJCIAHE I N .  

GAS FLUW RATE, DRY SCFM ic 

GAS FLOW HATE. WET ACFM 

PERCENT I :3OK I NET I C  

METHCEI 5 RESCILTS: ** 

CATCH. MILLIGRAMS 

CONCEN. 9 GRAINS PER KICCFa 

EMISSION RATE, LBS/  HOUR 

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

HEXAVALENT CHROM I IJM : 

CATCH. MILLIGRAMS 
-------_------______ 

TOTAL CHRCIM ILIM: ----____----_-_ 
CATCH, MILLIGRAMS 

1 . c1 

0. 000 1 0.0001 

CI . 0 1 0.01 

(13.4) (20.E:) 

(45.4 1 (28.9) 

** Efficiency run impinger catches were n o t  gravemetrically analyzed for  
p a r t i c u l a t e  determination. 
purposes only a n d  does n o t  represent  a t rue  v a l u e .  

The value o f  1 .O mg was entered f o r  ca l cu la t ion  

A-7 
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AlR FLCiW H A T E 5  :.: m i  1 1  i o n :  

4 

77 

25 

7 6. 

24 

I 

E m i  s s i o n  s . ks  /h  r 

E m i s s i o n s ,  1 b / h r  

HEXAVALENT CHHOM I UM: _-_-________________ 
C o n  ce  n t r a t i o n  , rris / d s cm (2.350) (2.015 ) (:?:. 1%) ms/dscnl 

C n n c r  n t r a  t i on , s r / d  sc f ( 0.00 1 c13 ) (0.000:3:3) ( 0.00137) s r / J s c f  

Emi s s i on s I ks  / h r  

E m i s s i o n s ,  1 h/hr  

i ** Efficiency r u n  irnpinger catches were not gravernetrically analyzed f o r  
p a r t i c u l a t e  determination. 
purposes only and does not represent  a t r u e  value.  

The value o f  1 .O mg was entered f o r  ca l cu la t ion  

( ) = 10-3 



011 i o  
1 Il .:1 
213.13 
:?O.l> 

4Cl.O 
50.0 
513.0 
70.0 
8I).lj 
90.0 
10ij.i:i 
110.0 
I ;u .o 
i r.0 .I3 
I413.U 
1511.0 
1 513/0 
10.0 
20.0 
30 .n 
40.13 
50.11 
611.0 
70.0 
80.0 
911 .I3 
1I:Nj.l:: 

1 1 0 . I 2  
1 20 .I3 
130.0 
1 40 .0 
1513.0 

4 .,- 
.^ 

f, 

-- 
1 1  ll.1368 

I 
1 
I A- 9 
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I 
1 
I 
I 
1 
I 
1 
I 
1 
I 
I 
1 
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I 

iOW/o 
1 0.0 
LU.O 
30.0 
Acl.l:l 

50 .0 
60.0 
70.0 
:2l:l.l) 

90.0 
100.0 
110.0 
120.0 
130.0 
140.0 
150.0 
150:o 
10.0 
20 .o 
30 .o 
40 .0 
50 .0 
60 .0 
70 .D 
:20.0 
'20.0 
l:jO.0 
110.0 
120.0 
130.0 
140.0 
150.0 

._I - 
iIi.401:1 
0.4c0 
!:l..$7i: 
0.470 
I? ,521j 
9.520 
ij.521:t 
0.520 
0.41:lI3 
n.400 
lO.400 
0.400 
lU.47I3 
0.470 
t:1,450 
0.450 
0.:37t:1 
13.250 
13.250 
13.250 
0.250 
3.250 
!:I ,3013 
0.3m 
cl.~l:l13 
13.400 .-, *=,- ._ ,% J 
0.550 
13.570 
0.570 
o.5iio 
0.500 

1j.415~22 

1 .75 
1 .?5 
;.M 
2.06 

2.Z8 

2.28 
1.75 
1 .75 
1.75 
1.75 
2.136 
2.06 

., - - 

.-. .7,- i.iO 

.:. ')<, 
-.-._I 

.a? 

.97 
,152 
.10 
. i n  
.I0 
. I  13 
. I  11 

1.31 
1 .3: 
1 .?5 

2.41 
2,+1 
2 . w  
2.4'3 
L I S 2  
2.19 

< -c 
I . i-.I 

1 .75 
I .75 
2.06 
i.116 

2.2'3 
2.28 
2-18 
I .75 
1 .79 
1 .75 
1 .75 
2.06 
2.06 
1.827 
1 .97 
1 .62 
1 . 1 l l  
1 .10 
1 .IO 
1 .113 
1 .10 
1 .:?I 
1.31 
1 .75 
1 .75 
2.41 
2.41 
2.49 
2.49 
, . l a  
2.13 

- .  

i. .-,,-, L .L.) 

1.851 

4 .u 
.?.I3 
5.0 
5.0 
5 .0 
5 .O 
.,.U 
5.0 
4 . I 1  
4 .o 
4 .I3 
4 .0 
4.0 
5.0 
5.0 
5.0 
4 .0 
4.0 
4 .I3 
3.0 
:3.0 
:3.0 
3.0 
3 .a 
4 .0 
4.0 
9 .J 
5 .0 
5.0 
5 .D 
5.0 
5.0 

c -  
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P4RTICULATE F I E L D  DATA & RESLILTS TARCILATION 

PLANT: C.S. Ohm, Detroit, Michisan 

1 '  
I 

RLIN ----- 
.-, 
i 

5 

8 

T h e t a  

Dia 

c P 

Y 

Phar 

Delta H 

v RI 

t m  

Vm1( s t J  ) 

v 1  c 

vw ( 9 t d ) 

%HZO 

M f d  

S c r  u h her I n 1 e t C;erarrJ M. C:artY 

S r  r u b be r I rI 1 e t  

I 
IGerard M. Cart.,* 

2 5 :3 ---- - - - - - - - - - - -- -- - -- _-- 

I 
1420 I 

1 

RLlPJ DATE O b  / 1 :3 / s5 Oh/ 1'3/:35 06 / 20 / 85 

qcr RUN START T IME 1 c104 C l J J  

1404 1531- RUN F I N I S H  T I N E  JL rJ 

NET SAMPLING POINTS ._.L 32 :32 

320. iI0 NET F U N  TIME, MINUTES .JiO. uG:l 

NOZZLE I)IAMETER, INCHES 0. 257 <I. 257 0 .  257 

P I T O T  TUHE COEFFICIENT 0. :340 0. 840 0 . Y 4 C I  4, 

.:, -, 

.- - .JZO. 00 .- -, 

l m O l l  I 
DRY GAS METER CAL. FACTOR 1. ClCIl) 1 . c)l:ll:l 
BAROMETRIC PRESSURE, I N .  HG. 23. 00 29 . 20 29.20 I 

FIVE;. PRESS. D I FFERENT I A L  OF 1.749 1.645 1.851 1 
I 
I 
1 
I 

O R I F I C E  METER, I N .  H 2 U  

241. :376 255.029 VOLCIME OF METERED GAS SAMPLE 251.317 
DRY ACTUAL CUBIC FEET 

DRY GAS METER TEMP., DEG. F 101 84 95 

VOLIJME OF METERED GAS SAMPLE 230. 186 22.7 . .  c77.2 240.408 
@ DRY STD. COND. , D3CFa 

VOLUME OF WATER CATCH I N  37.2 65.3 62.2 
IMPINGERS S I L .  GEL..ML 

VOLUME OF WATER VAFOR, SCF* 1.751 3.074 2.928 

MOISTURE, PERCENT BY VOLUME 0.8 1.3 1.2 

DRY MOLE FRACTICIN 0.992 0.987 0. 988 

A-12 
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M J  

Ms 

PS 

Pr. 

ts 

Delta P 

v5 

A 

clsd 

Q a w  

%I 

IT1 9 

SP/DSCF 

L h / H r  

DRY MOLECULAR WT, LR/LB-MOLE 

WET MOLEC:CILAR WT, LH/LH-MOLE 

GAS STATIC FRESS., IN.  H2CI 

AH'XILCITE CiAS PRESS. , IN .  HIG. 

GAS TEMPERATURE, UEG. F 

AVCi VELOCITY HEAEIv I N .  HZO 

FLUE GAS VELOCITY, FT/SEC 

STACK/DI-ICT AREA, SQUARE I N .  

GAS FLOW RATE, DRY SCFM 9 

G A S  FLOW RATE, WET ACFM 

PERCENT ISUKINETIC:  

METHOD 5 RE8CILTS: ------------------ 
CATCH, MILL I GRAMS 

CUNCEN., GRAINS PER DSCF9 

EMISSION RATE, LBS/HOCIR 

HEXAVALENT CHROM ICIM: 

CATCH. MILLIGRAMS 
.................... 

TOTAL CHROMICIM: --------_-__--_ 
CC+TC:H, MILLIGRAMS 

9 68 Des. F - 29.92  in. Hs. 

A-13 

r, 
L 

(3.5) 

.-,,, &;. :34 

26.71 

-2 . . 1.1 
2.7. 0.5 

79 

0. 4 157 

37.2 

E:O4, 2 

11, 719 

12,475 

99. 2 

6.7 

0. 0004 

il. 04 

( 4 . 2 )  

( 1 0 . :E: ) ( 16.2) 



RClN NCIMBER 

FLUE GAS TEMPERATURE: ___--__-_____________ 
t w s r e e s  F a h r e n h e i t  

nesrces G e n t i s r a d e  

A I R  FLDW RATES x mi 1 1  i o n :  ___--__-_________________ 
CICtlJal C I J b i c  M e t e r s / h r  

A c t u a l  C u b i c  F e c t / h r  

nr.-i S t d .  C u b i c  M e t c r s / h r  

Drv S t d .  C u b i c  F e e t / h r  

PART1 CULATE: -_------_--_ 
Cnnce f t  t ra t ion, ms / d s CITI 

Con ce  n t r a  t i o n  , s r / d s c f 

E m i s s i o n s ,  l:s/hr 

E m i s s i o n s ,  1 h / h r  

HEXQVALENT CHROMIUM: 

C o n c e n t r a t  i o n .  ms/dscm 

C:o n cc n t ra t i o n  , s r / d s c f 

E m i s s i o n s .  k s / h r  

E m i s s i o n s ,  1 h / h r  

TOTAL CHRClMIIJM: _______________  
Crn n ace n t r a t i or ,  , 

1I:o n c e n t r a t i o n  , 

Em i s s i n s , k~ / h r 

E m i s s i o n s ,  1 b / h r  

m s  / d s ncm 

3 r / d 5 c f 

77 

25 

0 .  C1206 

0.7252 

0.13194 

15.6950 

1.273 

0.00056 

0.025 

0. 054 

0.123) 

00005 ) 

0.002) 

0.005 

( 1:). 537 ) 

(0. ol5cl2::: ) 

( l 3 . c I l 0  ) 

(0.023) 

A-14 
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5 --_____ 

77 

.-.= 
L .I 

0. 0200 

0 .  7045 

0 .  0 1 :3:3 

15. c.633 

0. 200 

0 .  l3ol:~~:l3 

0. 004 

0. 00s 

(0.430) 

(0. 000 1 9  ) 

( (3.008) 

(0.018) 

( 1 , t.55: ) 

(0. 00072 ) 

( 51. c13 1 ) 

( 0 .  069 ) 

. . . . . . . . 

s 

I 79 d e s .  F 

.-, Lb de3. 1: 

0. 020 k s / h r  

0.043 1 b / h r  

(0.617) ma/dscm 

( 2 .  3380) ms/ds,, I 

(0. 104) 1 b / h r  I 



EXAMPLE PARTICULATE TEST CALC:IJLATIi:iN:; NO. 2 

5 c  r IJ ts be r I n 1 e t  

VOLUME OF WATER VAPlSR AT !STANDARD II:I:iNUITIUNS 

V w < s t d )  = 0.04707 * V l c  

V w ( s t d )  = r3.04707 * 37.2 = 1.751 C:CF 

Ms = ( M d  * M f d )  + (0.18 Q %H2O) 

Me = 2:3.34 9 0.992 + (0.18 * 0.8) = 28.75 LA/LB-MOLE 

A-15 



DRY VOLIJMETR IC FLUE GAS FLOW RATE STANDARD 1C:ClNtlI T I ONS 

I 

Qaw = 60 / 144 9 vs * A 
I 

A-16 
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'I 
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I 
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7 !E 
5.60 
3.68 
2.25 
1.25 
2.34 
J.43 
4.18 
2.1 7 
0.67 
0.50 
1 .76 
:?.76 
6.1 1 
.;. .l-I 1 
10.84 
3.59 
2.43 
:2.03 
4.60 
5 .!35 
3 .93 
:?,sf 
4.10 

- 

7.10 
.,.010 
3 -_ I  .,.nt. 
'7 76 
I .25 
2.:?4 
4.43 
4.18 
2.17 
0.67 
0.50 
1 . i 6  
:2.76 
6.1 1 
3.01 
0.84 
0.59 
2.43 
3 .oq 
4.60 
.i.h 
3.w 
3.51 
4.10 

5 -  

- .- 

c ?C 

3.240 

.- 

A-18 

1'2.0 
'3 .0 
5.0 
4.11 
1 .o 
1 .0 
6.0 
6 0 
'3.0 
1 .0 
1 13 
1 .0 
5.0 
3 .0 

1 .0 
1 .o 
1 .D 
5 .11 
6.11 
8.0 
6 .0 
5.13 
6.0 

c -  .J.U 

I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



i:tpl /!:I 

l2.Il 
24.1) 
.36 .I] 
49.0 
eO.o  
72/11 
12.0 
24.0 
38.0 
38 .I3 
80.0 
144i0 
12.0 
24 .I3 
36.0 
4:s .i) 
60 .0 
21610 
12.0 
24.0 
36.0 
49 .0 
90.0 

AL 25810FF 
F/AVF. 

I 
I 
I 
I 
I 
I 

:3.161 i 5  
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OM:U 
12.0 
24.0 
36.0 
4:3.1j 
611.0 
lL/O 

1Z.U 
24 .1:1 
26.13 
4:3.13 
m.0 
144i0 
12.0 
24 .1:1 
36.0 
42.1) 
el).o 
216:l) 
12.0 
24.0 
36.0 
48 .lj 
60.0 

-._. . 

1U.341j 
0.650 
0.410 
11.280 
Ci.1611 
0.310 
0.5411 
0.480 
0.260 
0.100 
0.080 
0.230 
0.420 
0.690 
111 .::so 
0.080 
0.06U 
0.280 
0.350 
0.500 
13.i00 
0.500 
0.440 
0.480 

11.35225 

- 
I .SF, 
5.44 
3.43 
L . . A  
1 .34 
2.5G 
4.52 
4 0 1  
2.17 
0.84 
11.67 
1 .g2 
3.51 
5.77 
2 3:: 
0.67 
0.511 
2.34 
2.63 
4.18 
5.85 
4.18 
:> .cz 
4.01 

m m  

6.80 
5.44 
12.42 
2.34 
1 .:>4 
L.J3 
4.52 
4.131 

0.84 
I:I.E.7 
1 .32 
3.51 
5.77 

0.67 
13.51) 
'..,4 
L 4'3 
4.18 
5.85 
4.18 
::.f;a 
4.01 

3.132 

_ I C  

.- ' 7 i., I 

.-, ,-., L . 3 3  

., i 

., 

1 2 .I1 
9 .0 
f# .o 
4 .o 

5.0 
7.0  
7 .n 
4 .I1 
1 .0 
1 .I3 
4 .I1 

6.11 
111.13 
5.u 
1 .0 
1 .o 
4 >I 
5 .0 
7 .0 
'2 .0 
7 .0 
5 .I3 
I .n 

2.13 

- 

A-20 

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



I 
I 
I 
I 
I 
I 
1 
I 
,I 
1 

I 
I 
I 
I 
1 
I 
I 

jl 
I 

PART1C:ULATE F I E L t t  DATA P, RE!XlLTS TAPCILATION 

PLANT: C . S .  Ohm. Detroit, Michisan 

RClN ----- 
.:, 
-1 

6, 

3 

T h e t a  

D i 3 

c: P 

Y 

P t a r  

n e l t a  H 

Vm 

t m  

V m ( s t d )  

v 1  8: 

V w ( s t d )  

XH20 

M f d  

3 6 

RUN DATE 

RClN START TIME 
HUN F I N I S H  T I M E  

NET SAMPLINIG POINTS 

NET RUN TIME, MINUTES 

NOZZLE DIAMETER. INCHES 

P I T O T  TClBE COEFFICIENT 

DRY GAS METER C A L .  FACTOR 

HAROMETRIC PRESSURE, IN. HG. 

GVG. PRESS. [ I IFFERENTIAL O F  
O R I F I C E  METER, I N .  H2O 

VULIJME OF METEREn GAS SAMPLE 
DRY ACTUAL ClJPIC FEET 

DRY ICiAS METER TEMF.. DEG. F 

VCILCIME O F  METERED GAS SAMPLE 
C? DRY STD. CONI). , D8CFa 

VClLUME O F  WATER C:ATC:H I N  
IMPINGEHS & S I L .  EEL., M L  

VOLUME OF WATER VPIPUR. !XF* 

MOISTCIREv PERCENT BY VOLUME 

DRY MOLE FRACTION 

( c o n t i n u e d  next page) 

A - 2 1  



M d 

Ms 

P s  

Fs 

t s  

De1 ta P 

vs 

A 

Q s d  

Q 3 W  

%I 

rns 

sr./DSCF 

Lb/Hr. 

DRY MOLECULAR WT. LR/LR-MOLE 

WET MOLECULAR WT, LH/LR-MULE 

GAS STATIC: PRESS., IN. H2Ci 

AH30LCITE i:iAS FREE:S. , I N .  HG. 

