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1.0 I N T E I D U C T I O N  

During t h e  week of May 13-17, 1985, t h e  Emission Measurement Branch of the  

U. S.  Environmental Pro tec t ion  Agency conducted a n  emission measureaent program 

a t  Carolina P l a t i n g  Company's p l a t ing  p l a n t  located i n  Greenvi l le ,  South 

Carolina.  The purpose of . t h i s  program was t o  provide data  f o r  a screening 

s tudy t o  determine the  quant i ty  and form of chraniun emissions associated w i t h  

hard chraniun p la t ing .  

Comprehensive t e s t i n g  was conducted on a s e r i e s  of chraniun p l a t ing  tanks 

a l l  of whose emissions a r e  cont ro l led  by a s i n g l e  packed-bed wet scrubber. 

This fune scrubber  con t ro l l i ng  emissions f r a n  hard chraniun p l a t ing  tanks 

N o .  1 ,  2, 3, and 7 a t  t h e  p l an t  was se l ec t ed  f o r  source t e s t i n g  f o r  t h e  

f ollowing reasons: 

o Carolina P la t ing  appl ies  hard chraniun p l a t e  t o  l a rge  i n d u s t r i a l  
r o l l e r s .  Typical ly  the  r o l l e r s  remain i n  t he  tanks for 12 t o  36 
hours,  depending on t he  dimensions of t he  r o l l e r s  and the  
chraniun p l a t e  thickness  required.  Although t h e r e  is  no 
i ndus t ry  wide " typica l"  p a r t  t h a t  receives hard chraniun p l a t e ,  
it is not unrsual f o r  job shops to p l a t e  i n d u s t r i a l  r o l l e r s .  
The advantages of performing a source test on a tank used f o r  
p l a t i n g  r o l l e r s  ins tead  of other  types of metal  pa r t s  a re :  
a )  t h e  long p l a t ing  time accommodates cont inwus  t e s t ing ,  b )  the 
amount of chran im deposited during t h e  t e s t  can be e a s i l y  
determined, and c )  t h e  su r face  a rea  plated can be e a s i l y  
determined. 

o The p l a t ing  t a n k s  appear t o  be t y p i c a l  of o the r  hard chraniun 
p l a t i n g  tanks i n  t h e  e l ec t rop la t ing  industry,  based on operating 
parameters such as  cur ren t ,  vol tage,  p l a t ing  time, and chranic  
a c i d  concentration. The tanks a r e  s i t u a t e d  with the  longest  
dimension i n  t he  v e r t i c a l  d i r ec t ion ,  which is  common f o r  tanks . 
t h a t  a r e  used t o  p l a t e  large i n d u s t r i a l  r o l l e r s .  There a r e  no 
denis t ing  agents used i n  t h e  p l a t i n g  tanks.  The use of 
demisting agents is  not camon p r a c t i c e  f o r  hard chraniun 
p l a t e r s .  

1-1 



o The emissions capture system is highly efficient in directing 
fumes from the plating tanks to the control device. The 
vertical orientation of the tanks minimizes the exposed surface 
area of plating solution from which fumes must be drawn. Each 
of the four tanks is equipped with hoods on three sides through 
which a comon induction fan pulls a total of 20 ,000  standard 
cubic feet per minute (scfm). 

0 The Napco wet packed-bed fume scrubber at this facility is 
typical of control devices in use at other hard chromium plating 
facilities. Most hard chromium plating facilities that control 
chromic acid emissions use impingement-type mist eliminators or 
packed-bed fume scrubbers. As a result, emission data obtained 
from testing at the outlet of the scrubber at this facility 
should be representative of emissions from control devices 
typically applied at hard chromium plating facilities. 

Particulate concentrations and mass emission rates,were measured at 

the scrubber inlet and outlet using U. S. Environmental Protection Agency 

(EPA) Reference Method 5. '  Total chromium concentrations and hexavalent 

chromium concentrations were measured at the same locations by further 

analysis of the Method 5 samples using the alternate sample preparation 

and analytical procedures as described in Appendix C .  Flue gas flow 

rates, temperature, moisture content, and composition [oxygen (02), carbon 

dioxide ( C 0 2 ) ,  and carbon monoxide ( C O ) 1  were measured in conjunction with 

the particulate tests. In addition, "medium volume" (MV) particulate matter 

sampling was conducted at the same locations using a thimble filter and an 

experimental MV sampling train as described in Appendix C. 

Hs. Barbara Duletsky [Midwest Research Institute (MR1)I monitored process 

operation throughout the test period. M r .  Dan Bivins (EPA Task Manager) of the 

Emission Measurement Branch (EMB) and Mr. A1 Vervaert of the Industrial Studies 

Branch (1%) observed the test program. M r .  J. F. Tucker, Vice-president 

served as the contact for Carolina Plating. 

40 CFR 6 0 ,  Appendix A, Reference Method 5 ,  July 1 ,  1980. 
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This r epor t  is organized i n t o  several sec t ions  addressing var ious aspects  

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

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

con t ro l  device tes ted .  Following t h i s  is t h e  "Summary of Results" sec t ion  

which p resen t s  t a b l e  summaries of t h e  t es t  da t a  and d iscusses  these  r e s u l t s .  

The next s ec t ion ,  "Sampling Locations and Test Methods" describes and 

i l l u s t r a t e s  t h e  sampling loca t ions  for emissions t e s t i n g  and grab sampling and 

then expla ins  t h e  sampling strategies used. lhe f i n a l  s ec t ion ,  "Quality 

Assurance," notes  t h e  procedures used t o  ensure t h e  i n t e g r i t y  o f . t h e  sampling 

program. lhe Appendices present  t he  complete Test Resul ts  and Example 

Calcu la t ions  (Appendix A ) ;  F i e l d  and Analyt ical  Data (Appendix E); Sampling and 

Analyt ical  Procedures (Appendix C ) ;  Ca l ib ra t ion  Data (Appendix D ) :  MRI Process 

Data (Appendix E ) ;  and T e s t  Pa r t i c ipan t s  and Observers (Appendix F ) .  
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2.0 PROCESS OPERATION 

2.1 PROCESS DESCRIPTION 
The Carolina Plating Roll Division is a job shop specializing in 

precision finishing and refinishing of industrial rolls. Operations 
performed at this facility include hard chromium plating. sulfamate nickel 
plating, machining, grinding, and nirror finishing. 
rolls that are used primarily in the paper manufacturing, roofing, 
laminating. and coating industries. 
processes performed at this plant are unique, the actual plating process 
is similar to that at most other hard chromium plating operations. 

There are seven hard chromium plating tanks at this facility, 
arranged as shown in Figure 2-1. On the average, the tanks are charged 
for a total of 20 hours per day. Approximately 4 hours per day are 
required for the change-over of rolls. 
that has been plated i s  raised out of the plating tank, rinsed with water 
from a hose, and transferred to the grinding area. Then, the roll to be 
plated is cleaned with an abrasive cleanser and lowered into the plating 
solution. 
surface area of the roll and the plate thickness required. Usually, rolls 
that require longer plating times are plated overnight, and rolls that 
require shorter plating times are plated during the day when personnel are 
available to perform the change-over. 

Tank Nos. 1, 2, 3, and 7 were tested during this sourcz test 
program. 
the largest dimension in the vertical direction. This orientation i s  
typical of tanks used to plate industrial rolls throughout the 
electroplating industry. Each tank is serviced by an electric hoist that 
lowers and raises the rolls into and out of the plating solution. 
addition, each tank is equipped with a timer that automatically turns off 
the electrodes at the end of the specified plating time. 

the electroplating industry, based on operating parameters such as 
current, voltage, plating time. and chromic acid concentration. 
lists maximum operating conditions for the four tanks. 

The plant plates 

Although some parts of the finishing 

During a change-over, the roll 

Plating times range from 2 to 36 hours, depending on the 

The tanks are situated below floor level and are oriented with 

In 

The plating tanks are typical of other hard chromium plating tanks in 

Table 2-1 
Although the 
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composition of the plating solution remains constant, the operating 
voltage and current vary with each roll that is plated. 

2.2 AIR POLLUTION CONTROL 
All four tanks are equipped with hoods on three sides to capture the 

chromic acid mist. generated during the plating process. 
the exhaust system i s  shown in Figure 2-2. 
the exhaust system are treated by a fume scrubber located on a mezzanine 
adjacent to the plating area. The scrubber is a double packed-bed type 
manufactured by Napco, Incorporated (Model No. MA-101). Each bed contains 
30 cm (12-inches) of polypropylene packing. 
continuously with water, which drains into a holding tank and is 
recirculated through the scrubber. 
with clean water about 3 times a day. 
make-up solution for the plating tanks or is treated on site in a 
wastewater treatment system. 

of water droplets entrained in the exhaust gas stream. 
consists of a "Chevron-type" arrangement of baffles that changes the 
direction of gas flow four times at 30"-angles. 
has a design control efficiency of 96 to 99 percent for the removal of 
chromic acid. 

scrubber, is manufactured by Ouall Industries, Incorporated (Model 
No. "-66). 
(20,000 standard cubic feet per minute [scfm]) for air at 21°C (70°F); 
however, a gas flow of 4.7 m3/s (10,000 scfm) was measured during the test 
series. Exhaust gases exit through a short stack located an the roof. 

2.3 PROCESS CONDITIONS DURING TESTING 

A plan view of 
Emissions that are captured by 

The beds are sprayed 

The holding tank is flushed and filled 
The.spent liquid is either used as 

The scrubber also contains a mist elimination stage for the removal 
This stage 

The entire scrubbing unit 

The exhaust fan, which is located immediately downstream of the 

The fan is rated at 9.4 cubic meters per second (m3/s) 

Process operating parameters such as plating solution temperature. 
operating voltage, and operating current were monitored and recorded 
during each test run. 
Appendix E. A1 so recorded were descriptions (dimensions and surface area) 
and plating requirements (current and plating time) of each individual job 
or item being plated during each test run. 

Copies of the actual data sheets are presented in 

This information was obtained 

2-4 



- 

I 
I 
I 
1 
I 
I 
I 
1 
I 
I 
.( 
I 
I 
E 
I 
I 
!I 
I 

'-7 

i 
I 

I I  I /  ! .  I I !  

,T I I  I I  I 

P- 

v c 
m 

m 

N .. 
LA 
0 

Y 
E 

I -  
C 
0 

E 
0) * 
v) 
2, 
v) 

4.2 
YI 

m 
.c 
X 
W 

I& 

0 

- - 
m 

a 

E 
.r 
2. 

E 
m 
7 

n 

N 

N 

a, 
L 
3 
c) 

L L  
.r 

2-5 



f r o m  log sheets maintained by p lant  personnel and i s  also presented i n  

Appendix E. No operatlng parameters were monitored f o r  the scrubber; 
however, there were no indicat ions o f  any malfunction i n  the system during 

the tes t ing  period. 
Test run Nos. 1 and 3 were performed without interrupt ion.  Test run 

No. 2 was suspended a t  one point  because the production r a t e  i n  the tanks 
was s ign i f i can t l y  l o w e r  than normal. 

when the production r a t e  was increased. 
The t o t a l  current supplied t o  the tanks during each t e s t  run i s  

calculated i n  terms o f  ampere-hours and included i n  Appendix E. A summary 
o f  the t o t a l  current values i s  presented i n  Table 2-2. 

Testing was resumed a f t e r  1 hour 
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TABLE 2-2. TOTAL CURRENT SUPPLIEO TO TANKS DURING 
SOURCE TEST RUNS 

Test No. 
Total current, ampere-hours 

Inlet Outlet 

41,300 

50,300 

72,400 

42,200 

45,900 

70,600 
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3 . 0  SUMMARY OF RESULTS 

P a r t i c u l a t e  mat ter  and experimental “mediun volune“ tests were conducted 

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 cont ro l l ing  chrmiun  

a t  

p l a t ing  tanks N o .  1, 2, 3, a n d 7 .  Table 3.1  sunmarizes t h e  t e s t i n g  schedule. 

I n  b r i e f ,  f r an  t h e  r e s u l t s  of t h e  Method 5 t e s t i n g ,  t h e  uncontrolled 

emissions fran t h e  tanks averaged 0.22 pounds pe r  hour of p a r t i c u l a t e  mat ter ,  

0.025 pounds pe r  hour of hexavalent chraniun, and 0.052 pounds p e r  hour of 

t o t a l  chrmiun.  The cont ro l led  emissions averaged 0 . 1 1  pounds p e r  hour of 

p a r t i c u l a t e  mat ter ,  0 .001 pounds pe r  hour of hexavalent chraniun, and 0 . 0 0 4  

pounds pe r  hour of t o t a l  chraniun. The r e su l t i ng  co l l ec t ion  e f f ic iency  of the  

wet scrubber  was 4 3 . 5 %  f o r  particulate matter ,  95.70 f o r  hexavalent chraniun, 

and 93 .0% f o r  t o t a l  chraniun. The “mediun volune“ t e s t i n g  r e su l t s  a r e  not 

included i n  the  sunmary of r e su l t s  s i n c e  t h i s  is a screening technique. These 

r e s u l t s  a r e  discussed sepa ra t e ly  i n  Sect ion 3 . 4 .  

