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SOVRCE EMISSION TESTING AND INDUSTRIAL VENTILATION SURVEY 
OF BUILDING 210 PLATING-SHOP 
IL0n.g Beach:Nayal:SKipyard8 
Long Beach, California 
7 May - 2 June 1984 
ACCEPTABLE 

SOURCE EMISSION TESTING OF THE BUILDING 195 PLATING SHOP 
Norfolk Naval Shipyard 
Portsmouth, Virginia 
11-18 March 1985 

ACCEPTABLE 



UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
Office of Air Quality Planning and Standards 
Research Triangle Park, North Carolina 2771 1 

MEMORANDUM 

SUBJECT: Acceptability of Test Reports for Use as a Data 
Base for Chromium NESHAP 

Frank R. Clay 3tc 
Field Testing Section, EMB, TSD (MD-14) 

FROM : 

TO : Andrew Smith 
Industrial Studies Branch, ESD (MD-13) 

I have reviewed the test reports that are attached. Some of 
the reports are acceptable while others are not. The reports are 
listed below, and unacceptable reports are described in detail as 
to why they should not be used. 
other reports that you have given to me and will send another 
group of reports as soon as the review has been completed. 

TRUESDAIL LABORATORIES, INC. 
Test of Dames and Moore 
222 E. Annapamu 
Santa Barbara, California 93101 

I will continue to review the 

UNACCEPTABLE 

In reviewing the data, the outlet location gives the 
moisture content at the outlet as 2.50 percent. At 66'F, 
saturation moisture content at the absolute stack pressure and 
this temperature is 2.16 percent. 

consequently, no meter b o x  correction factor. 

determine the point velocities during sampling. 

micrometer. 

There are no meter box calibration sheets present, and 

There are no delta p values on the field data sheets to 

The nozzles do not appear to have been measured with a 
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TRUESDAIL LABORATORIES, INC. 
Source Test of Intermetro Industries 
9393 Arrow Highway 
Cucamonga, California 91730 

UNACCEPTABLE 

Page 1 of the report describes cyclonic flow that was found 
at the outlet. The page also mentions that sampling was done at 
the angle of maximum velocity head which was 45 degrees. When 
testing for cyclonic flow, the angle of maximum delta p is not 
the angle of flow. The angle of flow is 90 degrees from the null 
reading on the pitot tube which is not the same as the angle of 
maximum delta p. When cyclonic flow is present, the sampling 
time per point must also be adjusted based on the angle. 
the angles are the same, the time adjustment is not necessary, 
however, in this case, it is not possible to know what the true 
angles were. 

If all 

EMBEE PLATING TEST 
2136 South Hathaway 
Santa Ana, California 92705 

UNACCEPTABLE 

This report should not be used. First, there are not enough 
data sheets and related forms/sheets to tell how precisely the 
test was performed. On System 1, the moisture content was given 
at 3.7 percent. Saturation moisture content at 70 degrees F is 
2.47 percent Emission data based on 3.7 percent are incorrect. 
The text also mentions that a piece of 3/8 inch Teflon tubing was 
used to collect the sample. There is no mention of a nozzle so 
it must be assumed that the tubing is also the nozzle. To sample 
isokinetically, the sample size should have been around 90 cubic 
feet an hour. The sample volume was about half that so the 
sampling was not within the acceptable isokinetic limits. For 
System 2, the runs are not within the isokinetic limits that the 
Agency requires. 
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CHEVROLET LIVONIA BUMPER PLANT 
No. 4 Heil Evaporator 
Tested by the Chevrolet Central Office of Environmental 
Engineering Department 
Tested September 2 4 ,  1979 

UNACCEPTABLE 

This report is unacceptable for the following reasons: 
First, the necessary field data sheets to determine the 
correctness of the values in the report are not available. 
Second, all points at the inlet were not sampled (see further 
comments). Third, this test effort was made to gather data to 
correct emission problems, not to sample the control device in 
normal operating conditions. Fourth, there appears to be a large 
discrepancy between the volumetric flow rates found by the EMB 
test and this test. 

This facility has been tested by EMB, but only at the inlet 
location. EMB testing performed in the normal production mode. 
The test done by the Chevrolet environmental group was done in an 
effort to maximize collection efficiency, and two parameters of 
the evaporator operation were monitored and/or altered to 
simulate conditions which could exist within the system, possibly 
causing an upset in the collection efficiency of the unit. Thus 
data generated on this test may not be typical of normal 
operating conditions. 

ports and chose sampling points of average velocity. While the 
points may be of average velocity, it does not necessarily follow 
that the distribution of chromium in the duct is uniform. 
Furthermore, the outlet volumetric flow rate was also used to 
determine emissions at the inlet. If leakage occurs between the 
inlet and outlet, the mass emission rates at the inlet will be 
biased high and the control device efficiency will also be biased 
high. When comparing the inlet volumetric flow rates, the EMB 
flows are about 20 percent lower than company flows. 

In checking the outlet data, there are no field data sheets 
or other associated data sheets that were generated at the site; 
only typewritten data are provided. It appears that the 
calculations were done based on 70 degrees as standard 
temperature rather than 6 0 .  

sheets from the test could be provided. One item to consider, 
however, is whether or not this test represents process 
conditions that could be used in determining chromium emission 
standards. 

The Chevrolet test sampled the inlet location at only two 

It appears that the outlet data might be usable if the data 
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EXECUTIVE SUPIMARY 

Emission testing was performed on f i v e  wet sc rubbers  a t  t h e  E l e c t r o n i c s  
Weapons P rec i s ion  F a c i l i t y  P l a t i n g  Shop, Bui lding 210, Long Beach Naval 
Shipyard,  fran 7 May t o  2 June 1984. An i n d u s t r i a l  v e n t i l a t i o n  survey of t he  
p l a t i n g  shop M S  performed concurren t ly  v i t h  the emission t e s t i q  program. 

A. Emission T e s t i n g  

Emission tests shov that  f o u r  of t he  scrubbers  opera t ing  a t  the 
p l a t i n g  shop a r e  unnecessary due  t o  t h e  n e g l i g i b l e  p o l l u t a n t  concen t r a t ions  
en te r ing  the  scrubbers.  Recommend that scrubbers  on exhaust l i n e s  101, 102,  
105, and 106 be taken out  of s e r v i c e  and that t h e  i n t e r n a l  g a s  c l ean ing  
components be remontd from t h e s e  scrubbers  t o  reduce the  s t a t i c  p re s su re  load 
011 t he  exhaust f a n s .  A reduct ion  in exhaust f a n  s t a t i c  p re s su re  load w i l l  
reduce fan p w e r  requirements  and r e s u l t  i n  s i g n i f i c a n t  energy savings.  

P o l l u t a n t  concen t r a t ions  i n  exhaust  l i n e s  103 and 104 a r e  high and the 
use of scrubbers  on t h e s e  exhaust l i n e s  is appropr ia te .  The e f f i c i e w y  of the 
scrubber  011 Line 103 (chrane  p l a t i n g  t ank  exhaust)  is g r e a t e r  t han  90%. 
adequate t o  c o n t r o l  t he  chromic ac id  m i s t  emissions. The scrubber  on Line 104 
(hydroch lo r i c  a c i d  tank  exhaus t )  vas  no t  c p e r a t i c a a l  d u r i r g  t he  t e s t  pe r iod  
and e f f i c i e n c y  t e s t i n g  r a s  not  performed on ScGbber  104. 
a t t a c k  of metal  s u r f a c e s  i n  t h e  v i c i n i t y  of t he  Scrubber  104 o u t l e t  i n d i c a t e s  
inadequate  scrubber  e f f i c i e n c y .  E f f i c i e n c y  t e s t i n g  of the scrubber  on Line 
104 is recommended. It is a l s o  recommended t h a t  f eedva te r  f lowmeters be 
i n s t a l l e d  on the scrubbers  on l i n e s  103 and 104 t o  ensure s c m b b e r s  a r e  
apera t ing  a t  feedwater f l w r a t e s  requi red  f o r  maximum scrubber  e f f i d e r r y .  

Extensi-  a c i d  

B. Ven t i l a t ion  

E x i s t i n g  mechanical supply a i r  equipment provides 94,000 standard 
cubic f e e t  p e r  minute (SCFH) less than  is requi red  t o  provide a balance v i t h  
exhausted a i r .  T h i s  cond i t ion  causes  tu rbu len t  c r o s s - d r a f t s  which reduce 
l o c a l  exhaust hood c a p t u r e  e f f i c i e n c i e s .  Recommend t h e  i n s t a l l a t i o n  of 
a d d i t i o n a l  supply a i r  equipment t o  c o r r e c t  the 94,000 SCFM imbalance. 
t he  t h r e e  &foot  by &foo t  -11-mounted a i r  grills and providing tank b a f f l e s  
a r e  a l s o  recanmended t o  improve capture  e f f i c i e n c y .  

Seal ing 

Recommend sealing t h e  sump t rench  connecting exhaust l i n e s  101, 102, 
and 103 t o  prevent cross-contamination. I n s t a l l a t i o n  of i n d i c a t i n g  devices  t o  
monitor supply a i r  and exhaust a i r  f an8 is a l s o  recommended t o  ensure prcper  
f a n  opera t ion .  
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NOHENCLAWRE 

Symbol 

AS 

CP 

Dn 

DP 

Dp50 

G 

X I  

XM 

EIE 

nd 

Unit  - 
i n2  

CP 

CFM 

BBP 

X 

scm 

inches 

microns 

DSCF 

DSCFM 

microns 

f p m  . 

32.1725 f t l s e c  

8 

g r  

he 

h r  

X 

l b  

kw 

X 

X 

Desc r ip t ion  

S tack  c r o s s  s e c t i o n a l  a r e a  

Cubic feet 

Cubic f e e t  per  minute 

Brake horsepower 

Measured carbon d iox ide  conten t  

Carbon d ioxide  measured f low r a t e  = 
(COz)(Qs)/~OO 

P i t o t  tube c a l i b r a t i o n  f a c t o r  

Nozzle d iameter  

P a r t i c l e  didmeter  

Dry s tandard  cub ic  f e e t  

Dry s tandard  cubic  f e e t  pe r  minute. 

Mass mean p a r t i c l e  d iameter  

Feet  pe r  minute 

Acce le ra t ion  due t o  g r a v i t y  

G r a m  

Grain,  1 /7000th  of a pound 

Eo rsepowe r 

Bour 

I s o k i n e t i c  

Pound 

Kilowatt  

Percent moisture  i n  s t a c k  gas by volume 

Mechanical e f f i c i e n c y  

Mole f r a c t i o n  dry  gas  

i v  
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Symbol 

Mf 

M t  

MW 

nw 

m a i r  

nwd 

MEzO 

02 

Pb 

Ps 

AP 

P s t d  

Qs 

R 

SP 

tamb 

t D  

T t  

t S  

Ts td  

U n i t  

U 

- 

g 

g 

l b l l b - m o l e  

28.9641 
l b / lb -mole  

lb / lb -mole  

18.0153 l b / l b  mole 

z 
-Hg a b s o l u t e  

"Hg a b s o l u t e  

"H20 

29.92125 "Eg 

DSCFM 

21.85 " E g  
f t3/lb-le-R" 

RPM 

SCF 

'820 

O F  

O F  

mill 

'P 

528% 

Desc r ip t ion  

Micron. 1 x 1 0 4  meters 

M i l l i g r a m ,  1 x grams 

P a r t i c u l a t e  weight c o l l e c t e d  on probe 
and f i l t e r  

P a r t i c u l a t e  weight - to ta l  

Mass of water i n  p a r t i c u l a t e  t r a i n  

Molecular weight of s t a c k  gas  

Molecular  weight of a i r  a t  s tandard  cond i t ions  

Molecular weight of d r y  s t a c k  gas  

Molecular ve ight  of water 

Measured oxygen conten t  

Barometr ic  pres  su re  

S tack  p res su re  

Ve loc i ty  head of s t a c k  gas  

Standard barometr ic  p re s su re  

S tack  gas  dry flow r a t e  

Un ive r sa l  gas  cons tan t  

Revolut ions p e r  minute 

S tandard  cubic  f e e t  

S t a t i c  p re s su re  

Ambient temperature 

Con t ro l  box meter t e n p e r a t u r e  

Net t ime of test 

S tack  gas  temperature  

Standard temperature  

V 

h 

I \  

' .  
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Unit - 
f t 3  

DSCP 

D e s c r i p t i o n  

Volume of dry g a s  sampled @ meter  cond i t ions  

Volume of dry g a s  sampled @ standard 
c o n d i t i o n s  

f p m  S t a c k  v e l o c i t y  @ s t a c k  c o n d i t i o n s  

ml 

f t 3  

T o t a l  water c o l l e c t e d  i n  impingers and 
d e s i c c a n t  

Volume of vater vapor c o l l e c t e d  @ standard 
condi  t i o n s  

'E20 Orif ice  p r e s s u r e  drop a c r o s s  taeter 

0.075224 
lbs / f t3 

62.31639 
l b s / f t 3  

Densi ty  of a i r  a t  s t anda rd  c o n d i t i o n s  

Densi ty  of water  a t  s t anda rd  cond i t ions  

0.99824 g/ml Densi ty  of water  a t  s t anda rd  c o n d i t i o n s  

Standard c o n d i t i o n s  are 6 8 V ,  29.92126 "Eg 
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Symbol 

Ag+ 

AgCN 

Al* 

cd* 

c:- 

C N  

co; 
cr+3 

C r e  

c r t o t  

cro3 
cu* 

c u m  

P- 

HCL 

K+ 

K2C03 

KC N 

KOB 

N a+ 

NazC03 

NaCN 

N aOB 

Ni* 

N IC12 6820 

NS04  

PO4 -3 

SOZ 

Desc rl p t  i o n  

S i l v e r  ion 

S i l v e r  Cyanide 

Aluminum i o n  

Cadmium ion 

Chloride ion 

Cyanide loa 

Carbonate ion 

Tr iva len t  Chromium ion 

Eexavalent  Chromium i o n  

T o t a l  Chromium i o n  

Chromic Acid 

Copper i o n  

Copper Cyanide 

F l u o r i d e  ion 

Eydroch lo r i c  AcidfMuriat ic  Acid 

Potassium ion 

Potassium Carbona te  

Potassium Cyanide 

Potassium Bydroride 

Sodium i o n  

Sodium Carbonate 

Sodium Cyanide 

Sodium Eydmxide  

Nickel i o n  

Nickel Ch lo r ide  

Nlckel S u l f a t e  

Phosphate ion 

S u l f a t e  i o n  
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LONG BEACH XAVAL SHIPYARD PLATIK SHOP 

I. INTRODUCTION 

In response t o  a request1 from Western Div i s ion ,  Naval F a c i l i t i e s  
Engineering Command (WESTNAVFACENGCOM), San Bruno, C a l i f o r n i a ,  t h e  Naval 
Energy and Environmental Supporc A c t i v i t y  (NAVENENVSA) Source Emission Test  
(SET) team t e s t e d  emissions from f i v e  vet sc rubbe r s  a t  t h e  E l e c t r o n i c  Weapons 
P r e c i s i o n  F a c i l i t y  P l a t i n g  Shop, Bui lding 210, Long Beach Naval Shipyard 
(KAVSHIPYD), from 7 May t o  2 June 1984. An i n d u s t r i a l  v e n t i l a t i o n  survey vas  
a l s o  performed dur ing  t h e  emission t es t  pe r iod .  

11. TECHNICAL BACKGROUND 

A. General 

Lack of adequate  emissions d a t a  has  made i t  d i f f i c u l t  t o  determine 
t h e  l e v e l  of emission c o n t r o l  necessa ry  on c l e a n i n g  and p l a t i n g  processes in 
Navy p l a t i n g  shops. Commander, Naval F a c i l i t i e s  Engineering Command 
(COMNAVFACENGCOM) tasked NAVENENVSA t o  evaluate emissions from s e l e c t e d  Navy 
p l a t i n g  shops t o  d e t e r n i n e  the l e v e l  of a i r  p o l l u t i o n  c o n t r o l  needed f o r  
v a r i o u s  p l a t i n g  shop processes .  Bui lding 210 p l a t i n g  shop, Long Beach 
NAVSHIPYD is one of t v o  Navy p l a t i n g  shops being t e s t e d  by the NAVENENVSA SET 
team. Long Beach NAVSIIPYD requested NAVENENVSA test t h e  p l a t i n g  shop 
v e n t i l a t i o n  system dur ing  a i r  e m i s s i o n s  t e s t i n g .  
s y s t e m  t e s t i n g  a r e  r epor t ed  concur ren t ly  v i t h  t h e  a i r  emissions t es t  r e s u l t s .  

