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Dear Sir: 

On A p r i l  30, 1976, a n  e f f i c i e n c y  test vas p e r f o m e d  on t h e  American Air 
F i l t e r  Roto-Clone which c o n t r o l s  erniss ions f r o m v a r l o u s s o u r c e s  i n  
e n R  and s e l l  parts ar-i&Lkr+ral B a t t e r y  Corpor;lti-o$, 
Pennsylvania.  
shows t h a t  p a r t i c u l a t e  emissions from t h e  u n i t  dur ing  t h e  t e a t  pe r iod  were 
0.930 pounds p e r  hour or 0.0026 g r a i n s  per  d ry  s tandard  c u b i c  f o o t .  
v a l u e  is w e l l  below t h e  allow:*ble p a r t i c u l a t e  c o n c e n t r a t i o n  o f  0.04 grains 
p e r  dry  s tandard  c u b i c  Foot. 

Lead emiss ions  were showi t o  h e  0.285 pounds per  hour.  
moval e f f i c i e n c y  w a s  determined t o  be 31.6%; t h e  lead  removal c F f i c i e n c y  
du r ing  t h e  test per iod  was 2.1%. 

I f  you have any q u e s t i o n s  concern ing  t h e  t e s t i n g  01:  tllc c o n t e n t s  of t h e  
Report ,  please ca l l  t h i s  office. 

I d  

Encl%Zd a c e  two c o p i e * m R s t  OF t h e  t e s t i n &  which 

Thio 

The p a r t . i c u l a t e  re- 

Very t r u l y  Y O U K S ,  

+roe.& c. ZLk 
RONALD C.  PULTON 
P r o j e c t  Engineer 

I RCF:dd 
Enclosures:  Two c o p i e s  of Report  
cc: M K .  Michael Capozzi '  

F i l e :  1014-001 
General B a t t e r y  Corpora t ion  

. , . u a f , ~  . I . .  P--.rr.i t , ~ , . , , , : , ~  c,,, ,..I 
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IV. 

REPORT 
OF 

EFFICIENCY TESTING 
ON 

MRICAN AIR FILTER ROTO-CLONE 

GENERAL BATTERY COWORATION 
HAHBIJRC, PENNSYLVANIA - 

1NTROI)UCTION 

In order t o  show complinnce with the provision of Chapter 123.13 
of the Rules nnd Rcgulations of the Department of Environmental 
Resources, to dctermlnc the efficiency of operation and to deter- 
mine the amount of lead emiasions. stack tests vere performed 
eimultaneously at the inlet and outlet of the American Air Filter 
Roto-Clone vtiich controls the emissions from the grid casting 
area at General Battery Corporation, liamburg, Pennsylvania. The 
testa vere conducted in accordance with the proviaions of Chapter 
139 of the Rules and Regulntiona. 

On April 30, 1976. teats vere taken simultaneously at the inlet 
and outlet of the recently installed American Air Filter Roto-Clone. 
The emission test taken at the outlet shoved a particulate con- 
centration of 0.0026 grains per dry standard cubic foot. This 
concentration is well within the Department of Environmental Rc- 
sources standard of 0.04 grains of particulate per dry standard 
cubic foot. A comparison of particulate concentrations at the 
inlet and outlet o f  the Roto-Clone shoved that the unit vas opera- 
ting at an efficiency of 31.6%. The lead emission rate vas 
found to be 0.285 pounds per hour and the Roto-Clone efficiency 
was 2.1% with respcct to lead reduction in the emissions. 

PERTINENT S T A N N t  

Under Commonwealth of Pennsylvania. Title 25 -. Rules and Regulations, 
Part I - Depnrtmcnt of Environmental Resources, Subpart C, Article 
111, Chapter 123.13 (c) ( I ) ,  the maximum concentration of particulaLe 
matter emiaaions from the grid casting operation is "0.04 grains 
per dry etandard cubic foo t . .  . . $ 8  

SAMPLING AND ANALYTICAL - PROCEDlJRES_ 

The emission testing waa performed by methods similar t o  those 
outlined in the Code of Federal Regulations. Title 40. Chapter I, 
Subchapter C ,  Part 60, Appendix A ,  Method 5 - Determination of 
Particulate Emissions from Stationary Sources. 
trains uaed in these tests are shorn schematically ioFigure 1 of 
the Appendix. 