I n  the  following sec t ions ,  the  results addressed above and add i t iona l  

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

and sampling locat ion.  The canputer p r in tou t s  of t h e  m i s s i o n  ca lcu la t ions  a r e  

can be found i n  Appendix A. The o r ig ina l  f i e l d  data  shee ts  and t h e  ana ly t i ca l  

data  a r e  located i n  Appendix B. 

3 . 1  PARTICULATE MATTER, HEXAVALENT CHR2MIUM, AND TOTAL CHmMIUM 

P a r t i c u l a t e  mat ter  t e s t s  (EPA Method 5 )  along with t h e  detexnination of t he  

assoc ia ted  f l u e  gas flow ra t e s  were conducted a t  both t h e  scrubber i n l e t  and 

o u t l e t .  The p a r t i c u l a t e  mat te r  samples were i n i t a l l y  analyzed using 

gravimetr ic  techniques t o  detennine t h e  mass of p a r t i c u l a t e  matter.  Then the  

3-1 
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samples were f u r t h e r  analyzed f o r  nexavalent and t o t a l  chraniun. 

descr 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 ) .  

Complete 

3.1.1 Scrubber I n l e t  

The scrubber  i n l e t  represents  t h e  uncontrolled emissions frcm p la t ing  tanks 

NO. 1 ,  2 ,  3, and 7. The c i r c u l a r  hor izonta l  i n l e t  duct w a s  only t raversed i n  

one d i r ec t ion  during t h e  p a r t i c u l a t e  sampling. 

u t i l i z e d  because of t he  d i f f i c u l t y  i n  gaining access t o  t h e  duct and because 

t h e  very f i n e  a c i d  m i s t  p a r t i c l e s  present  in t h e  duct would be expected t o  

behave l i k e  a gas r e su l t i ng  i n  a unifonn cross-sect ional  p a r t i c l e  d i s t r i -  

bution. P r i o r  t o  t h e  Method 5 t e s t i n g  a t  t he  scrubber  i n l e t ,  a p i t o t  t r ave r se  

was conducted along two axes. Since t h e  p i t o t  t r ave r se  showed flow ra t e s  only 

s l i g h t l y  less ( 1 % )  than the  Method 5 sampling, t he  Method 5 t e s t  data  was used 

i n  t h e  ca lcu la t ions  and is presented i n  t h e  sunmary t ab le s .  

The s i n g l e  t r ave r se  was 

Flue G a s  Conditions and I sok ine t i c  Sampling Rate - A sunmary of t h e  f l u e  

gas conditions a t  the scrubber  i n l e t  and o u t l e t  is presented i n  Table 3.2. The 

volunet r ic  flow ra t e s  were f a i r l y  cons is ten t  and averaged 16,500 ac tua l  cubic 

m e t e r s  pe r  hour (582.000 a c t u a l  cubic fee t  pe r  hour) .  The flow r a t e  a t  t he  

i n l e t  w a s  approximately 13% lower than the  o u t l e t  flow rate:  t h i s  was l i k e l y  

due t o  measurement e r r o r  i n  t he  o u t l e t  flow r a t e  measurements which were 

conducted i n  nonparal le l  flow. 

The f l u e  gas temperature averaged 2S0C (82OF). with a moisture content 

of 1.5 percent.  The oxygen. carbon dioxide,  and carbon monoxide content was 

t h a t  of a i r  a t  20.9, 0 .0 ,  and 0.0 percent ,  respact ively.  The volunet r ic  f l o w  

r a t e  a t  s tandard conditions averaged 15,200 dry s tandard cubic meters pe r  hour 
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(540,000 d ry  s tandard cubic f e e t  per hour) .  

(68OF), 760 mm H g  (29.92 i n .  Hg), and dry. 

w i t h i n  t h e  allowable range fo r  a l l  t h r e e  sample rms. 

Standard conditions a r e  20°C 

The i s o k i n e t i c  sampling Kate was 

P a r t i c u l a t e  Emissions - The p a r t i c u l a t e  m i s s i o n s  f r a n  t h e  p l a t i n g  tanks 

(see Table 3.3) were va r i ab le .  The par t iculate  emissions for t h e  i n l e t  runs 

averaged 6.37 m i l l i g r a m s  p e r  dry s tandard cubic  meter (0.0028 gra ins  p e r  dry  

s t anda rd  cubic f o o t )  and 0.097 kilograms p e r  hour (0.22 pounds p e r  hour) .  

Hexavalent Chromiun E m i s s i o n s  - The hexavalent chraniun m i s s i o n s  f o r  each 

test  run (see Table 3.3) were cons i s t en t  w i th  t h e  Corresponding par t iculate  

run. They averaged 119, 95, and 127 mill igrams of hexavalent chraniun per gram 

of particulate emissions for  runs 1-1, 1-2, and 1-3, respec t ive ly .  The 

hexavalent chraniun m i s s i o n s  f o r  t h e  i n l e t  tes ts  averaged 0.736 m i l l i g r a m s  per 

d ry  s t anda rd  cubic meter (0.00032 gra ins  per dry  s tandard cubic foot) and 

0.0113 kilograms per hour (0.025 pounds per hour) .  

T o t a l  Chrcaniun Emissions - The to t a l  chraniun emissions f o r  each tes t  run 

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

averaged 249, 207, and 260 milligrams of t o t a l  chraniun p e r  gram of p a r t i c u l a t e  

emissions f o r  runs 1-1, 1 -2 ,  and 1-3 respec t ive ly .  The t o t a l  chraniun 

emissions f o r  t h e  i n l e t  tests averaged 1 . 5 4  milligrams per dry  s tandard cubic 

meter (0.00067 grains per d ry  standard cubic f o o t )  and 0 . 0 2 4  kilograms per hour 

(0.052 pounds per hour ) .  

3.1.2 Scrubber O u t l e t  

The scrubber  ou t le t  represents  t h e  con t ro l l ed  m i s s i o n s  fran p l a t i n g  tanks 

N o .  1 ,  2, 3, a n d 7 .  Some nonparal le l  ( cyc lon ic  or swi r l ing )  flow w a s  present  

i n  t h e  scrubber  o u t l e t  s t ack .  To es t imate  the  e f f e c t  of t hese  flow conditions 
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on t h e  sampling da ta ,  t h e  angle  of misalignment was determined a t  each sampling 

po in t  during a preliminary p i t o t  t r ave r se .  Application of these angles t o  the 

p i t o t  t r ave r se  data  resul ted i n  a flow r a t e  about 1 0 %  lower than t h e  measured 

i n l e t  values.  Thus, t he  flow r a t e  data  f o r  each Method 5 t e s t  was used i n  the  

ca l cu la t ions  and is presented i n  t he  sunmary tab les .  

Flue Gas Conditions and I sok ine t i c  Sampling Rate - A sunmary of f l u s  gas 

condi t ions a t  t he  scrubber o u t l e t  is presented i n  Table 3.2. The volunet r ic  

flow r a t e s  f o r  t h e  three  o u t l e t  runs were very cons is ten t .  The o u t l e t  

vo lune t r i c  flow r a t e  averaged 18 ,900  a c t u a l  cubic meters pe r  hour (667,000 

a c t u a l  c&ic  f e e t  per hour) with a f l u e  gas temperature of D o c  (81OF) and 

a moisture content of 2.0 percent.  The oxygen, carbon dioxide,  and carbon 

monoxide concentrations 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 v o l m e t r i c  flow rate a t  s tandard conditions averaged 17,600 

dry s tandard  cubic meters p e r  hour (621,000 dry s tandard cubic f e e t  pe r  hour).  

Standard condi t ions are 2OoC (68'F), 760 m Hg (29.92 i n .  Hg), and dry. 

These flow r a t e  measurements a r e  l i k e l y  t o  be biased high due t o  t h e  

nonpara l le l  flow conditions.  

The i sok ine t i c  sampling r a t e s  were w e l l  wi thin t h e  allowable range f o r  a l l  

runs. 

P a r t i c u l a t e  Emissions - The p a r t i c u l a t e  eniss ions f r a n  t h e  cont ro l  equip- 

ment t o  the  atmosphere were var iab le  (see Table 3.3) w i t h  a l l  runs being w i t h i n  

approximately 2 0 %  of the  averages. Over a l l  t h ree  runs, t h e  p a r t i c u l a t e  emissions 

averaged 2 .94  milligrams per  dry s tandard cubic meter ( 0 . 0 0 1 2 8  grains  pe r  dry 

s tandard  cubic f o o t )  and 0 . 0 5 2  kilograms pe r  hour ( 0 . 1 1 4  pounds pe r  hour).  

Hexavalent Chromiun Emissions - The hexavalent ch ran im emissions f o r  each 

test run were f a i r l y  cons is ten t  with t h e i r  corresponding p a r t i c u l a t e  run and 

averaged 1 0 . 0 ,  5 . 9 ,  and 1 0 . 8  milligrams of hexavalent chraniun per  gram of 
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particulate emissions f o r  runs 0-1, 0-2. and 0-3, respec t ive ly .  The hexavalent 

chraniun emissions averaged 0.0255 m i l l i g r a m s  per d ry  s tandard cubic meter 

(0.000011 g ra ins  p e r  dry s t anda rd  cubic  f ee t )  and 0.00045 kilograms per hour 

(0.00099 pounds per hour) .  

T o t a l  Chramiun Emissions - The t o t a l  chraniun emissions were v a r i a b l e  (see 

Table  3 . 3 )  when canpared t o  t h e  corresponding particulate runs and averaged 47, 

15, and 40 milligrams of t o t a l  chraniun per gram of particulate f o r  runs 0-1, 

0-2, and 0-3 respec t ive ly .  The t o t a l  chrmiun emissions averaged 0.095 

mill igrams per d ry  s tandard cubic  meter (0.000042 g ra ins  per dry  s tandard cubic 

f o o t )  and 0.0017 kilograms p e r  hour (0.0037 pounds per hour). 

3.2 EMISSIONS I N  UNITS OF PROCESS RATE AND CONTFOL EQUIPMENT COLLECTION 

EFFICIENCY 

The e m i s s i o n  rates i n  u n i t s  of process ra te  are given i n  terms of grams of 

emissions p e r  hour per square foo t  of t ank  su r face  a r e a ,  and i n  units of m i l l i -  

grams of emissions p e r  amperage input  t o  t h e  p l a t i n g  operation. To determine 

t h e  c o l l e c t i o n  e f f i c i e n c y  of t h e  scrubber,  t h e  milligrams per  hour per square 

f o o t  (uncontrol led emissions and con t ro l l ed  m i s s i o n s )  w e r e  used f o r  the 

ca l cu la t ions .  

3.2.1 Emissions i n  Units of Process R a t e  

Two process parameters were used t o  determine t h e  emissions i n  terms of 

u n i t s  of t h e  process ra te  as shown i n  Table 3.4. The f i r s t  w a s  m i l l i g r a m s  of 

emissions p e r  amperage inpu t  i n t o  t h e  p l a t i n g  operation. The second w a s  grams 

of  emissions per hour per square f o o t  of tank su r face  area. The s u r f a c e  a rea  

of t h e  tank w a s  92 ftZ f o r  a l l  tests. 
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3 . 2 . 2  Control Equipnent Col lect ion Eff ic iency  

The co l l ec t ion  e f f i c i ency  of t h e  packed-bed scrubber ( s e e  Table 3 . 4 )  

averaged 4 3 . 5  percent by weight f o r  p a r t i c u l a t e  mat ter ,  95.7 percent by weight 

f o r  hexavalent chraniun, and 9 3 . 0  percent  by weight f o r  t o t a l  chraniun. 

The much g r e a t e r  co l l ec t ion  e f f ic iency  f o r  hexavalent chraniun emissions as  

conpared t o  p a r t i c u l a t e  m i s s i o n s  is probably a r e s u l t  of one or a canbination 

of two things:  ( 1 )  t he  s o l u b i l i t y  of hexavalent chraniun i n  water, and/or ( 2 )  

t h e  measured hexavalen t  chraniun r e s u l t s  a t  t he  o u t l e t  (which were e x t r w e l y  

l o w )  could be biased low. 