R e s u l t s  from v e n t i l a t i o n  

B. F a c i l i t y  Desc r ip t ion  

1. General. The p l a t i n g  shop v e n t i l a t i o n  system c o n s i s t s  of six 
separate l o c a l  exhaus t  systems ( f i g u r e s  1 -7 )  and f o u r  roof-mounted heat ing and 
v e n t i l a t i n g  (HV) u n i t s  supplying a i r  through s i x t e e n  c o n c e n t r i c  cone d i f f u s e r s  
mounted i n  t h e  c e i l i n g  ( F i g u r e  8).  
t h i r t y - t h r e e  tanks,  w i t h  push-pull  exhaust  hoods on e i g h t e e n  t a n k s  and la te ra l  
exhaust  hoods on f i f t e e n  tanks.  

The l o c a l  exhaust  systems v e n t i l a t e  

2 .  Exhaust System. The p l a t i n g  shop exhaust  system c o n s i s t s  of six 
subsystems: Chrome l i n e ,  a c i d  l i n e ,  heavy me ta l  l i n e ,  chromate l i n e ,  and t v o  
a l k a l i n e  l i n e s .  Tvo s c r u b b e r s  (101 and 102). each  designed t o  o p e r a t e  a t  
35,000 cfm, s e r v e  t h e  a l k a l i n e  tanks.  The chrome line h a s  one scrubber  (103) 
designed t o  o p e r a t e  a t  25,000 cfm. 
designed t o  o p e r a t e  a t  39,000 c f m .  
chromate l i n e  (106)  e a c h  have sc rubbe r s  designed t o  o p e r a t e  a t  50,000 cfm. 
See f i g u r e s  1-7. 

The a c i d  l i n e  has one sc rubbe r  (104) 
The heavy metal l i n e  (105) and the 

The s c r u b b e r s  a r e  thin-bed packed t o v e r  u n i t s  designed f o r  the 
c o n t r o l  of a e r o s o l s .  These units c o n s i s t  of a spray chamber w i t h  media pads 
l o c a t e d  below a network of s p r a y  nozzles .  The chamber is followed by m i s t  
e l i m i n a t o r  pads. 
t r a n s i t i o n .  

The scrubber  body is mated t o  the f a n  by a reducing 
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+---Scrubber 101 77 ( a l k a l i n e )  
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Alka l ine  c l e a n e r  
Zinc Phosphate 
Manganese phosphate 
E lec t ro  c l e a n e r  
E l e c t r o  c l e a n e r  
Nickel sulfamace 

Figure  2 .  Line  101 
c 
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P- a 
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Item 

4 Electro-cleaner 
33 Nickel p l a t e  
48 Alkaline cleaner 
50 . S a t i n  e tch  

- Tank No. 

Figure 

C----Scrubber 102 
(alkal  h e )  J 

+---- In le t  Test Ports  

I '  

. 

3 .  Line 

- 

4 

102 

' -  w 



I tem - Tank No. 

41 
42 
43 
44 

I 

Hard chrome 
Hard chrome 
Hard chrome 
Decorat ive chrome 

+-----Scrubber 103  
(chrome) 

,-----.Inlet Test P o r t s  

\ I I  I I  I I I / '  ,\I I 

.. .. 
Figure  4 .  Line 103  
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Item - Tank No. 

3 
5 
6 

15 
14  

Muriatic (HCL) ac id  ' 
Sulfur ic  ac id  s t r i p  
Sulfuric  a c i d ' s t r l p  
Counter-flow r i n s e  
Iradi te  

+----Scrubber 104 
(acid)  . 

. .  

5 6 

I +  I5 --_ 
I \  I 

Figure 5 .  Line 104 

? 
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I I 
I Scrubber 105 Inlet ~ 

(heavy n e t a l )  T~~~ ports 

I t  em Tank No. - 
1 , Cad plate  

11  Cad plate  
20 Nickel s t r ike  
21  S i lver  p late  
22 Silver plate  
29 Copper plate  

Figure 6. Line 105 



Tank K O .  

1 6  
19 
35 

' 36 
45 
47 
28A 
28B 

3 5  
I I 3 E  

, 

Item - 

Scrubber !06 
( chroma i e 1 

i n l e t  Tesr ?orts 

Chrome B r i  h t  Dip 
Phc s p  ha t e . f e  t e r g  en t 
Conversion Coat ' 
Conversion Coat 
Conversion Coat 
Smut t -Of f 
Smutt-Off 
Micro Brite Etch 

Figure 7. Line  106 

I '  
. 

a 
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Figure 8. Supply Air Schematic 
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Thin-bed packed towers c o l l e c t  l i q u i d  a e r o s o l s  by p a r t i c l e  s i z e  
i n  t h e  spray chamber s e c t i o n .  Removal i s  accomplished by impingement 

i n  the  media pads. 

Table 1 i d e n t i f i e s  t h e  p l a t i n g  t anks  and tank chemical s o h t i o n s  
served by each l i n e .  

3 .  supply A i r  System. A i r  exhausted from the p l a t i n g  shop i s  
p a r t i a l l y  supp l i ed  by f o u r  mechanical hea t ing  and v e n t i l a t i n g  u n i t s  on t h e  
roo f .  
+ f o o t  double doors ,  and two 6-foot by 7-foot double doors accounts  f o r  t he  
a d d i t i o n a l  supply a i r .  The t h r e e  g r i l l s  and two 6-foot by 9-foot doors a r e  
l o c a t e d  i n  the northwest  -11. 
d u r i n g  the survey. 

I n f i l t r a t i o n  through t h r e e  8-foot  by 8-foot v a l l  grills, two 6-foot by 

The two doors  remained open 2 b  hours a day 

C.  A i r  E m i s s i c m  Sources3 

A i r  p o l l u t i o n  i s  a s s o c i a t e d  w i t h  two processes  i n  the p l a t i n g  
ope ra t ion ,  c l e a n i n g  and e l e c t r o p l a t i n g .  I n  t h e  c l e a n i n g  p rocess ,  work p i e c e s  
a r e  ;Leaned t o  remow o i l ,  g rease ,  d i r t ,  s c a l e ,  and old p l a t i n g .  Cleaning 
i n v o l v e s  t h e  f o l lov ing  major steps: 

1. Mechanical c l e a n i n g  t o  remow l o o s e  d i r t  and s c a l e  i s  usua l ly  
done using a wire brush o r  w i r e  wheel. Some p a r t i c u l a t e  a i r  p o l l u t i o n  i s  
produced, though the  p a r t i c l e s  are l a r g e  and their e f f e c t  i s  l i m i t e d  t o  the 
work a r e a .  

2 .  Precleaning by solvent-soaking o r  vapor-degreasing is used t o  
c l e a n  heav i ly  s o i l e d  o r  p a i n t e d  items. Hydrocarbon gases c a n  be generated by 
the process ,  but  usually a r e  no t  a major  s o u r c e  of p o l l u t i o n  u n l e s s  the 
p rec l ean ing  c p e r a t i o n  is l a r g e .  The Long Beach NAVSHIPYD p l a t i n g  shop has  
t h r e e  t a n k s  f o r  this purpose. 
these t anks ,  vhich have no exhaust v e n t i l a t i o n .  

P o t e n t i a l l y  hazardous g a s e s  are emitted from 

3 .  I n t e r m e d i a t e  c l e a n i n g  in a s t r o n g  a l k a l i n e  ba th  i s  used t o  
f u r t h e r  remove g reases .  Aerosols  a re  formed by t h e  i n t e r m i t t e n t  dipping of 
items i n t o  t h e s e  s o l u t i o n s .  Aerosols  can a l s o  be formed by a g i t a t i o n  o r  
sp l a sh ing  during t h e  c l e a n i n g  process .  The amount of a e r o s o l  formed i s  
u s u a l l y  small and r e p r e s e n t s  a l o c a l i z e d  nuisance i n  t he  shop r a t h e r  than an 
a i r  p o l l u t i o n  source.  I n t e r m e d i a t e  a l k a l i n e  cleantng i n  t h e  Long Beach 
NAVSHIPYD p l a t i n g  shop is n o t  an a i r  po l lu t i , on  problem, but  i t  i s  r e spons ib l e  
fc: l o c a l i z e d  c o r r o s i o n  around t h e  c l e a n i n g  tanks.  

4 .  E l e c t r o c l e a n i n g ,  one of the two f i n a l  c l e a n i n g  steps, i s  
accomplished by pass ing  a c u r r e n t  through a s t rong a l k a l i n e  ba th .  Chemical 
a c t i o n  from t h e  c a u s t i c  s o l u t i o n  d i s s o l v e s  and loosens r e m a i n f q  d i r t .  
Mechanical a c t i o a  from e l e c t r o l y s i s  ( g a s s i n g )  l i f t s  off  t h e  loosened d i r t .  
Gassing can form an a e r o s o l  m i s t  a t  the l i q u i d  s u r f a c e  and c o n t r i b u t e  small 
amounts of a i r b o r n e  emissions.  

5 .  Pick l ing  is a l s o  used i n  t he  c l ean ing  process .  P i ck l ing  is 
achieved by soaking items i n  a n  a c i d  bath w i t h  o r  without  a n  induced c u r r e n t .  
The c lean ing  p rocess  i s  s i m i l a r  t o  e l e c t r o c l e a n i n g  but  u s u a l l y  produces more 
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g a s s i n g .  
p i c k l i n g .  
S i g n i f i c a n t  amounts of a i r  p o l l u r a n t s  can be gene ra t ed  during t h i s  process.  

I n  a d d i t i o n ,  e l e c t r o - p i c k l i n g  c r e a t e s  more g a s e s  t h a n  o rd ina ry  
The e l e c t r o p r o c e s s e s ,  however, a r e  both f a s t e r  and more :norough. 

The second and g r e a t e s t  sou rce  of a i r  emissions is :he p1a:ing 
p rocess  i t s e l f .  Emissions a r e  gene ra t ed  by two sources :  e l e c t r o l y t i c  
p rocesses ,  and :ank load ing  and unloading. 

A p o r t i o n  of t h e  e l e c t r i c a l  power a p p l i e d  t o  t h e  p l a t i n g  s o l u t i o n  i s  
consumed by t h e  e l e c t r o l y s i s  of water  i n  :he s o l u t i o n .  
a r e  produced and bubble t o  t h e  s u r f a c e ,  caus ing  a c o n d i t i o n  known as 
"gassing."  
contaminants l e f t  from t h e  c l e a n i n g  process .  IC i s  t h i s  mechanical a c t i o n  
t h a t  makes e l e c t r o p l a t i n g  f e a s i b l e .  

Hydrogen and oxygen 

The vigorous hydrogen gass ing  a t  t h e  cathode t ends  t o  remove any 

Most e l e c t r o p l a t i n g  and c l e a n i n g  o p e r a t i o n s  have l i t t l e  impact from 
a n  a i r  p o l l u t i o n  s t andpo in t .  When emiss ions  a r e  non-offensive and small  i n  
volume d u e  t o  low gass ing  r a t e s ,  a i r  p o l l u t i o n  c o n t r o l  equipment i s  no t  
req*cired.  Bui lding v e n t i l a t i o n  i s  r e q u i r e d ,  however, f o r  worker s a f e t y  and 
c o r r o s i o n  prevent ion.  

Exhaust g a s e s  from chrome p l a t i n g  t a n k s  do r e q u i r e  a i r  p o l l u t i o n  
c o n t r o l  equipment. Large volumes of both hydrogen and oxygen are l i b e r a t e d  
du r ing  chrome p l a t i n g .  The bubbles break t h e  s u r f a c e  and produce a chromic 
a c i d  a e r o s o l .  The a e r o s o l  i s  t h e n  c a r r i e d  i n t o  t h e  shop ambient a i r  and is 
e v e n t u a l l y  discharged t o  t h e  environment. S ince  chromic a c i d  i s  bo th  t o x i c  
and c o r r o s i v e ,  i t s  d i s c h a r g e  r e q u i r e s  c o n t r o l .  The emission of chromic a c i d  
mists w i l l  o f t e n  r e s u l t  i n  nuisance compla in t s  and p r o p e r t y  damage. 
E s p e c i a l l y  s u s c e p t i b l e  a r e  automobile  p a i n t  f i n i s h e s  which can  be spo t t ed  by 
even s m a l l  amounts of t h e  mist. 

Hard chrome p l a t i n g  produces a n  extremely ha rd ,  c o r r o s i o n - r e s i s t a n t  
c o a t i n g .  I t  i s  used i n  r e b u i l d i n g  and r e p a i r i n g  o p e r a t i o n s  to bu i ld  up worn 
p a r t s ,  e s p e c i a l l y  s h a f t s .  Hard chrome p l a t i n g  r e q u i r e s  a c u r r e n t  d e n s i t y  of 
approximately 250 amperes p e r  s q u a r e  f o o t  of workpiece a r e a .  This  high 
c u r r e n t  d e n s i t y  produces l a r g e  q u a n t i t i e s  of hydrogen and oxygen and a dense 
ch ron ic  a c i d  mist. The p l a t i n g  f a c i l i t y  a t  Long Beach NAVSHIPYD has three 
l a r g e  hard chrome p l a t i n g  t a n k s  which a r e  vented through a sc rubbe r  t o  t h e  
atmosphere. 

Decorat ive chrome p l a t i n g  i s  t y p i c a l l y  used on small items such as 
plaques and name p l a t e s .  Decorat ive chrome p l a t i n g  r e q u i r e s  a c u r r e n t  d e n s i t y  
of approximately 100 amperes p e r  square f o o t  of workpiece a r e a ,  and, 
t h e r e f o r e ,  evo lves  l ess  g a s  t h a n  hard chrome p l a t i n g .  There i s  one d e c o r a t i v e  
chrome tank a t  t h e  Long Beach NAVSHIPYD p l a t i n g  shop. 

S p l a s h  f i l l  of p i e c e  work into and out of t a n k s ,  and s p l a s h  f i l l  of 
l i q u i d  i n t o  t anks ,  g e n e r a t e s  a e r o s o l  mists c o n t a i n i n g  l a r g e  l i q u i d  d r o p l e t s  
P 1 5  um d iame te r )  of p l a t i n g  s o l u t i o n .  
f i l l i n g  tend t o  d e p o s i t  on i n t e r i o r  exhaust l i n e  s u r f a c e s  and a r e  not a 
s i g n i f i c a n t  sou rce  of a i r  p o l l u t i o n .  

Aerosol  m i s t s  gene ra t ed  by s p l a s h  

16 



D .  Emission Removal Mechanisms 

Contaminants gene ra t ed  from open s u r f a c e  tanks used i n  p l a t i n g  a r e  
c o n t r o l l e d  by l o c a l  exhaust hoods. Typ ica l ly ,  t h e  exhaust  ductwork from 
s e v e r a l  t anks  con ta in ing  s i m i l a r  chemical s o l u t i o n s  a r e  combined and vented t o  
t h e  atmosphere through one exhaust f an .  Local  exhaust  hoods used a t  t he  
p l a t i n g  shop c o n t a i n  s l o t s  a c r o s s  t h e  l e n g t h  of t h e  hood ( s l o t  hood) t o  evenly 
d i s t r i b u t e  t h e  exhaust s u c t i o n .  S l o t  hoods requi re  a f a c e  v e l o c i t y  of 2000 
f e e t  p e r  minute (fpm) and a plenum v e l o c i t y  no t  g r e a t e r  t h a n  one-half t he  f a c e  
v e l o c i t y . 2  These hood des ign  c r i t e r i a  a r e  g iven  i n  Appendix 8. 
fpm f a c e  v e l o c i t y  i s  recommended so t h a t  uniform s u c t i o n  is maintained a t  t he  
s l o t .  S l o t  hoods should no t  be g r e a t e r  t han  10 feet  i n  l eng th .  S p l i t t e r s  o r  
m u l t i p l e  take-offs  a r e  used t o  reduce t h e  e f f e c t i v e  slot l e n g t h  i n  hoods 
g r e a t e r  t h a n  10 f e e t  i n  l e n g t h .  

The 2000 

Cross  d r a f t s  a r e  c o n t r o l l e d  by us ing  s i d e  and hood b a f f l e s .  S ide  
b a f f l e s  i n c r e a s e  e f f e c t i v e  t a n k  h e i g h t  and h e l p  c o n t a i n  a e r o s o l s  i n  the  tank 
area .  