GAS TEMPERATLIKE, E O .  F 

AVO VELOCITY HEAD, IN. H20  

FLCIE GAS VELCCITY, FT/SEC 

STPICK/DIJCT AREA. SC2LiAHE IN. 

GAS FLOW RATE, DRY SCFM Q 

GAS FLOW RATE, WET AC:FM 

FERCENT ISCKINETIC:  

METHIXI 5 RESILILTS: ** 

CATCH, MILLICiHAMS 

CONCEN., GRAINS PER 13sCFQ 

EMISSION RATE, LHS/HOUR 

--------__--___-__ 

HEXAVALENT CHRUMICIM: 

CATCH. MILLIGRAMS 

TOTAL CHROMIUM: -----__________ 
CATCH, MILLIGRAMS 

Q &E: Des. F - 2'3.92 in. Hs. 

3 

28.54 

28. 

-0.4 

28.37 

A 8  

(:I. 3544 

34.1 

921.0 

12,477 

13.077 

94.2 

1.0 

0.0001 

0.01 

(2 .1)  

( 18.8) 

9 I 

I -0.3 

12 t 404 

I 
Y4.5 

l m C J  I 0. 000 1 

** P a r t i c u l a t e  catches f o r  r u n  Nos. 3 and 9 were n o t  q u a n t i f i a b l e .  The va lue  
o f  1.0 mg was en te red  f o r  c a l c u l a t i o n  purposes o n l y  and does n o t  rep resen t  a 
t r u e  va lue .  

( ) = 

( 3 . 2 )  I 
( 14. E:) I 
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1 
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I 

I I 

D r u  S t J .  C u b i c  Fee t /h r  

PARTICULATE: ** -_--__--____ 
C o n  c e  n t ra t i D n , ms / d s c m  

C:o n c e n t ra t i o n , 9 r / d s c f 

Emi  s s i o rts, k s /  h r  

Emiss i cnns ,  l b / h r  

HEXAVALENT CHHOM I UM: --____--____________ 
00 n c e rl t ra t i o rl, m ~ l /  s cm 

Con CE n t r a t i n n , s r / d s c f 

E m i  s s i o ns  , k s /  h r  

E m i s s i o n s ,  1 b / h r  

TOTAL CHROMICIM: 

72 des. F 

22 nje.3. C 

Co rl ce n t ra t i a n  , 

C:n n ce n t ra t i u n , 

Em i s s i an r. , k:~l / h r 

E m i s s i o n s .  1 b/hr 

m s  / d s r m  

s r / r. c f 

** Par t i cu la t e  catches fo r  run Nos. 3 a n d  9 were not quan t i f i ab le .  The value 
of  1.0 mg was entered for  ca l cu la t ion  purposes only and does n o t  represent  
a true value.  

( = 
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PART1C:ULATE F I E L D  LIATA & RESULTS TABULATION 

PLANT: 0.S. IShm, 

HLIN 

:I; R 
-_--- 

T h e t a  

Dia 

1: P 

Y 

Phar 

D e l t a  H 

Vm 

t m  

Vm( s td ) 

v1 c 

v w  ( 5 t J  ) 

XH20 

M f d  

RUN CIATE 

RClN :START T I M E  
RUN F I N I S H  T IME 

TEST TEAM LEADER 

.7 NET SAMPLING Pil INTC; i 

NET RlJN TIME, MINIJTES 503.  013 

NOZZLE tIIAMETER. INCHES !I. 3&,4 

P I T O T  TIJBE C:OEFFICIENT O. ~ : 4 1 j  

DRY GAS METER CAL. FAC:TOR 1 . C l O C l  

BAROMETRIC PRESSURE, I N .  HG. 2'9. 20 

AVG. PRESS. D IFFERENTIAL  OF 4. 500 
O R I F I C E  METER, I N .  ti20 

VOLCIME O F  METERED GAS SAMPLE 6.14. 803 
DRY ACTUAL CUHIC FEET 

DRY GAS METER TEMP. I DEG. F 95 

VOLCIME OF METERED GAS SAMPLE 577 .057  
E! DRY STD. CONU. I tlSCF* 

VOLClME OF WATER CATi:H I N  27. b 
IMPINGERS % S I L .  C;EL.vML 

VOLIJME OF WATER VAPCIR, SCFa 1 . 299 
MOISTURE I PERCENT BY VClLClME 0.2 

DRY MOLE FRACTION 0. 99'2 

( con t i n ue d next past ) 
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M J 

Ms 

Ps 

Ps 

ts 

Delta P 

vs  

A 

QSd 

Q a w  

%I 

ms 

9 r  /DSCF 

Lh/Hr  

DRY MI3LEC:IJLAR WT, LWLB-MOLE 

WET MC1LEC:CILAR WT, LH/LB-MOLE 

GAS S T A T I C  PRE!S:S. , IN. H20 

ABSOLLITE GAS PRESS., IN. HG. 

GAS TEMPEHATUREv LEG.  F 

AVG VELCICITY HEGD, I N .  H2O 

FLUE GAS VELOCITY, FT/SEC: 

STACK/DCIC:T AREA, S W A H E  I N .  

GAS F L O W  RATE, DRY SC:FM 9 

GAS FLOW RATE, WET ACFM 

PERCENT I S O E I N E T I C  

METHOD 5 RE!3-ILT!3: -_________________  
CATC:H. MILLIGRAMS 

CONCEN. I GRAINS PER tISCF9 

EM1SE;ION RPITE, LFS/HOIJR 

HEXAVALENT CHROMICIM: 

CATCH, MILLIGKFIMS 
_ -__________________  

TOTAL CHROMICIM: ________-----__ 
CATCH, MILLIGRAMS 

* 68 nes. F - 2'3.92 in. Hs. 

( = 10-3 
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I 
I 
1 
I 
1 
I 
I 
I 
I 
I 
I 
,I 
I 
I 
1 

I 
I 
I 

'I 

79 des. F 

2 L, das.  c 

0. 0197 acmh 

0.6949 a c f h  

0.01B7 dscmh 

0 .hS95  d s c f h  

C:o ri ce  n t r a  t i o rl, m s / s cm 

Con c e n t r a t  i o n  , 9 r / d s c f 

Ern i s s i o n  s I k s  / h r 

E m i s s i o n s ,  1 b /hr  

HEXAVALENT CHRClMILIM: - - -_________________ 
Con  ce  n t r a t  i on , rns / d s cm 

C:ancen t r a t i o n ,  sr/dscf 

Em i s s i o n st k 9 / h r 

E m i s s i o n s ,  1 h /hr  

TOTAL C:HHOMICIM: ------------___ 
IC #:a rl c e n t r a  t i CI n , ms / d 5 c m 

C o rl c e  n t r a  t i o rl , 3 r / d s c f 

€ m i  s s i #:a rl s 7  k s / h  r 

E m i s s i o n s ,  1 b / h r  

-.- O.L& rns/dscrn 

0.00010 s r / d s c f  

0.004 k s / h r  

0.009 l h / h r  

(0.361) n i / d s c m  

( 0.000 1 b ) s r / d 5 c f 

(0.007) k s / h r  

(0.015) 1 b / h r  

(0. ,? 12 ) ms / d E. em 

( 0 . 00040 ) 9 r / J s I' f 

(0.017) k g / h r  

1 to / h r ( 0. 03s ) 

( ) = 10-3 
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A 

B 

C 

D 

E 

F 

G 

H 

J 

K 

L 

M 

N 

P 

EXPLANATION OF TOTAL CHROMIUM ANALYSIS CALCULATION TABLE 

(Sample Number) - Used t o  i d e n t i f y  samples t r a n s f e r r e d  t o  RTI and NCSU f o r  
hexavalent and t o t a l  chromium ana lys i s .  Samples a r e  i d e n t i f i e d  on t h e  Request 
f o r  Analysis s h e e t s  i n  Appendix 9. 

(To ta l  Weight of Sample i n  m g )  - Given for Method 5 and p a r t i c l e  s i z i n g  samples 
( f i l t e r s  and ca tch  or p r e c u t t e r  c o n t e n t s ) .  Taken from P a r t i c u l a t e  Sampling 
Laboratory R e s u l t s  and P a r t i c l e  S iz ing  Laboratory Data found i n  Appendix B. 

(NAA R e s u l t s  for Cr i n  ug) - Reported results for to ta l  chromium i n  the Sample. 
Taken from computer p r i n t o u t  of results found i n  Appendix B. 

(Weight of Sample Analyzed i n  mg) - I f  on ly  a por t ion  of t h e  t o t a l  sample was 
taken f o r  NAA, t h e  weight was recorded here .  This weight was taken from t h e  
Sample Prepara t ion  and Analysis Data F o m  which is t r a n s f e r r e d  with t h e  samples 
f o r  NAA (found i n  Appendix B )  . 
(Aliquot  Fac to r )  - The r a t i o  of t h e  t o t a l  weight of t h e  sample t o  amount of 
sample analyzed; should be 1 i n  a l l  cases. 

( C r  i n  Sample with Blank i n  ug)  - T o t a l  chromium i n  sample a s  measured by NAA; 
blank value,  i f  any, has no t  been subt rac ted  out .  Results are taken from 
computer p r i n t o u t  i n  Appendix B or Column C of this t a b l e .  

(Weight of Residue Analyzed i n m g )  - In some cases  ( i . e . ,  Method 5, par t ic le  
s i z e ,  and some impinge+ samples) ,  t h e  hexavalent chromium w a s  f i r s t  ex t rac ted  
from t h e  sample before  it w a s  submitted f o r  NAA. The remainder of t h e  sample 
fol lowing t h e  hexavalent chromium e x t r a c t i o n  is  termed t h e  "residue." This 
column gives  t h e  weight of t h e  residue analyzed and is taken from t h e  Sample 
Prepara t ion  and Analysis Data Form found i n  Appendix B. 

(Aliquot  Fac to r )  - The r a t i o  of the to t a l  weight of t h e  sample t o  t h e  amount of 
res idue  analyzed. This number mult ipl ied by t h e  t o t a l  chromium r e s u l t s  y i e l d s  
t h e  t o t a l  chromium i n  t h e  sample residue. 

( C r  i n  Sample Residue i n  uq) - T o t a l  chromium content  of t h e  sample residue 
c a l c u l a t e d  by mult iplying t h e  t o t a l  chromium r e s u l t s  by NAA (column C )  times t h e  
a l i q u o t  f a c t o r  (column HI. Thus, H x C = J. 

(Cr+6 i n  t h e  F i l t r a t e  i n  ug) - Amount of hexavalent chromium i n  t h e  f i l t r a t e  
e x t r a c t e d  from t h e  sample. This value m u s t  be  added t o  t h e  t o t a l  chromium 
measured by NAA t o  get tine t o t a l  chromium i n  t h e  sample. The hexavalent chrom- 
i u m  value is  taken from t h e  W e t  Chemical Analysis Sheets found i n  Appendix B.  

( C r  in Sample with Blank i n  39) - T o t a l  chromium i n  sample: blank value,  i f  any, 
has no t  been subt rac ted  out.  This value is t h e  sum of t h e  hexavalent chromium 
i n  the sample f i l t r a t e  (column K) and t h e  t o t a l  chromiui i n  the sample residue 
(column J). Thus, K + J = L. 

(Blank Value i n  ug) - T o t a l  chromium value f o r  t h e  appropr ia te  sample blank, i f  
any. 

( C r  i n  Sample, Blank Corrected i n  ug) - T o t a l  chromium i n  sample with value of 
sample blank, i f  any, subt rac ted  out.  Thus, L - M = N. 

( C r  Concentration i n  pg/g) - Chromium concent ra t ion  i n  sample ca lcu la ted  by 
d iv id ing  t h e  t o t a l  chromium content  of the sample by t h e  sample weight: 
N + B = P o r N  t D = P .  A-29 
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Preliminary Field Data 

1 
1 
I 

SAMPLING LOCATION sr&bk-R rM.Ler 

DUCT DEPTH 
FROM I N S  FAR WALL TO OUTSDE OF PORT 3d ' 

Z S . 0  16.1 12.3 10.0 8.3 1.1 6.1 5 
lS.0 10.0 1 7 . 1  30.0 25.0 21.4 111.11 16.7 15.0 13.6 12.5 

83.1 62.5 10.0 b l . l  35.7 31.1 27.8 25.0  2 2 . 1  20.11 

NIPPLE LENGTH v'/" 
DEPTH OF DUCT -?&'- 

LO 
11 

WIDTH lRECTANGUAR DUCT) 

EQUVALENT DIAMETER: 

9S.O 86.4 79.2 
95.5 87.5 

DISTANCE FROM PORTS W S T I E ~   OWNS ST REP^ 
TO NEAREST FLOW 
DISTURBANCE: 

-&"= & ' I  
FEET 14': 16 

STACK DIAMETERS 5 a I 

LOCATION OF TRAVERSE POINTS H URcLhAR S T A W  

LO 12 14 16 18 2'1 2 2  2 4 
2.1 1.8 1.6 1 . 4  L.3 1.1 1.1 
6 . 7  5.7 4.9 4.4 J.9 1.5 1.2 
11.9 9.9 8.5 7.5 b.7 6.0 5.5 
17.7 14.6 12 .5  10.9 9.7 8.7 7.9 
25.) 20.1 16.9 1 4 . 6  11.9 11.6 10.5 
3 S . 6  26.9 22.0 18.8 lb.l 14.6 13.2 
64.4  36.6 28.3 23.6  20.4 18.0 16.1 
75.0 61.4 17.5 29.6 21.0 21.8 19.4 

31.8 82.1 71.1 62.1 18.2 10.6 26.2 21.0 
97.4 88.2 '79.9 71.7 61.8 18.8 31.1 27.2 

97.9 90.1 83.1 76.4, 69.4 60.7 19.8 
94.3 87.1 81.2 75.0 68.5 60.2 
98.2 91.5 85.4 79.6 71.8 67.7 

9S.l 89.1 8 3 . 1  lB.2 72.0 
98.4 92.5 87.1 82.0 77.0 

95.6 90.1 85.4 80.6 
98.6 91.1 88.4 81.9 

96.1 91.1 86.8 19 ! 
IO I 98.7 94.0 89.5 
2 1  I %.l 9 2 . 1  

9 3 . 1  81.4 78.0 70.4 61.2 19.1 12.1 

I 

7 :  

LO / 
1 !  

:1 : 
I i  * 

i 4  , :i j 

19 I 

22 I 98.9 94.5 
2 1  ! 96.8 
24 ~ 98.9 

LOCATON OF TRAVERSE P O M S  N RECTANGUAR STACXS 

I 87.3 70.0 58.1 m.0 61.8 18.9 35.0 11.8 29.2 
90.0 75.0 6b.3 5 b . l  50.0 45.0  40.9 37.5 

91.7 78.6 611.8 61.1 55.0 50.0 45.8 

I 0.7s 

2 1 0 . 5  

OMALmTO. INC 
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PARTICULATE FIELD DATA 

I EWIPMENTC!4ECKS IDENTIFICATION NUMBERS 

L P  i TOTS, PRE  TEST -GENT sbx NOZZLE a DIAMETER 9 .a  sa 
-PIMTS. POST-TEST METER BOX w - 5  TIC READOUT- 

&TEDLAR BAG S A M R E  BOX- ORSAT F W t W L  

 THERMOCOUPLE e Bo OF PROBE Y -  5 TEDLAR B A G L  

& ORSAT SAMPLING SYSTEM UMBILICAL u - ~ j a  TIC PROBE r; - % 

FILTER # T S  NOMOGRAFW SET-UP NOMOGRAPH #+-p%L 

I 

S-E 
POINT 

RUN NUMBER / c . 3 .  O H M  COMPANY NAME 

SAMPLING LOCATION SLkOhb E R  /d.LQI- TIME FINISH /5- 
DATE 6 . f3 .735  TEAM LEADER 
-METRIC PRESSURE, IN. HG & STATIC PRESSURE, IN. H20 - d.00 

ADDRESS molr : M \  <It. TIME S T A F ~  1 0 0 5  

SAMPLING TRAIN LEAK TEST VACUUM. IN. HGL /o __ -___ 
SAMPLING TRAIN LEAK RATE, CU. FT./MIN. P a  1)003 __ - __ 

DRY GAS PITOT ORIFICE GAS pchlp FILTER IMP. 
CLOCK METER READING SETTING 1 AH), METER VACUUM BOX EXIT STACK 
TIME, READING. (AP), IN. H20 TEMP. IN. HG TEMP. TEMP. TEMP. 
MIN. CU. FT. IN. H ~ O  IDEAL~ACTUAI OF GAUGE OF OF OF 

" 
1 .80  C FACTOR I .  10 

STACK TEMP KO A% 

70 MOISTURE d REF. AP a.70 
METER TEMP 

I 
I 

K. CHECK I1 
lEADlNGS I 

I 

-1 

ENTROPY I 
...... . . . .  . .  . . . . . . . . . . . . . . . . . . . .  _ _ _  B-4 ......... - --_. .- 

~ ~ ~ ~~~ ~~ ~ -- 



I 
I 
I 
E 
I 
I 
I 
1 
I 
'I 
I 
0 
d 
E 
I 
I 
i 
I 
I 

PARTICULATE FIELD DATA 
PAGE 2 

COMPANY NAME c .  3 .  O"l 
SAMPLING LOCATION ?cvJbbaA c d ~ e 7  

OR IF ICE G 9 s p t A c p  

TEMP. IN. HG 

DRT GAS PITOT 

SAMPLE TIME. W I N O .  ( A P I .  
CLOCK METER READING METKR VACUUM 

I I I 

I I I I I I I I 

I I I I I I I I 
I I 4 

I I I I I I I 
I I I I I I I 

I I 
I I I 

ENTROPY 
B-5 



I PARTICULATE F I E L D  DATA 

pfl0l-r , M (  ADDRESS at. T I M E  START oa 39 
SAMPLING LOCATION ScvubbeR /&Lei- TIME  FINISH^ 
COMPANY - c.5. O H M  RUNNUMaER 'f 

TEAM LEADER TECHNICIANS 6 0  
S T A T I C  PRESSURE, I N .  H20 - 1.90 

S-LING T R A I N  LEAK TEST VACUUM. I N .  HGA ----- LO 
SAMPLING TRAIN LEAK RATE, CU. FT./MIN. &%?&- e __ 

E(W I M N T  CHECKS IDENTI F ICATION NUMBERS 

d P  I TOTS,  
-PITOTS. P O S T - T E S T  
k ORSAT SAhPL ING SYSTEM UMBILICAL 0 - 2 5  T I C  PROBE 

PRE ~ TEST REAGENT BOX & NOZZLE a DIAMETER 
METER BOX N - 5  T I C  READOUT * q  

.a 5 2  

- 
-.& EDLAR BAG S-EBOX &?y ORSAT PUMP UL/k 

c /.%a C FACTOR I. og  

K MOISTURE a REF.  A P  0. ya 

L E R M O C O U P L E  @ = O F  PROBE 4 - 5  TEOLAR BAG N k  

F I L T E R  # TARE NOMOGRAPH S E T - U P  NOMO-.-t+ #-- 

METER TEMP go STACK TEMP .do 
- 

1 
I 

t 
I 
I 

S-E TIME.  READING. ( A P ) .  ' 

POIKT MIN. CU.  FT. I N .  H ~ O  IOEAL~ACTUAL O F  GAUGE OF 

I I ' I  

ENTROPY ', 

B-6 . .  . -- - . .. . -. - . . -. __ '\\ 1 I 
.. . - .. . . 