3 . 3  SUMMARY OF ANALYTICAL RESULTS FOR HEXAVALENT AND TOTAL CHKUMIUM 

The sunnary of a n a l y t i c a l  results f o r  t he  hexavalent chraniun and t o t a l  

chraniun analyses of samples co l lec ted  is presented i n  Table 3 . 5 .  The 

a n a l y t i c a l  data  shee ts  a r e  contained i n  Appendix B. The r e s u l t s  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 by the  EPA 

t e n t a t i v e  method f o r  "Detennination of Hexavalent Chraniun Emissions f r an  

S ta t ionary  Sources" and the  "EPA Protocol  f o r  m i s s i o n s  Sampling f o r  both 

Hexavalent and Tota l  Chroniun" (see Appendix C ) .  when, f o r  t o t a l  chrmiun 

ana lys i s ,  t h e  t a b l e  ind ica tes  t h a t  t h e  sample "residue" was analyzed, then the  

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

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

chraniun i n  t he  residue fran t h e  ex t rac t ion  as  measured by Neutron Activation 

Analysis. When t h e  t a b l e  ind ica tes  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  fran t h e  d i r e c t  analysis  

f o r  t o t a l  chraniun by Neut ron  Act ivat ion Analysis. A t a b l e  showing t h e  t o t a l  

chraniun ca lcu la t ions  f o r  each sample can be found a t  t he  end of Appendix A of 

t h i s  report .  
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For this testing program, there is some sample analysis variability due to 

the small amount of hexavalent chromium present. 

for the runs are believed to be fairly accurate. 

However, the average values 

Quality assurance audit samples were analyzed for both the hexavalent and 

total chromium methods. 

results are considered acceptable. 

A s  shown in Table 3.6 no bias was present and the 

3.4 SUMMARY OF RESULTS FOR THE MEDIUM VOLUME SAMPLING TRAIN 

EPA employed the use of the "medium volume" sampling train during the test 

program. 

obtain an estimate of uncontrolled emissions. The data collected is not 

intended f o r  the purposes of source evaluation or emissions estimates. The 

method was additionally evaluated to determine its ability to collect samples 

over a wide variation in stack velocities and to collect samples over an 

extended period of time. Tables 3.7 and 3.8 present the data obtained. This 

data cannot be compared to the emission data from the Method 5 testing since 

was collected at different times and under different process operating 

conditions. 

This technique is a screening method and was used prior to testing to 

- 
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4 . 0  SAMPLING LOCATIONS AND TEST METHODS 

This s ec t ion  describes t h e  sampling loca t ions  and t e s t  methods w e d  t o  

charac te r ize  m i s s i o n s  f r an  hard chraniun p l a t ing  tanks No. 1, 2, 3, a n d 7  a t  

Carolina P la t ing  Company i n  Greenvi l le ,  South Carolina. Two sampling locat ions 

were used i n  t h e  en iss ion  t e s t i n g  program. A t  each sampling loca t ion  (one a t  

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

conducted f o r  p a r t i c u l a t e  mat ter ,  t o t a l  chraniun content,  and hexavalent 

chrgniun content.  P a r t i c u l a t e  and ch rmiun  sampling was a l s o  conducted a t  both 

sampling loca t ions  using the  “mediun volune“ t r a i n  under developaent by John 

Brown (Em). The r e l a t i v e  pos i t ions  and t h e  type of t e s t i n g  conducted a t  each 

loca t ion  a r e  shown i n  the  s impl i f ied  process flow diagram ( see  Figure 4 - 1 )  and 

accanpanying Table 4 . 1 .  The subsections which follow f u r t h e r  descr ibe each 

sampling loca t ion  and appl icable  t e s t  methods. 

4 . 1  SCRUBBER INLET (SAMPLING LOCATION A )  

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

a t  t he  i n l e t  t o  t he  packed-bed scrubber con t ro l l i ng  m i s s i o n s  f r an  chraniun 

p l a t ing  tanks No. 1, 2, 3, and 7 as  shown i n  Figure 4-2.  One sampling port was 

i n s t a l l e d  on t h e  s i d e  of t he  hor izonta l  c i r c u l a r  d w t  ( 3 6  inches i n  diameter).  

T h i s  port was located 20 inches (0.55 duct  diameters) upstream of a bend i n  t he  

duct t o  the  scrubber and 37 inches (1 .03  duct  diameters) downstream fran another 

bend. Becawe of t he  c lose  proximity of p t e n t i a l  flow dis turbances,  t h i s  

l oca t ion  d id  not meet EPA Method 1 sampling requirements; however, t he re  w a s  no 

o t h e r  loca t ion  ava i lab le  f o r  i n l e t  t e s t i n g .  For t h e  p a r t i c u l a t e  t e s t ing ,  a 
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TABLE 4.1. SAMPLING PLAN FOR CAROLINA PLATING 

Sample Type 

P a r t i c u l a t e  matter+ 

Hexavalent chromium 

T o t a l  chromium 

Sampl ing 
Locations 

Number 
o f  Samples 

3 (M5) 
2 (MV a t  A) 
1 (MV a t  B )  

3 (M5) 
2 (MV a t  A) 
1 (MV a t  B 

4 -3 

b t h o d s  

EPA I k t h o d  5 or MV T r a i n  

€PA 5 or  >W T r a i n  using 
T e n t a t i v e  EPA Vethod 
for Hexavalent Chromium 

EP.A 5 or W Train using 
€PA Protocol  for T o t a l  
Chromium 
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? AXES 
12 POINTS:AX1S 
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2 AXES 
12 FOINTS/ASIS 

24 T O T A L  POINTS 
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F I G U R E  4 - 2  S C R U B B E R  I N L E T  ( S A M P L I N G  L O C A T I O N  A ) 
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s ing le  t r ave r se  was chosen. This w a s  because of t he  d i f f i c u l t y  i n  gaining 

access  t o  the  duct and because the  very f i n e  ac id  m i s t  p a r t i c l e s  i n  the  duct 

would be expected t o  have t h e  c h a r a c t e r i s t i c s  of a gas and thus ,  t h e  

cross-sect ional  d i s t r i b u t i o n  of the p a r t i c l e s  i n  t h e  duct should be uniform. 

To check the  cross-sect ional  flow d i s t r i b u t i o n  a t  t h i s  loca t ion ,  a p i t o t  

t r ave r se  was conducted along two axes through the  s ing le  por t .  The ax i s  

perpendicular t o  t h e  sampling ax is  w a s  t raversed  by i n s e r t i n g  t h e  p i t o t  tube 

through the  ava i l ab le  p o r t  a t  a predetermined angle f o r  a predetermined 

d is tance ,  both of which were calculated geometrically.  

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 ter ,  hexavalent 

chromium, and t o t a l  chromium determinat ions) ,  2 4  po in t s  were sampled, 12 going 

i n t o  the  p o r t  and 1 2  coming out of t he  po r t .  Each of t he  2 4  po in t s  was sampled 

f o r  12 minutes €or a t o t a l  of 288 minutes of sampling per  run. Each of t he  

t h r e e  runs were conducted t o  coincide with the  sampling a t  the  scrubber o u t l e t  

locat ion.  

"Medium volume" (MV) sampling, w a s  also conducted a t  t h e  scrubber i n l e t .  

The two runs were 4 8 5  and 735 minutes i n  durat ion and were each conducted a t  a 

s i n g l e  sampling point .  

sampling was performed so a s  not t o  coincide with t h e  Method 5 sampling. 

To avoid in te r fe rence  between t h e  two t r a i n s ,  t he  MV 

4 . 2  SCRUBBER OUTLET (SAMPLING LOCATION B) 

P a r t i c u l a t e  matter,  hexavalent chromium, and t o t a l  chromium were measured 

a t  the  scrubber o u t l e t  a s  shown i n  Figure 4-3. Four sampling p o r t s  were 

i n s t a l l e d  90° a p a r t  on the  22  3 /16"  diameter s tack extension; however, on ly  

t h e  NW and NE p o r t s  were used i n  t h i s  t e s t i n g  program. The por t s  were located 

about 2 4  inches (1.08 duct diameters) upstream from the  s tack e x i t  and 64 

inches ( 2 . 8 8  duct diameters) downstream from the  m i s t  e l iminator .  
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For the EPA Method 5 sampling (used for particulate matter, hexavalent 

chromium, and total chromium determinations), a total of 2 4  points, as per 

Method 1, were sampled. Each point was sampled for 12 minutes €or a total 

sampling time of 288 minutes. Because of the potential for cyclonic flow 

conditions (which are fairly common at scrubber outlet sampling locations), a 

preliminary traverse was conducted to determine the misalignment angles €or 

each of the sampling points. The angles measured indicated that cyclonic flow 

was present; however, since the emissions were fumes and would be expected to 

behave like a gas, testing in the normal manner was considered to be less 

biased. 

One sampling run was conducted at the outlet location using the MV sampling 

train. This run was 735 minutes in duration and was conducted at a single 

sampling point. As was done at the inlet location, the MV sampling was 

performed so as not to coincide with the Method 5 sampling. 

4 . 3  VELOCITY AND GAS TEMPERATURE 

A type S pitot tube and an inclined draft gauge manometer were used to 

measure the gas velocity pressure (Ap). Velocity pressures were measured at 

each sampling point across the duct to determine an average value according to 

the procedures outlined in Method 2 of the Federal Register.' The temperature 

at each sampling point was measured using a calibrated Palmer bimetallic coil 

thermometer. 

4 . 4  MOLECULAR WEIGHT 

Flue gas composition was determined utilizing procedures described in 

Method 3 of the Federal Register.' A bay sample was collected during each 

particulate test run. The bag contents were analyzed using an Orsat Gas 

Analyzer. 
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4.5 PARTICULATE MATTER 

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

p a r t i c u l a t e  gra in  loading a t  loca t ions  A and 8 .  A l l  t e s t s  w e r e  conducted 

i s o k i n e t i c a l l y  by t ravers ing  t h e  cross-sect ional  a rea  of t h e  s t a c k  and 

regulat ing the  sample f l o w  r a t e  r e l a t i v e  t o  the  f l u e  gas flow r a t e  as  measured 

by t h e  p i t o t  tube at tached t o  the  sample probe. A sampling t r a i n  consis t ing of 

a heated, g lass - l ined  probe, a heated 7 9  m!n ( 3  inch)  diameter g lass  f i b e r  

f i l t e r  (Reeve Angel), and a s e r i e s  of Greenburg-Smith impingers was anployed 

f o r  each test. A n  acetone r in se  and  a water r in se  of t h e  nozzle, probe, and 

f i l t e r  holder  port ions of t he  sample t r a i n  were made a t  t he  end of each t e s t .  

The acetone r i n s e  and t h e  p a r t i c u l a t e  caught on t h e  f i l t e r  media were dr ied a t  

room temperature, t he  water r in se  was taken t o  dryness i n  an oven: a l l  three 

were then desiccated t o  a constant  weight, and weighed on an a n a l y t i c a l  

balance. Total  f i l t e r a b l e  p a r t i c u l a t e  ma t t e r  was determined by adding these 

t h r e e  values.  

The "mediun volune" (MV) sampling t r a i n  was a l s o  used t o  measure 

p a r t i c u l a t e  mat te r  a t  locat ions A and B. MV sampling w a s  conducted a t  a s i n g l e  

sampling point.  See Appendix C f o r  de t a i l ed  Method 5 and MV sampling 

procedures. 

4.6 HEXAVALENT CHKIMIUM CONTENT 

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

I .  in t he  t e n t a t i v e  EPA Method "Determination of Hexavalent C h r a n i u n  Fmissions 

f r a n  S ta t ionary  Sources" ( s e e  Appendix C ) .  'Ihe Method 5 f i l t e r  catch co l lec ted  

and weighed f o r  each Method 5 run w a s  taken and analyzed f o r  hexavalent 

chraniun content using t h i s  method. I t  was a l s o  used t o  determine t h e  

hexavalent chromiun content of t he  MV sampling t r a i n  f i l t e r  catch and t h e  

impinger contents.  

* 40 C F R  6 0 ,  Appendix A,  Reference Methods 2 ,  3, and 5 ,  July 1 ,  1980. 