The q u a n t i t y  of exhaust  a i r  used t o  c o n t r o l  a g i v e n  t ank  must be 
adequate t o  e f f e c t i v e l y  remove contaminants from t h e  tank s u r f a c e  a r e a  and 
exhaust them o u t s i d e  the  b u i l d i n g .  Exhaust ra tes  based on exhaust  hood t y p e ,  
t ank  c o n t e n t s  and p rocess  c o n d i t i o n s  are provided i n  American National 
Standards I n s t i t u t e  (ANSI)  29.1-1977, " P r a c t i c e s  f o r  V e n t i l a t i o n  and 
Operat ion of Open-Surface Tanks." P l a t i n g  shop exhaust  system des ign  should 
comply w i t h  t h i s  s tandard.  

Aerosol emissions can  be reduced by f l o a t i n g  one o r  more l a y e r s  of 
p l a s t i c  sphe res ,  c y l i n d e r s ,  o r  e l l i p s o i d s  on t h e  l i q u i d  s u r f a c e .  Tests 
i n d i c a t e  that a e r o s o l  emissions and evapora t ion  can  be reduced by a s  much a s  
90%, and that h e a t  l o s s e s  from open t anks  can be reduced by as much a s  80% by 
using f l o a t i n g  layers. Both hollow and s o l i d  b a l l s  a r e  used. They a r e  
u s u a l l y  made of h igh  d e n s i t y  po lye thy lene  (HDPE) or polypropylene (PP). Sol id  
PP o r  hollow HDPE b a l l s  a re  normally used f o r  hard chrome p l a t i n g  s o l u t i o n s .  
Some success  has been achieved u s i n g  s o l i d  PP b a l l s  on n i t r i c / s u l f u r i c  a c i d  
b r igh t -d ip  tanks.  It i s  important  t o  understand t h a t  gas s ing  i s  no t  a f f e c t e d  
by t h e  f l o a t i n g  b a l l  covers .  The c h i e f  advantage is l i m i t a t i o n  of a e r o s o l  
formation by gass ing  and r e d u c t i o n  of p rocess  h e a t  l o s s e s .  

S e v e r a l  d i sadvan tages  c a n  a r i s e  from us ing  f l o a t i n g  b a l l  covers  on 
p l a t i n g  tanks.  F i r s t ,  f l o a t s  a r e  sometimes dragged ou t  of t h e  tanks w i t h  the 
work. Once ou t  of t h e  t a n k s ,  they may i n a d v e r t e n t l y  e n t e r  d r a i n  systems. 
Drains and l i q u i d  e f f l u e n t  handl ing equipment have been plugged and damaged i n  
t h i s  manner. Second, a t  e l e v a t e d  temperatures ,  hollow f l o a t s  may b u r s t  and 
spray l i q u i d  i n t o  t h e  work a r e a .  Th i rd ,  hollow f l o a t s  sometimes l e a k  and s i n k  
t o  t h e  bottom of t h e  tank. 

111. PROCEDURE 

A .  Air Emissions 

Scrubbers on l i n e s  1 0 2 ,  103, 104,  105, and 106 were t e s t e d .  
Scrubber 101 emissions were not  t e s t e d ,  as t anks  c o n t a i n  s i m i l a r  s o l u t i o n s  
e x i s t e d  on l i n e s  102 and 106. The two types  of t e s t s  performed on each 
scrubber  were mass emissions and p a r t i c l e  s ize  d i s t r i b u t i o n .  Mass emission 
tes t s  were performed s imultaneously on t h e  i n l e t  and o u t l e t  of each 
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scrubber.+ 

the t o t a l  q u a n t i t y  of a p o l l u t a n t  i n  t h e  exhaust gas.  
d i s t r i b u t i o n  t e s t s  were a l s o  performed s imultaneously on t h e  i n l e t  and o u t l e t  
of each scrubber .+ 
d i s t r i b u t i o n  t es t .  P a r t i c l e  s i r e  d i s t r i b u t i o n  t e s t  da:a v a s  used t o  a i d  i n  
determining t h e  a p p r o p r i a t e  a i r  p o l l u t i o n  c o n t r o l  d e v i c e  f o r  a p a r t i c u l a r  gas 
s t reas. 

Three s e p a r a t e  two-hour sampling runs comprised one mass 

P a r t i c l e  s i z e  

, emissLons tes t .  Mass emiss ion  t e s t  d a t a  was used t o  provide information on f 

Two s e p a r a t e  sampling runs comprised one p a r t i c l e  s i z e  

Each tank connected t o  a s c rubbe r  undergoing t e s t i n g  was loaded w i t h  
a c t u a l  work p i e c e s  o r  w i t h  s c r a p  me ta l  t o  s imulate  t ank  load5 a t  o r  above the  
maximum load encountered du r ing  normal shop ope ra t ion .  Tank loads  and 
e l e c t r i c a l  r ead ings  were monitored du r ing  each t e s t ,  and a r e  included i n  
t a b l e s  1, 2 ,  3,  and 4 and Appendix A. 

1. Mass Emissions Tes t .  

a .  Sampling procedures  and equipment co inc ided  wi th  t h e  
f o l l o v l n g  U.S. Environmental P r o t e c t i o n  Agency ( E P A )  t e s t  methods desc r ibed  i n  
t h e  F e d e r a l  R e g i s t e r ,  Volume 4 2 ,  No. 160, P a r t  I1 of 18 August 19774, except  
a s  noted i n  t h e  fo l lowing  paragraphs.  

(1) Method I--Sample and Ve loc i ty  Trave r se  

( 2 )  Method 11--Determination of S t a c k  Gas Ve loc i ty  and 
Volumetric Flow Rate 

( 3 )  Method I11 (modified)--Gas Ana lys i s  f o r  0 2 ,  CO2 

( 4 )  Method IV--Determination of Moisture  Content of S t a c k  
Gases 

( 5 )  Method V I 1 1  (modified)--Determination of S u l f u r i c  Acid 
Y i s t  and S u l f u r  Dioxide 

b. Loca t ion  of sampling s i t e s  ( f i g u r e s  1-7) and number of 
sampling p o i n t s  ( f i g u r e s  9 and 10) were determined from Yethod I of t he  
Fede ra l  R e g i s t e r  c i t e d  above. 

C.  Sampling t r a i n s  are shown i n  f i g u r e s  11 and 12. Type "S" 
p i t o t  t u b e s  were used. Go ld -p la t ed ,  button-hook n o z z l e s  and qua r t z -g l a s s  
probe-l iners  were used t o  p reven t  any chemical r e a c t i o n s  between t h e  exhaust 
g a s  and i n t e r n a l  sampling t r a i n  su r faces .  Sampling a t  each scrubber  i n l e t  was 
performed w i t h  a probe mounted v e r t i c a l l y  and connected t o  t h e  impinger box by 
2 5  f e e t  of 0.5 i n .  d i ame te r  t e f l o n  tub ing .  Sampling a t  each scrubber  o u t l e t  
was performed w i t h  t h e  probe mounted h o r i z o n t a l l y  and connected t o  t h e  
impinger box w i t h  b o r o s i l i c a t e  glassware.  

I 
i 

+The o u t l e t  of Scrubber  104 was no t  t e s t e d .  Scrubber 104 w a s  not  
o p e r a t i o n a l  d u r i n g  the  t es t  per iod.  
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I 
1 Scrubber 
INo. 
I 

I 
I 
I 103 
I 
I 
I 
I 104 
I 
I 
I 
I 

! I  

I 
I 

I lo* 

1 105 

I lob 
I 
I 
I 
I 
I 
I 
I 

TABLE 2 
Tank Loading Surmnarp 

4 
33 
40 
50 
41 
42 
43  
44 

3 
5 
6 

14 
15  
1 

11 
20 
21 
22 
29 
16 
19 
28A 
2m 
35 
36 
45 
47 

7.0 
5.0 
N.A. 
N.A. 
8.0 

6.4 
8.5 
N.A. 
5.0 
N.A. 
N.A. 
N.A. 
4.0 
4.0 
6. 0 
1.1 

0 
2.4 
N.A. 
N.A. 
N.A. 
N.A. 
%.A. 
N.A. 
N.A. 
N.A. 

a. 2 

I 
:ank IVol tage 

!Load (V) 

I 
I 
I 
I 
I 
I 
I 
! 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

h r r e n t  
.oad (Amp 

1950 
150 

N.A. 
N.A. 
1580 
2000 
1060 
1060 
N.A. 

N.A. 
N.A. 
N.A. 

450 
4 5 0  
330 

22 
0 

310 
N.A. 
N .A. 
N.A. 
N.A. 
N.A. 
N.A. 
N.A. 
N.A. 

1325 

'0 r kp i ec e 
'u r face  
,rea (F?) 

38 
4.5 

N.A. 
22.5 
1 2  
13 
12 
21 
10 

9 
9 

N.A. 
N.A. 

8 
7 
4 
2 
2 
4 
3 

9 
4 
6 
3 

15 
25 

a 

15 
1 5  
N.A. 
1 5  
N.A. 
N.A. 
N.A. 
N.A. 
20 
N.A. 
20 
N.A. 
N .A. 
N.A. 
N .A. 
N.A. 
N.A. 
N.A. 
N.A. 
30 
30 
30 
30 
30 
30 
30 
30 

. i f r i n g  I 
Lnterval I 
y i n . )  I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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1- ~ I 

I I  
I Tank I Scrubber 

11/11 1 105 
14/5 I 102 
121/22 1 105 
123 I 101 
129/20 1 105 
133 I 102 
141 I 103 
142 I 103 
143 I 103 
144 I 103 

TABLE 4 
E lec tr i ca l  Equipment Rating 

ID# 

61 669 2 
61 6 691 
41 772 6 
417724 
417723 
616693 
601 627 
601626 
601 623 
601622 

Volt 
Input 

480 
480 
480 
480 
480 
480 
480 
480 
480 
480 

0-15 
0-15 
0-12 
0 9  
0 9  
0-15 
0-12 
0-12 
0-12 
0-12 

G r r e r  
Input 

(.4@lDS) 

3utput 

69 
69 
19 
23 
23 
69 
95 
95 
21 0 
210 

3,000 
3,000 
1,000 
1,500 
1,500 
3,000 
5,000 
5,000 
10,000 
10,000 

A l l  are Clinto: Dlator R e c t i f i e r s ,  C l i n t o n  Supply Co., Chicago, Ill. 

A l l  are 38, 60 cycle  
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d.  Leak checks  were performed bo th  b e f o r e  and a f t e r  each 
sampling sequence a t  t h e  p i t o t  t u b e s ,  a t  t h e  beginning  of t h e  impingers  and a t  
t h e  sampling nozz le  as d e t a i l e d  i n  Method v, S e c t i o n  4 . 1 . 4 . 1 ,  F e d e r a l  R e g i s t e r .  

e. Impingers  irere i n i t i a l l y  weighed, t a r e d ,  t h e n  weighed w i t h  
t h e  f o l l o w i n g :  100 m l  0.1 S KOH (1st imp inge r ,  modi f ied  Greenburg-Smith 
d e s i g n ) ,  100 m l  d e i o n i z e d  wa te r  (2nd impinge r ,  Greenburg-Smith des ign  v i t h  
s t anda rd  t i p ) ,  d ry  (3 rd  impinger ,  modi f ied  Greenburg-Smith d e s i g n ) ,  and 200 m l  
s i l i c a  g e l  ( 4 t h  imp inge r ,  mod i f i ed  Greenburg-Smith d e s i g n ) .  Impingers  were 
reweighed f o l l o w i n g  each  r u n  t o  de te rmine  w a t e r  g a i n .  T h i s  method i s  b o t h  
s i m p l e r  and more a c c u r a t e  t h a n  t h e  s p e c i f i e d  t r a n s f e r / w e i g h  procedure  (Method 
V ,  S e c t i o n  2 . 2 . 6  and S e c t i o n  4 . 2 ) ,  as r h e  samples  a r e  handled  l e s s  and 
t empera tu re  e r ro r  i s  e l i m i n a t e d .  
c a l - > r a t e d  u s i n g  I n t e r n a t i o n a l  O r g a n i z a t i o n  of Legal  Metrology (IOLM) 
s p e c i f i c a t i o n  m e t r i c  w e i g h t s ,  was used f o r  a l l  f i e l d  impinger  weighings.  

f .  

A M e t t l e r  PB 3000 e l e c t r o n i c  ba l ance ,  

02  and CO2 moni to r s  were used  i n s t e a d  of a n  Orsat t o  
d e t e r m i n e  dry  s t a c k  g a s  m o l e c u l a r  weight  (Method 111, m o d i f i e d ) .  The g a s  
sample was passed  th rough  p o l y e t h y l e n e  t u b i n g  t o  t h e  g a s  c o n d i t i o n e r  ( F i g u r e  
13) t o  remove m o i s t u r e  and p a r t i c u l a t e ,  t h e n  t o  t h e  mon i to r s .  S o l i d - s t a t e ,  
n o n d i s p e r s i v e  i n f r a r e d  a n a l y z e r s  were used .  The z e r o  p o i n t  was s e t  u s ing  ze ro  
g r a d e  a i r  r a t h e r  t h a n  n i t r o g e n ,  and one s p a n  p o i n t  was s e t  u s i n g  a N a t i o n a l  
Bureau of S t a n d a r d s  (NBS) t r a c e d  span  g a s .  P l a t i n g  shop exhaus t  v e n t i l a t i o n  
0 2  and CO2 c o s c e n t r a t i o n s  are t h e  same a s  ambient  a i r  c o n c e n t r a t i o n s  ( 0 2  
= 2 0 . 9 x ,  co2 = 0. OI) . 

g .  Fol lowing  each  r u n  t h e  sampling n o z z l e ,  p robe  l i n e r ,  
connec t ing  g l a s s w a r e ,  and t e f l o n  t u b i n g  ( i n l e t  sampling t r a i n  o n l y )  were 
r i n s e d  w i t h  d e i o n i z e d  w a t e r  and t h e  r i n s e  w a t e r  c o l l e c t e d  i n  a b o r o s i l i c a t e  
g l a s s  recovery  b o t t l e  o r  p o l y e t h y l e n e  " c u b i t a f n e r . "  L i q u i d  from t h e  f i r s t  
t h r e e  impingers  was poured i n t o  t h e  same recove ry  b o t t l e  o r  " c u b i t a i n e r . "  

T o t a l  sample weight  was de te rmined  and t h e  samples  d e l i v e r e d  
t o  T r u e s d a i l  L a b o r a t o r i e s ,  T u s t i n ,  C a l i f o r n i a ,  f o r  chemica l  a n a l y s i s .  The 
T r u e s d a i l  L a b o r a t o r i e s  r e p o r t  i s  i n c l u d e d  i n  Appendix C .  

h. P e r c e n t  i s o k i n e t i c  was c a l c u l a t e d  f o r  each  run.  An 
i s o k i n e t i c  v a l u e  between 90% and 110% was r e q u i r e d  f o r  t h e  run  to  be 
c o n s i d e r e d  v a l i d .  

h 
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A F i g u r e  13. Gas C o n d i t i o n e r  
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i .  The f o l l o w i n g  c o n s t a n t s  were used t o  r e f l e c t  t h e  change by 
EPA from 7O0F t o  68'F f o r  s t a n d a r d  t e m p e r a t u r e  i n  t h e  above F e d e r a l  R e g i s t e r :  

U n i t  

453.59237 

- D e s c r i p t i o n  

Conversion f a c t o r  

85.39 f t  ( l b / lb -mole ) ( in .Hg)  112 
s e c  ( 'R ) ( in .  H'O) 

P i t o t  t ube  c o n s t a n t  
(Method 11) 

0.04710 f t  3/ml Conversion f a c t o r  (Method 
I V  ) 

Conversion f a c t o r  (Method 
IV ) 

0.04718 f t  3/ml 

17.65 OR/in. Hg 

17.65 % / i n .  Hg 

0.04710 f t  3/ml 

0.09444 (min) ( i n .  Up) 
( "R) ( s e c )  

b 

f 

S t anda r d i  re s t e m p e r a t u r e  
and p r e s s u r e  (Method I V )  

S t anda  r d i  zes t e m p e r a t u r e  
and p r e s s u r e  (Method V )  I' 

3 .  

Convers ion  f a c t o r  (Met hod 
V )  

Constant  f o r  s t a n d a r d  
p r e s s u r e  and t e m p e r a t u r e  .. 