The sampling 

The main conetituenta of each sampling train were: 



I . 
r -2- 

Nozzle - s t a i n l e s s  steel v i t h  s h a r p .  t apered .  l e a d i n g  edge; 
t ip vas 3/16" diameter  a t  t h e  i n l e t ,  l/8" diameter  a t  t he  
o u t l e t .  

Probe - sheathed s t a i n l e s s  steel ,  with hea t ing  8ys t .m t o  
keep t h e  sample gases above t h e  dew p o i n t .  

P i t o t  Tube - S-type, a t r ached  t o  prohe and i n c l i n e d  mano- 
meter i n  o r d e r  t o  monitor s t a c k  gas v e l o c i t y  a t  sampling 
po in t .  

Temperature I n d i c a t o r  - thermocouple uire a t t ached  t o  probe 
to  monitor s t a c k  temperature  a t  the  t r a v e r s e  p o i n t .  

F i l t e r  Holder - pyrex glass f i l t e r  ho lde r ,  l oca t ed  i n  heated 
area. F i l t e r s  used u e r e  f l a s h - f i r e d .  g l a s s  f i b e r .  RAC 112343- 
SC7-4. f o u r  inch ( 4 " )  dJameter w i t h  0.3 micron r e t e n t t o n .  

Impingere - four  ( 4 )  Greenburg-Smith impingers connected in 
a e r i e s  v i t h  g l a s s  b a l l  j o i n t  f i t t i n g s .  The f i r s t .  t h i r d  
and f o u r t h  impingere uere modified b y  r ep lac ing  the  t i p  
wi th  a one-halE inch (1/2") i . d .  g lans  tube extending t o  
one-half inch (112") from the  bottom of the  b o t t l e .  The 
f i r s t  and second impingers contained 100 ml. each of d i s -  
t i l l e d  v a t e r  and t h e  t h i r d  impinger vaa d ry  a t  t h e  s tar t  
of sampling. The f o u r t h  impinger contnined approximately 
200 grama of pre-ueighed s i l i c a  ge l .  

Meterin6 System - vacuum gauge, l e a k l e s s  pump, thermometers 
capable  of measuring temperatures  to wi th in  5OF, c a l i b r a t e d  
dry gas  meter wi th  tu0 percent  ( 2 X )  accuracy and c a l i b r a t e d  
o r i E i c e  meter - a l l  necessary  equipment needed t o  main ta in  
i a o k i n e t i c  sampling rates and determine sample volume. 

- 

The inlet  duc t  t o  the  American A i r  F i l t e r  Roto-Clone is  square  
and measures f o r t y  inchea (40 " )  on each s i d e .  S ince  t h i s  duc t  is 
aquare, t h e  equ iva len t  d i a m t e r  is also f o r t y  inches.  Due t o  the  
fact that t h e  l a s t  branch of i n l e t  duc t  ontern t he  w i n  d u c t  run 
several incheo before  t h e  main i n l e t  d u c t  enters the  Roto-Clooe, 
tho  sampling p o r t s  could only  be loca ted  i m w d i a t e l y  be fo re  t h e  
Roto-Clone i n l e t .  Figure 2 of the  Appendix s h o w  t h e  l o c a t i o n  
of t h e  five sampling porte a long  the v e r t i c a l  s i d e  of t h e  d u c t .  

Forty ( 4 0 )  t r a v e r s e  p o i n t s  i n  t h e  duc t  c ros s - sec t ion  were sampled, 
e i g h t  (8) i n  each of t he  f i v e  ( 5 )  por t s .  The d i s t a n c e  from t h e  
i n s i d e  ual? of t he  duc t  t o  each t r a v e r s e  po in t  us8 am fol lows:  

Traverse Poin t  1 2-1 12 " 
2 7-112" 
3 12-1/2" 
4 17-112" 
5 22-1 12" 
6 2 7 -11 2" 
7 32-112" 
8 37-112'' 

SP07TS STEVENS am1 MrCOY l r T  - .__- 
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Each i n l e t  t r a v e r s e  poin t  w a s  sampled for four (4)  minutes .  f o r  
a t o t a l  sampling t i m e  o f  one hundred s i x t y  (160) minutes .  Read- 
inss of sampling tra3.n o p e r a t i o n a l  d a t a  were taken  a t  each fou r  
( 4 )  minute i n t e r v a l .  After each  s e t  of rendinge,  t h e  snmpling 
r a t e  w a s  rnp jd ly  ad jus t ed  t o  i s o k i n e t l c  condi t lono .  