4-8 



I 
1 
I 

I 
1' 
I 
I 
I 
f 
I 
1 
I 
1 
I 
1 
-1 
1 
I 

4.7 TOTAL CHROMIUM CONTENT 

T o t a l  chraniun content  was determined using procedures described i n  t h e  

" E m  Proto tco l  f o r  Sample Preparat ion and Emission Calculat ion of F i e l d  Samples 

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

Appendix C ) .  Samples co l l ec t ed  during Method 5 runs and f i r s t  submitted f o r  

ana lys i s  f o r  hexavalent ch rmiun  were then analyzed f o r  t o t a l  chraniun using 

t h i s  method. The t o t a l  chraniun content of t h e  MV sampling t r a i n  f i l t e r  catch 

and t h e  impinger contents  w e r e  a l s o  detennined using t h e s e  procedures. 
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5.0 QUALITY ASSURANCE 

Because the end product of testing is to produce representative emission 

results, quality assurance is one oE the main facets of stack sampling. 

Quality assurance guidelines provide the detailed procedures and actions 

necessary for defining and producing acceptable data. One such document used 

in this test program to ensure the collection of acceptable data and to provide 

a definition of unacceptable data was the FPA Quality Assurance Handbook 

Volume 111, EPA-600/4-77-027. 

Relative to this test program, EMB used the following steps to ensure that 

the testing and analytical procedures produce quality data. 

o Calibration of field sampling equipment (Appendix E). 

o Checks of train configuration and on calculations. 

o Use of designated analytical equipment and sampling reagents. 

In addition, the analytical balance used for filter weighing by Entropy was 

audited with Class "S" weights. 

Audit solutions prepared by the EPA were used to check the analytical 

procedures of the laboratories conducting the hexavalent and total chromium 

analyses. Table 5 . 1  presents the results of these analytical audits. The 

audit tests show that the analytical techniques were good. 

The sampling equipment, reagents,' and analytical procedures f o r  this test 

series were in compliance with all necessary guidelines set forth for accurate 

test results as described in Volume I11 of the Quality Assurance Handbook. 
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Sample 
Number 

TABLE 5.1. AUDIT REPORT CHROMIUM ANALYSIS 

Source o f  Audi t  Re1 a t i v e  
Sample Value E r r o r ,  % 

plant  Caca\lMa -i>lahbq Task No.: 3818 
Date samples received:  

Sample analyzed by: 

Reviewed by: %@l- G r o h s  

J 

Date  analyzed: 6/14 - 617. 

/ ? T I  - D t f  
Date o f  review: 

1 
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T E S T  RESULTS AND EXAMPLE CALCULATIONS 
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Emiss 
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(0. 907) 

( 1 , 99.3)  

(:XI. 1 ::::::) 1119 / ,j 5 

( 0 .  i l l  3 17) 3 r / d s c t- 

(0.521) I:s/t,r 

(1. 1 4 3 )  1 b / h r  



FARTI IX ILATE F I E L D  DATA Et RESIJLTC: TABULATION 

F'LAPJT: !Carol i r , a  P l a t i n s .  IGre-envil l e ,  !SI: 

RlJN UATE 

RIJN START T I  ME 
RurJ FINISH TIME 

NET SAMFL I N I ~  PIIIINT!i; 

NET rwrJ TIME, MINIJTE:~ 

NilZZLE U I  AMETER, 1NC:HE:S 

P I T O T  TCIHE I X I E F F I C I E N T  

LIRY GA:;: METER CAL. F4C:TOR 
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1 . 0 0 1 : 1  1 . 000 
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RUN NUMBER 

I:: a:, rj c e n t r a t  i 8:~ rl I 

11: o rl c e n t r a t i I:, rl , 

Em i s s i  I:, n s , 

m- / d s c m 

s r / d 5 c f 

( 1 1 5:3 . 1 4.0 ) 

(0. 5C16 1 I:] ) 

1:9/ h r  ( 1 7 . 2 E : l )  

Em i s s i on s , 1 b / h r: ( 3 3 .  0'27 ) 
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L 

M 

N 

P 

EXPLANATION OF TOTAL CHROMIUM ANALYSIS CALCULATION T A B U  

(Sample Number) - Used t o  i d e n t i f y  samples t r ans fe r r ed  t o  RTI and NCSU f o r  
hexavalent and t o t a l  chromium analys is .  Samples a r e  i d e n t i f i e d  on the  Request 
f o r  Analysis shee t s  i n  Appendix B. 

(Total  Weight of Sample i n  mg) - Given f o r  Method 5 and p a r t i c l e  s i z i n g  samples 
( f i l t e rs  and catch or p r e c u t t e r  con ten t s ) .  Taken from P a r t i c u l a t e  Sampling 
Laboratory Resul ts  and P a r t i c l e  Sizing Laboratory Data found i n  Appendix B. 

( N A A  Resul ts  f o r  C r  i n  mg) - Reported r e s u l t s  f o r  t o t a l  chromium i n  the  sample. 
Taken from computer p r in tou t  of resul ts  found i n  Appendix B. 

(Weight of Sample Analyzed i n  mg) - I f  only a por t ion  of t he  t o t a l  sample was 
taken f o r  NAA, t h e  weight was recorded here.  This weight w a s  taken from the  
Sample Prepara t ion  and Analysis D a t a  Form which is t r ans fe r r ed  with t h e  samples 
f o r  NAA (found i n  Appendix B). 

(Aliquot Factor)  - The r a t i o  of t he  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  mg) - Tota l  chromium i n  sample a s  measured by NAA; 
b lank va lue ,  i f  any, has not been sub t r ac t ed  out .  R e s u l t s  a r e  taken from 
computer p r i n t o u t  i n  Appendix B o r  Column C of t h i s  t ab le .  

(Weight of Residue Analyzed i n  mg) - I n  some cases ( i . e . ,  Method 5 ,  p a r t i c l e  
s i z e ,  and some impinger samples), the  hexavalent chromium was first extracted 
from t h e  sample before it was submitted f o r  NAA. The remainder of t he  sample 
fol lowing t h e  hexavalent chromium ex t r ac t ion  is termed t h e  "residue." T h i s  
column gives t h e  weight of t he  residue analyzed and is  taken from the  Sample 
Prepara t ion  and Analysis D a t a  Form found i n  Appendix B. 

(Aliquot Factor)  - The r a t i o  of t he  t o t a l  weight of t he  sample t o  the  amount of 
res idue  analyzed. This  number mul t ip l 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  mg) - Tota l  chromium content of t he  sample residue 
ca l cu la t ed  by mult iplying t h e  t o t a l  chromium r e s u l t s  by NAA (column C )  times the  
a l i q u o t  f a c t o r  (column H). Thus, H x c = J. 

( C r + 6  i n  t h e  F i l t r a t e  i n  mg) - Amount of hexavalent chromium i n  t he  f i l t r a t e  
ex t r ac t ed  from t h e  sample. This value must be  added t o  t h e  t o t a l  chromium 
measured by NAA t o  ge t  t he  t o t a l  chromium i n  t h e  sample. The hexavalent chrom- 
i u m  va lue  is taken from the  W e t  Chemical Analysis Sheets found i n  Appendix B. 

( C r  i n  Sample with Blank i n  m g )  - Tota l  chromium i n  sample; blank value,  i f  any, 
has n o t  been subt rac ted  out. This  value is the  sum of the  hexavalent chromium 
i n  t h e  sample f i l t r a t e  (column K) and the  t o t a l  chromium i n  t h e  sample residue 
(column J). Thus, K + J = L. 

(Blank Value i n  mg) - Tota l  chromium value f o r  t he  appropriate  sample blank, i f  
any. 

( C r  i n  Sample, Blank  Corrected i n  mg) - Tota l  chromium i n  sample w i t h  value of 
sample blank, i f  any, subt rac ted  out .  Thus, L - M = M. 

( C r  Concentration i n  mq/g) - Chromium concentrat ion i n  sample ca lcu la ted  by 
d iv id ing  t h e  t o t a l  chromium content of t he  sample by t h e  sample weight: 
N I B = P  o r N  I D = P .  
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DATE I5-*I#r’ 85 
I 

I LOCATION xn/@ f , STACK 1.0. 36 . 0 ” 
BAROMETRIC PRESSURE, in. Hg 3 9, / 7 

OPERATORS F. e I/ P S,h!,J / e r  

STACK GAUGE PRESSURE, in. H20 

s 7 ~ r / c  = - l # 4  Mae 
SCHEMATIC OF TRAVERSE POINT LAYOUT 

~ 

TRAVERSE VELOCITY STACK 1 POINT HEAD TEMPERATURE 
NUMBER 

‘I 
I 
I 
I 

I I I 

B-3 . 



I' 

DUCT DIMENSIONS DUCT AREA [ A ]  IN.Z PERSONNEL 

IN.  H STATIC PRESSURE [ p  ) 1N.H 0 
G z G 

BARO. PRESSURE [PanR) 

P I T O T  PROSE I . D .  PITOT TUBE COEFFICIENT ( C  ) 
P 

COMPANY NAME LAPOLA.  . PA&? RUN 5 -/6-63- 
ADDRESS DATE 

ME~SUREMENT LOCAT ION START- F I N I SH T I M E  
: I  I 

I I 

AVERAGE I 1 
u coz *. oz Y.C0+N2 

Noisture Data I 

, I 1 I I 
I I I I 

I I I I I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

ABSOLUTE STACK GAS PRESSURE, in. Hg DRY MOLE FRACTION OF STACK GAS 

P, - (3$? /? )  +E-/..40 ? / 1 3 . 1 - y  1 Hfd 
P.-- P- b H.0 H . .  

DR' 

n. - 6 . 4 4  ( L 79.1 c 0 3 - m  



P R E L I M I N A R Y  V E L O C I T Y  T R A V E R S E  
. 

7 - - 5 = Y 5  do 
VELOCITY STACK 1 TRAVERSE 

POINT HEAO TEMPERATURE 
NUMBER bps), in.H20 

I' I / .72 

SCHEMATIC OF TRAVERSE POINT w o u i  

A? LG 
TRAVERSE VELOCITY 

POINT HEAD 
NUMBER 

I .  
I 

I I I I 
I I I 

I 
I AVERAGE 

IzZkiE AVERAGE 

STACK 
TEMPERATURE 

E-5 



CYCLONIC FLOW F I E L D  CALCULATION SHEET 

C o m p a n y  N a m e  A&/>& A2L D a t e  s-/'<-<cS I 
I A d d r e s s  Tester 

S a m p l i n g  L o c a t i o n  ~ f l L t - ' T  Base T e s t  T i m e  - 

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

4 ,'.- 5 
T e s t  Time = cos  $ (Base Time) 

(E cos $ G)Z Average Ap, Average Ap, Avg. Ap, = 
' , 9 4 3 2  

n 
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;. .PLANT C ~ Q L b J k '  @kClJ6 .", '.  ' ,. . COMEIEHTS: 
. .  3-1 6 -8s 

. :$ 
' ' .  DATE - .  

. . .  : SAMPLING LOCATION 5 Le T 1 

SAMPLE TYPE Mn-5 
. .  . .  
,, 

-'L RUNNUMBER cp 
. SAMPLE 8OX NUMBER . .  . ,  

. .  
. , . .  . ,  

. . .  - ,  .. 
' .  : i ' ;  

LABORATORY RESULTS ., 

.... . .  .~ .  ... . i.. 
. .  

. . . . .  

' , CLEAN-UPMAN 
. .  

. .  .. , 
. I, , 

. .  
. .  . . .  . . . . .  ... . .  . . , . : .  ... 

. . FRONT HALF :':',;,., 

mL' . .  . , ,  .,. . .e- _. , I . -,, - . .  
. . . .  . .  ' I  ... 'ACUONE ~,&~F~-.PROBE:CYCLONE (BYPASS), CONTAINER '% , ., ,;, . . .  ._. , . . .  

. .  ; FLASK, FRONT HALF OF ALTER HOLDER ~ . . .  

. .  . . .  
mg . .-. 

. .  CONTAINER 
:, , 

' m m ' N U M i E R  . ~ a &  is 8 
, .  . . .  ,, . . .  

. . . .  . . . . .  . . . . . . .  
L .  > , .  ,.., ! ,  , , .  ' . , ,  

... 
i . '  

~ . . . . . .  
. . .  ,m. ;E :  . . .  

~ . :  :k FRONT HALF SUBTOTAL , .  

. . .  
.. - 

.. . .  
t . .  

, '; .;. -:' ._ -. ' .. t2 .:, . .  

. ~j . . .  
. . ,~ 

- 7  

, . ,  . - . ,  L ., 

_ i  

. .  . .  

. '  . .? ' .. 
. .  . .  