(Method V) 

, 

28.9641 lb/lb-nole 

18.01534 lb/ lb-mole 

29.92126 "Hg Abso lu te  s t a n d a r d  p r e s s u r e  

0.0752236 l b / f t 3  

0.99824 g/ml 

2. Par t i c l e  S i z e  D i s t r i b u t i o n  Tes t .  

M o l e c u l a r  weight  of a i r  

Moiecular  we igh t  of water 

D e n s i t y  of a i r  a t  20°C 

D e n s i t y  of water a t  20°C 

a. Sampling l o c a t i o n s ,  p r o c e d u r e s  and equipment used were 
similar t o  t h o s e  used d u r i n g  t h e  mass e m i s s i o n s  t es t  and f o l l o w e d  EPA Methods 
I th rough  IV, g i v e n  i n  F e d e r a l  Register Vol 42, No. 160, P a r t  I1 of 18 August 
1977. The f o l l o w i n g  g u i d e l i n e s  were also used:  

( 1 )  ASME Performance Test Code ( P T C )  28--Determining 
P r o p e r t i e s  of F i n e  P a r t i c u l a t e  Matter ( d r a f t  
r e v i s i o n ) .  5 

Cascade Impactor .  6 
( 2 )  O p e r a t i o n s  Manual--University of Washington Hark 111 
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b. Pa r t i c l e  s i z e  d i s t r i b u : i o n  sampling t r a i n s  a r e  shorn i n  
f i g u r e s  14 and 15. The d i f f e r e n c e s  between a mass e m i s s i o n s  sampling t ra in  
and a p a r t i c l e  s i z e  d i s t r i b u t i o n  sampling t r a i n  a r e  a s  f o l l o w s :  

(1) U n i v e r s i t y  of Washington Mark 111 Cascade Impactors 
r e p l a c e d  g o l d - p l a t e d  n o z z l e s  a t  t h e  probe t i p .  

( 2 )  S t a i n l e s s - s t e e l  probe l i n e r s  r e p l a c e d  q u a r t z  g l a s s  probe 
l i n e r s .  The t o r q u e  imposed on t h e  t i p  of t h e  g l a s s  ' 

probe l i n e r  by t h e  weight  of t h e  impac to r  caused t h e  
g l a s s  l i n e r  t o  break.  Using s t a i n l e s s - s t e e l  probe 
l i n e r s  e l i m i n a t e d  t h i s  problem. 

c .  The U n i v e r s i t y  of Washington Mark 111 Cascade Impactor  was 
assembled as shown i n  F i g u r e  16 .  T e f l o n  O-ring g a s k e t s  were used on bo th  
s i d e s  of t h e  backup f i l t e r  t o  p r e v e n t  t h e  f i l t e r  from s t i c k i n g  t o  t h e  sc reen .  
The Mark 111 Cascade Impactor  was m o d i f i e d  t o  c o n t a i n  o n l y  f o u r  s t a g e s .  See 
Appendix D .  

d. Reeve Angel 934AH f i b e r g l a s s  f i l t e r s  were used.  F i l t e r s  
were p r e r a s h e d  i n  s u l f u r i c  a c i d  s o l u t i o n  as f o l l o w s :  

(1 )  F i l t e r s  were submerged i n  a 50-50 m i x t u r e  (by volume) of 
d i s t i l l e d  water and r e a g e n t  g r a d e  c o n c e n t r a t e d  s u l f u r i c  
a c i d  a t  230-239°F f o r  two hours .  

( 2 )  F i l t e r s  were removed from t h e  a c i d  b a t h ,  c o o l e d  t o  room 
t e m p e r a t u r e ,  t h e n  tho rough ly  r i n s e d  w i t h  d i s t i l l e d  w a t e r  
u n t i l  t h e  pH of t h e  r i n s e w a t e r  was n e a r l y  t h e  same a s  
that of t h e  d i s t i l l e d  water. 

(3) F i l t e r s  were submerged i n  r eagen t  g r a d e  i s o p r o p a n o l  
( i s o p r o p y l  a l c o h o l )  and a l lowed  t o  s t a n d  f o r  s e v e r a l  
minu te s .  T h i s  s t e p  was r e p e a t e d  f o u r  t o  f i v e  times, 
e a c h  time u s i n g  f r e s h  i s o p r o p a n o l .  

( 4 )  F i l t e r s  were d r a i n e d ,  s p r e a d  o u t  t o  d r y  i n  a c l e a n ,  d r y  
p l a c e ,  t h e n  baked a t  12O0F f o r  two h o u r s ,  a t  390'F f o r  
two a d d i t i o n a l  h o u r s ,  and f i n a l l y  a t  700°F f o r  t h r e e  
more hours .  

( 5 )  A s  a f i n a l  check,  two f i l t e r s  were t o r n  i n t o  small 
p i e c e s ,  p l a c e d  i n  d i s t i l l e d  water and t h e  pH checked. 

A l l  f i l t e r s  and aluminum f i l t e r  h o l d e r s  were s t a b l i z e d  a t  
30% + 5% r e l a t i v e  humidi ty  and 68°F + 4°F f o r  24 hour s  p r i o r  t o  weighing. 
Filters were combined w i t h  f i l t e r s  hT lde r s  u s i n g  5 t o  1 0  mg of Apiezon H 
g r e a s e  a s  a n  a d h e s i v e .  
b a l a n c e  a t  i n t e r v a l s  g r e a t e r  t h a n  s i x  hour s  u n t i l  a c o n s t a n t  weight  (<0.5 mg 
change from p r e v i o u s  we igh ings )  was ach ieved  f o r  t h r e e  c o n s e c u t i v e  weighings.  
The r e s u l t s  of t h e  t h r e e  weighings were a v e r a g e d  and r e c o r d e d  t o  t h e  n e a r e s t  
0 .1  mg. See Appendix F. 

F i l t e r s  were weighed u s i n g  a Mettler AK 160 e l e c t r o n i c  

e. P r i o r  t o  s ampl ing ,  a v e l o c i t y  t r a v e r s e  was performed as 
o u t l i n e d  i n  Method 11, F e d e r a l  R e g i s t e r ,  c i t e d  above. V e l o c i t y  t r a v e r s e s  were 
performed w i t h o u t  t h e  i m p a c t o r  a t t a c h e d .  

. .. 
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F i g u r e  1 6 .  U n i v e r s i t y  of Washington Mark 111 Cascade--Impactor (Xod i i i ed )  
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f .  P i t o t  t u b e s  were l e a k  checked b e f o r e  and a f t e r  each r u n  a s  
d e t a i l e d  i n  Method V ,  S e c t i o n  4 . 1 . 4 . 1 ,  F e d e r a l  Register. A l e a k  check was 
performed a t  t h e  i m p a c t o r  n o z z l e  p r i o r  t o  t h e  beginning of a sampling run. 
l e a k  check was performed a t  t h e  impac to r  n o z z l e  f o l l o w i n g  a sampling r u n  t o  
p reven t  any d i s t u r b a n c e  t o  p a r t i c u l a t e  c o l l e c t e d  on  t h e  i m p a c t o r  s t a g e s .  

NO 

g.  Impactor  sampling r u n s  v a r i e d  i n  d u r a t i o n  from one hour t o  
f o u r  hours.  Sampling times were based on a n t i c i p a t e d  p a r t i c u l a t e  l oad ing  i n  
t h e  g a s  s t ream. 
l i n e s  w i t h  ve ry  low p a r t i c u l a t e  l o a d i n g s .  

Four h o u r s  was used as  a maximum sampling time on sc rubbe r  

h. One or two sampling p o i n t s  were used d u r i n g  a sampling run 
An a v e r a g e  d u c t  v e l o c i t y  depending on t h e  v e l o c i t y  p r o f i l e  w i t h i n  the d u c t .  

was determined from t h e  i n i t i a l  v e l o c i t y  p r o f i l e  and v e l o c i t y  p o i n t s  a t  o r  
n e a r  t h e  a v e r a g e  v e l o c i t y  were c h o s e n  a s  sampling p o i n t s .  In s e v e r a l  cases 
o n l y  one sampling p o i n t  was w i t h i n  1OX of a v e r a g e  v e l o c i t y ,  and i n  such  c a s e s  
one sampling p o i n t  was used.  
v e l o c i t i e s ,  t h e  two most s y m m e t r i c a l l y  spaced p o i n t s  were used.  A maximum of 
two sampling p o i n t s  were used  t o  minimize i m p a c t o r  j o s t l i n g  caused  by 
i n s e r t i o n  and removal from sampling p o r t s .  

I n  c a s e s  where s e v e r a l  p o i n t s  had a c c e p t a b l e  

i. Impingers  were i n i t i a l l y  wei.ghed, t a r e d ,  t h e n  weighed w i t h  
t h e  f o l l o w i n g ;  100 m l  d e i o n i z e d  w a t e r  (1st impinge r ,  m o d i f i e d  Greenburg-Smith 
d e s i g n  and 2nd impinger ,  Greenburg-Smith d e s i g n ' w i t h  s t a n d a r d  t i p ) ,  d r y  ( 3 r d  
impinger ,  mod i f i ed  Greenburg-Smith d e s i g n ) ,  and 200 m l  s i l i c a  g e l  ( 4 t h  
impinger,  modif i e d  Greenburg-Smi t h  d e s i g n ) .  
f o l l o w i n g  e a c h  run  t o  d e t e r m i n e  water g a i n .  
of f o l l o w i n g  t h e  weighing. 

Impingers  were reweighed 
The impinger  w a t e r  was d i sposed  

j. A s  i n  t h e  mass e m i s s i o n  t es t s ,  02 and C02 s o l i d - s t a t e ,  
n o n d i s p e r s i v e  i n f r a r e d  a n a l y z e r s  were used  i n s t e a d  of a n  Orsat t o  de t e rmine  
dry s t a c k  g a s  molecu la r  we igh t  (Method 111, modi f i ed ) .  The z e r o  p o i n t  was s e t  
u s i n g  z e r o  g r a d e  a i r  r a t h e r  t h e n  n i t r o g e n ,  and one span  p o i n t  was set  u s i n g  
NBS t r a c e d  span  gas .  P l a t i n g  shop exhaus t  v e n t i l a t i o n  02 and  CO2 
c o n c e n t r a t i o n s  a re  t h e  same as ambient  a i r  c o n c e n t r a t i o n s  ( 0 2  = 20.92, 
c02 % 0.0%). 

k. Fol lowing a sampling run  t h e  i m p a c t o r  was d i s m a n t l e d  and 
e a c h  f i l t e r  s t a g e  p l a c e d  i n  a d i s p o s a b l e  p l a s t i c  p e t r i  d i s h .  
f i l t e r  ( w i t h  t e f l o n  O-rings) was p l a c e d  i n  a n  pre-weighed aluminum f o i l  
pouch. 
i n t e r v a l s  f o r  2 t o  3 weighings.  Whenever a s i g n i f i c a n t  weight  g a i n  (70.5 mg) 
was obse rved  t h r e e  weighings  were made. 
Mettler AK 160 e l e c t r o n i c  b a l a n c e ,  c a l i b r a t e d  u s i n g  IOLM s p e c i f i c a t i o n  metric 
w e i g h t s ,  was u s e d  f o r  a l l  f i e l d  f i l t e r  s t a g e  weighings.  The test s u p p o r t  van 
was set  on b l o c k s  d u r i n g  t h e  t es t  p e r i o d  t o  minimize t h e  t r a n s m i s s i o n  of 
v i b r a t i o n  t o  t h e  ba l ance .  

The back-up 

The f i l t e r  s t a g e s  were t h e n  weighed a t  approx ima te ly  30 minute 

See Appendix F f o r  d e t a i l s .  A 

1. F i l t e r  s t a g e s  showing v i s u a l  i n d i c a t i o n s  of c o l l e c t e d  
p a r t i c u l a t e  were s e n t  t o  T r u e s d a i l  L a b o r a t o r i e s  f o r  chemica l  a n a l y s i s .  
of t h e  l a b o r a t o r y  r e s u l t s  a p p e a r s  i n  Appendix C .  

A copy 
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m. Pe rcen t  i s o k i n e t i c  was c a l c u l a t e d  f o r  each  sampling run. An 
i s o k i n e t i c  v a l u e  between 80% and 120% v a s  n e c e s s a r y  f o r  t h e  r u n  t o  be 
cons ide red  v a l i d .  

B .  V e n t i l a t i o n  Survey 

The s u p p l y  a i r  f l o w  r a t e s  were measured f o r  h e a t i n g  and v e n t i l a t i n g  
(HV) u n i t s  10, 1 2 ,  and 13 a t  l o c a t i o n s  i n  F i g u r e  8. Measurements ve re  taken  
us ing  a s t a n d a r d  p i t o t  t ube  and a d u a l  U / i n c l i n e d  manometer. 
twenty- f ive ,  and t h i r t y  p o i n t  p i t o t  t r a v e r s e s  were performed t o  measure 
v e l o c i t y  p r e s s u r e s  in round,  r e c t a n g u l a r ,  and squa re  d u c t s ,  r e s p e c t i v e l y .  

Twenty, 

Smoke t e s t s  were conducted  i n s i d e  t h e  p l a t i n g  shop t o  i d e n t i f y  any 
t u r b u l e n t  a i r  c u r r e n t s  that might  a f f e c t  l o c a l  exhaus t  systems. The t e s t s  
were performed by i g n i t i n g  smoke p e l l e t s  a t  d i f f e r e n t  e l e v a t i o n s  near  
p e r i m e t e r  w a l l s ,  opened d o o r s ,  wal l -mounted a i r  g r i l l s ,  and v e n t i l a t e d  t a n k  
s u r f a c e s ,  and o b s e r v i n g  t h e  d i r e c t i o n  and v e l o c i t y  of t h e  smoke. 

I V .  CHAIN OF CUSTODY 

A. Source Emiss ion  T e s t  
I n l e t  - O u t l e t  

S t a c k  P e t e r  Panning Susan Suzuki 
Darrow K i r k p a t r i c k  Tom Be lange r  
B i l l  Powers T i m  Quarles  

Sample T r a i n  Set-Up and Susan Suzuki 
Recovery B i l l  Powers 

C h a r l e s  Yee 

B.  Sample Recovery and Ana lys i s  

B i l l  Powers 
C h a r l e s  Yee 
Susan Suzukf 

C. I n d u s t r i a l  V e n t i l a t i o n  Study 

Bob Wood 

D .  Sample T r a n s p o r t .  

?! 

i 

P . .  
, 

Samples were s t o r e d  in an  o n s i t e  mob i l e  f r e e z e r  f o r  up t o  f i v e  
days .  Each mass e m i s s i o n s  sample ,  KOH b l a n k ,  d e i o n i z e d  wa te r  b l a n k ,  and t a n k  
s o l u t i o n  sample vas s e a l e d  in a g l a s s  b o r o s i l i c a t e  c o n t a i n e r  o r  po lye thy lene  
" c u b i t a i n e r . "  Impactor  f i l t e r  s t a g e s  v e r e  s e a l e d  in z ip - lock  p l a s t i c  bags.  
Samples were then  t r a n s p o r t e d  by c a r  t o  T r u e s d a i l  L a b o r a t o r i e s  i n  T u s t i n ,  
C a l i f o r n i a .  No damage v a s  caused  d u r i n g  t r a n s p o r t .  
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V .  RESULTS 

A. A i r  Emissions 

Tables  1 through 4 summarize t a n k  d a t a  and t r a n s f o r m e r  e l e c t r i c a l  
r a t i n g s .  Tab le  5 c o n t a i n s  f l o w r a t e s  and i s o k i n e t i c  c a l c u l a t i o n s  f o r  a l l  
emiss ions  runs. The sample volume and l a b  sample weight  a r e  p re sen ted  i n  
Table  6. Tab le  7 l i s t s  t h e  chemica l  a n a l y s e s  performed on each sample. 
Table  8 l i s t s  t h e  r e s u l t s  of chemica l  a n a l y s e s  and s c r u b b e r  e f f i c i e n c i e s .  
Sample p o l l u t a n t  c o n c e n t r a t i o n s  a r e  compared t o  OSHA workqlace s t a n d a r d s  i n  
Table  9. Tab le  1 0  c o n t a i n s  f l o w r a t e s  and i s o k i n e t i c  c a l c u l a t i o n s  f o r  a l l  
impactor  runs .  S t a g e  5 impac to r  c u t p o i n t s  f o r  a l l  impactor  runs a r e  l i s t e d  i n  
Table  11. 
S t a t i c  p r e s s u r e  d rops  measured a c r o s s  each  s c r u b b e r  are l i s t e d  i n  Table  1 3 .  

R e s u l t s  from impac to r  runs  on Scrubbe r  103 a r e  g iven  i n  T a b l e  1 2 .  