PARTICULATE FIELD DATA 
P A G E  2 

I 
‘COMPANY NAME es?. C.5.0Ht- l  R U N  ,# c SAMPL I NG LOCAT I ON 7kWbbeg I N L F ~  DATE 6.14.86 

2.47.523 ENTROPY 



P A R T I C U L A T E  F I E L D  DATA 

~ 

C . S .  OHr4 RUN NUMBER 7 
: 

COMPANY "E 

SAMPLING LoCAT_'ON z ~ d b b 6 - 2  GULP< TIME FINISH /%?I 

-METRIC PRESSURE. IN. HG 

TIME START D- ADDRESS -r cu 

DATE 6 .  20.89 TEAM LEADER 
* . a  -+%TP:E::;. :2: - I  ? "  

SAMPLING TRAIN LEAK TEST VACUUM. IN. HGL /o 6 
SAMPLING TRAIN LEAK RATE, CU. FT./MIN. m o b &  

EQU I R E N T  CHECKS 

L P  I TOTS, PRE .TEST 
-PITOTS. FOST-TEST 

d? TEDLAR BAG 
ORSAT SAMPLING SYSTEM 

J ~ E - C O ~ P L E  gO OF 

IDENTIFICATION W E R S  

REAGENT BOX &&....- NOZZLE DIAMETER 2 52 
METER BOX N - 5  TIC READOUT 0y 

S A M R E  BOX d y  ORSAT PWdP- 

PROBE 4-5 TEDLAR BAG Jp 

UMBILICAL 0-25 T/C PROBE 5 -3, 

NOMOGRAPH SET-UP NOMOGRAPH #+ 

1. EO C FACTOR a 1 . O q  
METER TEMP 90 STACK TEMP zo AH@ 

9c MOISTURE - REF. AP 0.41 

I I I 1 I I 
DRY cI\S PITOT OR IF ICE m S  PUMP FILTER IMP. 

CLOCK METER READING SETTING ( AH), METER VACUUM BOX EXIT STACK 
READING. IN. HzO TEMP. IN. HG TEMP. TEMP. TEMP. S-E TIME. (AP). . 

POINT MIN. cu. FT. IN. HZ0 IDEAL~ACTUAL O F  GAUGE OF OF OF 

d 
c TS VU [GZ AH Thl 

ENTROPY 
B-8 



PARTICULATE FIELD DATA 
PAGE 2 

COMPANY NAME 0.5. OHM RUN #L 
SAMPLING LOCATION k v d b b G 2  D ~ T E  h.aa.8'f  

DRY GAS PITOT ORIFICE GAS RRlp FILTER IMP. STACK LEAK 
CLW( METER -1NG SElTlNC (AH). METER V A C U  BOX EXIT TEMP. TEST 

9-E TIME. RSADING. (AP), IN. H20 - TEMP. IN. HG 'TW. raw. READING5 
P O I N T  MIN. cu. m. IN. H,O I D ~ I A C N ~  OF C~AWE OF OF OF 

1 I I 1 

7? 
"M ,m* AH TM Is 

- 251. 8L1? 8.4335 I.?&-/ 949 - - 

ENTROPY 
B-9 



PARTICULATE F I E L D  DATA 

EWIPMENT CHECKS 

/ -PITOTS. PRE-TEST 
-PITOTS. POST-TEST 
& ORSAT SAMPLING SYSl'EM 

- THERMOCOUPLE @ - OF -!$y BAG 

FILTER $ T Z  

T O  a5  ,7576 

IDENTIFICATION NUMBERS 

REAGENT BOX &?=L NOZZLE 405 DIAMETER 0.257 

S A M R E B O X  d4 ORSAT PUMP do 

METER BOX N-IY T/C R E A D O U T L  
UMBILICAL . 0 - 6 0  T J C  PROBE 7-0 

PROBE 4-1 TEDLAR BAG Ale 

3=-- NOMOGRAPH SET-UP NoMomam # 

I .  6% C FACTOR 1.03 
B O  AH@ 

% MOISTURE d REF. AP o.qa 
METER TEMP 100 STACK TEMP 

I 

a 
c 
'I 
c 

K. CHECK 
'EAD I NGS 

ENTROPY 
B-10 
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PARTICULATE FIELD DATA 
PAGE 2 

COMPANY NAME C . S .  OHrq RUN # 2 
SAMPLING LOCATION XG'dbbe\< 1tile7 DATE f&/g.gS 

I I I 
I 

t I I 

PITOT OR IF ICE 
READING SEl7lNG (AH), 

IAPI I IN. HZ0 TEMP. IN. HG TEMP. TEMP. REPSINGS 
1N. H,O ~IJEAL~ACTUAL OF OF OF OF 

I I I I I I I 1 

I I 1 I I I I I 

I I I I I I I I 
h 

B-11 
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PARTICULATE FIELD DATA 

ECUIPMENT CHECKS 

/ I  TOTS, PRE -TEST 
LPITOTS. POST-TEST 
A!& ORSAT SAM=% I NG SYSTEM 
&TEDLAR BAG  THERMOCOUPLE @ -OF 

COMPANY NAME C . S .  oulq  RUN NUMBER 5 
ADDRESS e7 R? tr , PI,CM. TIME START 0938 
SAMPLING LOCATION S c d ~ b e a  i d e r  TIME FINISH- 
DATE TEAM LEADER ~- TECHNICIANS 0 .0 
-METRIC PRESSURE, IN. HG dv .a. STATIC PRESSURE, IN, H20 - 1.90 

La SAMPLING TRAIN LEAK TEST VACUUM. IN. HG (5 - - __ __ 
SAMPLING TRAIN LEAK RATE, CU. FT./MIN. &!?%%- __ ___ - __ 

I DENT I F ICAT I ON NUMBERS 

REAGENT BOX NOZZLE G!@&d- DIAMETER . d 4 7  
METER BOX TIC READOUT O Y  

TIC PROBE 7 UMBILICAL ;I;* 
S-E BOX ORSAT PUMP lJ& 

TEDLAR BAG JA. P m a E  - 
l.bB C FACTOR 1.0 

STACK TEMP 80 -f- 0-2-3 .v ia  I AH @ 
METER TEMP 

REF. AP o.ya 
I 

DRY GAS PITOT ORIFICE GAS PUMP FILTER IMP. 
CLOCK METER READING SETTING [ AH). METER VACUUM BOX EXIT STACK 

READING. IN. HzO TEMP. IN. HG TEMP. TEMP. TEMP. S-E TIME. [AP). 
palm MIN. CU. FT. IN. H20 IDEAL ACTUAL OF GAUGE OF OF OF 

~ 

I 
e 
I 
I 
a 

K. CHECK 
'EAD I NGS 

ENTROPY B-12 
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PARTICULATE FIELD DATA 
page 2 

Company Name c .  3. otltq Run ?/ 5 
Smpling Location % V U  bheR IN&< Date 6 .pi ,g5 

77 
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PARTICULATE F I E L D  DATA 

COMPm NAME C .5 .  o HVI " 'cc RUN NUMBER % 
ADDRESS ?ehhL ! MG-H' 

DATE 6.e?0.T5 TEAM LEADER %+L 

-METRIC PRESSURE. 

I TIME START 0% 55 
SAMPLING LOCATION ScKdbbER I r l A C r  T I E  FINISH m.0 

TECHNICIANS a.3 
STATIC PRESSURE. IN. H20 -2.00 

5 SAMPLING TRAIN LEAK TEST VACUUM. IN. HGL L - __ - __ 
IN. HG d9.d ' 

SAMPLING TRAIN LEAK RATE, CU. FT./MIN. c ; . w O b ~ 3 ~ o o d  - 
EGLJIFMENT CHECKS IDENTlFlCATlON N W E R S  

REAGENT BOX ddSNUZZLE- DIAMETER 0'ds7 
TIC READOUT au -PITOTS. POST-TEST METER EOX E1.6 

*Ip ORSAT SAMPLING SYSTEM UMBILICAL u-60 TIC PROBE 
TEDLAR BAG SAMPLE 0 0 x 8 5  ORSAT PUMP hJf i  

- THERMOCOUPLE @ 80 OF PROBE 4- I TEDLAR BAG d/? 

-PITOTS. J PRE-TEST 

9 
- 

FILTER # T* N0MoGRAFi-I SET-UP NoMoGRAR-( #- 

I.61 C FACTOR 1.00 
STACK TEMP k 0  AH@ 

% MOISTURE 2 REF. AP 0.92 
< c. 2 - \ ,L!-.C-7& 

METER TEMP 9 0  

DRT 6AS PITOT 
CLOCK METER READING 

SAMPLE TIME. READING. [AP), 

11 
I 
iQ 
(1 
I 
I 
I 

ORIFICE GAS PUMP FILTER IMP. 
SETTING 1 AH I ,  METER VACUUM EOX EXIT STACK LK. CHECK 

IN. H20 TEMP. IN. HG TEMP. TEMP. TEMP. READINGS 

VM I T i 2  AH TM 
I 

ENTROPY 



PARTICULATE FIELD DATA. 
P A G E  2 

RUN n 8 C O M P A N Y  N A M E  C . S .  o u r / \  
S A M P L I N G  LOCATION ScRdbbCR LFI- 6.20-85 

19 
vu (ET* hn Tu TS 

- /.&5I 45 - - 255.029 0.4157 



PAR1 . L  FIELLl U H ~ H  

DRY GAS 
CLOCK METER 

S-E TIME, READING. 

COMPANY NAME C .S. OH*\ RUN NUMBER>?-& ?Jd 
ADDRESS TaTi?- , MIL(/ I TIME START 1419 
SAMPLING LOCATION 2xvdbb-A 1nLe7- TIME FINISH z2V7 
DATE b . /q . 'd5  TEAM LEADER 
-METRIC PRESSURE. IN. HG 2 Y . d .  STATIC - PRESSURE, IN. HzO - '  J d  

TECHNICIANS 4 /?I 

I SAMPLING TWIN LUU( TEST VACUUM. IN. HGL- - __ ____ 
SAMPL ING TRAIN LEAK RATE. CU. FT. I M I N .  - - ___ - __ 

PITOT OR IF ICE GAS PUMP FILTER IMP. 
READING SETTING (AH). METER VACUUM BOX EXIT STACK 
(AP). IN. HzO TEMP. IN. HG TEMP. TEMP. TEMP. 

IDENTIFICATION NUMBERS 

REAGENT BOX __ NOZZLE L DIAMETER I 36 +' 
UMBILICAL d 5 0  4 - Y  
S A M R E B O X  a ORSAT PUMP J A  
PROBE - TEDLAR BAG t J # 4  

METER BOX u - / q  TIC READOUT o"/ 
TIC PROBE - 

I 
I NOMOGRAF+i SET-UP NOMOGRAPH #* - 

1 . 6 %  C FACTOR /'oo 
0 STACK TEMP KO 

n- ( - ,7.. 2 ..+'173 
METER TEMP 
41 MOISTURE REF. AP o .  l o a  

I I '  

I I I I I I I I I 

I I I I I 
I I I I I 

I I I I I I I 
I I I 

I I I I I I I I I I 

I I I I I I I I 
I I I I I I I I I I 

I I I I I 
I I I I I I 

I I I I I I I 
I I I 

I I I I I I 
I I I L 

ENTROPY 
B-16 

K. CHECK I@ 8 

EAD I NGS ===b 

. . ... . - . . _ _  . .. _ _  . ~ . . . 



Preliminary Field Data 

PLANT NAME - C.5  e Q U h  

SAMPLING LOCATION M h  "M& 
'55 ' *  

NIPPLE LENGTH sy"  

LOCATION l*. 

DUCT DEPTH 
FROM I N W E  FAR WALL TO OUTSDE OF PORT 

DEPTH OF DUCT -3-w 

1 
DISTANCE FROM PORTS WSTREIU( POWNSTRFA~( 
TO NEAREST FLOW 
DISTURBANCE: f+m 3t%' ti " 

STAW 9IAMETFRS l"' 0.25 

STACK AREA= (3.' '1'1 2 6%) = 424 N2 

LOCATION OF TRAVERSE POINTS W URCVLM STAWS 

~ ~ ~~~ 

I 4 6 8 10 I1 14 I6 18 20 11 14 -__ 
1 6 . 7  4.4 1 . 2  1.5 2.1 1.8 1.6 1 . 1  1.1 1.1 1.1 
1 2 5 . 0  la.6 10.5 0 . 1  6.7 5.7 4.9 4.4 .1.1 1.5 1.1 
I 7 5 . 3  29.6 19.4  14.6 11.9 9.9 8.5 7.S 6.7 6.0 S.S  . 
S 
1 
7 
1 
7 

10 
'I 
ti 
: .> 
i i  
IS 
i5 
1 7  

.~ 
Y l . 1  74.4 11.1 1 2 . 6  17.7 14.6 11.)  10.9 9.7 8.7 7.9 

85.4 57.7 : 4 . 1  1 5 . Y  10 .1  16.9 14.6 12.9 11.6 10.5 
75.k 81.6  b5.8  lS.6 16.9 11.0 18.8 16.5 14.6 11.1 ~. ~ 

99.S 77.4 5 4 . 4  36.6 28.1 11.6 20.4 18.0 16.1 
96.8 8S.4 73.0  61.4 17.5 19.6 25.0 11.8 19.4 

71.8 81.1 71.1 61,s 18.1 10.6 16.1 21.0 
~~ . 

97.4 88.1 79.9 71.7 61.8 18.8 11.1 17.1 
11.1 81.4 78.0 70.4 61.1 19.1 11.1 
97.9 90.1 81.1 76.4 69.4  60.7 19.8 

94.1 87.S 81.1 75.0 68.S 60.1 
98.1 91.5 85.4 79.6 71.8 67.7 

9S.1 89.1 81.5 7 8 . 2  71.0 

91.6 9 0 . 1  OS.4  80.6 

96.1 91.1 86.8 
98.7 94.0 89.1 

96.S 91.1 
90.9 94.5 

%.8 
98.9 

98.4 9 1 . 5  87.1 81.0 77.0 

98.6 91.1 88.4 81.9 

LOCATYlN CC TRAVERSE P O M S  N RECTANGLLPR STACKS 

1 1  b S I '  6 1 1  8 9 10 11 11 
15.0 16.1 11.5 10.0 8.3 1.1 6 .I $.&---377--6.5 4.1 
15.0 50.0 11.5 10.0 25.0 21.6 18.8 16.1 15.0 13.6 12.5 

81.3 61.S 10.0 41.1 35.1 11.1 17.8 15.0 21.1 20.8 

90.0 75.016b.l 56.3 50.0 41.0 60.9 17.5 
81.5 10.0 58.1 50.0 41.8 18.9 35.0 3 i . a  19.1 

b 
1 
U 
9 
IO 
11 

I 78.6 68.8 61.1 S5.0 B.0 4 S . 8  

93.8 83.3 75.0 b8.1 62.5 
91.9 8 1 . 3  n.2 65.0 19.1 s.1 

94.6 85.0 17.1 10.8 
91.0 S . 6  19.2 

9s.5 87.5 

7 .. 1.7s 
6 -- 1 . 5 0  

s _- 1 . a ~  

4 -. 1.0 

1 -- 0.7s 

1 0 . 5  

40 

?6 

11 

20 

1 4  

10 

16 

I 1  I B 

SNTALI8TO. INC 

B-17 

I7 
I8 
I9 

20 
21 1 
22 I I 



3 PARTICULATE FIELD DATA 

COMPANY NAME c.5. burl RUNNUMEER 3 
ADDRESS n&.if rl;. TIME START /a : 4 3  

-METRIC PRESSURE, IN. HG _____ 34.b STATIC PRESSURE. IN. H20 +.ag 

Lr aU+h/ef s +&Ck TIME FINISH 15:oI  
TEAM LEADER t//3 L TECHNICIANS ax 

SAMPLING TRAIN LEAK TEST VACUUM. IN. HGL (? I'J - __ __ 
SAMPLING TRAIN LEAK RATE, CU. FT./MIN. .no .bo * 0 O  --- 

I 
t 
m 

ECUIPMENT CHECKS 

J PITOTS. PRE-TEST 
PI TOTS, R3ST. TEST 

& ORSAT SAhlPL I NG SYSTEM 
&! TEDLAR BAG 
r/ THERMOCOUPLE @ 76 OF 

SAMPLE 

FILTER # T S  

<- 0.252. .7LSO 

DRY GAS PITOT ORIFICE CdS PUMP FILTER IMP. 
CLOCK METER READING SETTING I AH J , METER VACUUM BOX EXIT STACK LK. CHECK 
TIME. READING. ( A P J ,  IN. HzO TEMP. IN. HG TEMP. TEMP. TEMP. REmINGS 

IDENTIFICATION NUMBERS 

REAGENT BOX e NOZZLE &. DIAMETER ,289 
METER BOX d-2  TIC R-UT 000 3 
UMBILICAL J -/ea TIC PROBE 7 -7 
S A M R E B O X  ' 9  ORSAT PUMP AJVA 

8 
PROBE 5-7 TEDLAR BAG N A  

NOMOGRAPH SET-UP NoMOG3ARI # b J M  
, .r /  C FACTOR 0 . 9 1  AH@ 

METER TEMP STACK TEMP 
1c MOISTURE .3 REF. AP 

... ENTR.OPY 



PARTICULATE FIELD DATA 

c.5. O d r c  RUNNUMBER 6 
TIME START 

COMPANY NAME 
ADDRESS D r + s ; t  , P?;. a : 1 7  
SAMPLING LOCATION 'evaLL'* 4 u&t TL. k TIME FINIS r.~:36 
DATE 61/91 O Z  TEAM LEADER /#dL TECHNICIANS BL7 
BAROMETRIC' PRESSURE. IN. HG 39.1 STATIC PRESSURE, IN. H ~ O  - . 3 7  
SAMPLING TRAIN LEAK TEST VACUVM. IN. HGL 13 I? - __ __ 
SAMPLING TRAIN LEAK RATE, CU. FT./MIN. . d o  . O D  

ECUIPhiENT CHECKS 

d PI TOTS, PRE -TEST 
L P I T O T S .  FOST-TEST 

ORSAT SAMPLING ! S Y S T E M  
W T E D L A R  BAG 

THERMOCOUPLE @ 76 OF 

IDENTIFICATION NUMeERS 

REAGENT BOX - NOZZLE 
METER BOX 

S A M R E  BOX.- ORSAT PUMP NA 

DIAMETER a 
# -  T/C REAWUT ROO? 

