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C o n d u c t e d  f o r  t h e  
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S o u r c e  T e s t  R e p o r t  o f  a T r i - M e r  C o r p o r a t i o n  D e m o n s t r a t i o n  U n i t  
S e r v i n g  a H a r d  Chrome P l a t i n g  Tank a t  

Chromal  P l a t i n g  Company, 1748  Workman S t r e e t ,  
Los A n g e l e s ,  C A  9 0 0 3 1  

I N T R O D U C T I O N  

P a c i f i c  E n v i r o n m e n t a l  S e r v i c e s ,  I n c .  (PES) was c o n t r a c t e d  b y  
t h e  M e t a l  F i n i s h i n g  A s s o c i a t i o n  o f  S o u t h e r n  C a l i f o r n i a  (MFASC), t o  
p e r f o r m  a s c r e e n i n g  t e s t  on t h e  r e d u c t i o n  e f f i c i e n c y  o f  a T r i - M e r  
C o r p o r a t i o n  d e m o n s t r a t i o n  u n i t  u s e d  t o  c o l l e c t  h e x a v a l e n t  ch romium 
e m i s s i o n s  f r o m  a h a r d  chrome p l a t i n g  o p e r a t i o n .  S e t  up  and  
v e l o c i t y  d e t e r m i n a t i o n s  were  c o n d u c t e d  on  F e b r u a r y  1, 1989,  and  
t h e  s o u r c e  t e s t i n g  was done on F e b r u a r y  2, 1989 .  

I n  o r d e r  t o  e v a l u a t e  t h e  e f f e c t i v e n e s s  o f  t h e  T r i - M e r  u n i t ,  
i t  was n e c e s s a r y  t o  h a v e  a h a r d  ch rome p l a t i n g  t a n k  t h a t  was 
o u t f i t t e d  w i t h  an  e m i s s i o n  c o l l e c t i o n  sys tem.  Chroma l  P l a t i n g  Co. 
i n  Los Ange les .  Ca. was t h e  s i t e  c h o s e n  f o r  t h e  t e s t i n g .  Ray 
Boke lman.  G e n e r a l  Manager  o f  Chroma l  P l a t i n g ,  a r r a n g e d  f o r  t h e  
hookup  o f  t h e  d e m o n s t r a t i o n  u n i t  a n d  t h e  t a n k  o p e r a t i o n  d u r i n g  
s o u r c e  t e s t i n g .  

O n  F e b r u a r y  2 ,  1989 ,  t w o  l o c a t i o n s  were  c h o s e n  f o r  s a m p l i n g .  
The f i r s t  sample ,  T - I ,  was t a k e n  f r o m  t h e  i n l e t  t o  t h e  u n i t  2 f e e t  
b e f o r e  an e l b o w  c o n n e c t i n g  i n t o  t h e  b l o w e r  o f  t h e  T r i - M e r  u n i t .  
T h i s  samp le  was u s e d  t o  d e t e r m i n e  t h e  q u a n t i t y  o f  e m i s s i o n s  i n  t h e  
g a s  s t r e a m  b e f o r e  e n t e r i n g  t h e  T r i - M e r  u n i t .  The s e c o n d  sample ,  
T-0,  was t a k e n  f r o m  t h e  o u t l e t  s t a c k  a p p r o x i m a t e l y  1 3  f e e t  p a s t  t h e  
s c r u b b e r  u n i t  ( F i g u r e  1 ) .  T h i s  was d o n e  i n  o r d e r  t o  d e t e r m i n e  t h e  
e m i s s i o n  r a t e  and s u b s e q u e n t l y  t h e  r e d u c t i o n  e f f i c i e n c y  o f  t h e  T r i -  
Mer C o r p o r a t i o n  u n i t  f o r  h e x a v a l e n t  c h r o m i u m  e m i s s i o n s .  C o n t i n u o u s  
v e l o c i t y  measuremen ts  w e r e  t a k e n  b y  t y p e  " S "  p i  t o t  t u b e s  t h a t  w e r e  
c o n n e c t e d  t o  t h e  s a m p l i n g  p r o b e s .  