. . . .  
.. BACKHALF . . . +  ' I  

. -. 
CONTAINER . .  
ETHER-CHLOROFORM 

'i'BPlNGER COWTWTS AND WATER WASH OF 
m g .  . . .  EXTRACTION ;. ., . ~~ 

- .::- _ _  WINGERS, CONNECTORS, AND BACK . . _ .  
. .  : HALF OF FILTER HOLDER 

ACEmNE WASH OF IMPINGERS, CONNECTORS, 
AN0 BACK HALF OF FILTER HOLDER 

CONTAINER me .. 
. >  

BACK HALF SUBTOTAL mg 
i '  

TOTAL WEIGHT me 

M O I W R E  

WINGERS 1 .  
FINALVOLUME ' . 

I 

. .  
, . .  

. .  . . .  
. .  

. ,  .. 

EPA (ha) 231 
4/72 . .  

. . .  

. .  

. .  
. .  
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LA'~ORATORY RESULTS 

. .  
. . .  . .  

. , FRONT HALF SUBTOTAL 

. .  

. ,  . .  . .  rng '. CONTAINER ACETONE WASH OF MPINGERS. CONNErno& . .  
BACK HALF SUBTOTAL mg 

TOTAL WEIGHT 

AN0 BACK HALF OF FILTER HOLOER ' 

. .  :; .' 
. . .  me 

. I  

. .  . .  
1 ' .  , !  

, .  . . .  
. .  . .  
:. . .  

. .  
I .  

. . ,;.' MOISTURE :: I. 
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. . . .  
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. . ' ANALYTICAL DATA 
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.. 1. I . .  . .  

' .  . 
. .  ~. 
.r 

. .  . .'g pmM c ~ k a u u 4  fL&tT,A)C ' , COMMEMS: .. 

. .  . .  . .  
4 .DATE 3-1laa - .  

...... SMPUNG LOCATION 0 UT LE 7 , .  . . , .  
. .  

. .  

M P L E T Y P E  h-5 
.. RUNNUMBER cc- o-a  
' : SAMPLE BOX NUMBER 

,< CLEAN-UPMAN 

. .  

. _. 
. ,  

, : 
. .  

. . .  
. .  . . .  * i. 

',. ,. , .  
. .  

I A ~ R A T O R Y  RESUL~S 

. *<' . 

. .  .. .. ..z: . .  . .  .. .,, 
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. I  
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. .  
..... .BACK HALF ~ 

. .  
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mg 

mp 
I .  

CONTAINER .:~IMPINGER CONTENTS AND WATER WASH OF 
.... IMPINGERS, CONNECTORS. AN0 BACK 
*"? HALF OF FILTER HOLDER' 

ETHER-CHLOROFORM ' 

. .  
EXTRACTION : 

. ~~ ._ .%.. ;- 
. : 

CONTAINER mg 

BACK HALF SUBTOTAL ma 

TOTAL WEIGHT w 

ACETONE WASH OF IMPINGERS, CONNECTORS, - AN0 BACK HALF OF FILTER HOLDER 

MOISTURE 

BPINGERS ,. , 

. . .  . .  

... . .  

' ' FlNALVOLUW E r n 1  

., . . .  , .  

INITIALVOLUME -0  ml . 

. . .  
. .  

.' ." . 'NETVOLUME a m i  . 
. 

a i  
..,* . 

. .  
. . " .  ' '_. ' . SILICAGEL 

' g  D 

g 
g 

, ' FINAL WEIGHT D 

TOTAL MOISTURE 
INITIAL WEIGHT !-77- 0 D 8 

. NET WEIGHT 33.3 g B E 

. .  . .  . .  ... . . . . .  .. 
. -  .. . .i". 

I .  
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.. . .*l30. 007:Z 
' I T a r e  U t . ,  g. 'I 30.0847 

s .. , .  

SAMPLE m.. g. 1-1 

, .I 

. .  

. .  

....... 
I , 

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

- - - . -  
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t. . .  

Tare U t . -  P. . "  
I SAMPLE W!., 8. 
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SAMPLING AND ANALYTICAL PROCEDURES 
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DETERMINATION OF TOTAL PARTICULATE EMISSIONS 

All particulate samples were collected using an ZPA 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 
G u m  gas temperature of 121OC (250°F) 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 Palmer bimetallic coil thermometer was used to 
monitor stack gas temperature. 

Filter Holder - The filter holder was made of Pyrex glass, with heating 
system capable of maintaining a filter temperature of approximately 121OC 
(25OOF). 

Filter - A 79-mm (3-in.) diameter glass fiber filter (Reeve Angel) was 
used. 

Draft Gauge - The draft was measured with an inclined manometer. 
Impingers - Four Greenburg-Smith design impingers were connected in 
series. The 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 RAC metering system consisted of a vacuum gauge, a 
leak-free pump, thermometers capable of measuring temperature to within 
1.5OC (5OF), a calibrated dry gas meter, and related equipment, to 
maintain an isokinetic sampling rate and to determine sample volume. 

'40 CFR 60, Appendix A, Reference Method 5 ,  July 1, 1980. 
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Barometer - An aneroid type barometer was used t o  measure atmospheric 
p re s su res  t o  0 . 3  kPa ( 0 . 1  i n .  Hg). 

SAMPLING PROCEDURES 

After  t he  sampling s i t e  and minimum number of t r ave r se  poin ts  were 

se l ec t ed ,  t h e  s tack  pressure ,  temperature, moisture,  and range of ve loc i ty  head 

were measured according t o  procedures descr ibed i n  t h e  Federal  Register. ,  

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

impinger p r i o r  t o  each t e s t .  Glass f i b e r  f i l t e r s  were desiccated f o r  a t  l e a s t  

2 4  hours t o  a constant  weight and weighed to 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 he  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 the  fou r 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 s e t  up a s  shown i n  Figure D-1. The sampling t r a i n  w a s  

leak-checked a t  t h e  sampling s i t e  p r i o r  t o  each test  run by plugging t h e  i n l e t  

t o  t he  nozzle and p u l l i n g  a 5 0  kPa ( 1 5  i n .  Hg) vacuum, and a t  t he  conclusion of 

t h e  test by plugging t h e  i n l e t  t o  t h e  nozzle and pu l l ing  a vacuum equal t o  t h e  

h ighes t  vacuum reached during the  test run. 

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

t es t  run and a t  t h e  conclusion of each test run. The check was made by blowing 

i n t o  t h e  impact opening of t he  p i t o t  tube u n t i l  7.6 c m  ( 3  i n . )  or more of water 

was recorded on the  inc l ined  manometer and then capping t h e  impact opening and 

holding it for  15 seconds t o  assure it w a s  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 he  p i t o t  tube,  except suct ion 

was used t o  obta in  t h e  7.6 cm ( 3  i n . )  H 2 0  manometer reading. Crushed i c e  was 

placed 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 was a t  20°c (68OF) or l e s s .  

,413 CFR 6 0 ,  Appendix A ,  Methods 1 ,  2 ,  3 ,  and 4 ,  Ju ly  1,  1980. 
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During t h e  sampling, s tack  gas and sampling t r a i n  da ta  were recorded a t  

each sampling po in t  and whenever s i g n i f i c a n t  changes i n  s tack  flow condi t ions 

occurred. I sok ine t i c  sampling r a t e s  were set throughout t h e  sampling per iod 

w i t h  t h e  a i d  of a nomograph or ca lcu la to r .  A l l  sampling data  were recorded on 

t h e  f i e l d  da ta  sheets .  

SAMPLE RECOVERY PROCEDURES 

The sampling t r a i n  w a s  ca refu l ly  moved from t h e  test s i t e  t o  the  cleanup 

area .  The volume of water from the  f i r s t  t h ree  impingers was measured, and the  

s i l i c a  ge l  from t h e  four th  impinger was weighed t o  t h e  neares t  0 .1  gram. 

Sample f r a c t i o n s  were recovered as follows: 

Container N o .  1 - The f i l t e r  was removed from i ts  holder  and placed i n  a 
p e t r i  d i sh  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  the  f i l t e r  w e r e  placed i n  a g l a s s  j a r ,  
s ea l ed ,  and labeled. P a r t i c u l a t e  was removed from t h e  probe w i t h  t he  a i d  
of a brush and acetone r insing.  The l i q u i d  l eve l  was marked a f t e r  t he  
conta iner  was sealed.  

Container N o .  3 - The sample-exposed surfaces  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 placed i n  a g l a s s  j a r ,  
sea led ,  and labeled. The l iqu id  level was marked a f t e r  t he  container  was 
sea led .  

Container N o .  4 - A minimum of 200 ml of acetone w a s  taken f o r  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 imi l a r  t o  the  
acetone washing. 

Container N o .  5 - After  being measured, d i s t i l l e d  water i n  t he  impinger 
s e c t i o n  of t he  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  was added t o  t h e  container  f o r  shipment t o  
t h e  labora tory .  

Container N o .  6 - A m i n i m u m  of 200 m l  of d i s t i l l e d  water was taken f o r  t he  
blank ana lys i s .  The blank was obtained and t r e a t e d  i n  a manner s imi l a r  t o  
t h e  water r i n s e .  

Container No. 7 - An unused g lass  f i b e r  f i l t e r  was taken for blank 
ana lys i s .  

Data was recorded on t h e  appropriate  sample recovery and laboratory data  

shee ts .  
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ANALYTTCAL PROCEDURGS 

The following procedures were used and followed t h e  methods described i n  

t h e  Federal  Register.. 

Container No. 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 lass  weighing d ish ,  desiccated 
f o r  2 4  hours t o  a constant  weight, and weighed t o  the  nearest  0.1 mg. 

Container No. 2 - The acetone washings were t r ans fe r r ed  t o  a t a r ed  beaker, 
evaporated t o  dryness a t  ambient temperature and pressure,  desiccated f o r  
2 4  hours t o  a constant weight, and weighed t o  the  neares t  0.1 mg. 

Container No. 3 - The water washings were t r ans fe r r ed  t o  a ' t a r e d  beaker, 
evaporated t o  dryness i n  an oven, desiccated f o r  2 4  hours t o  a constant 
weight, and weighed t o  the  nearest  0 . 1  mq. 

Container No. 4 - The acetone blank was t r ans fe r r ed  t o  a ta red  beaker and 
evaporated t o  dryness a t  ambient temperature and pressure.  The blank w a s  
then desiccated fo r  2 4  hours t o  a constant  weight and weighed t o  the  
neares t  0.1 mg. 

Container No. 5 - The impinqer contents  were marked w i t h  t he  sample run 
number and saved f o r  chromium analys is .  

Container N o .  6 - The d i s t i l l e d  water blank was saved f o r  chromium 
ana lys i s .  

Container No. 7 - The unused g lass  f i b e r  f i l t e r  was t r ea t ed  i n  an i d e n t i c a l  
manner a s  t he  f i l t e r  in Container N o .  1. 

The  term "constant weight" re fer red  t o  above means a difference of no more 

than 0 . 5  mg o r  1 percent of t o t a l  weight l e s s  t a r e  weight, whichever is grea te r  

between two consecutive readings,  with no less than 6 hours of desiccat ion 

between weiqhings. 

shee t s .  

All ana ly t i ca l  da ta  were recorded on the  ana ly t i ca l  data 

0 
'40 CFR 60, Appendix A ,  Reference Method 5 ,  Ju ly  1, 1980. 

c-7 



DETEPMINATION OF HEXAVALENT 
"DRAFT METHOD" 

CHROMIUM EMISSIONS 

P a r t i c u l a t e  samples co l lec ted  using 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 the  

t e n t a t i v e  method "Determination of Hexavalent Chromium Emissions from 

S ta t iona ry  Sources" (dated December 13, 1984) by d iges t ing  i n  an a lka l ine  

s o l u t i o n  and assaying with t h e  diphenylcarbazide co lor imet r ic  method. 

SAMPLING APPARATUS 

The sampling t r a i n  used i n  these  tests were t h e  same a s  f o r  t h e  p a r t i c u l a t e  

(Method 5 )  t e s t s .  These t r a i n s  m e t  design spec i f i ca t ions  es tab l i shed  by the  

U. S. EPA and were assembled by Entropy personnel. 

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 he  f i e l d  data  shee ts .  

SAMPLE RECOVERY PROCEDURES 

Sample recovery was done according t o  Method 5 .  Data was recorded on the  

appropr ia te  sample recovery and labora tory  da ta  shee ts .  

SAMPLE AND REAGENT PREPARATION 

Samples f o r  ana lys i s  and reagents were prepared as described in t h e  

fol lowing subsect ions.  