UMBILICAL U -  loa T/C PROBE 7- 7 

PROBE 7- 3 TEDLAR B A G L  

NOMOGRAFH SET-UP NOMOGRAFH #* 

AH@ 

.h MOISTURE A REF. AP 

). 61 C FACTOR . '11 
7 b  METER TEMP K/l STACK TEMP 
.>I 

I I I I I I I 
DRY GAS PITOT OR IF ICE GAS PVMP FILTER IMP. 

CLOCK METER READING SETTING ( AH), METER VACUUM BOX EXIT STACK LK. CHECK 

MIN. CU. FT. IN. H20 IDEALIACTUAL OF GAUGE 
SAMPLE TIME. READING. ( & I ,  IN. H20 TEMP. IN. HG TEMP. TEMP. TEMP. READINGS 

P l K T  OF OF OF 

. . .... ~ .. -- .- . . . 



PARTICULATE F I E L D  DATA 

DRY GPIS PITOT 
CLOCK METER READING 

SAMPLE TIME. W I N G .  (AP). 

C.S.  o,gPf+ RUNNUMBER 9 
ADDRESS M I.. TIME START 8:SS 
COMPANY NAME 

SAMPLING LO TlON s h v b b c ;  d "+le+ 2 4 4  TIME F l N l M  /3 '= 
DATE d h  0 2 5  T€AM LEADER UXL TECHNICIANS ad 
-METRIC bRESSURE. IN. HG 24, I STATIC PRESSURE, IN. H20 -3.25 

I 2  SAMPLING TRAIN LEAK TEST VACUUM. IN. HGL /z __ __ __ - 
SAMPLING TRAIN LEAK RATE, CU. FT./MIN. L'n----- 0.ro 0.ow 

- 

I ORIFICE GAS PUMP FILTER IMP. 
SETTING (AH). METER VACUUM BOX EXIT STACK LK. CHECK 

IN. H20 TEMP. IN. HG TEMP. TEMP. TEhW. READINGS 

E P U I M N T  CHECKS 
J - PI TOTS, 
-PITOTS. FCST-TEST 

L T E D L A R  BAG 
r/ THERMOCOUPLE @ __ OF 

PRE - TEST 
ORSAT SAMPLING SYSTEM 

7 6  

FILTER # TARE 
-r. 0 . Z - S f  .%2b 

9 

I I I 

IDENTIFICATION NUMBERS 

REAGENT aox m z z m  yo7 DIAMETER * 3 G q  
METER BOX A TIC REAWUT rsao-% 
UMBILICAL u - 1 0 2  TIC PROBE 7-7 I 
S-E BOX ( 9  ORSATPUMP MA -c 
Pmmz 5-1 TEDLAR BAG 

NOMOGRAPH SET-UP NoMoGRARl# l-Jd 

OH @ 
1.L I C FACTOR . ? a  

METER TEMP 80 STACK TEMP 70 
Yo MOISTURE 3 REF. AP b . 2 l  

__I-' 

I 
I 
4 
a 
4 
9 
4 1 J 

ENTROPY 5 
B-20 

. -  . ~~ ~ 

.- . . . - . . . . .. . . .. 
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. . .  . .  ' PARTICULATE SAMPLING LABORATORY RESULTS 
. .  . .  - .  . . .  -. 

P l a n t  Name OHM ( E.M.B .\ E E I  Ref .-# 33\63 
Sampling Locat ion 

Date Received (,/ZI/55 Date Analyzed Reagent Box(es) 0228 

Run Number - 2 2- -B_ 

Run Date * -cecle 6/20 
SUMMARY OF PARTICULATE ANALYSES 

466. I 473.L 47&. b 
Sum of P a r t i c u l a t e ,  mg. 

T o t a l  F i l t e r  Tare mg. 457. b . . 472.1 4b9. & 
Blank Residue, mg. ( x m l )  0.2 ( n m l )  0.22 (=d) 0.3 

03 1.3 6-7 
TOTAL PARTICULATE CATCH, mg. 71 1-1 7 1  

pl5fi- 
Reagent 1 ( HzO 1: 

F i n a l  Weight, g. 

Tared Weight, g. 

Water Catch, g. 

Reagent 2 ( 1: 
Final Weight, g. 

Tared Weight, g. 