PACIFIC ENVIRONMENTAL SERVICES, INC. 
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E Q U I P M E N T  A N D  P R O C E S S  D E S C R I P T I O N  

Chroma1 P l a t i n g  Company, 1748 Workman S t r e e t ,  L o s  A n g e l e s .  C A  
90031, i s  engaged  i n  t h e  b u s i n e s s  o f  h a r d  chrome p l a t i n g  f o r  t h e  
a i r c r a f t  and a w i d e  v a r i e t y  o f  o t h e r  i n d u s t r i e s .  D u r i n g  t h e  t e s t ,  
t h e  T r i m e r  C o r p o r a t i o n  u n i t  s e r v e d  h a r d  chrome p l a t i n g  t a n k  No. 10.  
Tank No. 10 i s  a 500  g a l l o n  t a n k  t h a t  had a chrome c o n c e n t r a t i o n  
o f  32 o u n c e s  o f  a c i d  p e r  g a l l o n .  D u r i n g  t h e  t e s t  t h e  t a n k  had a 
4.5" f r e e b o a r d  a n d  was c o v e r e d  100% b y  3/4" p o l y b a l l s .  The 
t e m p e r a t u r e  o f  t h e  t a n k  was m a i n t a i n e d  a t  120-125 F a h r e n h e i t .  t h e  
v o l t a g e  a v e r a g e d  4.6 v o l t s ,  and  t h e  amperage a v e r a g e d  750 amps. 

The T r i m e r  C o r p o r a t i o n  u n i t  was a Mode l  F/S-l D o u b l e  Pack  Fan 
S e p a r a t o r .  The t e c h n o l o g y  u s e d  i n  t h e  T r i m e r  C o r p o r a t i o n  u n i t  was 
a s p e c i a l l y  d e s i g n e d  s c r u b b e r  i n v o l v i n g  f i v e  s e p a r a t e  s t a g e s  i n  t h e  
s c r u b b e r  s y s t e m .  The t e s t  u n i t  w e i g h e d  a p p r o x i m a t e l y  2000 pounds  
and  was c a p a b l e  o f  h a n d l i n g  u p  t o  2500 SCFM. 

T E S T I N G  METHODOLOGY 

The s a m p l e s  a t  e a c h  o f  t w o  l o c a t i o n s  were  e x t r a c t e d  w i t h  
m o d i f i e d  C A R B  m e t h o d  425 s o u r c e  t e s t i n g  t r a i n s  a s  d e s c r i b e d  i n  a 
1/20/89 C A R B  p r o t o c o l  ( F i g u r e  2 ) .  The s o u r c e  s a m p l i n g  t r a i n s  
c o n s i s t e d  o f  a 0.302" I.D. g l a s s  n o z z l e ,  a g l a s s  p r o b e ,  t w o  
i m p i n g e r s  each  w i t h  100' m l  o f  D . 1 N  s o d i u m  h y d r o x i d e ,  an  empty  
i m p i n g e r .  an  89mm t e f l o n  c o a t e d  g l a s s  f i b e r  f i l t e r  p l a c e d  a f t e r  t h e  
empty  i m p i n g e r .  an  i m p i n g e r  f i l l e d  w i t h  s i l i c a  g e l ,  an  u m b i l i c a l  
c o r d  c o n n e c t e d  t o  a vacuum pump, a d r y  gas  m e t e r ,  a n d  a c a l i b r a t e d  
o r i f i c e  c o n n e c t e d  t o  an  i n c l i n e d  manomete r .  