Reagents 

All reagents conformed t o  the  spec i f i ca t ions  es tab l i shed  by the  Committee 

on Analyt ical  Reagents of t h e  American Chemical Society.  In a l l  cases ,  t he  

water used w a s  deionized and d i s t i l l e d  and m e t  t h e  ASTM spec i f i ca t ions  fo r  

'40 CFR 60,  Appendix A ,  Reference Method 5 ,  Ju ly  1 ,  1980. 
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type 2 reagent - ASTM Test Method D 1193-77. Solutions were made as follows: 

Digestion Solution - 20.0 g of NaOH and 30.0 9 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 pq Cr ) .  +6 

Potassium Dichromate Standard Solution - 10.00 ml of K2Cr207 stock solution 
was diluted to 100 ml (1 ml = 5 pg CrfG) with water. 

Sulfuric Acid - A ten percent (v/v) solution was made by diluting 1 0  ml H2S04 
to 1 0 0  ml in water. 

Acetone - same as Method 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 ml 

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. 

constructed of plastic or glass which accommodates a 47 mm diameter, 3.0 pm 

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. 

This apparatus consists of a vacuum unit 

c-9 



TO serve as a blank, a representative 

Method 5 filter were prepared in the same 

amount of acetone and a blank 

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 m l .  

H2S04, 2.0 ml of diphenylcarbazide solution was added, and this solution 

diluted to volume with water. The solution then stood about 10 minutes f o r  

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 - + 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 U.'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 C r + 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: 

c-10 
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Two equal volume aliquots of the same sample solution were taken; each 

contained between 30 and 5 0  119 of Cr+6 (less if that was not possible). 

of the aliquots was spiked with an aliquot of standard. solution containing 30 

to 5 0  p g of Cr+6. 

readied for measurement as described i n  the previous section. 

One 

Then both the spiked and unspiked sample aliquots were 

The Cr+6 mass, Cs, in pg in the aliquot of the unspiked sample solution 

was then calculated using the following equation: 

A- S - 
C S  - A - As t 

Equation C-1 

Where: 

Ca = Cr'6 in the standard solution, pq. 

A, = 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. 

Optimum 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 

c-11 



the spectrophotometer was in proper calibration, 540 nm was used as the optimum 

wavelength for the measurement of the absorbance of the standards and samples. 

In some cases, a scanning procedure was employed to determine the proper 

measuring wavelength. 

the spectrum was scanned between 530 and 550 MI. 

chosen as the wavelength at which the maximum difference in absorbance between 

the standard and the blank occurred. 

For both the blank and a 50 1l9 Cr+' standard solution, 

The optimum wavelength was 

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 in1 = 5 ug 

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. 

day that samples were analyzed. 

Kc, was calculated using the following equation: 

These 

The calibration procedure was repeated on each 

The spectrophotometer calibration factor, 

A, + 2A2 + SA3 + 10A4 + 15A5 + 20A6 
Kc = 5 

2 2 2 2 2 2 
Al + A2 + A3 + A4 + As + A6 

Where: 

Kc = Calibration factor. 

A, = Absorbance of the 5 u9 CI-+~ standard. 

A2 = Absorbance of the 10 pg Cr+6 standard. 

A3 = Absorbance of the 25 u9 Cr+6 standard. 

A4 = Absorbance of the 50 u9 Cr+6 standard. 

As = Absorbance of the 75 v g  Cr+6 standard. 

A6 = Absorbance of the 100 ug Cr+6 standard. 
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Spectrophotometer Calibration Quality Control 

The absorbance value obtained for each standard was multiplied by the KC 

factor (least squares slope) to determine the distance each calibration point 

was from the theoretical calibration line. To maintain quality control, it was 

assured that these concentration values did not differ from the actual concen- 

trations (i.e., 5 ,  10, 2 5 ,  50, 75, and 100 P q  Cr+6) by more than 7 percent 

(to be determined) for five of the six standards. 

EMISSION CALCULATIONS 

All emission calculations were done retaining at least one extra decimal 

figure beyond that of the acquired data. Figures were rounded off after final 

calculations. 

Total Cr+6 in Sample 

The total pq Cr+6 in each sample, m, was calculated as follows: 

100 Kc AF 

va 
m =  

Equation C-3 

-where: 

100 = Volume in m l  of total sample. 

A = Absorbance of sample. 

F = Dilution factor (required only if sample dilution was needed to 
reduce the absorbance into the range of calibration.) 

= Volume in ml of aliquot analyzed. va 

Average D r y  Gas Meter Temperature and Average Orifice Pressure Drop 

The average dry gas meter temperature and average orifice pressure drop was 

calculated as described in Method 5 .  
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Dry Gas Volume, Volume of Water Vapor, Moisture Content 

The d r y  gas volume. volume of water vapor, and moisture content was 

calculated as described in Method 5 .  

Cr+6 Emission Concentration 

The Crf6 concentration i n  the stack gas, Cs (g/dscm), dry basis, 

corrected to standard conditions was calculated as follows: 

I 
I 
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Equation C-4 

Isokinetic Variation, Acceptable Results 

Isokinetic variation and acceptable results were calculated as described I 
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in Method 5 .  
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DETERMINATION OF TOTAL CHROMIUM CONTENT 
"DRAFT METHOD" 

P a r t i c u l a t e  samples co l lec ted  using t h e  EPA Method 5 sampling t r a i n  and 

Method 5 sampling procedures* o r  p a r t i c l e  s i z i n g  equipment ( s e e  sec t ion  on 

Determination of P a r t i c l e  S ize  Dis t r ibu t ion)  were prepared and analyzed f o r  

t o t a l  chromium content using Neutron Act ivat ion .Analysis ( N A A ) .  mis  was done 

following t h e  procedures i n  the  "EPA Protocol  f a r  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 t e s t s  w e r e  t h e  same a s  f o r  t he  Method 5 

tests. No  sample-exposed s t a i n l e s s  s t e e l  or chrome-plated equipment was used 

with t h e  exception of t h e  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  o r  p a r t i c l e  s i z e  t e s t i n g .  

spec i f i ca t ions  es tab l i shed  by the  U. S. EPA and w e r e  assembled by Entropy 

personnel. 

These t r a i n s  m e t  design 

SAMPLING PROCEDURES 

The sampling procedures were performed according t o  Method 5 (or  according 

t o  the  p a r t i c l e  s i z e  determination sampling procedures).  All sampling data 

were recorded on t h e  f i e l d  da ta  shee ts .  

SAMPLE RECOVERY PROCEDURES 

Following sample recovery, a l l  samples were kept dry,  protected from 

extreme hea t ,  and analyzed within one month of co l lec t ion .  

'40 CFR 60, Appendix A ,  Reference Method 5 ,  Ju ly  1 ,  1980. 
"For Chromium Screening Study ESED No. 85/02 and 85/02a, U. S. Environmental 

Pro tec t ion  Agency, Emission Measurement Branch, Research Triangle  Park, 
North Carolina.  



SAMPLE PREPARATION 

In a l l  cases ,  samples co l lec ted  using EPA Method 5 were analyzed f i r s t  f o r  

hexavalent chromium content (as described i n  t h e  previous sec t ion )  and then fo r  

t o t a l  chromium content.  Most of the  process  samples co l lec ted  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  w a s  i n  respec t  t o  the  s o l i d  

process  samples; i n  t h i s  case,  t h e  sample was made homogeneous and then 

r ep resen ta t ive  por t ions  were taken q u a n t i t a t i v e l y  and used separa te ly  i n  t he  

analyses  for hexavalent chromium and t o t a l  chromium content.  

A l l  samples prepared for NAA were pu t  i n t o  s u i t a b l e  sample v i a l s  which had 

been properly prepared. Procedures f o r  t h i s  a r e  described below. m e  

subsect ions which follow descr ibe the  sample and blank preparat ion procedures 

used f o r  t h e  var ious ca tegor ies  of sample s t a t e s .  

Sample Prepara t ion  Apparatus 

No chrome-plated or s t a i n l e s s  s t e e l  equipment was used. The following 

i t e m s  were a l s o  required: 

Analy t ica l  Balance - To determine weight of mater ia l  submitted for t o t a l  
chromium ana lys i s  t o  within 0 . 1  mg. 

Polyethylene Sample Via l s  - Five (5) m l  s i z e  t o  contain samples submitted 
f o r  t o t a l  chromium. 

Teflon Spatula  - To a s s i s t  i n  sample t r a n s f e r .  

Teflon Gloves - To be used for sample handling. 

Prepara t ion  of Sample Via l s  

For  use i n  t h e  ana ly t i ca l  phase, sample v i a l s  were prepared i n  t he  

fol lowing manner. 

w i t h  t a p  water, soaked for 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  acid,  and f i n a l l y  r in sed  with de ionized-d is t i l l ed  

water. After t h e  v i a l s  dr ied,  each w a s  marked on both s ides  with tine 

appropr ia te  sample i d e n t i f i c a t i o n  number using a pennanent pen (water 

All v i a l s  were i n i t i a l l y  cleaned with soap and water,  r insed 
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insoluble). All sample identification numbers, volumes, and weights were 

recorded on the Sample Preparation and Analysis Data Forms. 

Preparation and Analysis for Method 5 Samples 

Initially, the entire sample was analyzed for hexavalent chromium by the 

EPA CrC6 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. 

with 2 to 10 grams of material, multiple 5 m l  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 sample vial. For one sample run at each emission 

test location, a 2.0 ml aliquot of the filtrate from the hexavalent chromium 

analysis was transferred to a cleaned and marked vial. 

The sample residue 

For samples 

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 Lig of total 

chromium per sample vial. 

Preparation and Analysis for Liquid Process Samples 

Initially, a representative portion of the liquid process sample was 

analyzed for hexavalent chromium by the EPA Crt6 method. 

analysis, a separate representative sample ( 2 . 0  ml aliquot) that contained 

greater than 1 pg/ml of total chromium was transferred to a sample vial for 

analysis. When the liquid sample was below 1 pg/ml concentration, a 

For total chromium 
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representa t ive  sample was concentrated and then a 2.0 m l  a l i quo t  t r ans fe r r ed  

t o  a sample v i a l  f o r  ana lys i s .  Representative por t ions  were taken according 

t o  EPA Method 160.2 (EPA-600/4-79-020, March 1974). NO Sample blank was 

required.  

Preparat ion and Analysis f o r  So l id  Process Samples 

A r ep resen ta t ive  sample of s o l i d  process  samples was f i r s t  taken and 

analyzed for hexavalent chromium by t h e  EPA Cr+6 Method. 

r ep resen ta t ive  sample was taken f o r  t o t a l  chromium analy is .  Two procedures 

were followed i n  preparing these samples f o r  t o t a l  chromium analys is :  ( 1 )  a 

r ep resen ta t ive  sample not  exceeding t h e  volume of t h e  5.0 m l  sample v i a l  and 

conta in ing  5 t o  100 ug of Cr+6 was taken and weighed t o  the  nearest  0.1 mg, 

or (2) a representa t ive  s&.aple (about 10 t o  20 grams) w a s  taken and placed i n  a 

marked and cleaned polyethylene container ,  then t h e  exact  sample f r a c t i o n  and 

weight analyzed w a s  se lec ted  and performed by the  NAA s t a f f .  The concentration 

of t h e  process material i n  terms of ug/g of hexavalent chromium was included on 

t h e  sample log  t o  provide the  NAA staCf w i t h  t h e  information necessary t o  make 

t h e  proper sample s i z e  se lec t ion .  When t h e  sample concentrat ion w a s  unknown, 

t h e  second procedure was followed. An es t imate  of sample concentrat ion was 

then  determined by NAA p r i o r  t o  t h e  ac tua l  sample ana lys i s .  

A separa te  

For  samples t h a t  completely passed through a 200 mesh screen,  a 

representa t ive  por t ion  was obtained by thoroughly mixing t h e  e n t i r e  sample. 

For samples with mater ia l  g rea te r  than 200 mesh, t h e  sample was i n i t i a l l y  

screened and t h e n  a l l  mater ia l s  t h a t  d id  not pass  through the  screen were 

ground, using a technique t h a t  would not provide chromium contamination, u n t i l  

a l l  mater ia l  passed through the  screen. 

and a representa t ive  sample taken. NO sample blank w a s  required. 

The sample was then thoroughly mixed 

c - 1 8  
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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 

For 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 1 0  ilg and 5 ,000  Ilg. 

When the total chromium value was not known, samples were prepared so that each 

sample vial contained between 5 p g  and 100 pg of hexavalent chromium. These 

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 ug 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  ml aliquot of the filtrate from the 

hexavalent analysis were below the 1 0  p q  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 Sample Analysis 

With every set of 15 samples submitted for NAA, one audit sample was 

submitted to check the analytical technique. 