Water Catch, g. 

~~~ ~ ~ 

-ANALYSIS OF MISTORE CATCH . .  
. .  . . .  .~ . . .  

18b.O 215.0 
200.0 m.0 - 14.0 15.0 

208.0 
tD0 .a 
0.0 

CONDENSED WATER, g. - 14.0 15.0 8. o 

S i l i c a  Gel: 

Final Weight, g. 251.2 250.3 7 5 4 . 1  

Tared Weight, g. 200.0 7m.o 200.0 

ABSORBED WATER. g. 51.2 50.3 54.2 

TOTAL WATER COLLECTED, g. 1-21 165.31 Idz..zI 
f I ' 

Blank Beaker # 38 . -- Legend --- . 

F i n a l  wt.. mg. 51431.b J- F i n a l  Weight 

Tare w t .  mg. -57431.2 L - Loose P a r t i c u l a t e  

Residue, mg.  0.4 F = F i l t e r  D = Dish 
Volume. m l .  . ' ZDO R - Rinse P = Pan 

Notes and Comments ' 

Concen.. m g / d .  10021 B-21 



LABORATORY SAMPLE WEIGRT CALCULATIONS 
- I  - 

PlanG Name C.5. O t t M  EEI Ref. # 3018 

Run Number 

Run Date 

5 

b119 
- 

Sample IDIContainer # fbk 306 

133. 5764 
. V 133.5760 

Tare U t . ,  g.  133.1099 

SAMPLE W., g. - . 4bOJ 413.b 

Sample ID/Container # 

Tare Ut  8. 

SAMPLE W.. g. 
~ 

Sample IDIContainer # 

Tare Ut . ,  g .  

SAMPLE UT., g. r---l 

Sample IDlContainer # 

Tare W t  . , g. - SAMPLE W., g.  

8-22 
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-e.- L. _uw 
j. .. . . r 

PARTICULATE SAMPLING LABORATORY RESULTS 

P l a n t  Name &'S.  OHM ( EMB) EEI  Ref. # 3018 
Sampling Location 

Date Received 6/21/85 Date Analyzed Reagent Box(es) 0 2  24 

9 - 6 - 3 - Run Number 

Run Date &!!L 61,4 ALZL 

SUMMARY OF PARTICULATE ANALYSES 

702.6 7 0 9 .  b 685.9 
Sum of P a r t i c u l a t e ,  mg. 

-ANALYSIS OF MOISTURE CATCH 

Reagent 1 (m. k 0 ) :  

Fina l  Weight, g. 

Tared Weight, g. 

Water Catch, g. 

Reagent 2 ( 1: 
Fina l  Weight, g. 

Tared Weight, g. 

Water Catch, g. 

CONDENSED WATER, g. 

S i l i c a  Gel: 

F ina l  Weight, g. 

Tared Weight, g. 

ABSORBED WATER, g. 

TOTAL WATER COLLECTED, g. 

234.0 - 
3 . 0  

248.0 

48.0 
7nn. D 

251. I 

205.0 

51. I 

48.0 

255.3 
ZDO. 0 

55.3 

252.6 
200.0 

52.6 

Blank Beaker # _za 
F i n a l  wt. mg. 5743.6 

Tare wt. mg. 57431.2 

Volume. m l .  ZDO 

' Residue, mg. 0.4 

I .- 

I B5.1 I 
~- ~ -- Legend -- 
J= Fina l  Weight 

L = Loose P a r t i c u l a t e  

F = F i l t e r  D = Dish 

R = Rinse P = Pan 

B-23 

Notes and Comments 7: 
I .  

. .  
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. LABORATORY SAMPLE WEIGBT CALCULATIONS 
., 
.I 

Plant Name C. 5. ~ U M  EEI Ref. # 3018 

9 - 6 - 3 - Run Number 

Run Date AI?L A!!2 61% 

Sample ID/Container # F b R  4[0 

1 1 8 .  1259 '  
fl.18. 1 2 5 9  

. .  1262 
Tare We.. g. I7 4400 

. .  

1 

' SAMPLE m.. g. 

. Lo059 

Sample IDIContainer # 

Tare W t  . , g .  

SAMPLE W., g. r--l 

FLK 424 

I26.5506 
4 2 G .  5501 

I 26.5507 
1 2 5 .  8475 - 

70% 

Sample IDIContainer # 

Tare U t . ,  g .  

SAMPLE WT., g. r-----l 
I I 

Sample IDiContainer # 

Tare Wt., g .  

SAMPLE WT., g .  r----l 

-7046 

B-24 
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PARTICULATE SAMPLING LABORATORY RESULTS 

. .  .. . . . .  .. . .  
Plan t  Name c"-' x s  .' OMM . (EMR) E E I  Ref. # 3016 
Sampling Locat ion 

Date Received b!ZIl85 Date Ankyzed Reagent Box(es) 0218 

Run Number 

blls Run Date 

-ANALYSIS OF MOISTURE CATCH 

Reagent 1 (a. h0): ,oo.o - 
F i n a l  Weight, g. 

Tared Weight, g. mo. 0 

Water Catch, g. 0 
Reagent 2 ( 1: 

F i n a l  Weight, g. - 
- Tared Weight, g. - Water Catch, g. 

dpg.0 Tared kL-- __.. ~- - ~ .  

27.6 
ABSORBED WATER, g. 

TOTAL WATER COLLECTED, g. 71 7 1  
-- Legend --- . ' Notes and Comments 

. .  Blank Beaker # a 
. .  

'. 
- .  

Fina l  wt. mg. a 3 1 . 4  <= Fina l  Weight 

Tare wt. mg. 57431.2 L = Loose P a r t i c u l a t e  

Residue, mg. 0.4 F = F i l t e r  D = Dish 

.Volume. m l .  R = Rinse P = Pan 
. 1  

. .  
Concen., m g / d . ' l . C p ; l l  B-25 
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Run Number L;P6LICL I S  

Run Date 61r4 
- - 

3 
LABORATORY SAMPLE WIGET CALCULATIONS 

- ;. 
P l a n t  Name C . 5 .  OILH (EI-~B) EEI Ref. # %\0 

I 

Sample ID/Container # F b R 433 

I 24.  0933 
vI24 . 0931 

1 2 4 .  0937  
Tare  W t . ,  g. 123.C1919 

SAMPLE UT., g. --- 
, 5 0 1 2  I 

' Tare  W t  - 1'1 
I -- I -I 

Sample ID/Container # 

I 
Tare W t . .  g .  

SAMPLE W T . ,  g. 

Sample IDfContainer # 

1 
1 T a r e W t . ,  g .  

SAMPLE UT., 8. --- 



J 

I 
O R D E R #  3018 

7,/P!95 
DATE SA'FLSS EXPECTED DATE 
W E E  TxLvSx.1ITTE3: 85 OF RESLLTS: 



-9EQUZST FOR >.>JALYSIS 

I a 

I I 

.-. 

3t Cot.lTFfih-S ACETON€ 

B-28 

'= ENTROPY _ _  ._ . 
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K T  CHEMICAL A N A L Y S I S  SHEETS 

DATE 4ECE N E D  : ‘7/f/.C<’ DATE ANALYZED ‘7/,Zl/&r 

ANALYST: !? 7-L C L I E N T :  C/l!T,Ztj,?’4 

ANALYTE: C r  + &  

CLIENT I 

5; oq - - 
52.37 - - 

L O .  2 
B-30 



! 

B-31 

. . . . . . . . __ . . . .. . , . . ~.~... ... .. . ._ ... . ... . .., . . . . . . . 
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DETEWINATION OF TOTAL PARTICULATE EXISSIONS 

All particulate samples were collected using an EPA Method 5 sampling 

train, and Method 5 sampling procedures, as described in the Federal Register*. 

SAMPLING APPARATUS 

The particulate sampling train used in these tests met design 

specifications established by the EPA. The sampling apparatus, which was 

assembled by Entropy personnel, consisted of the following: 

Nozzle - Stainless steel (316) with sharp, tapered leading edge and 
accurately measured round opening. 

Probe - Borosilicate glass with a heating system capable of maintaining a 
minimum gas temperature of 121OC (25OoF) at the exit end during 
sampling. 

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

Temperature Gauge - A Chromel/Alumel type-K thermocouple (or equivalent) 
was attached to the pitot tube, in an interference-free arrangement, to 
monitor stack gas temperature within 1.5OC (5OF) using a digital 
readout. 

Filter Holder - The filter holder was made of Pyrex glass, with heating 
system capable of maintaining a filter temperature of approximately 121OC 
(250OF). 

Filter - A 79-mm (?.-in.) diameter Teflon filter (Scheicher & Schuell) was 
used. 

Draft Gauge - The draft was measured with two in-parallel MaqnehelicR 
gauges (made by Dwyer) with subdivisions of 0 . 2 5  nun (0.01 in.) H20 in the 
0 to 12.5 nun (0 to 0.5 in.) H20 range and 1.25 mm (0.05 in.) subdivisions 
in the 12.5 to 5 0  mm ( 0 . 5  to 2 in.) range. 

Imoingers - Four Greenburg-Smith design impingers were connected in series 
with screw-type connectors. "ne first, third, and fourth impingers were 
modified by removing the tip and extending the tube to within 1.3 cm (0.5 
in.) of the bottom of the flask. 

Metering System - The metering system consisted of a vacuum gauge, a 
leak-free pumu, thermometers capable of measuring temperature to within 
1.5OC (SOF), a calibrated dry gas meter, and related equipment, to 

'40 CFR 60, Appendix A, Reference Method 5 ,  July 1, 1980. 
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m i n t a i n  an i s o k i n e t i c  sampling r a t e  and t o  de te rn ine  sarnple volune. The 
dry gas meter was made by Rockwell, and the  f i b e r  vane pump was made by 
Gast.  

Barometer - An aneroid type barometer was used t o  measure atmospheric 
pressures  t o  0 . 3  kPa ( 0 . 1  i n .  Hg). 

SAMPLING PROCEDURES 

A f t e r  t h e  sampling s i t e  and minimum number of 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 tack  pressure ,  temperature,  moisture,  and range of v e l o c i t y  head 

w e r e  measured according t o  procedures descr ibed i n  t h e  Federal  Regis te r .*  

Approximately 200 grams of s i l i c a  gel  was weighed and placed i n  a sealed 

impinger p r i o r  t o  each tes t .  Teflon f i l t e r s  were.desiccated €or  a t  l e a s t  24 

hours t o  a constant  weight and weighed t o  t h e  neares t  0 . 1  mg on an a n a l y t i c a l  

balance.  One hundred ( 1 0 0 )  m i l l i l i t e r s  of de ionized-d is t i l l ed  water was placed 

i n  each of t h e  f i r s t  two impingers; t h e  t h i r d  impinger was i n i t i a l l y  empty; and 

t h e  four th  impinger containing the  s i l i c a  ge l  was placed next i n  s e r i e s .  The 

t r a i n  was set up a s  shown i n  Figure C-1. The sampling t r a i n  was leak-checked 

a t  t h e  sampling s i te  p r i o r  t o  each test  run by plugging t h e  i n l e t  t o  t h e  nozzle 

and p u l l i n g  a 5 0  kPa (15 i n .  Hg) vacuum, and a t  t h e  conclusion of t h e  test by 

plugging t h e  i n l e t  t o  t h e  nozzle and p u l l i n g  a vacuum equal t o  t h e  h ighes t  

vacuum reached during t h e  test run. 

The p i t o t  tube and l i n e s  were leak-checked a t  t h e  t e s t  s i t e  p r i o r  t o  each 

tes t  run and a t  the  conclusion of each tes t  run. The check was made by blowing 

i n t o  t h e  impact o-oening of t h e  p i t o t  tube u n t i l  7.6 cm ( 3  i n . )  o r  more of water 

was recorded on the  MaqnehelicR gauge and then capping t h e  impact opening and 

holding it for 15 seconds t o  assure  it was leak-free.  The same procedure was 

used t o  leak-check the  s t a t i c  pressure s i d e  of t h e  p i t o t  tube,  except suc t ion  

'40 CFR 6 0 ,  Appendix A,  Methods 1, 2, 3, and 4 ,  July 1 ,  1980. 

c-4 

1 
I 
I 
1 
I 
I 
l 
a 
I 
I 
1 
II 
Y 
I 
1 
t 
I 
I 
d 



I 
I 
I 
1 
I 
1 
I 
1 
I 
I 
I 
I 
I 
1 
I 
1 
1 
1 
a c-5 

.. ~ . -. ._ . - ., .~ .. . . . . . . . ~ .... ...... . . .. . -. . .. . .._I . .. ~ . .  . .. .. 
~ ~ 



was used t o  o b t a i n  t h e  7 .6  cm ( 3  i n . )  H20 manometer reading. Crushed i c e  w a s  

p laced  around t h e  impingers t o  ensure t h a t  t h e  temperature of t h e  gases leaving 

t h e  l a s t  impinger w a s  a t  2OoC (68OF) or less. 

During t h e  sampling, stack gas and s&xpling t r a i n  da 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 ack  flow condi t ions 

occurred. I s o k i n e t i c  sampling r a t e s  w e r e  set  throughout t h e  sampling period 

w i t h  t h e  a i d  of a nomograph or ca lcu la to r .  All sampling d a t a  were recorded on 

t h e  f i e l d  d a t a  shee t s .  

SAMPLE RECOVERY PROCEDURES 

The sampling t r a i n  w a s  c a r e f u l l y  moved from t h e  t e s t  s i t e  t o  t h e  cleanup 

area. The volume of water from the  f i r s t  t h r e e  impingers w a s  measured, and t h e  

s i l i ca  ge l  from t h e  f o u r t h  impinger was weighed t o  t h e  nearest 0 . 1  gram. 

Sample f r a c t i o n s  were recovered a s  follows: 

Container  No. 1 - The f i l t e r  was removed from i t s  holder  and placed i n  a 
pe t r i  d i s h  and sealed. 

Container  N o .  2 - Loose p a r t i c u l a t e  and acetone washings from a l l  
sample-exposed sur faces  p r i o r  t o  t h e  f i l t e r  were placed i n  a g l a s s  or 
polyethylene jar ,  sealed, and labeled.  P a r t i c u l a t e  w a s  removed from t h e  
probe with t h e  a i d  of a brush and acetone r in s ing .  
s u r f a c e s  p r i o r  t o  t h e  f i l t e r  were a l s o  washed with d i s t i l l e d  water.  These 
washings were added t o  t h e  g l a s s  jar .  The l i q u i d  l e v e l  was marked af ter  
t h e  conta iner  w a s  sea led  and labeled.  

Container  N o .  3 - A minimum of 200 ml of  acetone was taken f o r  t h e  blank 
a n a l y s i s .  The blank was obtained and t x e a t e d  i n  a manner s i m i l a r  t o  t h e  
acetone washing. 

Container N o .  4 - A f t e r  being measured, d i s t i l l e d  water  i n  t h e  impinger 
s e c t i o n  of t h e  sampling t r a i n  was placed i n  a g l a s s  or polyethylene 
conta iner .  The impingers and connecting glassware were r insed  with 
d i s t i l l e d  H20 and t h i s  r i n s e  w a s  added t o  t h e  conta iner  f o r  shipment t o  
t h e  laboratory.  

Container N o .  5 - A minimum of 200 m l  of d i s t i l l e d  water w a s  taken for t h e  
blank ana lys i s .  The blank was obtained and t r e a t e d  i n  a manner s i m i l a r  t o  
t h e  water r i n s e .  

Container  No. 6 - An unused Teflon f i l t e r  w a s  taken for blank ana lys i s .  

The sample-exposed 

Data w a s  recorded on t h e  appropriate  sample recovery and laboratory da t a  

s h e e t s .  

C-6 
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ANALYTICAL PROCEDURES 

The following procedures were used and followed t h e  methods descr ibed i n  

t h e  Federal  Register'. 

Container N o .  1 - The f i l t e r  and any loose  p a r t i c u l a t e  matter from t h i s  
sample container  were placed i n t o  a t a r e d  g l a s s  weighing d i sh ,  desiccated 
for  24  hours t o  a constant  weight, and weighed t o  t h e  nea res t  0 .1  mg. 

Container N o .  2 - The acetone and water washings were t r a n s f e r r e d  t o  a 
tared beaker, evaporated t o  dryness i n  a n  oven, desiccated f o r  2 4  hours t o  
a constant  weight, and weighed t o  t h e  nearest 0 . 1  mg. 

Container N O .  3 - The acetone blank w a s  t r a n s f e r r e d  t o  a t a r e d  beaker and 
evaporated t o  dryness a t  ambient temperature and pressure.  The blank w a s  
t h e n  desiccated f o r  24  hours t o  a constant  weight and weighed t o  t h e  
n e a r e s t  0 . 1  mg. 

Container N o .  4 - The impinger contents  w e r e  marked with t h e  sample run 
number and saved f o r  chromium ana lys i s .  

Container  N o .  5 - The d i s t i l l e d  water blank w a s  saved f o r  chromium 
a n a l y s i s .  

Container N o .  6 - The unused g l a s s  f i b e r  f i l t e r  was t r e a t e d  i n  a n  i d e n t i c a l  
manner as t h e  f i l t e r  in Container NO. 1. 

The term "constant weight" r e f e r r e d  t o  above means a d i f fe rence  of no more 

than  0 . 5  mg or 1 percent  of t o t a l  weight less tare  weight, whichever is greater 

between t w o  consecutive readings,  .with no less than 6 hours of des icca t ion  

between weighings. All 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  data 

sheets. 

'40 CFR 60, Appendix A,  Reference Method 5, J u l y  1 ,  1980. 
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DETERMINATION OF HEXAVALENT CHROMIUM EMISSIONS 
(DRAFT ,METHOD) 

P a r t i c u l a t e  samples c o l l e c t e d  us ing  t h e  EPA Method 5 sampling t r a i n  and 

Method 5 sampling procedures’ were analyzed f o r  hexavalent chromium using t h e  

t e n t a t i v e  method “Determination of Hexavalent Chromium Emissions from 

S t a t i o n a r y  Sources” (da t ed  December 13,  1984) by d i g e s t i n g  i n  an a l k a l i n e  

s o l u t i o n  and assaying  with t h e  diphenylcarbazide co lo r ime t r i c  method. 

SAMPLING APPARATUS 

The sampling t r a i n  used i n  t hese  t e s t s  were t h e  same as f o r  t h e  p a r t i c u l a t e  

(Method 5 )  tests.  

U.  S .  EPA and were assembled by Entropy personnel.  

These t r a i n s  m e t  design s p e c i f i c a t i o n s  e s t ab l i shed  by t h e  

SAMPLING PROCEDURES 

The sampling procedures were performed according t o  Method 5 .  A l l  sampling 

d a t a  w e r e  recorded on t h e  f i e l d  da ta  shee t s .  

SAMPLE RECOVERY PROCEDURES 

Sample recovery w a s  done according t o  Method 5 .  Data w a s  recorded on the  

appropr i a t e  sample recovery and l abora to ry  d a t a  shee t s .  

SAMPLE AND REAGENT PREPARATION 

Samples for ana lys i s  and reagents  were prepared as descr ibed i n  t h e  

fo l lowing  subsec t ions .  

Reagents 

A l l  r eagents  conformed t o  t h e  s p e c i f i c a t i o n s  e s t ab l i shed  by t h e  Committee 

on Analy t ica l  Reagents of t h e  American Chemical Society.  

water used was deionized and d i s t i l l e d  and m e t  t h e  ASTM s p e c i f i c a t i o n s  f o r  

I n  a11 cases, t h e  

*40  CFR 60, Appendix A,  Reference Method 5 ,  J u l y  1, 1980. 
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type 2 reagent - XSTM Test Xethod D 1193-77. Solutions were made as follows: 

Digestion Solution - 20.0 g of NaOH and 30.0 g anhydrous Na2C03 were 
dissolved in water in a 1-liter volumetric flask, and this solution diluted 
to the mark. It was stored in a tightly capped polyethylene bottle and was 
prepared fresh monthly. 

Potassium Dichromate Stock Solution - 141.4 mg of analytical reagent grade 
K2Cr207 was dissolved in water, and this solution diluted to 1 liter 
(1 ml = 50 uq Cr+6). 

Potassium Dichromate Standard Solution - 10.00 ml of K2Cr20, stock solution 
was diluted to 100 ml (1 ml = 5 1-19 CrC6) with water. 

Sulfuric Acid - A ten percent (v/v) solution was made by diluting 10 ml H2S04 
to 100 ml in water. 

Acetone - Same as :.lethod 5. 
Diphenylcarbazide Solution - 250 mg of 1, 5-diphenylcarbizide was dissolved 
in 50 ml acetone and stored in a brown bottle. The solution was discarded 
whenever it became discolored. 

Sample Preparation 

To prevent the possibility of sample deterioration, all samples were 

protected from extreme heat, were kept dry, and were analyzed within one month 

of collection. Sample preparation involved digestion and filtration. The 

contents of Container No. 2 (the acetone probe rinse) was placed in a 250 nl 