S a m p l i n g  a t  t h e  t w o  p o r t s  was c o n d u c t e d  s i m u l t a n e o u s l y  f o r  a 
p e r i o d  o f  e i g h t  h o u r s .  S a m p l i n g  was done  b y  t r a v e r s i n g  a t  b o t h  t h e  
i n l e t  a n d  o u t l e t .  V e l o c i t y  and  t e m p e r a t u r e  o f  t h e  e m i s s i o n  s t r e a m s  
were  m e a s u r e d  and r e c o r d e d  e v e r y  h o u r  d u r i n g  t h e  t e s t .  The m e t e r  
t e m p e r a t u r e  and  t h e  v o l u m e  o f  t h e  g a s  t h r o u g h  t h e  m e t e r  a l s o  w e r e  
measured and  r e c o r d e d  e v e r y  h o u r .  A p p l i e d  v o l  t a g e ,  b a t h  
t e m p e r a t u r e ,  and  amperage a p p l i e d  t o  t h e  chrome p l a t i n g  t a n k  was 
a l s o  r e c o r d e d .  A l l  i n f o r m a t i o n  was r e c o r d e d  on  f i e l d  d a t a  s h e e t s  
( A p p e n d i x )  . 

L a b o r a t o r y  a n a l y s e s  were  c o n d u c t e d  b y  Thermo A n a l y t i c a l  
L a b o r a t o r y  i n  M o n r o v i a .  C A .  T o t a l  chrome and h e x a v a l e n t  ch rome 
c o n c e n t r a t i o n s  w e r e  d e t e r m i n e d  f o r  t h e  t w o  s t a c k  samp les ,  a b l a n k ,  
and t h e  p l a t i n g  b a t h  s o l u t i o n .  A n a l y s e s  f o r  t o t a l  ch rome u s e d  
a t o m i c  a b s o r p t i o n  s p e c t r o p h o t o m e t r y  and  a n a l y s e s  f o r  h e x a v a l e n t  
chrome u s e d  d i p h e n y l c a r b a z i d e  c o l o r i m e t r i c  t e c h n i q u e s .  

PACIFIC ENVIRONMENTAL SERVICES, INC. 
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Is Glass o r ' s t a t n l o s s  stool sampl ing  n o r r l o  
2, Stainless steel probo s h e a t h  
5 ,  Stainless steel g l a s s ,  or T e f l o n - l i n e d  probo 
4, TYPO s p i t o t  t u 6 0  and manomoter for AP r o a d l n g s  
6, 15 it. t o f l o n  
6 ,  S t a c k  t e m p e r a t u r o  m s o r  

solutf.on 
8 ,  Oroonburg-Srntth fmpingor  k l t h  100  ml. o f * . l  H I laOH 

solution 
9 ,  Modif ied Oreenburg-Smtth imp tngor  - dry 
10. Modtf ied Oreonburg-Smtth implngor f i l l o d  w l t h  200 grams 

of st l lca  go1 
11, Imptnger  case f i l l o d  w l t h  fC8 
12, ID in er e x i t  gas t e m p e r a t u r o  sensor 
14, Yacuum gaugo 
16, Coarso adjustrnont v a l v o  
16, 8y- a s s  v a l v e  t o  adjust CSH 

19, Dry as motor in o t  a n d  o u t l o t  tom Oraturo sonSorS' 

. .. 3 

18. Dry gas meter 

U, Filter Holder wlth tellon-line'd g lass  fiber filter* 

r o b 0  l i n o  u t h  b a l l  and  socko I 7 ,  Oreenburg-Sal t  R Impingoy w t h  l o 0  ml, of  e l  

I 

15, Urn 1 9  t1 ca l  l t n o  t o  motor bo% 

17, Loa ! f reo vacuum pump 

20, Oriflco moter w l  h manomotor for fi r e a d i n g s  1 
m u R e  z 

Otagram of samp'iing Train 

PACIFIC ENVIRONMENTAL SERVICES, INC. 
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RESULTS OF TESTING 

C a l c u l a t i o n s  were made from t h e  f i e l d  d a t a  shee t s  t o  d e t e r m i n e  
sample volume, m o l e c u l a r  w e i g h t ,  v e l o c i t i e s ,  f l o w  r a t e s ,  and 
i s o k i n e t i c  t e s t i n g  f o r  t h e  g a s  a t  e a c h  sample l o c a t i o n .  S t a c k  g a s  
volumes were c a l c u l a t e d  from t h e  v e l o c i t y  measurements  t a k e n  d u r i n g  
sample e x t r a c t i o n .  R e s u l t s  a r e  shown o n  t h e  e m i s s i o n  t e s t  
c a l c u l a t i o n  shee t s  ( A p p e n d i x ) .  