The exhaust  duc t  from the Koto-Clonc meeoures f o r t y  i n c h e s  (40 " )  
i n  d i smeter  nnd cxf.ends fo r  17'-3" O F  s t r a i g h t  run  between the  
f an  o u t l e t  t r u n u f t l o n  nnd the  point of a t m h p h e r i c  d i scha rge .  
' h o  ( 2 )  saml)liny po r t a  (90' d p n r t )  a r c  l m i i t e d  seventy-eight  
inches  (78") (1.95 d1nmet.ers) dams t ream from t h e  fan o u t l e t  
t r a n s i t i o n  and rue hundred twenty-nine inches  (129") (J .23 
diameters )  uptlci'cnto from the point of l i tnospheric  d i scha rge  
( see  Yigure R of the Appendix). The re fo re ,  f t  vas dec tded  t o  
sample a t o t a l  of  f o r t y  (40) t r a v e r s e  po in te  i n  t h e  duc t  c ros s -  
s e c t i o n ,  twenty (20) p o i n t s  on each of t w o  (2) d i ame te r s  (90' 
a p a r t ) .  The d l s t a n c e  from t h e  i n s i d e  wal l  of the s t o c k  t o  
each traverse po in t  vaa a n  fo l lows:  

Traverse Poin t  1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
I1 
12 
1 3  
14 
If 
16 
17 
lE 
19  
20 

112" (sampled a t  1") 
1-112'' 
2 -5 / a" 
3-7f8"  
5-11a" 
6-5f8" 
8-118" 
10" 
12-114" 
15- 1 12 'I 
24 -1 12 " 
27-3 14'' 
30" 
31-718'' 
33-318" 
34-718'' 
36-1 /8" 

38-1 J2" 
37 -3 I8 " 

39-1/2" (sampled a t  39") 

Each o u t l e t  t r a v r r a e  po in t  w a 6  e m p l e d  f o r  f o u r  (4)  minutes ,  for 
a t o t a l  smplLng tLme of one hundred s i x t y  minutes .  The sampl lng  
times coincided w i t h  those  t lmes  t h a t  a i r  from t h e  i n l e t  was being 
sampled. Readings of sampling t r a i n  o p e r a t i o n a l  d a t a  were taken 
a t  each f o u r  ( 4 )  minute i n t e r v a l .  After each s e t  of  readings .  
t h e  oampling ra te  was r a p i d l y  a d j u s t e d  t o  i s o k i n c t i c  cond i t ions .  

Af te r  sampliug, t h e  glass f i b e r  f i l t e r s  from both t h e  i n l e t  and 
t h e  o u t l e t  tes ts  were d e s i c c a t e d  t o  remove any moisture and then 
weighed t o  determine t h e  f i n a l  weights .  The d i f f e r e n c e  between 
the f i n a l  welghts  and the i n i t i a l  weights  was t h e  m o u n t  of par- 
t i C U l 8 t e  c o l l e c t e d  on the f i l t e r s  dur ing  t h e  testa.  The f i l t e r s  



were then d iges ted  i n  n i t r i c  a c t d  and the  sample analyzed by  an 
atomic absorpt ion u n i t  t o  determine the amount of lead  i n  the  
sauplea.  

The l i q u i d  voluines from the  i n l e t  and o u t l e t  tests were c o l l e c t e d  
from the nozzles, probes and cyclone r i n s e s ,  and the c o n t e n t s  
and washings from the  f i r s t ,  second, and t h i r d  impingers and were 
passed through membrane f i l ters .  0.45 microrr pore size, t o  c o l l e c t  
and determine the  welght of  t h e  i n s o l u b l e  p a r t i c u l a t e  m a t t e r  in 
each sample. A f t e r  passing through the  membrane f i l t e r 6 .  t h e  
aqueous p o r t i o n s  were processed dovn t o  dryness  t o  determine the  
weight of the  remaining r e s i d u e  ( s o l u b l e  porti .on).  A t  t h i s  p o i n t ,  
n i t r i c  a c i d  woo udded t o  t h e  c o l l e c t e d  m a t e r i a l  (both t h e  s o l u b l e  
and i n s o l u b l e )  and t h e  samples analyzed f o r  lead  conten t  by the 
atomic absorp t ion  u n i t .  A t  t h i s  s t a g e ,  the  f o l l o w i n s  were analyzed 
s e p a r a t e l y  : 

a )  Nozzle, probe and cyclone r inses .  
b) Contents and  washings from t h e  f i r s t  impinger.  
c) Contents and washings from t h e  second impinger.  
d)  Contents and washings from t h e  t h i r d  impinger. 