beaker and evaporated to dryness. Following this, the contents of Container 

No. 1 (with the filter cut into small pieces) was added to the beaker: 

digestion solution (40 ml) was added and the beaker covered with a watch 

glass. Using a hot plate, this solution was heated to near boiling with 

constant stirring for 30 minutes: it was not allowed to evaporate to dryness. 

The solution was then cooled and transferred quantitatively to the 

filtration apparatus with water. This apparatus consists of a vacuum unit 

constructed of plastic or glass which accommodates a 47 mm diameter, 3.0 

pore size Teflon filter. The solution was filtered and transferred 

quantitatively to a 100 ml volumetric flask which was then filled to the mark 

with water. 
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To serve as a blank, a representative amount of acetone and a blank 

Method 5 filter were prepared in the same manner as the sample described above. 

The spent silica gel (in Container NO. 3 )  was weighed to the nearest 0.5 g 

using a balance. 

SAMPLE ANALYSIS 

Analysis of the samples involved four basic elements: ( 1 )  color development 

and measurement, ( 2 )  a check for matrix results on the Cr+6 results, ( 3 )  

calibration of the spectrophotometer, and ( 4 )  calculation of the results. 

Color Development and Measurement 

An aliquot of the prepared sample 50 ml or smaller was transferred to a 

100 ml volumetric flask and diluted with sufficient water to bring the volume 

to approximately 80 ml. 

H2S04, 2.0 ml of diphenylcarbazide solution was added, and this solution 

diluted to volume with water. The solution then stood about 10 minutes for 

color development. For each set of samples analyzed, an identical aliquot of 

reagent blank solution was treated in the same way. 

The pH was adjusted to 2 2 0.5 with 10 percent 

To measure, a portion of the sample was transferred to a 1-cm absorption 

cell, and the absorbance read at the optimum wavelength as determined during 

spectrophotometer calibration. After each sample measurement, the reagent 

blank absorbance reading, if any, was subtracted to obtain a net reading. If 

the absorbance of the sample exceeded the absorbance of the 100 g Cr 

standard as determined during calibration, the sample and the reagent blank 

were diluted with equal volumes of water. 

Check for Matrix Effects on the Cr+6 Results 

+6 

Since the analysis for Cr+6 by colorimetry is sensitive to the chemical 

composition of the sample (matrix effects), at least one sample from each 

source was checked using the method of additions as follows: 
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Two equal volume aliquots of the same sample solution were taken: each 

contained between 30 and 50 iig of Cr+6 (less if that was not possible). 

of the aliquots was spiked with an aliquot of standard solution containing 3 0  

to 5 0  u q  of Cr+6. 

readied f o r  measurement as described in the previous section. 

One 

Then both the spiked and unspiked sample aliquots were 

The mass, C,, in uq in the aliquot of the unspiked sample solution 

was then calculated using the following equation: 

Equation D-1 

Where: 

Ca = Cr+6 in the standard solution, uq. 

As = Absorbance of the unspiked sample solution. 

At = Absorbance of the spiked sample solution. 

Volume corrections were not required since the solutions as analyzed were 

made to the same final volume. When the results of the method of additions 

procedure used on the single source sample did not agree within 10 percent of 

the value obtained by the routine spectrophotometric analysis, all samples from 

the source were reanalyzed using the method of additions procedure. 

SPECTROPHOTOMETER CALIBRATION 

Calibration of the spectrophotometer involved two basic sets of operations 

and these are described below. 

Oatimum Wavelength Determination 

Every 6 months, the wavelength scale of the spectrophotometer was 

calibrated using an energy source with an intense line emission or a series of 

glass filters spanning the measuring range of the spectrophotometer. The 

spectrophotometer was checked to see that the wavelength scale read within 

- +5 nm at all calibration points. After confirming that the wavelength scale of 
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that the wavelength scale of the spectrophotometer was in proper calibration, 

540 nm was used as the optimum wavelength f o r  the measurement of the absorbance 

of the standards and samples. 

I n  some cases, a scanning procedure was employed to determine the proper 

measuring wavelength. 

the spectrum was scanned between 530 and 5 5 0  nm. The optimum wavelength was 

chosen as the wavelength at which the maximum difference in absorbance between 

the standard and the blank occurred. 

For both the blank and a 5 0  pq Crt6 standard solution, 

Spectrophotometer Calibration 

To calculate the spectrophotometer calibration factor, 0.0 ml, 1 ml, 2 ml, 

5 ml, 10 ml, 15 ml, and 20  ml of the working standard solution ( 1  ml = 5 uq 

Cr+6) were added to a series of seven 100-ml volumetric flasks. 

calibration standards were analyzed as described in the section on color 

development and measurement. The calibration procedure was repeated on each 

day that samples were analyzed. m e  spectrophotometer calibration factor, 

These 

was calculated using the following equation: KC I 

+ 2~~ + SA3 + 10A4 + 15A5 ' 20A6 
2 2 2 2 2 2 

KC = 5 

A1 + A2 + A3 A4 + A5 + A6 

Where: 

Kc = Calibration factor. 

A1 5 Absorbance of the 5 Ug C r t 6  standard. 

A2 5 Absorbance of the 10 uq C r + 6  standard. 

A3 5 Absorbance of the 25 p q  Cr+6 standard. 

A4 Absorbance of the 50 ug Cr+6 standard. 

A5 = Absorbance of the 75  u q  Cr+6 standard. 

A6 = Absorbance of the 100 !Jq C r t 6  standard. 
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Spectrophotometer Ca l ib ra t ion  Q u a l i t y  Cont ro l  

The absorbance value obtained f o r  each s tandard  was mul t ip l i ed  by t h e  Kc 

f a c t o r  ( l e a s t  squares s lope )  to  determine t h e  d i s t ance  each c a l i b r a t i o n  poin t  

was from t h e  t h e o r e t i c a l  c a l i b r a t i o n  l i n e .  

assured  t h a t  t hese  concentrat ion values d id  not  d i f f e r  from t h e  a c t u a l  concen- 

t r a t i o n s  ( i . e . ,  5, 10 ,  25, 50, 75, and 100 pg C r + 6 )  by more than 7 percent  

( t o  be determined) fo r  f i v e  of t h e  s i x  s tandards .  

To maintain q u a l i t y  con t ro l ,  i t  was 

EMISSION CALCULATIONS 

All emission ca l cu la t ions  w e r e  done r e t a i n i n g  a t  least  one e x t r a  decimal 

f i g u r e  beyond t h a t  of t h e  acquired da ta .  Figures  w e r e  rounded off  a f t e r  f i n a l  

c a l c u l a t i o n s .  

Tota l  C r t 6  i n  Sample 

The t o t a l  pg Crt6 i n  each sample, m,  w a s  c a l cu la t ed  as follows: 

100 KC AF 
m =  

va 

Equation 0-3 

Where: 

100 = V o l u m e  i n  ml of t o t a l  sample. 

A = Absorbance of sample. 

F = Di lu t ion  f a c t o r  ( r equ i r ed  only if sample d i l u t i o n  w a s  needed t o  
reduce t h e  absorbance i n t o  t h e  range of c a l i b r a t i o n . )  

= Volume i n  m l  of a l i q u o t  analyzed. a V 

Average Dry G a s  Meter Temperature and Average O r i f i c e  Pressure  Drog 

The average dry gas meter temperature and average o r i f i c e  p re s su re  drop was 

ca l cu la t ed  as descr ibed i n  Method 5 .  
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Dry Gas Volume, Volume of Water Vapor, Moisture Content 

The &y gas VOhne, volume of water vapor, and moisture content was 

calculated as described in Nethod 5 .  

Cr+6 Emission concentration - 
The Cr+6 concentration in the stack gas, Cs (g/dscm), dry basis, 

corrected to standard conditions was calculated as follows: 

Isokinetic Variation, Acceptable Results 

Isokinetic variation and acceptable results were calculated as described 

in Method 5. 
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DETERMINATION OF TOTAL CHROMIUM CONTmT 
(DRAFT hETHOD) 

P a r t i c u l a t e  samples c o l l e c t e d  using t h e  EPA Method 5 sampling t r a i n  and 

Xethoa 5 sampling procedures* or p a r t i c l e  s i z i n g  equipment ( s e e  s e c t i o n  on 

Determination of P a r t i c l e  S ize  D i s t r i b u t i o n )  were prepared and analyzed for 

t o t a l  chromium content using Neutron Act ivat ion Analysis I N A A ) .  This w a s  done 

following t h e  procedures i n  t h e  "EPA Protocol  for Emissions Sampling f o r  Both 

Hexavalent and Tota l  Chromium," dated February 2 2 ,  1985." 

SAMPLING APPARATUS 

The sampling t r a i n  used i n  these tests were t h e  same as  for the  Method 5 

t e s t s .  No sample-exposed s t a i n l e s s  s tee l  o r  chrome-plated equipment was used 

with t h e  exception of the  sample nozzle. I n  some cases ,  paper f i l t e r s  were 

used f o r  p a r t i c u l a t e  t e s t i n g  or p a r t i c l e  s i z e  t e s t i n g .  These t r a i n s  m e t  design 

s p e c i f i c a t i o n s  es tab l i shed  by the  U. S. EPA and were assembled by Entropy 

personnel.  

SAMPLING PROCEDURES 

The sampling procedures were performed accord ing . to  Method 5 (or accorbing 

t o  t h e  p a r t i c l e  s i z e  determination sampling procedures) .  A l l  sampling data 

were recorded on t h e  f i e l d  data  shee ts .  

SAMPLE RECOVERY PROCEDURES 

Following sample recovery, a l l  samples were kept  dry,  protected from 

extreme hea t ,  and analyzed w i t h i n  one month of co l lec t ion .  

*40 CFR 60,  Appendix A ,  Reference Method 5 ,  J u l y  1 ,  1980. 
**For Chromium Screening Study ESED No. 85/02  and 85/02a, U. S. Environmental 

Pro tec t ion  Agency, E m i s s i o n  Measurement Branch, Research Triangle  Park,  
North Carolina.  
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SAXPLE PREPARXTION 

I n  a l l  c a s e s ,  samples co l l ec t ed  using EPA Method 5 were analyzed f i r s t  f o r  

hexavalent  chromium content  ( a s  descr ibed i n  t h e  previous sec t ion )  and then f o r  

t o t a l  chromium content .  Xost of t h e  process  samples co l l ec t ed  were a l s o  

t r e a t e d  i n  t h i s  manner. The exception t o  t h i s  was i n  respec t  t o  t h e  s o l i d  

process  samples; i n  t h i s  case', t he  sample was made homogeneous and then 

r e p r e s e n t a t i v e  por t ions  were taken q u a n t i t a t i v e l y  and used sepa ra t e ly  i n  t he  

ana lyses  f o r  hexavalent chromium and t o t a l  chromium content .  

A l l  samples prepared f o r  NAA were put  i n t o  s u i t a b l e  sample v i a l s  which had 

been proper ly  prepared. Procedures f o r  t h i s  a r e  descr ibed below. The 

subsec t ions  which fol low descr ibe  the  sample and blank prepara t ion  procedures 

used f o r  t h e  var ious  ca t egor i e s  of sample s t a t e s .  

Sample P repa ra t ion  Apparatus 

N o  ch romep la t ed  o r  s t a i n l e s s  s t e e l  equipment was used. The fol lowing 

i t e m s  were a l s o  required:  

Ana ly t i ca l  Balance - To determine weight of ma te r i a l  submitted f o r  t o t a l  
chromium a n a l y s i s  t o  w i t h i n  0 . 1  mg. 

Polyethylene Sample V i a l s  - Five ( 5 )  ml s i z e  t o  conta in  samples submitted 
for t o t a l  chromium. 

Teflon Spa tu la  - T o  assist i n  sample t r a n s f e r .  

Teflon Gloves - To be used for sample handling. 

I 

Prepara t ion  of Sample V i a l s  

For use i n  t h e  a n a l y t i c a l  phase, sample v i a l s  were prepared i n  t h e  

fo l lowing  manner. A l l  v i a l s  were i n i t i a l l y  cleaned w i t h  soap and water ,  r insed  

with t a p  water,  soaked f o r  48 hours i n  a r i n s e  so lu t ion  of 1 t o  1 (v /v)  water 

and concentrated n i t r i c  ac id ,  and f i n a l l y  r i n s e d  with de ion ized -d i s t i l l ed  

water .  Af te r  t h e  v i a l s  dr ied ,  each was marked on both s i d e s  w i t h  t h e  

appropr i a t e  sample i d e n t i f i c a t i o n  number us ing  a permanent pen (water  
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insoluble). All sample identification numbers, volumes, and weights were 

recorded on the Sample Preparation and Analysis Data Forms. 

Preparation and Analvsis for Method 5 Samples 

Initially, the entire sample was analyzed for hexavalent chromium by the 

EPA Cr+6 Method described in the previous section. 

(particulate filter, filtration filter and insoluble materials) for each run 

was then transferred to a separate cleaned and marked sample vial. For  samples 

with 2 to 10 grams of material, multiple 5 ml vials (least possible number) 

were used. For samples with greater than 10 grams of material, a portion of 

the filter catch (approximately 4-5 grams) were taken, weighed to the nearest 

0 . 1  mg, and transferred to a saniple vial. For one sample run at each emission 

test location, a 2.0 in1 aliquot of the filtrate from the hexavalent chromium 

analysis was transferred to a cleaned and marked vial. 

The sample residue 

The sample blank consisted of the blank residue, including the acetone 

blank (the volume of the acetone blank being approximately equal to the average 

of the acetone rinse volume); a blank particulate filter; and a solution 

filtration filter that had been prepared in the same manner as the field 

samples. This was transferred to a separate cleaned/marked sample vial. 

All samples were analyzed for total chromium in terms of p q  of total 

chromium per sample vial. 

Preparation and Analysis for Lisuid Process Samples 

Initially, a representative portion of the liquid process sample was 

analyzed for hexavalent chromium by the EPA Cr+6 method. 

analysis, a separate representative sample (2.0 ml aliquot) that contained 

greater than 1 u g / m l  of total chromium was transferred to a sample vial for 

analysis. When the liquid sample was below 1 u g h 1  concentration, a 

For total chromium 
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representative sample was concentrated and then a 2.0 ml aliquot transferrad 

to a sample vial for analysis. Representative portions were taken according 

to EPA Method 160.2 (EPA-600/4-79-020, March 1974). No sample blank was 

required. 

Preparation and Analysis for Solid Process Samples 

A representative sample of solid process samples was first taken and 

analyzed for hexavalent chromium by the EPA Cr+6 Method. 

representative sample was taken for total chromium analyis. Two procedures 

were followed in preparing these samples for total chromium analysis: (1) a 

representative sample not exceeding the volume of the 5.0 ml sample vial and 

containing 5 to 100 Pg of Crf6 was taken and weighed to the nearest 0.1 mg, 

or ( 2 )  a representative sample (about 10 to 20 grams) was taken and placed in a 

marked and cleaned polyethylene container, then the exact sample fraction and 

weight analyzed was selected and performed by the NAR staff. The concentration 

of the process material in terms of Ug/g of hexavalent chromium was included on 

the sample log to provide the NAA staff with the information necessary to make 

the proper sample size selection. When the sample concentration was unknown, 

the second procedure was followed. An estimate of sample concentration was 

then determined by NAA prior to the actual sample analysis. 

A separate 

For samples that completely passed through a 200 mesh screen, a 

representative portion was obtained by thoroughly mixing the entire sample. 

For samples with material greater than 200 mesh, the sample was initially 

screened and then all materials that did not pass through the screen were 

ground, using a technique that would not provide chromium contamination, until 

all rraterial passed through the screen. 

and a representative sample taken. No sample blank was required. 

The sample was then thoroughly mixed 
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For sludge process samples, the entire sample was thoroughly mixed and then 

a representative portion was taken. 

Procedures to Reduce NAA Time 

F o r  all samples that were placed in sample vials, an estimate of the mass 

of chromium was included on the sample log to provide the NAA facility with the 

information necessary to select the proper sample irradiation time and 

strength. When possible, all samples were added to the sample vials in amounts 

that ensured the mass of chromium per sample was between 10 ug and 5,000 ug. 

When the total chromium value was not known, samples were prepared so that each 

sample vial contained between 5 119 and 1 0 0  p q  of hexavalent chromimm. mese 

procedures were followed to allow all known value samples to be irradiated at 

the same time and strength. 

When the sample concentration was unknown or possibly could have exceeded 

5,000 uq of total chromium, such was noted on the sample log sheet. A 

preliminary run on the material was then made to estimate the sample 

concentration. 

When liquid process sample or the 2.0 m l  aliquot of the filtrate from the 