The i n l e t  l o a d i n g  t o  t h e  Trimer d e m o n s t r a t i o n  u n i t  was 0 . 6 4 2  
mg/amp-hour f o r  t o t a l  chrome and 0 . 5 7 3  mg/amp-hour f o r  h e x a v a l e n t  
chrome. The  o u t l e t  e m i s s i o n s  were 0.009 mg/amp-hour f o r  t o t a l  
chrome and 0 . 0 0 2  m g l a m p - h o u r  f o r  h e x a v a l e n t  chrome. The c o n t r o l  
e f f i c i e n c y  f o r  t o t a l  chrome was c a l c u l a t e d  a t  9 8 . 5 %  and for  
h e x a v a l e n t  chrome was c a l c u l a t e d  a t  9 9 . 6 %  ( T a b l e  1 ) .  

PACIFIC ENVIRONMENTAL SERVICES, INC. 
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01 Effirimcy of the T r i e r  Corparatirn Strubber for Total Chrcre. 

Total STPCX KTWL mR0. 
PLE WE Cant. Catch ME EHISSIONS FLOY fHlSSlW I I M M  EHlSSlWS EFFICIENCY 

!&UX Cr I Cr 1 RTERVOL Cr 1 RRTE Cr 1 PIP-WRS Cr T Cr 1 
IER 1011 1q/1) (q) I d d l  lqlx0 Idscfd IqlhaJrl I q / a r p - h r l  X 

180 6.06 1.m 
308 0.90 0.2772 

' m1AL 1.3680 338.129 0.00405 1984 (81.611 750 0.64215 

255 0.028 0.0071 
! W 0.036 0.0144 
IT TOTAL 0.0215 343.518 0.00006 1892 7.118 750 0.W49 pB.5 I 

.a1 Efficiency of the Triner Curparatian Scrubber for Hexavalent Chrw, 

Total STACK KTW WNTAa 
RE WPLE G r c .  Catch WPLE DIISSlaG FLW 011SS106 Am EHlSSlWS EFFIClMfY 
KPI VOLUY C r 6  C r 6  RIERVOL C r 6  WTE C r 6  PIP-HOURS C r 6  Cr 6 
lBER la11 Iq/ll Iql l d x f l  Iqlxf) ldxhl lq/hourl Iqlarp-hour) I 

I 180 5.00 0.w 
1 1.M 0.320J 
1 T o m  1.2203 338.129 0.00361 I984 429.620 75l 0.57283 

I 255 0.W 0.0023 
1 W 0.W 0.0024 
IT TOTAL 0.0047 343.518 0.Mxw)I 1892 1.552 750 O.00M7 77.6 1 

The f i l t ers  shaved no d e t d a b l e  c h r w  concentrations. Laboratory r e w l t r  are appended. 

PACIFIC ENVIRONMENTAL SERVICES, INC. 
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EMISSION TEST CALCULATIONS 

D e f i n i t i o n  o f  Symbols 

A 5 c ross-sec t iona l  area of stack,  f t J  

An 5 Cross-sect ional  area of  Norzlo, f t a  

=W, = Water vapor i n  gas stream, p r o p o r t i o n a l  by volume 

C, = P i l o t  tube c o e f f i c i e n t  

I = Percent o f  I s o k i n e t i c  Sampling 

M a  = d r y  molecular weight, lb / lb-mole 

M, = Molecular weight o f  s tack gas, lb / lb-mole 

P,., = Barometric Pressure a t  t he  sampling s i t e ,  i n  Hg 

P. = Stack gas pressure, in. Hg 

0. = Stack vo lumet r ic  f l o w  ra te ,  a c t u a l  c o n d i t i o n  acfm 

Q s , ~ o ,  5 s tack vo lumet r fc  f l o w  r a t e ,  a c t u a l  c o n d i t i o n s  dscfm 