A n  e r r o r  was found i n  t h e  sou rce  tes t  c a l c u l a t o r  program d u r i n g  
r e p o r t  p r e p a r a t i o n .  The program e r r o r  was c o r r e c t e d  and a l l  f i e l d  t e s t  
c a l c u l a t i o n s  were redone. The c o r r e c t i o n  r e s u l t e d  i n  s c r u b b e r  f l owra te s  
dropping an  a v e r a g e  of 0 .E .  

B. V e n t i l a t i o n  Survey 

Tab le  1 4  l i s t s  t h e  measured f l o w r a t e s  f o r  t h r e e  of t h e  f o u r  s u p p l y  
a i r  HV u n i t s .  The r a t e d  f l o w  f o r  b o t h  HV-10 and HV-11 i s  30,000 cfm. The 
r a t e d  f low f o r  b o t h  HV-12 and HV-13 i s  40,000 cfm. The measured f l o w r a t e  f o r  
HV-10 was 20500 cfm. H V - 1 1  was n o t  o p e a t i n g  d u r i n g  t h e  s t u d y  and it  is  
assumed that HV-11 has  a f l o w a t e  approx ima te ly  e q u a l  t o  HV-10. The measured 
f l o w r a t e s  f o r  u n i t s  HV-12 and HV-13 were 27800 and 27300 cfm, r e s p e c t i v e l y .  

Tab le  1 5  l i s t s  t h e  average  exhaus t  volume f l o w r a t e s  measured d u r i n g  
emiss ion  t e s t i n g .  Tab le  15 a l s o  l i s t s  t h e  e x h a u s t  a i r  f l o w r a t e s  r equ i r ed  t o  
meet recommended exhaus t  v e n t i l a t i o n  s t a n d a r d s .  2 

V I .  DISCUSSION 

A. Genera l  

Tanks were loaded  w i t h  a c t u a l  workpieces  or w i t h  s c r a p  m e t a l  t o  
produce t a n k  l o a d s  a t  o r  above t h e  maximum l o a d  expec ted  d u r i n g  shop 
o p e r a t i o n .  Workpieces were l i f t e d  on r e g u l a r  i n t e r v a l s  t o  s imula t e  emis s ions  
caused by moving workpieces  from t a n k  t o  tank .  L i f t i n g  i n t e r v a l s  and tank  
l o a d s  a r e  i n d i c a t e d  i n  Appendix A. 

T e s t i n g  i n i t i a l l y  was a t t empted  d u r i n g  t h e  day s h i f t .  Problems were 
encountered  m a i n t a i n i n g  h i g h  l o a d s  i n  t h e  t a n k s  w i t h o u t  i n t e r f e r i n g  w i t h  t h e  
p roduc t ion  s c h e d u l e  of t h e  shop.  A week i n t o  t h e  t e s t ,  t h e  workday was moved 
t o  t h e  swing s h i f t  (1600 t o  0200) t o  p reven t  c o n f l i c t s  w i t h  t h e  product ion  
schedule .  

No a i r  emiss ion  l i m i t s  a r e  s p e c i f i e d  f o r  chemica l s  t y p i c a l l y  e m i t t e d  
from p l a t i n g  shops.  Occupa t iona l  S a f e t y  and Heal th  Admin i s t r a t ion  (OSHA) 
exposure  l imits  do e x i s t  f o r  t h e s e  chemica l s ,  however, and t h e s e  l i m i t s  a r e  
used a s  a s t a n d a r d  t o  canpa re  test  r e s u l t s .  It  i s  impor t an t  t o  n o t e  t h a t  OSHA 
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MY 30 101 x-x 
16 102 2-1 
17 102 2-2 
18 102 2-3 
18 102 2-4 
22 103 4- 1 
22 103 4-2 
23 103 4-1 
23 103 4-4 
25 104 6-1 
25 104 6-2 
26 104 6-3 
3 1  105 10-1 
3 1  105 10-2 
31 105 10-3 
29 106 8-1 
29 106 8-2 
29 106 8-3 

27985.05 
31991.6 
29964.3 
32306.6 
30727.4 
32385.8 
31476.3 
32857.1 
33645.0 
32276.8 
32687.7 
33265.1 
49278.9 
49360.4 
49064.2 
43581.0 
43717.8 
44053.9 

m 
38700.4 
38073.2 
36963.7 
36750.5 
30009.9 
29666.9 
30225.5 
27640.4 
m 
xx 
xx 

50239.8 
49687.9 
49234.3 
64181.0 
44133.4 
44166.9 

xx xx 
31669.3 38i60.1 
29676.8 3 8 2 2 . 8  
31779.5 37199.4 
30737.7 38845.6 
32454.8 30126.9 
317F .9  29669.8 
32771.5 30272.6 
33835.1 27747.2 
32262.4 xx 
32745.9 % 
33078.5 xx 
48696.1 ' 50462.7 
49070.9 50110.3 
48793.9 49700.4 
43272.7 44160.8 
43501.6 44269.1 
43995.6 45129.6 

xx 
91.! 

100.3 
92.4 
95.3 
85.8 
96.4 

106.5 
96.2 

103.1 
104.6 
104.1 
101..5 
103.2 
101.5 
95.1 
96.1 
95.4 

xx 
!04.2 
!03.5 
101.9 
1C1.9 

99.5 
103.1 

99.4 
104 
#, 
xx 
xx 

94.8 
96 

96.7 
102.5 
101.2 
101.2 

a 
h 

' ;  
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MY 16 
17 
18 

22 
22 
23 
2 3  
25 
25 
26 
31 
31 
31 
29 
29 
29 

ia 

102 2-1 L04.63 
102 2-2 109.76 

102 2-4 53.75 
103 4- 1 62.57 
103 4-2 68.03 
103 4-3 76.03 
103 4-4 70.08 
106 6-1 94.78 
104 6-2 92.56 
104 6-3 95.6? 
105 10-1 66.75 
105 10-2 65.1 
105 10-3 64.2 
106 8-1 73.38 
106 8-2 74.56 
106 8-3 73.66 

102 2-3 i05.a~ 

71.59 
?0.22 
67.07 
69.02 
123.46 
123.33 
121.1 
118.18 

xy 
xy 
xy 
62.75 
63.08 
63.03 
61.55 
60.18 
60.88 

698.9 
686.9 
743.4 
676 

766.4 
904.3 
701 

805.9 
950.5 
825.4 
790 

660.9 
682.2 
641.6 
745.8 
750.3 
715.9 

682.7 
486.7 
624.5 
647 

536.8 
663.6 
473.5 
790.5 

xx 
xx 
xy 

387.4 
519.2 
499.9 
446.2 
522.5 
473.7 



TABLE 7 
A n a l y s i s  S c h e d u l e  f o r  Samples 

From B u i l d i n g  210 P l a t i n g  Shop 
Long Beach Naval Sh ipya rd  

I I I 
I S c r u b b e r  L i n e  I S p e c i e  I 
I I I 
I 102  I C l - ,  S 5 4 ,  Al", Naf, Ni"  I 
I I I 
I103 I C r t o t ,  so4 I 
I I I 
I 104  I C l - ,  CrtOt, S04, F- I 
I I I 
I105 I C l - ,  CN-, Ag+, Cd*, Cu*, Naf, Ni* I 
I I I 
I106 I C l - ,  C r r o f ,  F; PO4-3 I 

P . >  

4 2  



TASLE 6 
MASS EMISSIONS CHEMICAL ANALYSIS RESULTS 

SCRUSBER 102  

4 3  



TABLE 8 CCONTD. I 
RRSS EMISSIONS CHERICAL FINRLYSIS RESULTS 

SCRUBBER 1 0 3  

TEST-RUN SPEC I E LOkCING (ug/rn3j 
INLET OUTLET 

EFF I C I ElJCY 
: % I  

SCRUBBER 1 0 4  



T A a L E  8 t C 5 N T D . J  
MFiSS E M I S S I O N S  CHEWlCFiL A N A L Y S I S  RESULTS 

SCRUBBER 1 0 5  
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T A S L E  8 CCONTD., 
hASS E M I S S I O N S  CHEM';CHL A N A L Y S I S  RESULT5  

SCRUBBER 1 0 6  

4 6  



-- -- 
106 Htl 7.0- 0.08 - 0.10 - 

t r  0.1 0.00 - u.00 - 
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MY 21 
MY 21 
MY 21 
MY 21 
MY 24 
MY 24 
MY 24 
MY 24 

MY 26 
JUN 1 
JUN 1 
JLN 1 
JM 1 

nay 26 

nAY 15 
rw 15 

npy 15 
I W Y  15 

MY 15 
MY 30 
MY 30 

102 
102 
102 
102 
103 
I03 
103 
103 
104 
104 
105 
105 
105 
105 
106 
106 
106 
106 
106 
106 
106 

3-1 INLET 
3-1 OUTLET 
3-2 INLET 
3-2 WTLET 
5-1 IW 
5-1 OUTLET 
5-2 IWT 
5-2 OUTLET 
7-1 Irn 
7-2 INLET 

11-1 INLET 
11-1 OUTLET 
11-2 INLET 

1-1 lWT 
1-1 WTLET 
1-2 WTLET 
1-3 IKn 
1-3 OUTLET 
9-1 IMET 
9-1 OUTLET 

11-2 wnn 

4c.40 
45.94 
92.98 
97.n 
79.52 
116.62 
79.27 
73.89 
180.44 
6:. 00 
120.51 
119.92 
117.90 
121 I 65 
63.52 
41.00 
42.28 
55.04 
44.10 
142.79 
127.17 

29901.75 29490.32 
38809.95 38804.47 
30424.26 10157.49 
38866.91 38876.35 
31911.59 31556.02 
31E55.n 31867.28 
31893. 18 31626.56 
31771.81 31828.66 
33BO7.88 33574.18 
33539.28 33419.78 
45075.22 44505.27 
50577.63 50891.25 
44919.58 44659.57 
50518.74 50950.58 
42527.42 42954.40 
44650.10 45369.29 
50676.92 51631 -78 
43985.09 44009.16 
50671.82 51551.96 
44389.69 42817.19 
47498.1~ 47492.18 

115.2 
i00.2 
115.2 
95.4 

123.2 
i05.8 
123.0 
101.6 
105.1 
108.1 
105.2 
98.6 
102.5 
95.5 
128.4 
107.6 
99.1 
109.5 
105.2 
97.3 
106.3 

4 
1 

I '  ,I 



T A U  11 
INWTOR DATP 

S T G  5 kEROOYNWlIt CUTPOINTS 

MY 21 102 
MY 21 102 
MY 21 102 
MY 21 102 
MY 24 103 
MY 24 103 
MY 24 101 
MY 24 103 
MY 26 104 
MY 26 104 
JW 1 105 
JUN 1 105 
JLN 1 105 
JW 1 105 
tlPY 15 106 
MY 15 106 
MY 15 106 
MY 15 106 
MY 15 106 
NAY 30 106 
MY 30 106 

3-1 IHLET 
3-1 CUTLET 
3-2 INLET 
3-2 OUTLET 
5-1 IHLET 
5-1 OUTLET 
5-2 INLET 
5-2 aiTLET 
7-1 INLET 
7-2 INLET 
11-1 INLET 
11-1 OUTLET 
11-2 INLET 
11-2 OUTLET 
1-1 INLET 
1-1 OUTLET 
1-2 OUTLET 
1-3 INLET 
1-3 OUTLET 
9-1 IWl 
9-1 OUTLET 

80 
80 
180 
180 
240 
240 
240 
240 

60 

180 
180 
180 
60 
60 
60 
60 
60 

180 

iao 

iao 

iao 

0.52 
0.59 
0.54 
0.57 
0.35 
0.51 
0.35 
0.50 
1.07 
1.12 
0.71 
0 . 7 2  
0.70 
0.73 
1.11 
0.n 
0.74 
u.95 
0.78 
0.87 
0.75 

1.3(X(4.4 
l.J(X(4.2 
I.SCXt4.3 
1.3(X(4.2 
1.6(X(5.5 
1.3(Xt4.7 
1.6(X(5.5 
1.3tX(4.7 
0.87(X(3.2 
O.B3(X0.2 
l.lCXC1.B 
l.l(X(J.B 
l.l(X(J.8 
1. ICXC3 .B 

o.a~(x(3.2 
i.icxc3.e 
i.l(X(3.7 

0.92(X(J.2 
l.lCXC1.6 

l,l(XC3.7 
0.9a(x0.3 

'1 
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TABLE 1 2  
Scrubber  103 

T o t a l  Chromium P a r t i c l e  Sizing Test Resu l t s  

Test  5f (un  1, I n l e t  
T o t a l  Catch Weight ,, 92.5 grams 
Cas F l o w  Rate = . 3 5  

I I I I I 1 
I I I CUtpoFnts I I b m .  % Less I 
I I D50 I Czm) I Z I t h a n  D50 I 
I I I I I I 
)stage 1 I 19 I x>19 I 1 2  I 88 I 
IS tage  2 I 15 115<x<19 1 2 1  86 I 
/ S t a g e  3 I 5.5 15.5<;<15 I 53 I 33 I 
IStage 5 I 1.6 k . 6 c x - c  5. j l  26 I 7 I 
\ F i l t e r  I lxLl.-6 1 7 1  I 

Test  5fbta 2 ,  I n l e t  
T o t a l  Catch Weight 7 7 . 3  grams 
Cas Flow Rate = 0.35 

I I I Cu tpoin ts  I ICum. X Less I 
I I D50 I (urn) 1 % 1 than D50 I 
I I I I I I 
IStage 1 I 19 I x>19 I 1 4  I 8 6  I 
I S t a g e  2 I 15 115<x119 1 7 1  79 I 
IStage 3 I 5.5 15.5atc15 I 47 I 32 I 
\ S t a g e  5 I 1.6 h . 6 < x - q  5.51 27 I 5 I 



TABLE 1 2  (CONTD.) 
S c r u b b e r  103 

T o t a l  Chromium P a r t i c l e  Sizing Test R e s u l t s  (Contd.)  

Test 5+n 1, O u t l e t  
T o t a l  Catch Weight = 1 6 . 1  gms 
Cas F l o v  Rate  = 0.5 acfm 

I I I I I I 
I I I c u t p o i n t s  I ICum. % L e s s  I 
I I D50 I (um)  I Z I t h a n  D50 I 
I I I I I I 
] S t a g e  1 1 1 7  I x>17 1 1 4  I 8 6  I 
! S t a g e  2 I 12 112<x117 I 1 3  I 73 I 
! S t a g e  3 I 4 . 7  14.7<x<12 I 12 I 61 I 
I S t a g e  5 I 1.3 11.3<xt4.7 I 28 I 33 I 
I F i l t e r  I I xflT3 I 33 I I 

Test 5-Run 2 ,  O u t l e t  
T o t a l  Catch Weight = 11.0 grams 
Cas F l o v  Rate  = 0.5 acfm 

I I I I I I 
I I 1 C u t p o i n t s  I ICum. % L e s s  I 

I D50 I I % I t han  D50 I 
I I I I I 

I 
I S t age  1 I 1 7  I x > 1 7  I 21 I 79 I 
I 

\ S t a g e  2 I 1 2  112<xL17 I 18 I 61 I 
IS t age  3 I 4 . 7  14.7<x<12 I 1 8  I 4 3  I 
! S t a g e  5 I 1.3 11.3<x{4.7 I 25 I 18 I 
[ F i l t e r  I I d 1 . T  1 1 8  I I 
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TASLE 13 
STkTlt PRESSURE ORW ACROSS SCRLBBERS 

102 3.3 6 .4  3 . 1  

106 FA? NOT 0PEJ.ATIW 

NOTE: THE CROSS-KCTIONAL MEA OF WE !WT STATIC PRESSURE 
NASURING PCIHT IS WppROXlrWTELY E W .  TO THE CROSS- 
SECTIONAL RREA OF THE OUTLET STATIC PRESSURE llErijURlNG 
POINT FOR EAW KRUBBER. THE% r(EASLIREMNTS W E R E  i%K 
ON 24 JUL 84,  WRIK A FOUOU-Up UISIT TO THE PLATIIU; 
SHOP. 
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TABLE 1 4  

Supply Air Flovrates 

I 
Heating and I Measured 
Venti lat ing I F l o w  Rates 
U n i t  No. I (cfm) I 

10 1 20520 
I 
I 

I 
I 

I 

11 I * 20520 

12 I 2 7 7 8 4  

I 

I 
1 

13 I 27327 

Total I 96151 

*Unit not operating during survey. 