hexavalent analysis were below the 10 vg of total chromium value, total mass of 

chromium was recorded on the data sheet to allow these samples to be irradiated 

separately for a longer time and to allow for the selection of a lower 

concentration standard. 

Quality Assurance Sanmle Analysis 

With every set of 15 samples submitted for 

submitted to check the analytical technique. 

SAMPLE ANALYSIS 

Sample analysis for total chromium content 

Activation Analysis (NAA) and was conducted by 
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Engineering at North Carolina State University in Faleigh. In brief, XAiA is 

based on the determination of the number and energy of gamma and/or x-rays 

emitted by radioisotopes produced in a sample matrix by neutron irradiation. 

Quantitative analysis is obtained by comparinq the x- or gamma-rays of the 

sample with the number determined for a standard that has been subjected to the 

identical irradiation. 

The samples (prepared as described) were heat-sealed in the 25 ml 

polyethylene vials. Chromium standards were similarly sealed in identical 

vials. Sets of samples and standards were irradiated €or a predetermined 

neutron fluence. They were then allowed to radiate for a minimum of 10 days 

prior to analysis to eliminate possible inference from sodium and cobalt which 

have short half-lives. After this time, samples and standards were counted on 

a solid state detector connected to a multichannel analyzer. 

Results were reported for samples in terms of total !dg of chromium for the 

sample. 

CALCULATIONS 

Particulate and chromium emissions and concentrations were calculated as 

described below. 

Emission Calculations for Particulate and Hexavalent Chromium 

Particulate and hexavalent chromium emissions were calculated as described 

in the EPA Cr+6 Method (see previous section). 

Emission Calculations for Total Chromium 

The total chromium emissions, Cs (pg/dscm), were calculated as follows: 
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Where: 

= Stack  gas concentrat ion,  g/dscm. 

= Mass of C r  i n  each p a r t i c u l a t e  r e s idue  sample, vg. 

= Mass of Cr i n  each p a r t i c u l a t e  r e s idue  blank, Ug. 

= Mass of Cr i n  f i l t r a t e  s o l u t i o n  (CrC6) minus blank, lig. 

CS 

r m 

mb 

n$, 

Vm(sta) = Volume of gas sampled, co r rec t ed  t o  s tandard condi tons,  dscm. 

Note: In some cases, t h e  mass of C r  was c a l c u l a t e d  sepa ra t e ly ,  f o r  t h e  
f i l t e r / r i n s e  sample and impinger conten ts  sample, or t h e  masses of both samples 
and both blanks w e r e  added t o  obta in  t h e  t o t a l  concentrat ion.  

Calcu la t ion  of Chromium i n  S o l i d  Process  Samples 

The chromium concentrat ion i n  s o l i d  process  samples, Co ( g g / g ) ,  w a s  

c a l cu la t ed  as follows: 

Co = (m, - m b ) / w t  Equation C-6 

Where: 

Co = Concentrat ion of chromium in process  sample, Ug/g. 

ms = Mass of C r  i n  process  sample, Pg. 

% = Mass of C r  i n  blank sample ( i f  a p p l i c a b l e ) ,  pg. 

w t  = Weight of sample analyzed, g. 

Calcula t ion  of Chromium i n  Liquid Process  Samples 

The chromium concentrat ion i n  l i q u i d  process  samples, C1 ( p g / m l ) ,  w a s  

c a l cu la t ed  as follows: 

Cl = (ms /2 )  (vf/Vi) Equation c-7 

Where: 

Cl = Concentration of chromium i n  l i q u i d  sample, ug/ml.  

m = Mass of C r  i n  l i q u i d  process  sample, Ug. 

2 = 2 . 0  m l  a l i q u o t  analyzed. 

Vf  = F i n a l  volume i f  a sample i s  concentrated,  m l .  

Vi = I n i t i a l  volume of sample concentrated,  ml. 

S 
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CALIBRATIONS 

All measuring equipment Entropy uses is initially calibrated before use. 

Equipment which can change calibration is both checked upon return from each 

field use and is also periodically recalibrated in full. When an instrument is 

found out of calibration, it is so noted in the report and appropriate 

adjustments are made to the final results. The equipment is then repaired and 

recalibrated or retired as needed. Specific equipment is handled as follows: 

Pitot Tube - All pitot tubes used by Entropy, whether separate 
or attached to a sampling probe, are constructed in-house or by Nutech 
Corporation. Prior to their initial usage, they are calibrated using 
EPA geometry standards. in general, if a type "S" pitot tube is 
assembled correctly, and positioned properly in relation to the probe 
nozzle, it will have an average Cp of 0 . 8 4 .  AS long as it is not 
damaged, it should not change its calibration. The recalibration 
schedule for pitot tubes is related to the physical condition and 
usage of the pitot tube, not a fixed time schedule. Each pitot tube 
is inspected upon return to the laboratory from each field use. 

Dry Gas Meter and Orifice Meter - A l l  Entropy meter boxes are 
calibrated upon purchase and at least once every six months against a 
secondary test meter (one calibrated against a wet test meter) 
according to their usage history. Basic procedures are outlined in 
the EPA Publication No. APTD-0576. The only differences are in the 
choice of flow rates used and the volumes metered at each flow rate. 
After each field use, quick checks are performed to ensure delta H@ 
changes of less than 5%. These checks compare the orifice against the 
dry gas meter. if greater than 5% changes occur, recalibration and 
repair are instituted. 

Nozzles - Each nozzle is calibrated upon purchase, and 
thereafter whenever it becomes apparent that the nozzle has become 
damaged. Each nozzle is inspected upon return to laboratory from each 
field use. The diameter is measured on five different axes, with the 
high and low readings differing by no more than 0 .004  inches as a 
tolerence. 

Temperature Measuring Instruments - After each field use, the 
thermocouples or thermometers are calibrated against an ASTM precision 
mercury-in-glass thermometer across a wide range of temperatures. If 
the initial reading is not within 5 1 . 5 8  of the absolute temperature 
reading of the standard thermometer, the instrument is adjusted until 
it is in the acceptable range. 
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MagnehelicR Gauges - After each f i e l d  use,  each magnehelic R 
Gauge i s  ca l ib ra t ed  aga ins t  an inc l ined  manometer at th ree  d i f f e r e n t  
s e t t i n g s  (low, medium, high) over the  range of t he  individual  gauges. 
If the  readings d i f f e r  more than + 5% from t h e  manometer readings,  t he  
MagnehelicsR a r e  reca l ibra ted .  

- 

Barometer - Afte r  each f i e l d  use,  each barometer i s  checked 
aga ins t  a mercury barometer. 

I 
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.- 

(METER BOX NUMBER: d CALIERATION 9yi 

-METRIC PRESSURE ( P  1 :  24,C IN. HG a 

a IN. HG *-METRIC PRESSURE [ P ] : 

COEFFICIENT ( YDs 1: S T A N D A ~  METER NUMBER: r”7oc7 

.. . 
.. .- 

. .  

- .. 
NOM I N4L METER BOX METERING SYSTEM 

FACTOR 
. (5 

---B==I I I 1 .  
I I I 

qri9 I I .xo I AVERAGE 

.. . .  



, 

ULIERATION E i i  

DATE: !-z5-/5 -METRIC PRESSURE 

'DATE: 'SAROMETRI C PFESSilRE P I :  IN. HG 8 

! 

. .  

NOhllNAL 
FLOW 
FATE - 
I Q I  

CFM 

I I 
I I 
I 

~ 

METER BOX METERING SYSTEM] 

I -1 

NOMINAL METER m X  METERING SYSTEY 
FLOW 
RATE 

1 
ORIFICE . RATE FACTOR 

. (21 

I 
AVERAGE 

I 

COEFF. 

IY,l 

. .  

I 
A H @  1 
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I 
1 
I 
I 
I 
1 
I 
I 
I 
I -;, 
I 
I 
I 
I 
0 
I 
I I 
I 
I 

- 

I METER BOX NUMBER: .A CiLIBFZATION Efi 

DATE: z-zT-$< -METRIC PRESSURE ( P  ] : z9.a IN. HG 

IN. HG 

a 
*DATE: *-METRIC P E S S U R E  [ P ] : 

B 

COEFF IC I ENT 7 [ YDs 1: 
S T W D A ~ C  METER NUMBER: I 0 1 7 0 c 

. .  
. .  

i ., .. 
.?, 

i 
:;: . 

f. 

. .  

. .  

ltd, I 4601 * e 0.0117 * PW 

' [ 'ha * vds 
)o - Pb * ICd  * 4601 

* Pb 
Id, * Vds * Its f 460) 

.Id Vd * Itddr + 4601 * lPb * bH/13.61 

, 



METER BOX NUMBER: AJ IC CALIBRATION BY: 

BAROMETRIC PRESSURE P 1 : 29.66 IN. HG 
B 

DATE : /4 -26 -44 

IN. HG  ATE: *-METRI c PRESSURE ( P ] : 
B 

S' iANDAh METER NWBER: /O /7OS 7 COEFFICIENT ( Y D s ) :  

! 
. .  NOMINAL 

FLOW 
RATE 

( P I  
CFM 

- 

I NOM I NAL METER BOX METERING =STEM 

"_I 

. GI 

I I . .  

i ENTROPY 
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N O Z Z L E  NUMBER:  405 

. .. 
NOTE: All d iame te r s  measured i n  inches .  . . '  . .  . . 

. :.. 
' - *  " '  

, : .  ... . . . . . . . . . -  . . .  . . . .  . . .  . - .  
EMAUSTSINC 

!. 
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- 
NOTE: All diameters measure2 in inches. 
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? 

N O Z Z L E  NUMBER: 4b7 

NOTE: All diameters  measured i n  . inches ;  
. . . . . . . .  . .  
._.:: . , 

.. 
. .  

. . .  . . .  MENTAUST8,lNC . . .  
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N O Z Z L E  NUMBER:'  7// 

NOTE: All diameters measured in inches. 



I 
I I I I I I I 

I 
... . 

. I  I 
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. .  . . . .  , 

. .  - -  TEMPERATURE = TC = To' + - . 0 0 0 0 9  (T,-ZO) (To-Tm) 
-. 

i'. 
ENTROPY 
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UL IBRATION mrrPrriomznR THEPMOCOUPLE/ ~ F E R E N C E  
S r S T E M  USED 1 .D. NUMBER lH€RMOMETER THERMOMETER TEMPERATURE 

I . D .  NUMBER TEMPERAlURE OF Hg COLUMN 

I I I 
I I I 

I 1 I I 
I . I  I i 

. .  , .  
1 -  CORRECTED TEMPERATURE ss T, p T,' + - . 0 0 0 0 9  (T,-ZO') (To-Tm) . .  

TEMPERAiWRE 

, 
DIFFERENCE = AT [(?c,OF + 4 6 0 )  - (?:,b? i 46o)l x 1 0 0  - <1.5 . *  

TC,'? i 4 6 0  

ENTROPY 
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m+cCOUPLE/ ATB 
<1.5% - S r S E M  USED I . D .  NUMBER THERMJMETER THEFWOMETER TEMPERATURE E M M E T E R  

I .  0 .  N F E R  TEMPERATURE OF Bg COLUMN ERATURE 

CALIBRATION Wl€&lOMETER T H E M C O U P L E /  G F E R E N C E  

. .  
. .  

. .  

TEMPERATURE DIFFERENCE = A? = [ (? '= ,Or  4 6 0 )  - (? t ,o?  + 4 6 0 ) ]  x I00 
I .-., i, Tc,OF i 4 6 0  

.J  

ENTROPY 
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- .. 
. .  

CORREC7ED TEMPERATURE = TC = ?d +-.00009 (To-2O),(?,-?,) 

TEMPERATURE DIFFERENCE = A? = [ ( ? = , O F  + 4 6 0 )  - (?t,’F i. 4 6 0 1 1  X 1 0 0  <I.S% - 
T,,OF 4’ 4 6 0  

.. i .* 
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MERCU?.Y - 1 N -  GLASS REFERENCE NUMBER : , I?&$ z/ 75 -ks?fJf - 1  ENT T E M P .  : b5 
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PITOT TUBE INSPECTION DATA SiiEET 

..... . . . .  . . .  . . .  

. .  
. .  . . .  
- 1 .  

. .  
mc.nr .7&..M ,,,I, m,,,- 

. . .  .- . . 8" *,,-..I- ., - ,) 
... . . . . . . .  ..... . .  
- .: 

........ 
. .  

. , .. 
. .  . ,  

. .  ,;,;.. . .  
i 

~. . .  ... !.:'... Coments:  
. . . .  . .: 

.. 

P re-sampl e Post Samole 
- Date 2-20Y4 Date 

i -  . . .  
. . . . .  .. . .  . .  

I 
I 
1 
I 
I 
1 
I 
3 

I 
R 
3 

i 

.I 
. .  I c e r t i f y  t h a t  p i t o t  tube/proSe number q- meet s  o r  exceeds. 'all -- . . 

. . .  
- .  . . 

. . . .  

spec i f i ca t ions ,  c r i t e r i a  and/or app l i cab le  design features 'and is hereby 
. .  

. .  assigned a p i t o t  tube c a l i b r a t i o n  f a c t o r  o f  0.84. 

S igna ture  . Date z.-a-BLf.' 
-see w cFa 60. V O I .  R. no. im. Method 2 .  verify the mini- 

1 
2 inch s e t n u t  of the thennocouple and the mini- 314 inch 
IeDarat fon between the p i t a t  rube and the no2zIc LI I h m  a t  
the COP of t h i s  P19C. 

. . . . .  - 

ENTROPY' 
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PITOT TUBE INSPECTiON DATA SHEET 

Pre-sampl e Post Samole 
Date , / / O / S J  Date i. ,_ i 

level? 

'obstructi ons? 

damaged? 

-10" < a1 < +lo" 

-10' < a2 < +loo 
-5' < 51 < tj" 

J -5" < 5 2  < +5" 

Y 

1 .778 ' I' A '' 

- .- 
- I certify that pitot tube/proSe number 4-q 'meets or exceeds all 

specifications, criteria and/or applicable oesign features'and i s  hereby 
assigned a pitot tube calibration factor of 0.84. 

ENTROPY' 
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I 

. .  ~ 

. .  
I 

' - I  I.. - 

PITOT TUBE INSPECTION OATA SHEET 

Pre-samole 

.. 
. a  

Post Samole 
Oate 

1 I "obstruciions? 
damaged ? 

. .  Comments : 

- 
. ._ 

I certify that pitot tube/proSe number 4-4 meets or  exceeds all - 
specifications, criteria and/or applicable design features'and is hereby 
assigned a pitot tube calibration factor of 0.84. 

' Date / / /9 /*q ' ,'. ; . . 
*see a0 c i i  m. Y O I .  2 2 .  NO. 160. Mecnod Z. V c y i f y  the m i n i -  

ENTROPY 
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..I , 

- 
I cer t i fy  *.at p i t o t  t&e/probe k w e r  5 -3 .  ' 

specif icat ions,  cr i t er ia  and/or a??licrble iesiw features and is hereby 
a s s i F e d  a p i t o t  tube calibraciion factor of 0.84. 

meets or exceeds a l l  ' 

1 - 
Sicjnature 

, .  
. 

*SEE A 0  CFR 6 0  V O L - 1 Z N O . 1 6 0  METHCD 2 .  VERIFY THE MINIMUM . . 
SEPARATION EETWEEN THE PITOT TUQE AND THE NOZZLE AS SHOWN A T  
THE TOP OF THIS PICE. 

2 INCH SETBACK'OF THE THERMOCOUPLE A N D  TnE M I N I M U M  3 7 4  INCH . '  

r 
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I 
.I 
I 

I 
R 
I 
1 
1 

a 

I 
f 
I' 
I 
I 
I 

9 
I ,  .,' 

_- c 

. .  , Comments : r: 
i ,. 

I certify tbat pitot tube/probe nuher 5-4 
specifications, criteria and/or a2plicable design features and is hereby 
assiped a pitot ?&e calibration factor of 0.84. 

meets o r  exceeds all 

- .  SiFat-cre &&&- - 
. -:e-.. Date q k j &  

. . .  
. .  . .  I . "  

* S E E  4 0  C F R  6 0 , V O L - 4 2 N O .  1 6 0  H E T U C D  2 .  V E R l W  TUE MIHIMUM . 
S E P A R A T I O N  BETWEEN THE PITOT TUBE A N D  THE N O Z Z L E  AS S H O W N  AT 
2 INcn SETBACK OF THE THERMOCOUPLE AND THE MZNIMUH 374  INCH . '  
THE -Top OF THIS  PAGE. 
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CALIBRATION BY: 

DATE: L-21-85 EAi?OfdETRIC PRESSURE ( P  1 :  z$bLIN. HG 

'BAROMETRI c PRESSURE ( P ) : IN. HG 

B 

B *DATE : 

STANDARD METER M E R :  C O E F F I C I E N T  ( Y D s ) :  

POST-TEST METER BOX CALIBRATION 

I STANDARD DRY CAS METER IMETER eaX METERING SYSTEM I 

r M E E R  8ox METERING SYSTEM I 

I A M R A G E  I c94 I /. 74 I 

METER BOX 
CAL I BRAT.] ON 

METER 

SCHEMATIC OF EOUIPKENS SET-UP FOR 
I 

FULL ANE POST-TEST METER BOX CAI IBFSTIONS 

ENTROPY 
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CALIBRATION BY: [METER BOX NUMBER: $6 
DATE: -7(-83 W M E T R I C  PRESSURE (PSI: PT.lbtIN. HG 

*DATE: 'BAROMETRIC PRESSURE ( P ] : IN. HG 
B 

STANDARD METER NUMBER: 1705 7 COEFF I C I E N T  [ YDs J :  

POST-TEST METER BOX CALIBRATION 

I S T A N D m  DRY CAS METER ]METER eoX METERING SYSTEM 1 

I METER BOX METERING SYSTEM I 

/ 

METER BOX CALIBRAT,ION 
MEtER 

SCWAATIC OF EQUIPMENT SET-LIP FOR 
FULL- WST-TEST METER BOX CALIBF7ATIONS 

D-27 
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DATE: 6-21-85 -METRIC PRESSURE ( P 1 : 79,@ IN. HG 
B 

b 'DATE : *-METRIC PRESSURE (PB): IN. HG 

STANDARD METER W E R :  /0 /70  57 C O E F F I C I E N T  ( Y o s ) :  

R A T E  I . ( = I  

r 

POST-TEST METER BOX CALIBRATION 

STANDARD DRY CAS METER METER eoX METERING SYSTEM 

I METER BOX METERING SYSTEM 

I THERMOMETER - 7 / LMelLlCAL 

I CALIBRAT.ION. 
METER 

METER BOX 

(Ids * Vds * ITd 1 4601 Pb I 
SCHUMTIC OF EWIFMENT SET-UP FOR Y .  d Yd * ICds * 4601 . lPb + A E A 3 . 6 )  

FULL .4NE POST - TEST METER BOX CALI BRAT IONS 
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tl\ll~RAT10N BY: 

DATE: 6 - ~/--45' 
1 METER eCX NUMBER: d/4 

-METRIC PRESSURE ( P,) : z y ' b z  IN. HG 

'DATE: 'EAEOMETRI C PRESSURE ( P,) : IN. HG 

8 STANDARD METER NUMBER: b ( 7 0  f 7 COEFF IC I E N T  [ YDS 1: 

STANDARD DRY GAS METER METER Box METERING SYSTEM 

I METER Box METERING SYSTEM 

@ 0 0 0  
0- LE3 .... 

METER BOX CALI BRAT.ION 
METER 

SCHUAATIC OF EOUIPMENT SET-UP FOR 
FULL- POST-TEST METER BOX CALIBRATIONS 
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TSNPEFATUFE SENSING EQUIDMEXT CALIS?ATIO?: DATA 

L I 

I 

. !ERCURY-IN-GLASS REFERENCE NUMBER: M I  ENT TEMP. : 75 

' CALIBRATION POTENTIOMETER THERMOCOUPLE/ REFERENCE ' MEAN 7HERMOCOUPLE/ ATB 

< I . 5 % - SYSTEM USED I . D . NUMBER THERNOMETER THERMOMETER TEMPERATURE 'MERMOMETER 

I . D .  NUMBER TEhIPERATURE OF Hg COLUMN TEMPERATURE 

I I I J 

I 4 
I 

I I I I I 

I 
I I 
I I 

I 
I 

I I I 
I I I I I 

TEMPERATURE 

I I 

D~I FFERENCE 

I I I I 

AT = 

CORRECTZD TEMPERATURE = Tc T i  + - . 0 0 0 0 9  (To-tO) (To-Tm) 

I00 
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. .  . .  

. .  

. . .  . . . .  . . .  
. . . .  
. .  . ,  . ,  

. .  

. . . .  
,,'.< , . .  

. .  

. . . .  

..I ,: . .,.,: . , ' '.. . .  

. .  

.,. . ' ' ' . .  c , *  ,' 
, . .  , .  . .  , ,  

1 , . , . < .  i .,: . ' '  

I '  , 
.I' -',; _I '  - .  

. - .  

' . Auditor: . 

Pretest  Y:  

Calculated 

. .  . , ' .  Calculated Yc . . _ * -  . .  
. .  

. .  
+ 4 6 0 )  1/2 

. . . .  

. .  
1 ] : - ; '  

0.0319( '0, r:03,19 ( t m  ' '  + ' 460)  . ' 1:. ' -1/2 : ' 8 ' .  .. 5 ( 7,378 10 1 [1 