Tm = Average d r y  gas meter temperature, R = 460 O + Fo 

T, 

V i =  = To ta l  volume o f  l i q u i d  c o l l e c t e d  i n  impingere and 

= Average s tack gas temperature, -R 0 460- + Fa 

s i l i c a  g e l ,  m l  

Vm 

vmS.tdp = Vm cor'rected t o  standard cond i t i ons ,  dscf 

VwSltd, = Volume o f  water vapor i n  gae sample co r rec ted  t o  

V, = Stack gas v e l o c i t y ,  f t / s e c  

Y = Dry gas meter c a l i b r a t f o n  f a c t o r  

AH 

e J T o t a l  Sampling Time, min. 

13.6 

= Volume o f  gas sample a5 measured by d r y  gas meter, dscf 

standard condi t ione,  s c f  

= Avarage pressure d i f f e r e n t i a l  across the  o r i f i c e  meter, 
in .  HzO 

= S p e c i f i c  g r a v i t y  o f  Mercury 

PACIFIC ENVlflONMENTAL 8EflVICES. INC. 
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Plant: pl4hl  T6. 
Date: 
Source/Sample Number: ? - I 4  C%@ 

2.  Yolurne Water apor Colleoted, Standard Conditions 

V l o  = 

V U ( 8 t d )  = 1,7 f sot  

3.d oondensate from impingere and S i l i o a  Gel 

vu(etd)  = ,04707 V l o  = 1'71 BOf 

3,  Petoent Moisture, by volume , 

- Bue - 

4,  Molecular Weight, Staok gas 

Dry Molecular Wight 
Ma = 0,440 ( X  COa)  t 0.320 (% Oa)  t 0.280 (%,.HZ + % co) 
Ma = 0.440( ')t 0.320( I ) +  0.280( 1 
Ma = d?,0 lb/lp-mole ' ($0 CFR S&d foe a:r> 

M@ = ~a t ~ u o ( i 8 - ~ o )  =( gq,o )+( 0,0fi)(le- a m )  
Ma = .a lb/lb-mole 
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5 ,  Stack Gas Yelooitv Average 

v s ( a v t )  - - 40.4 0 ft/800. 
, 

6 .  Staok Volumetric Blou Rate, Aotual Conditions (8taok 
Temperature and Pressure) I 

Be = 60 Vu A = 60 (w,q;)( yq . ) 
6 8 =  * 1467 aofrn 

8 ,  'Isokinetio Variation 

%I = x 



2.  Volume Water Vapor Colleoted, Standard Conditions 

V l O  = -A. oondensate from irnpingers and S i l i o a  Gel 

V w ( a t d )  = ,04707 V I O  = 8of 0 

V w ( a t a )  = 4.23 ' sot 

0 

0 

0 

4. Molecular Weight, Staok gas 

Dry Molecular Wight 

Ma = 0,440 (% C o t )  t 0.920 ( X  Oa)  + 0.280 ( X , N t  + X CO) 

Ma = aqSo lb/lb-rnole ' 

M O  = Ma + ~ue(18-Ma) =( 

Ma = 0,440(  *)t 0.320( I ) +  0.280( ) 

)+(o,oIu)( 18- 27.0 ) 
Ma = 28.f7 lb/lb-mole 

PACVIC LNVIRONYWIAL~UIVICW,UIR J - 
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5, Staok Gas Velooitr Average 

6 ,  Staok Volumetric Flow Rate, Aotual Conditions (8taok 
Temperature and Pressure) 

Q6 = 60 Vu A = 60 (/'jf/,')(q;&&) 
B s =  ' aofm 
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7. Staok volunretrio flow rate, standard oondltloas (880 8 ,  29.92 
Hg) 

Q ( a t d ) =  17,64 Q6 ( l - B W u )  b J 

Q ( a t d )  

Q u t d  = 

8.  'Isokinetio Variation 
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