TABLE 15 
Exhaust  Ai? F l o w r a r e s  

I 
I 
I 

I 
I101 
I 
I102 
I 
I103 
I 
I104 
I 
I105 

1 S c r u b b e r  
/ F a n  # 

I 

I 
I106 

Recommended 
F l o w r a t e  (SCFM)* 

25140 

22785 

37625 

23625 

28350 

45450 

I 
Measured F l o w r a t e  

(SCFY) 
l c rubbe r  1 Fan . . ~~~~ 

I n l e t  I 0u:let v 
28129 I 

I 

I 

I 

I 

I 

30966 1 38271 

32700 I 29454 

32696 I ** 
48854 I 50091 

43590 ' I 44520 

I 
I 

Yeasured 1 
Fan I n l e t  I 
;P ( i n c h e s  W G I  

I 
-6.8 I 

I 
-6.4 I 

I 
-5.4 I 

I 
I * 
I 

-5.1 I 
I 
I *** 
I 

* See Appendix C. 
*L ine  104 o u t l e t  f l o w r a t e  vas not mea'sured because  e x i s t i n g  s c r u b b e r  

and  f a n  are  s c h e d u l e d  t o  be  r e p l a c e d .  
***Fan on L i n e  106 was n o t  o p e r a b l e .  

I '  



s t a n d a r d s  i n d i c a t e  t h e  t ime-weighted p e r m i s s i b l e  exposure  l i m i t  ( P E L )  of a 
p o l l u t a n t  o v e r  a n  8-hour workday. P o l l u t a n t  c o n c e n t r a t i o n s  measured a t  l e v e l s  
lower t h a n  t h e  OSHA s t a n d a r d  i n d i c a t e  t h a t  t h e  p o l l u t a n t  i s  a t  a s a f e  
workplace c o n c e n t r a t i o n .  

S t r o n g  odor s  emanate from b o t h  the p a i n t  s t r i p  t a n k  (Tank 5 2 )  and 
t h e  l a r g e  vapor  d e g r e a s e r  t a n k  (between Tank 12 and Tank 1 3 ) .  Although bo th  
t a n k s  p r e s e n t  p o t e n t i a l  h e a l t h  h a z a r d s ,  n e i t h e r  t a n k  i s  v e n t i l a t e d .  The p a i n t  
s t r i p  t a n k  c o n t a i n s  a p p r o x i m a t e l y  80 p e r c e n t  methylene c h l o r i d e  
(CH2 C12). The PEL f o r  methylene c h l o r i d e  i s  100 p a r t s  p e r  m i l l i o n .  The 
vapor  d e g r e a s e r  c o n t a i n s  f u l l  s t r e n g t h  1,1,1 t r i c h l o r o e t h a n e  (C13CCHj). 
The PEL for t r i c h l o r o e t h a n e  is 350 p a r t s  per m i l l i o n . 7  

B .  A i r  Emiss ions  

1. S c r u b b e r  102 ( A l k a l i n e ) .  Mass emissions d a t a  show an ave rage  
i n l e t  sodium hydrox ide  (NaOH) e m i s s i o n  ra te  of  0.26 mg/m3. The ave rage  
o u t l e t  NaOH emission r a t e  i s  0.16 mg/m3. 
r a t e s  f o r  NaOH a r e  w e l l  below t h e  OSHA workp lace  s t a n d a r d  o f  2.0 mg/m3. 
Tab le  9. 

Both i n l e t  and o u t l e t  e m i s s i o n  
See 

The i n l e t  h y d r o c h l o r i c  a c i d  ( H C 1 )  e m i s s i o n  rate w a s  
0.19 mg/m3. 
and o u t l e t  H C 1  e m i s s i o n  r a t e s  are wel l  below t h e  a l l o w a b l e  workplace l i m i t  o f  
7.0 mgfm3. See T a b l e  9. 

The HC1 o u t l e t  e m i s s i o n  r a t e  was 0.15 mg/m3.  Both t h e  i n l e t  

N i c k e l  ( N i )  e m i s s i o n  r a t e s  were below d e t e c t a b l e  l imi t s  
( >  0.01 mg/m3) a t  b o t h  i n l e t  and o u t l e t  s ampl ing  s i tes .  

One 80 -minu te  impac to r  run and one 180-minute impac to r  m n  were 
performed on S c r u b b e r  102. No s i g n i f i c a n t  weight  g a i n s  (>0.5 mg) were 
measured on any of  t h e  i n l e t  or o u t l e t  impac to r  f i l t e r  s t a g e s .  
measu rab le  we igh t  g a i n  on t h e  i m p a c t o r  s t a g e s  is c o n s i s t e n t  w i t h  t h e  l o w  
e m i s s i o n  r a t e s  measured d u r i n g  mass e m i s s i o n s  t e s t i n g .  

The l a c k  o f  

2. Sc rubbe r  1 0 3  (Decora t ive /Hard  Chrome P l a t i n g ) .  The ave rage  
i n l e t  chromic a c i d  c o n c e n t r a e i o n  of 1.31 mg/m3 i s  w e l l  above t h e  0.1 mg/m3 
OSHA workplace s t anda rd . '  
c o n c e n t r a t i o n  i s  <0 .1  mg/m3. S c r u b b e r  e f f i c i e n c y  i s  good, w i t h  an ave rage  
removal e f f i c i e n c y  of 922. 

The a v e r a g e  s c r u b b e r  o u t l e t  chromic a c i d  

P a r t i c l e  s i z e  d i s t r i b u t i o n  d a t a  show an i n l e t  median aerodynamic 
d i a m e t e r  of 7.6 um f o r  t h e  chromic a c i d  m i s t .  See f i g u r e s  1 7  and 18. No 
s i g n i f i c a n t  we igh t  g a i n s  (>0.5 mg) were measured on any of t h e  i n l e t  or o u t l e t  
impac to r  s t a g e s ,  though c o l l e c t e d  p a r t i c u l a t e  was v i s i b l y  e v i d e n t  on a l l  
f i l t e r  s t a g e s .  Each f i l t e r  s t a g e  was c h e m i c a l l y  ana lyzed  t o  d e t e r m i n e  
q u a n t i t i e s  of  chromic a c i d  m i s t  c o l l e c t e d .  See Appendix C .  The h i g h  
e f f i c i e n c y  measured a c r o s s  S c r u b b e r  103 is c o n s i s t e n t  w i t h  t h e  s c r u b b e r  
m a n u f a c t u r e r ' s  c l a i m s  f o r  p a r t i c u l a t e  removal e f f i c i e n c y . 8  
f o r  pho tographs  of S c r u b b e r  103  impac to r  f i l t e r  s t a g e s .  

See Appendix I 



Ll 
0 
Y u 
E 
m 
d 
P 
al 
3 
u 
i 
u 
Ll 
c. a 
u 
i 
E 
0 
C 
x 
V 
0 
Ll 
c) < 

F i g u r e  17 .  Mass Mean Particle D i a m e t e r ,  S c r u b b e r  103 In l e t  

56 



L1 
w 
Y 
W 

5 
i 
0 
W 
3 
0 
4 
LI 
N 
ol 
Dr 

u * 

W a 

Figure 18. Mass Mean Par:icle Diameter, Scrubber 103 Outlet 

57 



NOTE: The Scrubber  133 i n l e t  duct  dimensions were i n c o r r e c t l y  
assumed t o  be t h e  same a s  t h e  i n l e t  duc t  dimensions o f  scrubbers 
101 and 102. Measurements made of the  Scrubber 103 i n l e t  duct  
dur ing  t h e  i n i t i a l  v e l o c i t y  t r a v e r s e  showed t h e  duct  w i d t h  t o  be 
64 i nches  v e r s u s  43 i nches  on sc rubbe r s  102 and 103. The t h r e e  
t e s t  p o r t s  i n s t a l l e d  p r i o r  t o  t e s t i n g  allowed sampling of o n l y  
60% of t h e  duct  c ross -sec t ion .  Measured i n l e t  flow r a t e s  
averaged 3% higher  than t h e  o u t l e t  f low r a t e s .  Test  r e s u l t s  
have not  been modified t o  account f o r  t h e  h igher  seasured  
v e l o c i t i e s  a t  t h e  scrubber  i n l e t .  

3. Scrubber  104 . (At id) .  The average  i n l e t  hydrochlor ic  (HCl) a c i d  
c o n c e n t r a t i o n  of 32.2 mg/m-' i s  we l l  above t h e  OSHA workplace s tandard of 7.0 
mg/m3. 
sc rubber .  Ou t l e t  emiss ions  were n o t  measured, a s  t h e  scrubber  and f a n  a r e  
scheduled f o r  replacement i n  t h e  immediate f u t u r e .  

A c i d  a t t a c k  was ev iden t  on metal  s t r u c t u r e s  w i t h i n  100 f e e t  of t h i s  

P a r t i c l e  s i z e  d i s t r i b u t i o n  d a t a  was inconc lus ive .  The a c i d  
a e r o s o l  depos i t ed  on a l l  i n t e r i o r  s u r f a c e s  of t h e  impactor ,  i n v a l i d a t i n g  t h e  
weight g a i n s  measured on i n d i v i d u a l  f i l t e r  s t ages .  
photographs of the  Scrubber  104 impactor f i l t e r  s t a g e s .  

See Appendix I f o r  

High l e v e l s  of chromium were d e t e c t e d  i n  each  mass emissions 
sample c o l l e c t e d  a t  Scrubber  104. The presence  of chrome i n  t h e  samples was 
i n c o n s i s t e n t  wi th  t h e  f a c t  t h a t  n o  t ank  connected t o  Scrubber  104 contained 
chromates. Heavy a c i d  a t t a c k  was ev ident  on a l l  s t a i n l e s s - s t e e l  sampling 
probe components exposed t o  t h e  exhaust  g a s e s .  
chrome i s  t h e  sampung nozzle .  The sampling nozzle  i n t e r i o r  had been 
gold-plated p r i o r  t o  the t e s t  teams' a r r i v a l  a t  Long Beach NAVSHIPYD, and 
f requent  measurements of t h e  i n s i d e  d iameter  w i t h  a s t e e l  micrometer ( r equ i r ed  
t o  c a l c u l a t e  a c t u a l  sample f low r a t e )  had chipped away some of t h e  p ro tec t ive  
gold-p la t ing .  
s t a i n l e s s - s t e e l  nozz le  would c o n t r i b u t e  chrome t o  t h e  emissions sample. No 
i n c o n s i s t e n t  chrome l e v e l s  were noted i n  samples taken  from t h e  o t h e r  fou r  
sc rubbers  t es ted ,  i n d i c a t i n g  t h a t  t h e  high r e a c t i v i t y  of H C 1  w l th  the  
s t a i n l e s s - s t e e l  was t h e  S O U K C e  of t h e  chrome de tec t ed  i n  Scrubber  104 samples. 

The probable  source  of the 

Reac t ion  between H C 1  and the high chrome con ten t  (17%) of t h e  

4 .  Scrubber  105 (Heavy Metal). Average i n l e t  concent ra t ions  of 
S i l v e r  (Ag), Cadmium (Cd) ,  Chlor ine  ( C l ) ,  Cyanide (CN), Copper (Cu),  and 
Nickel  (Xi) were a l l  w e l l  below OSHA workplace s t anda rds .  
r educ t ion  i n  emiss ions  was achieved by t h e  scrubber  on Ag, Cd, Cu, and N i .  

See Table 9. No 

Scrubber  o u t l e t  emissions inc reased  s l i g h t l y  f o r  C1 and CN. 
T h i s  phenomenon occur s  under  c e r t a i n  c o n d i t i o n s  i n  wet sc rubbers  t r e a t i n g  gas  
s t reams w i t h  very low p a r t i c u l a t e  loadings .  C i rcu la t ing  scrubber  water a c t s  
a s  a r e s e r v o i r  concen t r a t ing  captured  p o l l u t a n t s ,  and some of t h i s  scrubber  
water  i s  e n t r a i n e d  a s  m i s t  and c a r r i e d  out  t h e  s t ack .  

Two 3-hour impactor  runs were performed o n  Scrubber 105. No 
s i g n i f i c a n t  weight g a i n s  (>0.5 mg) were measured on any of t h e  i n l e t  o r  o u t l e t  
impactor f i l t e r  s t a g e s .  
s t a g e s  i s  c o n s i s t e n t  w i th  t h e  low emission r a t e s  measured dur ing  mass 
emissions t e s t i n g .  

The l a c k  of measureable weight g a i n  on the  impactor  

I ,' 
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On both i n l e t  and o u t l e t ,  c o l l e c t e d  p a r t i c u l a t e  MS v i s i b l e  on 
S tage  5 of each impactor fo l lowing  each run. 
range c o l l e c t e d  on Stage 5 k a s  between 1.1 um and 3.8 um. 
scrubber e f f i c i e n c i e s  on p a r t i c l e s  i n  t h i s  s i z e  range a r e  l o w  ((50%). 

The aerodynamic pa r t i ; l e  s i z e  
See Table 11. Wet 

5 .  Scrubber  106 (Chromates).  Both the scrubber  i n l e t  and o u t l e t  
chronium emission l e v e l s  were below d e t e c t a b l e  l i m i t s .  Hydrochloric acid 
concenfra t ions  averaged 
o u t l e t .  These hydrochlor ic  concen t r a t ions  a r e  wel l  below the OSHA workplace 
s tandard of 7.0 mg/m3. 

0.1 mg/m3 a t  both the scrubber  i n l e t  and the 

The tanks  connected t o  Scrubber 106 con ta in  p r o p r i e t a r y  chromate 
s o l u t i o n s  used t o  c l e a n  and coa t  aluminum, b r a s s ,  and copper components. 
Compressed a i r  provides  mechanical a g i t a t i o n  t o  t h e s e  tanks. No v i s u a l  
i n d i c a t i o n s  of chemical a c t i o n  a r e  ev ident  when a workpiece i s  immersed i n  t h e  
chromate s o l u t i o n s ,  un l ike  the gass ing  vhich i s  evfdenc a t  t h e  workpiece 
during e l ec t roc l ean ing  o r  hard chrome e l ec t r cp la t i r rg .  

Three 1-hour impactor  NUS and one 3-hour impactor  m n  were 
performed on Scrubber  106. The r e s u l t s  a r e  i d e n t i c a l  t o  t h e  impactor r e s u l t s  
d i scussed  f o r  Scrubber 105. 

C .  V e n t i l a t i m  Survey 

1. Smoke Tes ts .  Turbulent a i r  c u r r e n t s  were i d e n t i f i e d  by 
observing smoke t r a v e l  a t  d i f f e r e n t  l o c a t i o n s  wi th in  t h e  shop. Along t h e  
per imeter  wa l l s  smoke rose  u p m r d  a t  d i f f e r e n t  v e l o c i t i e s  from f l o o r  l e v e l  t o  
25 f e e t  above t h e  f l o o r .  Near tank  exhaust  hoods i n  t h e  northwest  half of the  
shop, where c r o s s  d r a f t s  had been i d e n c i f i e d ,  smoke was not  e f f e c t i v e l y  
captured .  Throughout t h e  shop smoke t r ave led  i n  va r ious  d i r e c t i o n s  a t  
r e l a t i w l y  high v e l o c i t i e s  ( g r e a t e r  than 200 fpm). 

. NAVFNENVSA and Long Beach NAVSHLPYD personnel  discussed causes  
f o r  the tu rbu len t  c r o s s  d r a f t s .  The q u a n t i t y  of supply a i r  i s  i n s r d f i c i e n t  
and is not  d i s t r i b u t e d  uniformly throughout the  shop. I n f i l t r a t i o n  through 
e x i s t i n g  openings i s  e x c e s s i w .  

A so lu t ion  t o  c o n t r o l  the c r o s s  d r a f t s  i s :  Supply a d d i t i o n a l  
a i r  i n t o  t h e  shop, i n s t a l l  p e r f o r a t e d  duc t ing  h o r i z o n t a l l y  t h r e e  t o  four f e e t  
below the  c e i l i n g  to  provfde uniform d i s t r i b u t i o n  of supply a i r ,  seal off the 
t h r e e  8-foot by 8-foot w a l l  g r i l l s ,  and c l o s e  per imeter  doors.  

Good engineer ing  p r a c t i c e 2  r e q u i r e s  maintaining t h e  p l a t i n g  
shop under  a n e g a t i w  p res su re  by mechanically supplying a quan t i ty  of a i r  
equal  t o  90 pe rcen t  of t h e  exhaust a i r .  A uniform d i s t r i b u t i o n  of supply a i r ,  
en t e r ing  the  p l a t i n g  shop a t  a r a t e  of 50 t o  100 f e e t  pe r  minute (fpm), i s  
necessary.  The remaining supply a i r  w i l l  i n f i l t ra te  through e x i s t i n g  
cpenings. 