B e r n v i l l e  Bio logica l  Laboratory,  B e r n v i l l e ,  Pennsylvania performed 
a l l  t h e  labora tory  ana lyses  of tha  samples .  

DISCUSSION'OY RESIII.TS 

A t o t a l  of 11.1 ou: of p a r t i c u l a t e  mat ter  was c o l l e c t e d  i n  t h e  o u t l e t  
sampling t r n l n  dur.ing the 160 minute t e s t  dura t ion .  O f  t h i s  t o t a l ,  
3.4 mg was d e t e m i n e d  t o  be l e a d .  

The p a r t i c u l a t e  mass emission r a t e  a!j the  o u t l e t  was 0.930 l b . / h r . ,  
or a concent ra t ion  of 0.0026 g r / s f t .  . The a l lowable  concent ra t ion  
of p a r t i c u l a t e  matter t h a t  can be emit ted through t h i s  s y s t e m  is 
0.04 g r a i n s  per d r y  s tandard  cubic  f o o t .  Therefore ,  t h i s  source  
has  been s h o w  t o  he o p e r a t i n g  i n  compliance wi th  t h e  emissiuxl 
requirements of Chapter 123 of t h e  Rules and Regulat ions of the  
Department of Environmental Resources. 

The amount of lead emissions from t h i s  system dur ing  t h e  test 
per iod van 0.285 l b . / h r .  

Based on t h e  i n l e t  loading of 1.359 l b . / h r .  of p a r t i c u a l t e  matter 
and 0.291 l b . / h r .  of- the  American A i r  F i l t e r  Roto-Clone was 
feud t o  be 31.6% e f f i c i e n t  in reducing the p a r t i c u l s t e  m a t t e r  
i n  the  process  emissions,  and 2.1X e f f i c i e n t  i n  t h e  reduct ion  of 
the  l e a d  c o n t e n t .  

_I_..__ V. 
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NOMEUCLATURE __-- 
2 Cross-sectional area of sampling nozzle tip, ft. 

Croos-sectional area of stack. ft. . 
Proportion by volume of water vapor in the gas stream, dimenaionlon 

Pitot rube coefficient, dimensioalesa. 

Concentration of particulnte mstrer in atack gas, gr./sft. 
(dry basis). 

Efficiency of particulate mtter'removal, X. 

Efficiency of lead removal, X .  

Pressure drop across the orifice meter,in. H2O. 

Orifice pressure differential that gives a flow rate oP 0.75 
ft.3/min. of dry air at a temporature of 530% and a prsoaure 
of 29.92 in. Hg.. in. HZO. 

Percent of iaokinetic aanplin~. 

2 

3 

I li2 

lb. - in. Hs. 
lb. mole - 'R - in. H20 85.53 LtL 

sec. 

0.00267 in. Hg. - ft.3 
ml - *R 

Dry Molecular veight of stack gas, lb./lb. mole. 

Toto1 amount of particulate matter collected. granr. 

Total mount of lead collected. grama. 

Molecular veight of etack gaa (wet basis), lb./lb. mole. 

Velocity pressure of stack gas, in. H20. 

Astmospheric pressure. in. Hg. 

Absolute stack gaspressure, Pbar 2 static preesure, in. Hg. 

Abaolute pressure at otandard conditions. 29.92 In. Hg. 

Volumetric flow rate of stack gas, actual conditione. ft.3/min. 

Voluaatric flow rate of atack gas. standard ~onditioas,aft.3/min. 

&.to Of particdate PO.0 d O B i o n 0 .  1b.h. 

\ 



Rate of lead mesa e a i s s i o n e .  l b . / h r .  

Dry gao meter t e q e r a t u r e .  .R. 
'Pb - 

- Temperature of s t a c k  gas, R. - 
Tcl 

Ta 
0 

Abeolute tempereture a tendard  cond i t ions ,  530'R. T s t d  

(VJ  - Average s t a c k  gas v e l o c i t y ,  f t . / e e c .  

V 

., 

aw - 
- Toto1 volume of l i q u i d  c o l l e c t e d  in inpingere.  m l .  

Volme of fjae passing through t h e  dry gats meter ,  a c t u a l  
condiciono, f t . 3 .  