SAMPLE ANALYSIS 

sample analysis for total chromium content was done using Neutron 

Activation Analysis (NAA) and was conducted by the Department of Nuclear 
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Engineering a t  North Carolina S t a t e  Universi ty  i n  Raleigh. I n  b r i e f ,  NAA is 

based on t h e  determination of t he  number and energy of gamma and/or x-rays 

emit ted by rad io iso topes  produced i n  a sample matrix by neutron i r r a d i a t i o n .  

Quant i ta t ive  ana lys i s  i s  obtained by comparing t h e  x- or gamma-rays of the  

sample with t h e  number determined f o r  a s tandard t h a t  has been subjected t o  the  

i d e n t i c a l  i r r a d i a t i o n .  

The samples (prepared a s  described) were heat-sealed i n  the  25 m l  

polyethylene v i a l s .  Chromium standards were s imi l a r ly  sealed i n  i d e n t i c a l  

v i a l s .  S e t s  of samples and standards were i r r a d i a t e d  f o r  a predetermined 

neutron f luence.  They were then allowed t o  r a d i a t e  €or a minimum of 10  days 

p r i o r  t o  ana lys i s  t o  e l imina te  poss ib le  inference from sodium and cobal t  which 

have shor t  ha l f - l i ves .  Af te r  t h i s  t i m e ,  samples and s tandards were counted on 

a s o l i d  s t a t e  de tec tor  connected t o  a m l t i c h a n n e l  analyzer.  

Resul t s  were reported f o r  samples i n  terms of t o t a l  g of chromium f o r  t h e  

sample. 

CALCULATIONS 

P a r t i c u l a t e  and chromium emissions and concentrat ions were ca lcu la ted  a s  

descr ibed below. 

Emission Calcula t ions  f o r  P a r t i c u l a t e  and Hexavalent Chromium 

P a r t i c u l a t e  and hexavalent chromium emissions were calculated a s  described 

i n  t h e  EPA Cr+6 Method ( s e e  previous s e c t i o n ) .  

Emission Calcula t ions  f o r  Tota l  Chromium 

The t o t a l  chromium emissions, Cs (pg/dscm), were ca lcu la ted  a s  follows: 

cs = (5 - %’ + ( % h )  / V m ( & )  q u a t i o n  c-5 
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Where: 

= Stack gas concentration, g/dscm. 

= Mass of Cr in each particulate residue sample, Uq. 

= Mass of Cr in each particulate residue blank, ug. 

= Mass of Cr in filtrate solution (Crf6) minus blank, ug. 

CS 

"'r 

mb 

% 
Vm(std) = Volume of gas sampled, corrected to standard conditons, dsm. 

Note: In some cases, the mass of Cr was calculated separately, for the 
filter/rinse sample and impinger contents sample, or the masses of both samples 
and both blanks were added to obtain the total concentration. 

Calculation of Chromium in Solid Process Samples 

The chromium concentration in solid process samples, Co (ug/g), was 

calculated as follows: 

Co = (ms - y,)/wt Equation C-6 

Where: 

co = Concentration of chromium in process sample, ug/g. 

ms = Mass of Cr in process sample, Ug. 

mb = Mass of Cr in blank sample (if applicable), Ug. 

wt = Weight of sample analyzed, q. 

Calculation of Chromium in Liquid Process Samples 

The chromium concentration in liquid process samples, C1 (Ug/IUl), was 

calculated as follows: 

c1 = (m,/2) (Vf/vi) 

Where: 

C1 = Concentration of chromium in liquid sample, pg/ml. 

m, = Mass of Cr in liquid process sample, Ug. 

2 = 2 . 0  m l  aliquot analyzed. 

vf = Final volume if a sample is concentrated, ml. 

. Vi = Initial volume of sample concentrated, m l .  

c-2 1 
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DETERMINATION OF PARTICULATE EMISSIONS U S I N G  THE 
MEDIUM SAMPLE VOLUME SCREENING TECHNIQUE 

P a r t i c u l a t e  emissions were estimated using t h e  medium volume screening 

technique. This p a r t i c u l a t e  screening technique i s  s imi l a r  t o  the  sampling and 

a n a l y t i c a l  procedures of EPA Method 17. The major d i f fe rences  a r e  itemized 

below. The system sampling t r a i n :  

( 1 )  can sample a t  a r a t e  of s i x  times Method 17; 

( 2 )  can be e a s i l y  operated by one person a t  a reduced cost ;  

( 3 )  r equ i r e s  l e s s  experience t o  opera te  t h a n  t h e  Method 17 sampling t r a i n ;  

( 4 )  monitors t he  flow r a t e  of t he  sampling system a t  s tack conditions;  

(5) does not have a flow t o t a l i z i n g  system (dry  gas meter) ;  

( 6 )  does not condense out  t h e  water vapor or determine moisture content: 
and 

( 7 )  can t r ave r se  the  s t ack ,  but is genera l ly  operated a t  a s i n g l e  p o i n t  of 
average veloci ty .  

The screening technique is s t i l l  undergoing methods evaluat ion,  bu t  is 

hoped t o  have a reproducib i l i ty  of about t w i c e  t h a t  of Methods 5 o r  17 (2 2 0 % ) .  

SAMPLING APPARATUS 

The sampling apparatus,  which w a s  assembled by EPA personnel, consis ted of 

t h e  following ( s e e  Figure C-2):  

Nozzle - S t a i n l e s s  s t e e l  (316) with sharp,  tapered leading edge and 
accura te ly  measured round opening. 

Probe - A s t a i n l e s s  s t e e l  (or other  s u i t a b l e  mater ia l )  probe extension is 
used a f t e r  t he  f i l t e r ,  which a l s o  contains  t h e  or i f icemeter .  

P i t o t  Tube - A type S p i t o t  tube meeting t h e  geometric s tandards of 
Method 2 was used t o  measure s tack gas ve loc i ty  pressure.  
___c 

'40 CFR 6 0 ,  Appendix A ,  Reference Method 2 ,  July 1,  1980. 
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F i l t e r  Holder - The f i l t e r  holder w a s  made of s t a i n l e s s  s t e e l  and was ' 

i n s e r t e d  i n t o  the  s tack  a s  p a r t  of t he  probe assembly. 

F i l t e r  - A Schleicher  & Schuel l  (30  mm K 100 mm) f i b e r g l a s s  thimble Eilter 
was used. 

Draf t  Gauge - The d r a f t  w a s  measured with an inc l ined  manometer. 

Metering System - The metering system consis ted of a leak-free blower with 
a va r i ab le  speed motor, a ca l ib ra t ed  in-stack o r i f i c e ,  an inc l ined  
manometer, and r e l a t ed  equipment. N o  flow t o t a l i z e r  (d ry  gas meter) or 
condensor is used i n  t h i s  sampling system. 

Barometer - An anenoid type barometer w a s  used t o  measure atmospheric 
pressures  t o  0 .3  kPa ( 0 . 1  in. Ag) . 

SAMPLING PROCEDURES 

The sampling s i t e s  were i d e n t i f i e d  ( s e e  Chapter 4 )  and a s i n g l e  sampling 

po in t  s e l ec t ed  a t  a poin t  of average ve loc i ty .  

The g lass  f i b e r  thimbles were conditioned using ac id ,  desiccated f o r  a t  

l e a s t  24 hours t o  a constant  weight, and then weighed t o  the  neares t  0.1 mg on 

an a n a l y t i c a l  balance. 

The sampling t r a i n  w a s  s e t  up as shown i n  Figure C-2. It was leak-checked 

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

and observing t h e  or i f icemeter .  

P r i o r  t o  t e s t i n g ,  t h e  "K" f ac to r  (AH = KA ) was ca lcu la ted  based on the  
P 

c a l i b r a t i o n  da ta  and preliminary s tack da ta .  

placed a t  t h e  prese lec ted  po in t ,  t he  blower turned on, and the  proper sampling 

r a t e  s e t  based on t he  measured A mul t ip l ied  by t h e  "K" f ac to r .  

To s t a r t  the  t e s t ,  t he  nozzle was 

P 

A t  t he  beginning and end of t he  sampling per iod (which was on t h e  order of 

5 t o  1 0  hours t o  obtain the  high volume sample), s tack  gas and sampling t r a i n  

da t a  were recorded on t h e  f i e l d  data  sheet .  This data  consis ted of t h e  

fol lowing items: 
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o Date and time 
o A H  
o AP 
o Power setting for the variable speed motor on the pump 
0 Nozzle velocity, fpm 
o comments 

Data concerning barometric pressure, stack gas temperature, and stack gas 

moisture for each run were taken from Method 5 runs performed at the same 

sampling locations on the same days. 

Sample Train Calibration 

Prior to sampling, an in-stack orifice calibration was performed. This 

type of calibration uses a calibrated dry gas meter placed in the line between 

the orifice meter and the blower. The volume of gas passing through the 

orifice meter is measured at a particular pressure drop (AH) across the orifice 

and a corresponding vacuum at a certain temperature and pressure. This 

information is then used to calculate the orifice meter calibration factor 

(K,) for a representative set of AH'S. 

factor (K,) during sampling can then later be used to calculate.the flow rate 

The AH and orifice meter calibration 

and volume of gas passing through the train. The calibration data sheet can be 

found in Appendix E. 

SAMPLE RECOVERY PROCEDURES 

The sampling train was carefully moved from the test site to the cleanup 

area. Sample fractions were recovered as follows: 

Container No. 1 - The thimble filter was removed from its holder and 
placed in a glass jar. Loose particulate and acetone washings from all 
sample-exposed surfaces prior to the filter were added to the filter in 
the glass jar. The jar was sealed, labeled, and the liquid level was 
marked. 
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Container NO. 2 - A minimum of 200 ml of acetone was taken for the blank 
analysis. The blank was obtained and treated i n  a manner similar to the 
acetone washing. 

Container No. 3 - An unused glass fiber thimble filter was taken for blank 
analysis. 

Data were recorded on the appropriate sample recovery and laboratory data 

sheets. 

ANALYTICAL PROCEDURES 

The following analytical procedures were used. 

Container No. 1 - The contents were transferred to a tared beaker, 
evaporated to dryness at ambient temperature and pressure, desiccated, and 
then weighed to the nearest 0 . 1  mg until a constant weight was obtained. 

Container No. 2 - The acetone blank was transferred to a tared beaker and 
evaporated to dryness at ambient temperature and pressure and weighed to 
the nearest 0 . 1  mg until a constant weight was obtained. These data were 
used to blank correct the sample. 

Container No. 3 - The unused glass fiber thimble filter was treated in an 
identical manner as the filter in Container No. 1. These data were used as 
a quality control check and were not used to blank correct the field 
samples. 

The term "constant weight" referred to above means a difference of no 

more than 0 . 5  mg or 1 percent of total weight less tare weight, whichever is 

greater between two consecutive readings, with no less than 6 hours of 

desiccation between weighings. 

data sheets (see Appendix 8 ) .  

All analytical data were recorded on analytical 
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....... . '  . . .  . , .( - . .  ... . . .  . ". . . .  . . .  . . . .  . . . . . .  . ._ .  ., . . . . .  

. .  
. . .  . . . . . . . . . . . .  . , - .  MEASURED VALUES . .  

. . .  
. .  . . .  . .  . . .  . . .  

. . i  . . .  
. .  

. _ .  
. ., . .  . .  

. . . . .  & I 3 2  

. - .  

< 1/8" (0.32 

. .  

. .  . . .  - . . . . . .  . .~ 
. . .  , 3 .  . .  , .  . .  , .  .~ , 

.'- ... 
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,T ime kas Meter Vol. .I Gas Heter T&p. ' I ' Ah 

.,. . . -. i'' 
, .:.. 

, >;< . . .  

c I 

.. .. I : ~ .-2 

. . -,l- 
__'_ .+-. 

. .  . .  - -. . - .. 'T . *..i c 
WHERE: ., t = Time - minutes 

- 
- "d 'd 

'h t Td V,= 'Gas lleter Volume - dry f ... . -  

Td= Gas lieter Temperature't ? L  4 





. .  . 

. -  

E-2 

I 
I 
I 
I 
I 
I 
I 
I 
*.I . .  

I 
I 
I 
I 

1 
: I  
I 
I 
1 

i 
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.. 

SOURCE SAMPLING PROGRAM 
Process Data Sheet 

PLACE: Carollna Platinu DATE: 5- //rl0 r PAGE: I o f  3 1 
I TEST START TIME--inlet: l23G 

outlet: 1230 

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

TEST END TIME-inlet: I7 23 
outlet: /72(c 



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

rfm 
(24-h Tank 
clock) No. 