2 .  A sump t rench  connect ing l i n e s  101, 102,  and 103 bas 
i d e n t i f i e d .  Th i s  t rench causes  t h e  t h r e e  f a n s  t o  compete f o r  a i r .  Mist and 
l i q u i d  Waste from one l i n e  can be drawn through the t r ench  and contaminate 
another  l i n e .  Th i s  condi t ion  vas observed on a subsequent visit t o  Long Beach 
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i n t o  the  exhaust system and vas drawn i n t o  t h e  scrubber  on Line 102 through 
the sump t rench .  

L i q u i d  s o l u t i o n  from a hard chrome tank on Line 103 Overflowed 

Scrubber 102 has  an e l e v a t e d  i n l e t  s t a t i c  pressure  r e l a t i v e  to  
scrubbers  101 and 103, caus ing  a po r t ion  of t h e  exhaust a i r  in l i n e s  101 and 
103 t o  flow through t h e  t r ench  t o  Line 102.  P i t o t  tube t r a v e r s e  poin t  
l o c a t i o n s  were d i r e c t l y  above t h e  t rench .  Because of t h i s  l o c a t i o n ,  the 
q u a n t i t y  of a i r  f low i n t o  Line 102 from l i n e s  101 and 103 vas  not  "seen'. by 
the p i t o t  tube .  A 7300 scfm inc rease  in a i r  f l o w  vas  measured between the 
Scrubber 102 i n l e t  and o u t l e t .  See Table 10. No l e a k s  were ev ident  i n  the 
scrubber  housing,  i n d i c a t i n g  t h a t  t h e  a d l i t i o n a l  a i r  vas coming through the 
sump t r ench .  

A 3200 scfm decrease  in a i r  flow between scrubber  i n l e t  and fan 
o u t l e t  vas  measured a t  Line 103. The o u t l e t  a i r  flow a t  Line 101 vas not  
measured, but  i t  is expected t h a t  t h e  f a n  o u t l e t  flow r a t e  is approximately 
4100 scfm l e s s  than t h e  i n l e t  f l o v r a t e .  

3 .  P r e f i l t e r s  in t h e  roof-mounted hea t ing  and v e n t i l a t i n g  (HV) 
u n i t s  were in poor c o n d i t i o n  dur ing  a p r e t e s t  i n spec t ion .  These p r e f i l t e r s  
were rep laced  f o r  the  t e s t s .  However, t h e  f i l t e r  suppor t  s c reens  were broken 
and to rn  open ( appa ren t ly  when r ep lac ing  f i l t e r s ) ,  p r e f i l t e r  supports  were 
misa l igned ,  two of t h e  fou r  supply a i r  u n i t s  were ope ra t ing  wi th  loose  f an  
b e l t s ,  and HV-11 vas  not  i n  ope ra t ion .  No monitoring ins t rumenta t ion  (such a s  
magnahelics) is l oca t ed  i n s i d e  t h e  p l a t i n g  shop f o r  t h e  roof-mounted HV u n i t s .  

V I I .  coKLusIoNs 

A. General 

Emissions test d a t a  demonstrate  t h a t  s e v e r a l  t ypes  of  metal  c leaning  

An exhaust  v e n t i l a t i o n  system without a i r  
and p l a t i n g  processes  do not  produce s u f f i c i e n t  emissions t o  j u s t i f y  the  use 
of a i r  p o l l u t i o n  c o n t r o l  equipment. 
p o l l u t i o n  c o n t r o l  equipment is s u f f i c i e n t  f o r  c a u s t i c  t anks ,  chromate tanks ,  
and metal  (non-chrome) p l a t i n g  tanks.  Chrome p l a t i n g  tanks  and HC1 tanks do 
r e q u i r e  c o n t r o l  equipment. 

B. S p e c i f i c  

1. Line 101. Scrubber 101 emissions were not  t e s t e d ,  a s  tanks 
con ta in ing  s i m i l a r  s o l u t i o n s  e x i s t e d  o n  l i n e s  102 and 106.  Tanks s o l u t i o n s  
t h a t  a r e  unique t o  Line 101, sodium o r t h o s i l i c a t e  (Tank 8 )  and phosphate 
c l eane r  (Tank 9), a r e  not  s i g n i f i c a n t  sources  of a tmospheric  a i r  p o l l u t i o n .  

A scrubber  is not  necessary  o n  Line 101, based on emission t e s t  
r e s u l t s  from l i n e s  102 and 106. Exhaust v e n t i l a t i o n  a lone  i s  requi red .  
Removal of  the  scrubber  i n t e r n a l s  w i l l  reduce f an  s t a t i c  pressure  requirements 
by approximately 4 . 5 "  H20. 
mainta in  t h e  p re sen t  exhaust  volume can be  reduced by 27 h p ,  r e s u l t i n g  i n  a 
y e a r l y  e l e c t r i c i t y  c o s t  r educ t ion  of $11,100. 
c a l c u l a t i o n s .  Cost sav ings  would a l s o  r e s u l t  by e l imina t ing  a source of 
wastewater t o  t h e  water t rea tment  system. P e a r l y  scrubber  

See Table 13. Fan horsepower requi red  t o  

See Appendix E f o r  
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maintenance c o s t s  w i l l  be reduced a s  sc rubber  water  pumping and r e c i r c u l a t i n g  
systems w i l l  no longer  be used. 

2 .  Line 102. I n l e t  emission r a t e s  f o r  NaOH and N i  a r e  well  below 
OSHA w o r k l a c e  s tandards. '  
102. Removal of scrubber  i n t e r n a l s  would reduce f a n  s t a t i c  pressure  
requirements by approximately 3.0 "820. 
the  present  exhaust  volume can be reduced by 18.6 hp, r e s u l t i n g  i n  a year ly  
e l e c t r i c i t y  c o s t  reduct ion  of b7,600. 
maintenance c o s t s  w i l l  be e l imina ted .  

Exhaust v e n t i l a t i o n  a lone  i s  requi red  on Line 

Fan horsepower r equ i r ed  t o  maintain 

Wastewater t rea tment  c o s t s  and scrubber 

3 .  Line 103. I n l e t  chromic a c i d  emiss ion  r a t e s  exceed t h e  OSKA 
workplace s tandard . '  The high 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  i s  
c o n s i s t e n t  w i t h  p a r t i c l e  s i z i n g  t e s t  d a t a ,  which show a r e l a t i v e l y  l a r g e  mean 
p a r t i c l e  diameter  of approximately 7.6 um. 

Scrubber  c o l l e c t i o n  e f f i c i e n c y  v a r i e s  depending on t h e  scrubber  
water  f lowra te .  
ensure that an adequate  volume of water  i s  reaching t h e  scrubber  spray nozzles .  

An a c c u r a t e  sc rubber  water  f l o w r a t e  meter  I s  necessary t o  

4 .  Line 104. I n l e t  H C 1  emission rates exceed t h e  OSHA workplace 
I n l e t  s u l f u r i c  a c i d  emission r a t e s  a r e  below d e t e c t a b l e  l i m i t s .  s tandard. '  

Reduction of t h e  H C 1  emission r a t e  us ing  a wet scrubber  is necessary t o  
p ro tec t  personnel  and equipment in t h e  immediate v i c i n i t y  of t h e  f a n  o u t l e t .  

Commercially a v a i l a b l e  wet sc rubbers  can achieve  H C l  c o l l e c t i o n  
e f f i c i e n c i e s  exceeding 95%. A wet scrubber  ope ra t ing  cont inuous ly  a t  
c o l l e c t i o n  e f f i c i e n c i e s  exceeding 95% w i l l  provide adequate  p r o t e c t i o n  t o  
personnel  and equipment loca t ed  near  t h e  L i n e  104 f a n  o u t l e t .  A scrubber  
water f l o w r a t e  meter  i s  necessary  t o  i n s u r e  t h a t  a s u f f i c i e n t  volume of water 
reaches the  spray  nozzles .  

5. Line 105. I n l e t  emiss ion  r a t e s  f o r  Ag, Cd,  C 1 ,  K C N ,  NaCN, Cu, 
and N i  a r e  a l l  w e l l  below OSHA workplace s tandards .  See Table  9. Scrubber 
o u t l e t  concen t r a t ions  f o r  N i C l  and CN a r e  s l i g h t l y  h igher  t han  i n l e t  
concen t r a t ions .  Ou t l e t  c o n c e n t r a t i o n s  f o r  Ag, Cd,  Cu were below d e t e c t a b l e  
l imi t s .  

A i r  p o l l u t i o n  c o n t r o l  equipment i s  not  r equ i r ed  on Line 105. 
Removal of t h e  scrubber  i n t e r n a l s  w i l l  reduce f a n  s t a t i c  p r e s s u r e  requirements 
by approximately 1.0" H20. 
exhaust volume can be reduced by 12 hp, r e s u l t i n g  i n  a y e a r l y  e l e c t r i c i t y  c o s t  
reduct ion of $4,900. Wastewater t rea tment  c o s t  and scrubber  maintenance c o s t s  
w i l l  be e l imina ted .  

Fan horsepower r equ i r ed  t o  main ta in  the  present  

6.  Line 106. I n l e t  chromate emissions a r e  below d e t e c t a b l e  
l i m i t s .  I n l e t  H C 1  emissions a r e  w e l l  below t h e  OSHA workplace s tandard .  H C 1  
emissions a t  t h e  scrubber  o u t l e t  a r e  s l i g h t l y  above t h e  i n l e t  H C 1  emission 
l e v e l .  

Air p o l l u t i o n  c o n t r o l  equipment i s  not  r equ i r ed  on Line 106. 
Removal of scrubber  i n t e r n a l s  w i l l  reduce f a n  s t a t i c  p re s su re  requirements by 
approximately 1.0" H20. Fan horsepower r equ i r ed  t o  main ta in  t h e  present  



exhaus t  volume can be reduced by 12 hp, r e s u l t i n g  in a y e a r l y  e l e c t r i c i t y  
reduct ion  of S4,SOO. Waszevater t rea tment  C O S t S  and scrubber  maintenance 

w i l l  be e l imina ted .  

C .  V e n t i l a t i o a  Survey 

1. Turbulent c ros s -d ra f t s  which adve r se ly  a f f e c t  contaminant 
c o n t r o l  a r e  t h e  r e s u l t  of t h e  fol lowing:  

a. Mechanical supply a i r  de f i c i ency  of  94,000 scfm. 

b. Non-uniform d i s t r i b u t i o n  of a i r  suppl ied  through s ix t een  
ceiling-mounted concen t r i c  cone d i f f u s e r s .  

c .  Supply a i r  d r a m  i n  through t h r e e  &foo t  by &foo t  northwest  
wal l  a i r  g r i l l s .  

Supply a i r  d r a m  i n  through two 6-foot by 9-foot doors i n  
t h e  northwest  w a l l .  

! d. 
I 

2 .  Exhaust f low r a t e s  f o r  l i n e s  101, 102, 104, 105, and 106 a r e  P 
s u f f i c i e n t  t o  c o n t r o l  contaminants i f  t u r b u l e n t  c r o s s - d r a f t s  a r e  e l imina ted .  ' ;  

3 .  The measured exhaust  f l o v r a t e  from Line 103 i s  not  s u f f i c i e n t  t o  
c o n t r o l  chromic a c i d  mist from tanks 4 1 ,  4 2 ,  43, and 44 .  

4 .  Maintenance of roof-mounted supply a i r  equipment i s  inadequate .  
P l a t i n g  shop and maintenance personnel  must be a b l e  t o  i d e n t i f y  t h e  
v e n t i l a t i o n  s y s t e e  ope ra t ing  cond i t ions .  The l a c k  of i n d i c a t i n g  devices  
c o n t r i b u t e s  t o  system maintenance neg lec t .  

VIII. RECOWNDATIONS 

A. A i r  Emissions 

1. Scrubbers 101 and 102. Remove the  scrubber  i n t e r n a l s  t o  reduce 
s t a t i c  p re s su re  a t  t h e  exhaust  fan i n l e t .  Adjust  t h e  f an  RPMs t o  maintain 
present  exhaust  f l o v r a t e s .  

2 .  Scrubbers 103 and 104. I n s t a l l  a flowmeter on the scrubber  
feedwater pump o u t l e t  pipe.  Scrubber e f f i c i e n c y  i s  p ropor t iona l  t o  the  flow 
through the  spray  nozz les .  A flowmeter i s  necessary t o  i n s u r e  an adequate  
f l o v r a t e .  A simple rotometer  i s  a v a i l a b l e  through Rarr ington  I n d u s t r i a l  
P l a s t i c s  Company, Anaheim, C a l i f o r a i a ,  f o r  th is  a p p l i c a t i o n .  Record the  
f l o v r a t e  i n  a d a i l y  log .  

Perform a source  t e s t  on Scrubber 104. Acid emissions from Line 
104 a r e  t h e  cause of e x t e n s i v e  proper ty  damage. This scrubber  mus t  meet the 
manufac turer ' s  c la ims  f o r  HCI removal e f f i c i e n c y ,  otherwise RC1 emissions will 
cont inue  t o  be a problem. 

3 .  Scrubbers 105 and 106. Remove the  scrubber  i n t e r n a l s  t o  reduce 
s t a t i c  p re s su re  a t  t h e  exhaus t  f an  i n l e t .  
p resent  exhaust f l o v r a t e s .  

Adjust  t h e  f an  RPMs t o  main ta in  



B. V e n t i l a t i o n  Survey 

1. Supply A i r .  

a .  

b.  

C .  

d .  

e .  

f .  

Close o f f  t h r e e  8-foot by 8-foot ou t s ide  a i r  g r i l l s  located 
on t h e  northwest wa l l .  

Close a l l  doors  during process  opera t ions .  

Add roof-mounted hea t ing  and v e n t i l a t i n g  u n i t s  t o  increase  
the supply a i r  f l owra te  by 94,000 scfm. 

Recommend t h a t  a i r  be suppl ied  through per fora ted  round 
duc t ing ,  running h o r i z o n t a l l y  below t h e  c e i l i n g .  Supply a i r  
w i l l  be d i s t r i b u t e d  uniformly a t  low v e l o c i t y  using t h i s  
per fora ted  duc t ing .  

Recommend measurement of p re s su re  drop a c r o s s  p r e f i l t e r s  on  
each roof-mounted supply-air  HV u n i t .  I n s t a l l  magnahelic 
gauges f o r  each p r e f i l t e r  on a panel u n i t  loca ted  wi th in  t h e  
p l a t i n g  shop. Record p res su re  drop a c r o s s  e a c h ' p r e f i l t e r  i n  
a d a i l y  log. Replace f i l t e r s  when pressure  drop exceeds 
manufacturer ' s recommendat i on .  

Recommend i n s t a l l a t i o n  of annuc ia to r  panel  d i sp l ay ing  s t a t u s  
of supply-air  fan motors i n s i d e  the  p l a t i n g  shop. 

2 .  Exhaust A i r .  

a .  I n s t a l l  b a f f l e s  s i x  t o  e i g h t  inches high a t  the  ends of each 
tank wi th  push-pull  exhaust  hoods. I n s t a l l  b a f f l e s  
perpendicular  t o  t h e  exhaust  s l o t  f aces .  Also,  i n s t a l l  
6-inch t o  &inch  high b a f f l e s  a t  each end of tanks 3 5 ,  36, 
4 1 ,  4 2 ,  4 3 ,  4 4 ,  4 5 ,  4 7 ,  48 and 50 ( l a t e r a l  exhaust hoods). 

b .  I n s t a l l  exhaust  v e n t i l a t i o n  on t h e  l a r g e  pa in t  s t r i p  tank 
(Tank 5 2 ) .  Recommend a push-pull exhaust  hood t o  minimize 
t h e  requi red  exhaust  a i r .  Appendix 8 provides  design da ta .  

d. Recommend removable cover f o r  the anodes loca ted  i n  tanks 
4 1 ,  4 2 ,  4 3 ,  and 4 4 .  An anode cover w i l l  reduce tank su r face  
area, l e s sen ing  exhaust  a i r  requirements.  

e .  Recommend i n s t a l l a t i o n  of magnahelic gauges a t  the  i n l e t  and 
o u t l e t  of sc rubbers  103 and 104 t o  monitor system opera t ing  
cond i t ions .  Locate  these  fou r  magnahelic gauges on t h e  
panel conta in ing  the  supply a i r  magnahelics. Recommend a 
three-way va lve  a t  t h e  connect ion of each magnahelic gauge 
pressure t a p  f o r  c a l i b r a t i o n  purposes. 



f. Recommend installation o f  magnahelic gauges upstream o f  
existing scrubbers, 101, lo?, 105, and 106 to monitor sys:em 
operating conditions. Locare the four gauges on :he penel 
containing the supply air magnahelics. Recomend a 
three-way valve at :he connection of each magnahelic gauge 
pressure tap for calibration purposes. 

g. Isolate lines 101, 102, and 103 by sealing off the 
in:erconnecting sump trench. 
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Read by b j .  i r i d  .kn- Amperage R a t i n g  
Dace 5 /.L>-/Yy '1 Xorkplace S i z e  

/ / '  



- 
1 "c' * 
I - \  

.-. , E- '>,- - 
TANK ELECTRICAL DATA SHEET \ 

- .  
Rectifier Location . Ltd\,~-/ ;4. - K \  

Building 113 / Make 

, .  Voltage Racing Scrubber ' :.: - 
Read by a .  4::- -> Amperage Rating 

Workplace Size .. - :-, .; i. Date -. 