Volume of gas sample through the  d r y  gas moter, s t a c k  
coad i t  ions, f t . 3 .  

Volume of gas aample through the dry gao w e e r ,  s tandard  

1, 

vm 

- 
vm. 

'%td condi t ions .  o f t . 3 .  

Vto ta l  - T o t a l  volume of gas a m p l e ,  s t a c k  condi t ions .  f t . 3 .  

- 
- Volrme of water vapor i n  the  gee sample. s t a c k  c o a d i t i m ,  

f t . 3 .  

e - Sampling tlm, aec.  

13.6 - S p e c i f i c  Bravi ty  of m r c u r y .  

18 - nDloculer weight of -tor. l b . / l b .  = l a .  
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FIELD DATA SHEET - INLET 

'Date: 4-30-76 

hbicnt Tempernture: 70°F 

Baranntric Preeeure: 30.05 in. Hg. 

Sample BOX No: 1437 

Mater Box No: S-1362 

IhterOli@: 1.93 in. H20 

h a k  Chock: 

Assumad WDisture: 3X 

Nozzle Diameter: 3/16 in. 

Probe Length: 5 ft. 

Probe Heater Setting: &OX , 

Beater Box Setting: 

0.01 ft.3/mln. at 15 in. Hg. 

150 t o  200 
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FIELD DATA SHEET - OLT! 

Date: 4-30-76 

Ambient Temperature: 70°F 

Barometric Preaoure: 30.05 in. Hg. 

Smple Box No: 86 

Meter Box No: S-1.722 

HeterAll@: 2.04 in. H20 

Leak Check: 0.02 ft. /min. a t  15 in. Hs. 

Assumed Moisture: 2% 

Nozzle Diameter: 1/8 in. 

Probe Length: 3 fe. 

Probe Heater Setting: 60% 

Hewer Box Setting: 150 to 200 

3 

i. 

E 
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2 - 0.00019 ft. - 11.11 ft. 

An 
2 

e 
A 

C - 0.86 P 
1 - 2 5  in. H 2 0  

ava 
(On) - 28.97 lb./lb. mole* nd 
n - 0.0255 g. 

%b 

U - 0.005451 g. - 1.0596 (In. H20)1/2 
av0 

m, 

Outlet : 

A, - 0.000085 f t . 2  

*e - 8.73  ft.2 

cP - 0.81 

(bH)avg - 0.60 in. H20 

‘d - 28.9: lb./lb. mole* 

%I - 0.0111 8.  

M p b  - 0.0034 8. 

( r n ) a v g  - 1.5671 (in. H20)1/2 

- 30.05 in. Hg. Pbar 

(P ) - 29.75 in. Bg. 

<T Iavg - 551.R 

(T Iavg 595.R 

1 

e 

a 
avg - 21ml. 

“IC - 97.11 ft. 3 Vm 

e - 9600 eec. 

Pbar 30.05 in. Hg. 

(P8)avg - 29.97 in. hg. 

(Tdavg - 541’R 

(Te)avg - 541% - 43ml. 

3 
VO - 67.63 ft. 

6 9600 eec. 

* h a d  value for standard a i r .  



Total Volma of Cnrs Snmphd,  Standard Condi t ione  

V I V Tatd + 
D %td 

.a (T,) 

Volume of Goa Sample Through Dry Cas Mter.  Stack Cortditionm 

V o l m e  of Watar Vapor i u  Gaa Samplo. Stock C d i t l o P s  

T o t a l  Velum of (;ram Sappled.  S t a c k  Conditionm 

I '0 + v  , 
Vtotal % v6 

biorure  Cootent of Gsa Sampled 

'total 

Molecular  Weiaht of Gas Sampled. Wet Baals 

9 Md (1 - BHz0) + 18 (BQO) 
E 

M 

Qolmetric Plow Rate. Stsck Conditions 

(I 60 E (v  ) A 
8 avg Q, min 

Qolumetric Plow Bnts. Standard Condi t ione  
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v 
total  

. 
- Concentration of Particulate Matter 

Parcent of IsoLinetic Smplintl 

gfficiency of Particulate matter kwvd 

Efficiency of Imsd Removal 

ILpb ( inlet)  - (outlet)  % b o  100 
%b 



TABULATION -. OP CALCULATED RESULTS - INLET 
- 94.10 eft3 m Total volume of gas anmpled, 