1330 1 

2 

3 

7 

1 

1% 2 

3 

7 

1 

/+I5 2 

3 

7 

SOURCE SAMPLING PROGRAM 
Process Data Sheet I 

PMCE: Carolina Plating DATE: 5-/15/8S. PAGE: - 2 o f  3 

lperat i ng 
voltage. 
volts 

8 .  o 

/2 ,o 

TEST START TIME--inlet: /Z35 
outlet: 1230 

Operating 
current. Job 
amperes No. Notes 

+T /32S , 
//Lm BS’ZSSS 

2,409 fB-rn1-3 

lempera- 
ture. O F  

130 

/3  0 
/ 3 4  

13 I 
134 

TEST END TIME--inlet: 
outlet: 

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



~~ ~ 

..~ .. ” .,.. ... ..... ~ . ~ .. . . . .. . . _ _  . . . ... ~ . . .. .. . . ... ...... . . . . . . . . . . ., 

I 
I 

SOURCE SAMPLING PROGRAM 
Process Data Sheet 

PLACE: Carolina Plating DATE : 5/&/8S- PAGE: - 3 o f  3 I 
-%E-- ~ 1 TEST START TIME--inlet: 

I out 1 et: 
TEST END TIME--inlet: 1723 

outlet: /7z4 



SOURCE SAMPLING PROGRAM I 
1 

Process Data Sheet 

PAGE: 1 o f  3 - - PLACE: Carolina Plat lno OATE : 5/ 16 18s- 

TEST START TIME--inlet: 040, 
outlet :  0878 

TEST EN0 TIME--inlet: I Y Y 2  
out 1 et: 



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

I 
SOURCE SAMPLING PROGRAM 

Process Data Sheet 

1 PUCE: Carolina Plating DATE: T/ I6 /8 5 PAGE: 2 o f  3 
TEST START TIME--inlet: 090/ TEST END TIME--inlet: /4Y2 1 outlet: 003a outlet: 1414 

I 
I 
I 
I 
I 
I 
1 
1 
'I 
1 
,I 
I 
I 
I 
I 

- 
'fme 
24-h 
lock) 

I O 3 0  

- 

- 
Tank 
No. 

I 

2. 

3 

7 

1 

2 

3 

7 

1 

2 

3 

7 

- 

- 

- 

1 

2 

3 

7 - 



I 
1 

SOURCE SAMPLING PROGRAM 
Process Data Sheet 

PUCE: Carolina Plat ing OATE: sl / b  1 L5!r PAGE: 3 o f  3 
TEST START TIME--inlet: 040 I 

outlet :  - 7 ~  

Im 
24-h Tank 
lock) NO. 

1 
‘300 2 

3 

7 

1 
330 

3 

7 

1 
1300 2 

3 

7 

1 

2 

3 

160 

1 7  

outlet: / + I ?  
TEST END TIME--inlet: 

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



- - -  - ~. I . _ ._____ ._ .___ ._ ._ . ._ . . . . __ I____ ._  .. . . ~ ~  -- - 

m7- ' 3  

SOURCE SAMPLING PROGRAM 
Process Oata Sheet 

I 
DATE : 5 / l b  / A T  PAGE: 1. o f  3 

TEST START TIME--inlet: 
outlet: 

1 
1 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
t 
I 

. ,  
. . .  

,. I .  

. I  
. .  

TEST END TIME--Inlet: zo/ 3 
outlet: 1 9 s  

. .  . ,  , .  



r 
Tfm Operatlng Operatlng 
(24-h Tank Tempera- voltage, current, Job 
clock) No. ture, O F  volts amperes No. Notes 

18D 1 I3 4 7,2 2,'& 8SZSIJ 

lo. 0 % mo 8 r Z S 3 b  * &%%?a- &7 1730 130 

s;loo aszlm 3 13 z IO. I 
7 /33 7, t z , m  8sLn?LJ-.sTz)R r a t 1 7 3 0  

1 / 39 7, I 2 l l f *  K s t y  

13 2, to .  I 5,109 Srzqto 

1 I3 4 7. I 1,m 0rzs1rt 

13% lo. I 5,100 8 w 7 0  

1 ,3q 7 , 2  2, +x 8rzzr4 

13% 10. I 5, too BS"LV7d 

7 t 33 7'2 2,boD & S L Y  

1 133 782 2,w BSZSlr) 

4) 052T33(. 130 I O .  a /a30 2 

3 

7 f 3 3  7t2 2 , a  B r m V  

130 to, sl 4, 700 &;253b 
1900 

3 

- 7 139 -7t2 2,boO ~GLsW 

2 I30 10.0 4,boD -36 
3 

1930 

2ooo 2 130 /o. 0 4 , m  BSZS3b 

3 I3 2 IO. t 5,100 05-22370 

I ? 134 7.2-  .t,bOo srzslby 

33-10 

. . . . . . . . . .  . .. ....... *; . .  ..... L - G V . ; .  . - --5?=mmmE- . . . .  ... . . .  -.....+,>e. .--------- -_ . - _...- 

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



I 
1 
I 
I 
I 

I >  I 
c 

.. . . . . . .  . . . . . . . . . . . .  . . . . . . . . . . . . .  - . .  

m7- +3 ' .  

. .  . . .  
, 

. . .  . . .  . . .  . .  . . . .  . . . .  : . . ... 
. . .  

. . . . . .  

. . .  
i . .  .. 

. ?  
. .  

' ' . .  . SOURCE SAMPLING PROGRAM 
~ . ,  :. . . . : . .  

. ~ . .  .. . .  
Process Data Sheet 

. .  
. .  

. . . .  . . ,  
. .  

.PLACE: Carolina Plating DATE: 5 / 1 6  /8S PAGE: 3 o f  3 ' 
TEST START TIME--inlet: /SZC 

outlet: /s/7 
. .  .. , . . . . . .  .... _ j  ..... : . . . . .  . .  . ,  , 

. ,  . .  

, .., 
TEST END TIME--inlet: w / 3  

outlet: 1 9 s ~ -  
. .<'.i ...... ... b; . .  

i : 

: ' ? . -  . . . . . . . . . .  . . .  ......... . . .  . . . . . . .  '. , ..,, ;' . %,' 
1 ,. . .  . . . .  

. .  ,-F .. 
. I '~ ' . ;::$.33-11 

. .  ,. . , , 



PUCE: Carolina Platinq 

SOURCE SAMPLING PROGRAM 
Job Descriptions 

DATE: 5/15 

1 
I 
1 

0 lmens t ons , 
in. x in. 

(circ. x length) 

20 % 130 

lb % b 9 . x  

Surface 
area, in. 

2600 

237. 5 

/,7 b7 

- -  
I ,  I l t  

-- e 

565% 

Current 
required, 

amps 

?- 

700 

2, 

2, 

I, 6- 

4,400 

b, 000 

Tank 
No. 

7 

- 

/ 

2 

3 

2 

7 

L 

I 

z 

Plate 
. time, h 

(in-out) 

5 [OSSS-m; 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1; 

E-12 



SOURCE SAMPLING PROGRAM 
Job Descriptions 

PUCE: Carolina Platinq 
I 

OATE: 5/16 

I 
1 
!I 
I 
I 
I 
I 
I 
I 
I 
I 

Job No. 

k 2 S 9 3  

$52592 

8szssz 

8 c ~ 9 3  

8~2592 

5r2Ssq - z 

352470 

352573 

152Sl4 

3s2s93 

5 . 5  25-64 

! 52536 

Dimensions, 
In. x in. 

(clrc. x length)' 

31.9 Y io9 

8 x 64.5 

37.2 x i4+ 

54.4. 40 

32.4 % I / /  

&>'8 % 45 

%J,Z %. 24 ~ 

37.r %/.77 .. 

Current 
required. 

amps 

3, bao 

I, 1 6 0  

1 )  300 

5, 200 

1, - 
7, 200 

4,900 

5, 400 

2,500 

4, BCO 

2,500 

4,4m 

Tank 
No. 

7 

I 

I 

7 

- 

1 

2 

3 

7 

I 

7 

7 

2 



~~~ 

. . .  . . . .  

TEST NO. I--AMPERE-HOUR CALCULATIONS 

Time 
Clock interval ,  min Current, Ampere-hours 
time Inlet Outlet amperes I n l e t  Outlet 

1230 

1245 

1300 

1315 

1330 

1345 

1415 

1445 

1515 

1530 

1600 

1630 

1700 

10 15 10,000 1,670 2 500 

15 15 7.100 1,780 1,780 

15 15 7,100 1,780 1,780 

15 15 8,700 2,180 2.180 

15 15 8,000 2,000 2.000 

30 30 4.000 2,000 2,000 

30 30 8,000 4,000 4.000 

30 30 6,700 3,350 3.350 

15 15 12,900 3.220 3,220 

30 30 12,900 . 6,450 6.450 

30 30 13.000 6,500 6,500 

30 30 7,200 3,600 3.600 

23 24 7.200 2,760 2.880 

41.290 42,240 TOTAL %, 

E-14 I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
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. .  . .  
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TEST NO. 2--AMPERE-HOUR CALCULATIONS 

I 
I .  
I 
I 
1 
I 
I 
I 
I 
I 

. 

Clock 
time 

Time 
intervai. min 

Inlet Outlet 
Current 
amperes 

Ampere-hours 
Inlet Outlet 

. .  . .  - 
0 ' ' 22 4,900 0 1,800 

14 15 4,900 1.140, 1.220 

0840 

woo 
0915 

0935 . .  

1000 

1030 

20 20 4,900 .. ' 1,630 1.630 

25 25 5,000 2,100 2,100 

30 30 1,300 650 650 

30 30 1,300 650 650 
1100 

1145 

1200 

1230 

2 2 6 , 400 210 210 

15 15 12.000 3,000 3,000 

30 30 7,600 3,800 3.800 

30 30 18.000 9,000 9,000 
1300 

30 30 17,900 8,950 8.950 
1330 

30 30 17,800 8,900 8.900 
1400 

1430 
30 19. 12,600 6,300 3.990 

- 
12 0 19 .a00 3.960 0 

~~ 

TOTAL 3 io ? 7 jl,? 50,290 45,900 

.. . . .  

~ I . '  

. .  
.. . 

. . .  , 
. - ., 

. > . , ,  . . .  
. , .  
;. $ . .  

, .  . , : 
.. . , .. . .  

. s  . .  . 

I . .  
.. :. . .. 

. .  

. L  

1 .  . . _ .  - 
.. .,. 
I . '. . 

. .  

,. - . 

. .  



TEST NO. 3--AMPERE-HOUR CALCULATIONS I 
Time 

Clock interval .  min Current, Ampere-hours 
time I n l e t  Outlet amperes - Out e t  

1500 I 
15 

25 

25 

30 

30 

30 

30 

1540 

1605 

1630 

1700 

1730 

1800 

1830 
30 

1900 

23 

25 

25 

30 

30 

30 

30 

30 

30 

25 

0 

19,700 

19,500 

19,600 

14.800 

14.900 

7.500 

14,600 

14,700 

14,800 

14.700 

14.700 

4,920 7,550 

8,120 8,120 

8,170 8,170 

7,400 7,400 

7,450 7.450 

3.750 3,750. 

7,300 7,300 

30 

30 

13 

1930 

2000 

TOTAL I f, 72.390 70,610 - - 

I 
7,350 7.350 

7,400 7 400 

I 7,350 6,120 

3,180 0 



. ._ 

I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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. . ,  . . .  , . _ I  APPENDIX F 

\ ., TEST PARTICIPANTS AND OBSERVERS 
. .  

. . .  

.. 

. , ,' 
. r 

. .  

. . . . .  

F-1 



F-2 

1 
I 
1 
I 
I 
I 
I 
I 
:I 
I 
I 
I 
I 
I 
I 
I 
I 
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I 
I 
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'PEST PARTICIPANTS AND OBSERVERS > .., 

Name Organization Responsibility 

Dan Bivens 

Frank Clay 

Peter Schindler 

Candace Sorrel1 

Dennis Bolzschuh 

John Brown 

Barb Dutletsky 

A 1  Vervaert 

EPA, Emission Measurement Branch 

EPA, Emission Measurement Branch 

BPA; Emission Measurement Branch 

EPA, Emission Measurement Branch 

BPA, Emission Measurement Branch 

EPA, Emission Measurement Branch 

Midwest Research I n s t i t u t e  

EPA, Indus t r i a l  Studies Branch 

Team Leader/BPA Task Manager 

I n l e t  Meter BoxData Reduction 

I n l e t  Technician 

Outlet  Meter Box 

Cutlet Technician 

Cleanup@quipment/Medium . *  
V o l u m e  T r a i n  ..- ' .... . .. Process operation Obsemer , "i. !<. 

BPA Task Hanager 
. i  

F-3 
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