( ZT,? %a=. i .. : . .  

., 
. .  v, , 

. . .  . . . .  . . .  . .  . .  
. . .  

. .  > 

. .  

. . .  . .  . . . . . . .  . .  

I, . 

6::; 
f. .;"' 

~8 
1 ,  . ,  ; :  " 

, . .  
. .  , 

( .  
. . . .  ~, . .  

. ,  . .  

I.2 ;. ,. . 

, 
. .  

. .  
. .  

> I  . , 

... 
. .  

. . . .  

1 

J 
. .  

I. , . .  
i . .  

. . . . .  . . .  ... . .  , ... . , .  
. .  . .  

. ,  . .  . ,,;., . 
. .  .., 

. .  
;:;. . . .  . .  

. .  

. . . . .  . . .  
.; . . .  

I 
. .  

. .  
? . ,  . .  
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Date: Time: 0s: 22 - o g :  3 L  
Client:  eihi?a Auditor: llSN 

29.2.- in .  Hg. Meter BOX N O .  : d. b 
E"@: f . b l  Pretest  Y:  . "1clg 
'bar: 

Orif i c e  Dry gas Meter &ration 
gauge meter Tesnneratures of 

reading reading run 
Ti/Tf 

min. 
Aa@ "ipf 

i n .  A20 f t  

276.550 6'4 10 

J. 6 Z d - ,  043 71 

Dry Gas Meter 

volmne average 
meter temperature ?retest Calculated Audit - 

0.97Y < Yc < 1.03Y 
V t' 0.97Y 
f 7 3  9 1.03Y 

AcceptaSle 
Y YC 

I * O l l c  
.9&( 

68 1.02% 
77.493 

Calculated Yc 

0.0319( 6% + 4 6 0 )  1/2 1 ( 2q .z  1 
10 0.0319 l tn  + 4 6 0 )  1/2 . =  10 

% [ 'bar (7.rt93) 
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_ ,  . .  
r .  

. . . .  .. 

Date of laboratory custody . .  
. .  . .  

' .,.. +'..:: ., .; $.< , , 

Laboratory personnel 'taking cusiody' 
. .  i ! . ,  . . .  . .  

.:, . ', . ;,-i . ,. . . .  
. ... . 

_ -  
".:~ . . . . ~. _. - . 1  ~. 

. .  .. . .  . .  . .  
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SAMPLE RECOVERY AND INTEGRITY DATA FORM 

Plant Sample date 6 / 1 9 / B  5 
sample location &RR- Run number 5 
sample recovery person I+- Recovery date b 119 !g.5 
Filter(s) number T- 0.2 - '3 (0. 4721) 

MOISTURE 
Impingers Silica gel 
Final volume (wt) 215.0 ml (g) Final w t  759.3 g 
Initial volume (wt) ~ 0 0 . 0  ml (g) Initial wt t00.0g 
Net volume (wt) IS .0  ml (9) Net wt. g 

9 
g 
g 

- 
- 

50.3 - 
Total moisture 65.3 g 

color of silica gel ~p~c 

Description of impinger water C U A R  

RECOVERED SAMPLE 
Blank filter container number C50 ~LAI - IR  Sealed J' 
Filter container number * S  Ctc-rFTr Sealed / 
Description of particulate on filter 

Acetone rinse Liquid level 
container number Z5 R ~ N ~ E  marked? 
Acetone blank Liquid level 
container number C W  RINX 8 ~ ~ t - s .  marked? 
Samples stored and locked 

J 
J 

Remarks 

Date of laboratory custody G I Z ~  I e5 
i 

Laboratory personnel taking custody. 
Remarks 

ENTROW 
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I 
I 
1 
1 
I 
I 
I 
I 
I 
I 
i 
I 
1 
0 
1 
1 
I 
I 
I 

. .  

.: , . .  .. . .  , .  

. .  ':,SAMPLE RECOVERY AND INTEGRITY DATA FORM . .  
. .  . . .  

. .  
. .  
. .  

... . . . . .  

. .  

. . .  . .  
Plant C.5. OHM Sample date 
Sample location 5 ~ ~ 0 ~ 0 -  7;\rc 
Sample recovery person HL Recovery date 
Filter(s) number T -  0 .2 - I  (0.46% 

Run number d!zol As 

. . . .  , .  
.. ,:. 

, .  
. .  .. 

..: I 

. . .  . . MOISTURE 
. .  

. .  
. .  :. (. , b : , ,  . .  ' ..silica gel 

. .  . .  
Impingers . . . ,  

.. Final volume ( w t )  ZO8.0 ml (9) Final w t  254.2.g . - g 
Initial volume ( w t )  ~00.0 ml'(g) Initial wt ZW.og - 9  
Net volume ( w t )  8.0 ml (9) . Net wt. sq.2 9 - g  
. ' . Total moisture G 2 . i  ' "'g ': 
Color of silica gel P I N G  

Description of impinger water. ' CLEAR 

;. . . .  
RECOVERED SAMPLE 

 lank filter container number cso BLANK. Sealed J 

Description of particulate on filter 
. " Fiiter container number' * 8 FI L 7 e  Sealed -" 
A. . .  

Acetone rinse Liquid level 

Acetone blank Liquid level 
container number Ec RLRNK marked? 
Samples stored and locked J 
Remarks 

I container number R I H5< marked? / 

/ 

Date of laboratory custody L I Z I I S  
Laboratory personnel taking custody 
Remarks 

. . . . . .  

. .  
. .  . .  

. 
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SAMPLE RECOVERY AND INTEGRITY DATA FORM 

P l a n t  ' C . 5 .  OHM Sample d a t e  (PIi8185 
Sample l o c a t i o n  S-Bsrn OUTUET Runnumber 3 
Sample recovery person HL Recovery d a t e  GI[?;  /a5 
F i l t e r ( s )  number T - 0 . 2 -  SZ (0.71 &) 

MOISTURE 
Impingers S i l i c a  gel 
F ina l  volume ( w t )  234.0 m l  (9) F i n a l  wt 251.1 g 
I n i t i a l  volume ( w t )  700.0 m l  (9) I n i t i a l  w t  zoo 0 g - 

Net w t .  51.f g / N e t  volume ( w t )  54.0 m l  (9) 
Tota l  moisture 85.1 . g 

Color o f  s i l i c a  'gel  wNI< 

Descr ip t ion  of impinger water C L E ~  

g 

g 
g 

- 

RECOVERED' SAMPLE 
Blank f i l t e r  con ta ine r  number c50 BLANK Sealed / 
F i l t e r  con ta ine r  number +t3 F~I-RR Sealed /' 
Descr ip t ion  of  p a r t i c u l a t e  on f i l t e r  

Acetone r i n s e  Liquid level  
conta iner  number * 3 RIN5E marked? 

Liquid level Acetone blank 
conta iner  numbe.r CSO B L A N K  marked? 
Samples s t o r e d  and locked / 

J -  
/' 

. .  

Remarks 

Date o f  l abo ra to ry  custody b 121 105 
Laboratory personnel  t a k i n g  custody 
Remarks 
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. .  . . . .  . .  l,+.~., . . . . .  . .  . .* .. '. SAMPLE RECOVERY AND INTEGRITY DATA FORM . .  
. .  

- 

, .  
. ,  . .  . . . .  

. , .  . . .  .. 
, .  

;; 

.. . .  , .  
./ 

.... 
7 

.~ ,I , , Plant  C.S. O H M  Sample da te  (0 119 163 5 . .  
. .  Sample loca t ion  ' S c r r u n m ,  CL-rCm ~ u n n u m b e r  6 

F i l t e r ( s )  number T-0 .2 -  53. (0.69831 
' Sample recovery person . H L  Recovery da te  6! 19 ! 8s 

. . .  
/ 

1.. 
... . . .  1 

1 . .  

I- . . . . .  Description of impinger water CLFAR 

.. 'I.. 

. . . . . .  
. .  . .  

. .  I .  

. . . . . . .  , . .  . .  
MOISTURE 

.. . 

, .  
.. 

. .  .. . .  
Si l ica  gel 

... 
.:,: . Impingirs 

Final  w t  255.3 g g 

.55.3 g g 

Final volume ( w t )  248.0 m l  (9)  . - 

N e t  volume ( w t )  , '  . 48.0 m l  (9) N e t  w t .  

Color of s i l i c a  g e l  PiuG 

. . .  I n i t i a l  volume ( w t )  ~00.0 m l  (9)  I n i t i a l  w t  200.0 g - g 
' ( '  - 

. : Totai  'moisture . 103.1 g 
, . ., 

. . -  

... 
. .  

J 
RECOVERED SAMPLE . .  

1.: .>  : B i a & . f i l t e r  container  number' . .  cj, B L A N K  Sealed 
. '  .:. F i l t e r  container  number .tcb F I L T ~ R  Sealed / 
- Description of p a r t i c u l a t e  on f i l t e r  

. .  

J Liquid level 

.,'. , .  Acetone blank Liquid ' l e v e l  

.I . 1;: ; 
Acetone rinse I . -. ' con ta ine r  number = L  R t N s  marked? 

"container  number cso mu€ marked? 1 . Samples- s to red  and locked / 

B "  
1 ' , -  Remarks 

~ , , . .  

. .  
/ 

. . . .  
, , .Remarks . . ,  

' '  Date of laboratory custody 

, ., . 
I .  

. .  . .  
b /zr / 0 5  

Laboratory persolinel taking custody 

I: ' . "  "' . '  



. . .. . . . .. . . . . 

SAMPLE RECOVERY AND INTEGRITY DATA FORM 

I 
Plant . .  CIH Sample date b/?BlfE 
Sample location Sceuan- Ownm ~ u n  number ' 9 
sample recovery person W S N  Recovery date b[20 / 85 
Filter(s) number T - 0 . 2  - 51 (0 7526 

MOIST(IRE 
Impingers Silica gel 
Final volume (wt) 2 5 2 0  m l  (9) Final w t  252 6 g - g  
Initial volume (wt) 2.00 o ml (9) Initial wt 3 0 0 g  - g  
Net volume (wt) 52.0 ml (9) Net w t  5 2 b g  g 

Color of silica gel PINK 

Description of impinger water C A ~ , A R  

Total moisture 104 b g 

RECOVERED SAMPLE 
Blank filter container number C S O  F)L++.LII Sealed / 

Description of particulate on filter 
Filter container number * 3  F 1 L T e R  Sealed / 

J Acetone rinse Liquid level 
container number 9 9 RikSE marked? 
Acetone blank Liquid level 
container number cso AthlSF marked? 
Samples stored and locked / 
Remarks 

~ ~ ~~~~ 

Date of laboratory custody b121 I85 
Laboratory personnel taking custody 
Remarks 

€NTROPY 
D-39 
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- .  LE RECOVERY' AND INTEGRITY DATA FORM 
, .  . . , .  . .  

. . .  . . . .  . . . .  . .  ... .% 
...... . . . .  . , .  

. .  . .  

. ' marked? 

. . . . .  

. .  Date of  laboratory custody . . .  

Laboratory personnel taking custody 
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M 0 \5TU RES Sampling Method: 
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CUSTODY SHEET'FOR REAGENT BOX # '6a.b ' 

414 I n i t i a l s  Locked ? 

. !.* '. i; , 4 ~. 
., .. 

, . , . .  2 

. . -  1:' , ' , .  

. . .  . .  . .  ^.. ; ~ . ~ . .  
: 

I . .  
. .  . .  

. . .  . .  , : ' <. . ,  
. _.. '* .. : 

'. 'J Date'of Makeup 

Indiv idual  Tare of Reagent: 300 m l s .  O ~ - ~ X . S T I L L E ~  k4-0 

Indiv idual  .,Tare of Reagent: 
.. .... 

m l s .  of 
. . .  . . . .  . . . . .  

> .  

. . 

, 1. :, ~. 

. . .  

'~ < 

. .  . . .  

I , ,  , ,  

.'?' Ind iv idua l  S i l i c a  G e l .  Tare-Weight zoo ' ,  ..-gms'. ' 
-" 

. . .  . . .  . . . . . . . . .  .' I ,+ , -:.*'. . . .  . .  ,.. ") ,\, .+ . . , . I ,  . ,I . ,  ~. 
I . .  , ~ . I .  , ? * .  

. .  >,,. 

... . -. 1 .  

' -  c .5.  O H M .  1 

... , *.:. . , .  I. 

F i l t e r  Tare Used. 

(mgms)  T e s t  On I # Weight 
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Sampling' Method: ' . .I45 
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" .  
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. .  

I. 

I . . .  . . . .  .......... . .  .. 
,. +$,: . .  . ...,. . 

'Zero . b  Span' Balance . . ;.';;, - i n i t i a l s  . *  

., ,;'. 

F i l t e r  Tare 
on ., . .. . # Weight , .  . .  . . .  , ~ . I ' ( m g m s )  Test. 

. .  . . . . .  
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. .  . . . . , , I , ,:: 
, .  . .  

.. . - -  . _- .- # . '  . .. . - . .  
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a' 

I.. " .  
. ,.." 

. .  

. .  
Individual Tare of Reagent: ZDO m l s .  f-gh-nutzb 

I .. .., . 
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I 1 I I . .  
. I  I I I 
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1 .  
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SOURCE SAMPLING PROGRAM 
Process data sheet 

Place: C. S. Ohm Manufacturing Company Date: 6/18/85 Page: 1 of 3 

Test start time: Inlet 1004 Test end time: Inlet 1529 
Outlet 1003 Outlet 1505 

Time, 
24-h Tempera- Current, 
clock ture, “F  Voltage, volts amps Notes 

1000 

1030 

1100 

1130 

1200 

1230 

1300 

1330 

1400 

1430 

1500 

1530 

127 

129 

128 

131 

134 

136 

140 

131 

130 

134 

136 

138 

15s @ 2.5 
90s 8 12.6 
-- 

15s @ 2.5 
90s @ 12.6 
15s @ 2.5 
90s @ 12.6 
15s @ 2.5 
90s @ 12.6 
15s @ 2.5 
90s @ 12.6 
15s @ 2.5 
90s @ 12.6 
15s @ 2.5 
90s @ 12.6 
15s @ 2.5 
90s @ 12.6 
15s @ 2.5 
90s @ 12.6 
15s @ 2.5 
90s @ 12.6 
15s @ 2.5 
90s @ 12.6 

1,500 
12,500 

-- Shut down 1030-1040 for 
cleaning a nickel tank 

1,500 
12,500 
1,600 
16,000 
1,600 
16,000 
1,500 
12,500 
1,500 
12,500 
1,500 
12,500 
1,500 
12,500 
1,600 
16,000 
1,600 
16,000 
1,500 
12,500 

Concentrations in chrome tank: 

(Measured by plant personnel at 0730 each morning.) 

chromic acid--44.1 oz/gal 
sulfuric acid--0.14-0.16 oz/gal 

E-3 
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SOURCE SAMPLING PROGRAM 
Process data sheet 

Place: C. S. Ohm Manufacturinq Company Date: 6/19/85 Page: 2 of 3 

Test start time: Inlet 839 Test end time: Inlet 1405 
Outlet 837 - Outlet 1336 

Time, 
24-h Tempera- Current, 
clock ture, "F Voltage, volts amps Notes 

0830 

0900 

0930 

1000 

1030 

1100 

1130 

1200 

1230 

1300 

1330 

1400 

130 

132 

134 

136 

138 

138 

135 

128 

126 

126 

128 

130 

15s @ 2.5 
90s @ 13.0 
15s @ 2.5 
90s @ 13.0 

15s @ 2.5 
90s @ 13.0 
15s @ 2.5 
90s @ 13.0 
-- 

15s @ 2.5 
90s @ 12.5 
15s @ 2.5 
90s @ 12.5 
15s @ 2.5 
90s @ 12.6 
15s @ 2.5 
90s @ 11.6 

15s @ 2.5 
90s @ 11.6 
15s @ 2.5 
90s @ 11.6 
-- 

1,500 
12,500 
1,500 Make-up solution pumped 
12,800 into Cr tank from 

evaporation tank. 
1,500 
12,800 
1,500 
12,800 

-- Shut down 1030-1050 for 
cleaning a nickel tank. 

1,800 
14,000 
1,800 
14,000 
1,800 
12,000 
1,500 
11.000 

Timing of racks was 
measured: a new rack 
enters the Cr tank every 
4 min and 15 s. 

1,500 
10,500 
1,500 
10,500 

-- Shut down 

Concentrations in chrome tank: chromic acid--43.65 oz/gal 
sulfuric acid--0.16 oz/gal 

E-4 

i~ 
1 
I 
1 
I 
I 
II 
I 
I 
I 
1 
I 
I 
I 
1 
I 
I 
I 
I 



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

SOURCE SAMPLING PROGRAM 
Process data sheet 

Place: C. 5. Ohm Manufacturing Company Date: 6/20/85 Page: 3 of 3 

Test start time: Inlet 855 
Outlet 855 Test end time: Inlet 1420 

Outlet 1350 
Time,' 
24-h Tempera- Current, 
clock ture, "F Voltage, volts amps Notes 

0800 

0830 

0900 

0930 

1000 

1045 

1100 

1130 

1200 

1230 

1300 

1330 

1400 

1430 

140 

133 

129 

130 

133 

134 

136 

140 

142 

136 

132 

134 

136 

138 

15s @ 2.5 
90s @ 12.5 
15s @ 2.5 
90s @ 12.4 

15s @ 2.5 
90s @ 12.4 
15s @ 2.5 
90s @ 12.4 
15s @ 2.5 
90s @ 12.4 

E v:: 
15s @ 2.5 
90s @ 12.4 
15s @ 2.5 
90s @ 12.4 

15s @ 2.5 
90s @ 12.4 
15s @ 2.5 
90s @ 12.4 
15s @ 2.5 
90s @ 12.4 
15s @ 2.5 
90s @ 12.4 
15s @ 2.5 
90s @ 12.4 
15s @ 2.5 
90s @ 12.4 

1,500 
12,600 

1,500 
13,200 tank at 0840. 
1,500 

12,800 

100 lb of CrO, added to 

1,500 
12,300 
1,800 

16,000 
1,700 Shut down 1030-1045 for 

16,500 cleaning a nickel tank. 
1,700 

16,500 
1,700 

16,500 
i ,300 

12,800 
1,300 

12,400 

1,300 
13,000 

1,600 
15,400 

1,800 
16,600 
1,800 

17,000 

Concentrations in chrome tank: chromic acid--43.4 oz/gal 
sulfuric acid--0.14-0.16 oz/gal 
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TEST NO. 1--CURRENT USAGE CALCULATIONS 

Seconds o f  
Clock operation Current, Ampere-seconds (x103) 
time Inlet Outlet amperes Inlet Outlet 

1000 

1030 

1100 

1130 

1200 

1230 

1300 

1330 

1400 

1430 

1500 

90 
540 

69 
415 

104 
623 

104 
623 

104 
623 

104 
623 

104 
623 

104 
623 

104 
623 

104 
623 

100 
602 

93 
561 

69 
415 

104 
623 

104 
623 

104 
623 

104 
623 

104 
623 

104 
623: 

104 
623 

104 
623 

17 
104 

1,500 
12,500 

1,500 
12,500 

1,500 
12,500 

1,600 
16,000 

1,600 
16,000 

1,500 
12,500 

1,500 
12,500 

1,500 
12,500 

1,500 
12,500 

1,600 
16,000 

1,500 
12,500 

135 
6,750 

104 
5,190 

156 
7,790 

166 
9,970 

166 
9,970 

156 
7,790 

156 
7,790 

156 
7,790 

156 
7,790 

166 
9,970 

150 
7,525 

140 
7,010 

104 
5,190 

156 
7,790 

166 
9,970 

166 
9.970 

156 
7,790 

156 
7,790 

156 
7,790 

156 
7,790 

166 
9,970 

26 
1,300 

P I  TOTAL 7 90,000 83,900 
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TEST NO. 3--CURRENT USAGE CALCULATIONS 

Seconds o f  
Clock operation Current, Ampere-seconds ( x103) 
time Inlet Outlet amperes Inlet Outlet 

0830 17 17 1,500 26 26 
104 104 13,200 1,370 1,370 

0900 104 104 1,500 156 156 
623 623 12,800 7,970 7,970 

0930 104 104 1,500 156 156 
623 623 12,300 7,660 7,660 

1000 104 104 1,800 187 187 
623 623 16,000 9,970 9,970 

312 312 16,500 5,150 5,150 

1100 104 104 1,700 177 177 
623 623 16,500 10,280 10,280 

1130 104 104 1,700 177 177 
623 623 16,500 10,280 10,280 

1200 104 104 1,300 135 135 
623 623 12,800 7,970 7,970 

1230 104 104 1,300 135 135 
623 623 12,400 7,730 7,730 

1300 104 104 1,300 135 135 
623 623 13,000 a, loo 8,100 

623 415 15,400 9,590 6,390 

1045 52 52 1,700 88 88 

1330 104 69 1,600 166 110 

1400 69 -- 1,800 124 -- 
415 -- 16,600 6,890 -- 

TOTAL , - 2  - ~._I 94,620 84,350 P, . ;“-vi y 
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TEST NO. .?--CURRENT USAGE CALCULATIONS 

Seconds o f  
Clock operation Current, Ampere-seconds (x103) 
t ime I n l e t  Out le t  amperes I n l e t  Out le t  

0830 

0900 

0930 

1000 

1030 

1100 

1130 

1200 

1230 

1300 

1330 

73 
436 

104 
623 

104 
623 

104 
623 

34 
208 

104 
623 

104 
623 

104 
623 

104 
623 

104 
623 

121 
727 

ao 
478 

104 
623 

104 
623 

104 
623 

34 
208 

104 
623 

104 
623 

104 
623 

104 
623 

104 
623 

21 
125 

1,500 
12,500 

1,500 
12,800 

1,500 
12,500 

1,500 
12,800 

1,500 
12,800 

1,800 
14,000 

1,800 
14,000 

1,800 
12,000 

1,500 
11,000 

1,500 
10,500 

1,500 
10,500 

110 
5,450 

156 
7,980 

156 
7,980 

156 
7,980 

51 
2,660 

187 
8,720 

187 
a ,  720 

7,480 
187 

156 
6,850 

156 
6,540 

182 
7,630 

120 
5,980 

156 
7,980 

156 
7.980 

7,980 
156 

51 
2,660 

187 

187 

187 
7,480 

8,720 

8,720 

156 
6,850 

156 
6,540 

32 
' 1,310 

TOTAL 79,590 73,740 
I 
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APPENDIX F 

T E S T  PARTICIPANTS AND OBSERVERS 
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TEST PARTICIPANTS AND OBSERVERS 

Name Organization Responsibility 

W i l l i s  Nesbit Entropy Environmentalists, Inc. Field Coordinator 

Henry Long Entropy Environmentalists, Inc. Sampling Team Leader 

Gerry Carty Entropy Environmentalists, Inc. Sampling Team Leader 

Bobby Bridges Entropy Environmentalists, Inc. Engineering Technician 

Bill DeWees Entropy Environmentalists, Inc. Quality Assurance Observer 

Barb Duletsky Midwest Research Institute mnitor Process Operation 

Dan Bivins EPA, Emission Measurement Branch EPA Task Manager 

A1 Vervaert EPA, Industrial Studies Branch EPA Task Manager 
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