Vm6td otondard conditions 

V - 106.25 ft3 - Volume of pas sample through 

- 1.12 ft3 0 Volume of water vapor in gao 

107.37 it3 al ' Total v o l m  of gao osmpled. 

ma dry gas meter, otack conditions 

, vWs oample, otack conditione 

Vtotal 
otack conditions 

- 0.010 - Moisture content of gas smplcd %J 
0 28.86 lb/lb mole . Molecular weight of gas eompled. 

wet baa is 
Mi3 

(v,) 0 64.9 frteoc * Average velocity of stack gas 
a"8 

9 43,300 ft3/min - Volumetric flow rate, stack 
conditions Qa 

0 37,900 sft3/min I Volumetric flow rate, standard 
conditione Qotd 

'n - 1.359 Ib/hr - Actual partlculote mass emission 
rate 

RPb - 0.291 lb/hr - Actual lead M88 emission rste 

- 0.0042 grtaft' - Concentration of particulate 
emissions 

c's 

I - 90.7% rn Percent of iaokinetic sampling 

See pags20for results of efficiency calculatione. 
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TABULATION OF CALCULATED RESULTS- OLTLET 

I - 66.63 eft3 '"'std 

3 - 68.65 ft vms 
3 s 2.10 ft 

I Vtotal - 7 0 . 7 5  Et3 

- B1l2o 0,030 

- M, - 28.64 lbllb mole 

P - 85.6  ftlsec (vs) avg 

= - 0.930 l b h r  
--- - 

- - 0 . 2 8 5  lb/hr 

3 . - 0.0026 gr/sft 

I - 101.3% 

- 31.6% 

rn - 2.1% 

Total volume of gas eompled. 
standard conditions 

Volume of gao egmple through 
dry gaa meter, otnck conditions 

Volume of water vapor in gas 
sample, otack conditione 

Torn1 volume of @as sampled, 
ecack conditione 

histure content of 888 sampled 

Volumetric f l o w  rate. stack 
conditione 

voiumettic flow rate, standard 
conditione 

Actual particulate case emission 
rete 

Actual lead 8088 emiseion r8ta 

Concentration of particulate 
emissions 

Efficiency ,of lead removal 



7 
PROCESS INFORHATION 

Thore are s i g h t  l e a d  p o t s  i n  the  g r i d  c a n t i n g  area. 
pounde holding c a p a c i t y  and is norusally heated t o  950.P when opera t ing .  
During the  t e a t  per iod ,  seven of t h e  e i g h t  were opera ted ;  only one of t h e  
e i g h t  w a a  not  used, but  it wan heated.  

Each pot  has  s 2200 

A t o t a l  of 104 lead  p i g s  were used in t h e  g r i d  c p t i n a  dur ing  c h a . t h r e e  hour 
test per iod (12:20- 3:20). Each p i g  weighed 60 pounds. 

A t o t a l  of 47 corked molds were produced during t h e  test per iod w i t h  a t o t a l  
cork  conmmption of 6 g a l l o n s .  

In t h e  emall p a r t s  c a s t i n g  area, t h e r e  are t h r e e  lead po t s .  
p o t s  have c a p a c i t i e s  of 1800 pounds w h i l e  t h e  t h i r d  has a 720 pounds capac i ty .  
A t o t a l  of 13,400 pounds of lead was used in t h e  pot0 i n  t h e  t h r e e  hour t o s t  
period. 

A t o t a l o f  121 p a r t s  were c a s t  in the smsll p a r t s  c a e t i n g  area dur ing  t h e  t e a t  
period. 

The exhaust a i r  from t h e  var iouo opera t ione  diecussed above i e  cleaned by 
paesing through a type "N" Roto-Clone, S i n e  36, Arranganent C. 
the  Roto-Clcns is r e c i r c u l a t e d  through a fi l ter  a t  o rate of 40 g a l l o a s  par  
minute. 

Two of these 

I 
I 

The vatar in 
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Probe 
Cyclone 
Flack 
Particulate Fi l ter  
Impingerm (Craenburg-Smith) 
The NDOW r 
Check Vnlvo . 
Umbilical Cord 
Vacuun bug0 
Coarma Flw Mjuat Valvo 
Fino P l w  Mjuot Valvo 

Oiler 
Vacuum Pump 
Fi l ter  
Dry c a o  Heter 
Orifica Tube 
Incline Uanomater 
Solenoid Valves 
Pitot Tube 

TCmpataturo fodiator 
T h o ~ c o u p l e  
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