Tank 3, -. - Type 
.. . 

---- - 

I I I I I I 

I I I / I  I I I 
~~ 



L o c a t i o n  Ret : if  i e r  
Bu i l ?  i n 3  ?take 

S c r c b j e r  V o l t a g e  Zating 
Read by Amperage R a t i n g  
Date  Uorko lace  S i z e  

Tank Type 

. .  - ,- i ~ 

. ,.I 
./ 

, -,.,. . I c - = .  c. 
-. - ,  

I I I i l  I I I 

I 1 I 
I 

I T i x e  I Reading 1 Ave. P.eadir.e 1 1  Time I Read ine  I Ave. R e a l i n e  i 
I 1  I 

1- .+.-. .:I- .: LA-.-.*- I1 
.. -. c, r ,*: ..-. . I .  I 

2 
1 1  I I i d 

.> 
i i  I ' I  f ;.I-, .I -'-: \ I  ..:. :- - \  

1 I .-. 242 2- 
I 

I I .  I ,  

.. . 

I I - I1 I i I 
: 1 I I i I I , ' :  , - $ A L .. . 

I 
I i I -  I I  I I I 

I I I I I I I1 

I I I  I I .  I 
t 

/ I  I I I 
I I 

I I I 

I I : I  I I  I I I 
I I 1 I1 I I I 
I I I 

I I I I I  ' I I ! 
I I I I1 I I I 
t I , I  

1 I I I 1  I I I 

I I 1 I1 I I I 
I I I I I  I I I 
I 
I 1 I I /  I I I 

. I i l  I I I 1 ; ;  ----+---.-l_t__ 
I I 

I ! I I I  I I L 
I1 . .  I I I ! I I 

I I I I  I I I I 

-. c / -'j ./ 

I 8  . 
I ,  7 1 .  l 

I 1  
I 1 I 

I 
I -. 

I I I , 1 t I , I ,  I 

I 1  I 
I 

I I I I I f  I I  I I I I 
r 1 

, .  
, I  1 I I 

I 

I I : I  I I 
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- - Loca:ion' '-[)-- R e c t i f i e r  
Make Bui ld ing  ?- - ,. - Tank 

1 
I I I I I  I I 1 
I I I I1 I I 

I I I  I I I 
1 1 1  I 

I 
---__+- 

I I 

. I  I I I /  I I 
I I I I I I 
I 

L 
I 

I1 , . .  
I I 
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T.rSiK ELECTXIC&L DATA SHZZT -. , - -. - 
Loca:ion 
Bu 1 Icing 
Tank 
Scruboer 
Read by 
Date - 

Zeciifier 
Hake 
Type 
Voitage 2acrng 
Amperage Rating 
Workplace Size 

_ . i  
- 

P 
z 

? 
1 .  

I '  

I I t  I 
L I I I I I  I 

t I I I I 
I I  I I . -  I I 

I I 
I 

I I I I 1  I 

i- I I I I 
I I1 I I I 

/ I  I-___+- 
I I I I1 I I I 

I I / I  . .  I I I I I 

I I I I I  I I I 

. . ?. - .  - 
_, . ~ 

~ . . -  I \ - '  . 

I 1 1  I 

, I  

1 

i i  I I 

-4-21 



TLVK ELECTRICAL DATA SHEET 

Type 
- -  Tank _ -  : : 

ScrubDer Volcage  Racing 
Read by Amperage R a t i n g  
Date Workplace S i z e  



L o c a t i o n  
B u i l d i n g  
Tank 
Sc ruboe r  
Read by 
Date  

/ .- . 

Type 
Vol t age  b r i n g  
Amperage Racing 
Workplace' S i r e  
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- n e c t r z i e r  Location ' - - . .  ' 

Bui ld ing  T.- ?lake 
- .  - 

Type . .  - Tank 
Scrubber I . .  - .~ . . - .  V o l t a g e  Xa:ing 

, ~ ~~ 

Read by .- . .  . I _  I .  - Amperpge R a t i n g  
Date . . . :  ,:.e- ; L Liorkplace S i z e  

1 I I I .  1 
I _  I I I1 I I I I I 

I1 I 
I I I ! 

1 I I I .  1 
I _  I I I1 I I I I I 

I1 I 
I I I ! 

I1 I I I 
L I I I 1  
I I I 

I I 
~~ 

- I  , I  

I I ! I1 ' I ! 1 
I I I I I  I 1 I 
I i I / I  1 I 
I I I I1 I I I 
I I I I1 1 I I 
i I + 
1 I I I1 I I I 
I I I I1 I I I 
t I I I  I i 1 
I I I I I  I I 1 

I I 
t , I i .-__+__ _j 
I I I I /  I 

I I I 1 1 . .  I I 1 
! I I I /  I I I 

I I I I1 I I I 

, #  

, , I  I 

I .  

, I  

t , :  
I I / I  , I - 

- .  - 
.. - 

1 
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, . .  
L o c a t i o n  ' ' L ! .  2 
B u i i d i n g  
Tank 
Sc rubbe r  
Read by - 

, -  

- 

Date  . . .  

R e c t i f i e r  
Hake 

V o l t a g e  R a r i n g  
Anperage R a t i n g  
Workplace S i z e  

Type 

~ 

, . /  7 

I I I I1 1 1 I 

I i  I I I I '  I 
I T i n e  1 Reading 1 Ave. Reading 1 1  Time I Reading  I Ave. Read izc  I 

$ 4  2.;! 1 I 1  I I 

.I . i  \ .'., : . I. ' i i  I * I  1 4 

I , I 1 1  I I i j 

I I1 I I ? 

I I 1  1 1  I I I I ,  

I 

I 

I 

I 
I 

I I I i'i I I I 
i . .. . 1 1  I , .  1 I 'I I 

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

I i. 
I I I 1 1  
I . ;  

I I 1 I I  I I ,  I 
I 1 I1 I I I 

I 
I I I 

I I : I  I1 I I I 
I I1 I I I ' I  

I 
I I I I1 ' I I I 

I I I 
t I , __i____i 

I1 I I I 

I I I I I  I I I 
I I I I I 1 1  I I I I I t 
i I I I t  I I I 
b I I I1 . I  I I I I 

I I I I !  I I I 

i t i  I I I I I I 

I I I I !  I ! ! 
I I I I  I I I I 

I 1 I 

I I I1  I I I I 

I '  I1 

,I I I I1 I I I 
I 
i ' .  ' 

I \ ,I I I I I  I I 

-. 

. .. 
I 

I .  I i 

I , I  ' '  I 

I ,  I -. 

I ,  

I 4 ,  I I I - .  

I I ,  
I 
I 

I ,  

I 3 1  

I I I I I I ,  

, I ; ;  __t__.___c.__ d 
i I 

i /  I 



TXYK ELECT2 .I 

Loca t  i o n  
B u i l d i n g  7 / 0  
Tank 
Sc rubbe r  /Oh 
Read by ,'-&.,J..ES 
Date . z p  / fa /  g+- 

- 

CAL DATA SHEET 

- Rec:if i e r  
Make 

V o l t a g e  R a t i n g  
Anperage R a t i n g  
Workplace S i z e  

Tspe 

~ 
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TAYK EIECT.?iCAL DAT.4 SZZET 

Location . . ~ ~ / s j /  
Building 710 

- Rectifier 
>!a k e 

Tank 
Scrubbe r  /of!& 
Read by Pc.vO?F 
Dace . 29 /-A/ 

I 

Type 
Voltage Racing - -  
AmFerage Ra:ing - 
Workolace S i z e  

I I I i l  I 

1 

I 
I 

i I ,I I I i i  I 

I 1 4, 

I I 1 I I I1 

I 
I I  I I I 

I I I 

I i 
,I I I 

I .. ... . 

I 
i 

I I I1 I I I 
, I 1 I i I I I I I  

. I  I 

. I  I Ir 
I 

i . : .  
t ' .  I1 I I 

\ _I I I i i ( 9  ej itJ2 ?ir I I 
I 4 L 

1 . .  

1 1  
. .. 

I '  I 

I 1  
I 

-. 

L I I I1 I I I 

t 
I1 i I I I I I 

I I I I1 I I I 

I- 
I I 
1' 

I I I I I  I 

. I  I I I /  I I I 
t 

/ I  , ,  I I I I 1 I 
i 

I I  I I I I I I 

I I / I  I 1 I 

I ! 1 8  
-L- I 

I I I i ,  

A-27 



. .  
t i I I I 

I I I i 
I I I 1  

I . .. . . .  
,I I I 

, .. 
I '  

. .  

I I I I I 

1 I I I1 I I I 
I I I I1 I I I 

t 
I ,  

I I I 1  I I 1 
I I I I1 I I I 
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Location La/v.5)/ Rectifier 
Bu i l 2  ing . Make 
Tank 
Scruooer / 0 6 7  Vo1:age Racing 
Read by Amperage Ra:ing 
Date . 7/7 /fqy TL+ h'orkplace Size 

Type 

.. . . . 

I I I 

I I I 1 /----+- 
I I I 1 1  I 

t I I I 
I I i  I 

i 
I I I I1 I 

1 1  

. I  i 
I I 

I I 
I I 1 ,  I 
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TANK ELECTRICAL. DATA SHEET 

Location .Lt3/I/Sy R e c t i f i e r  
Bu i I d  ing a0 Make 
Tank 

I I ,  

I I 
I 

I I I I I I I I  
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L o c a t i o n  . .L6/Js)/ R e c t i f i e r  . -  

2 /.o Make Bu i l a i n g  
Tank 
Sc rubbe r  f i  /&, V o l t a g e  R a t i n g  
Read by S/'ff€5 Arrperage R a t i n g  
Date  . 29 f f 4 /  w Workplace S i z e  

Type 
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TAVK E L E C T K C A L  DATA SHEET 

Scrubber G. 
Read by .:>L. 
Date . i I = / , - ' . . '  

- _ .  

' / '  

Rect i f i er  - 
Yake ~. 

Type 
V o l t a g e  Racing 
Amperage R a t i n g  
Workplace S i r e  



- 7 '  TAYK ELECT!3ICAi, DATA SHEET 
I=si- ,, 

Locat ion  ./..r!., p- * <, d/' R e c r i f  ier  - E=-. ' 
Bui ld ing  2 cs Make Y 

Type Tank 
Scrubber ' -:- .- 
Read by 9< Amperage R a t i n g  

V o l t a g e  Rat ing  

Workplace S i z e  Date . <, / *;,-,: : . 
/ /  



TAXK E E C T ? I X L  DAT.4 S K S T  

, 
I 

L o c a t i o n  . . ' L ~ % , _ C . /  R e c : i f i e r  
&/f > Make Bu i ld ing  F ; . -  

Tank Type 
Sc rubbe r  = //75 V o l t a g e  R a t i n g  
Read by f- - ~ ,,=-E Amperage R a t i n g  
Da:e q,, ,.'?!., ,E+ Workplace S i z e  



. 
-- 

Locar i o n  . ,L&Ky' 
Building 2 / 0  

R e c t i f i e r  . -  

Make 
Type 
V o l t a g e  Ra:ing 
k n p e r a g e  R a t i n g  
Workpiace S i z e  
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Lo:a t i o n  . L@k‘sy R e c t i f i e r  Bu i 1 d ing  
Tank 
Scrubber 

Read by i;: ,,rg s Amperage Racing 
Date . 3 i  ?;6{ 8- 

r 
- .  Make 

- - /(>.? V o l t a g e  Xat ing  

workplace  S i z e  

I 1 I1 I I I 

I I I I1 I 

I I I 
I 

. .. 

I I I , I I I 

I 

I I 

t I I I I 
I 1 1  I 

I I I I I  I 

I1 I I I 

I I 

I I 
I ,  

I 
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?lake 

V o l t a g e  Ratrne 

e S i z e  

- I 2.' - ,  Type 
. 
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Location . . 'L&/JsY 
Building z /a 
Tank 

Rec t ic' Lier 
Make 

Voltage Racing 
Amperage Rating 
Workplace Size 

Type 
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T A W  ELECTR1C.Z DATA SSEZT 

, 
t 

L o c a t i o n  . ' ' L & / . c ~  R e c t i f i e r  
B u i l d i n g  2JO Make 

S c r u b b e r  /<I.'? V o l t a g e  R a t i n g  

Da:e . ,'A .i :;y O L  l i o r k p l a c e  S i z e  

Tank Type 

Read by . .,rp5 Amperage Rac ing  - - _ I  

A - 4 0  



/ 

Loca t ion  @+sY /E57 / &.;/..is 
B u i l d i n g  J / C  Make 

Sc rubbe r  V o l t a g e  S a t i n g  
Read by Amperage R a t i n g  
Da te  . Workplace S i z e  

Tank 19) $ A , J F 4 ,  34,q T 5'7 Type 



L o c a t i o n  . R e c t i f i e r  
61: i i d i n g  2 1  c. Make 

Scrubbe r  IC G5 V o i r a g e  2 a t i n g  
Read by C s  %%-L-LCL Anperage  R a t i n g  
Date  . k?c--/y-t l i o r k p l a c e  S i z e  

Tanks  lq .2Sh, .i5,5b,95,47 Type 

I 

I I 1 I 1  I I I 

I1 I I I 
I I i I I . . . . . . . 

I I 1 1  I '  I 1 
. .  

I I I 

I 
. .. 

I I  I I 
I I 

_. 1. 
I I I I1 1 I 

I '  
I .  

t 

I I 1 I I  I I 
t 
,I I : I  I1 I I I 

I I I  I I I 
c I I 4 ,  I 
I I I1 I ! 1 

I I I I I I 

1 I I , 
I I I 

I ,  
I 

I I I  
I ,  - 1  

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

t i 
L I I 1 1  I I I 
I I I I I  I I I 
t 

I I I I ! I  ! I 
I I  I I I 

t I - I I I 

. I  I I I 1  I I I 
i I I  . .  I 1 I I I 1 
I , I 1 1  I 1 1 
I I I / I  I I I 

I I ,  

, .  
I I I I I 1  I 

' ' __i___. -I. ___ 
/ /  
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APPENDIX B 
F I n D  DATA 



. .  

.... 

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

* e  
I .. 
. 2  

Is: 
-1 

I. 

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

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

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

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

. ~ . .  . . . .  . . . . . .  
. . . .  . .  . . . .  

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

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

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

:.: 

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

. . . . . . .  

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

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

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

.. 
. . .  . .  .. 

-- ...... 
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0 
I 06 
* !? 
I 3 1  
I 40 
I78  
.54 
I 42 
0 . Oi 
I I O  
a 2: 
I S5 
I 4 8  . :: 
Is: 
0 
0 
I O 8  
I :? 
I 36 
I38  
I 3 8  
1- 

I ‘. 

DATE : i t  n u  !?e4 

SCRUGBEP.: 10?-IN 

TES? : 2 

RUN : I 
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W E R  VOLUBE = 108.21 f t 3  ABS STACK PRES 29.68 In .  Hp 
DFY 5% VOL.SCF = !04.63 f t 3  YET6RS HOLC YT 8 28.80 Ibl lb-aolr  
YATER V4POR VOL * 1.82 f t 3  STACK 6AS VEL0 1 24.57 f t / r r c  
noisi CONTENT 8 -02  NOZZLE AREA * . O O O ~ ~ B I  f t z  
MOL FRAC DRY 6ASx I 9 8  DUCT 6ASFLOY.ACFR= 31991.58 CFR 

DUCT 6 ~ s ~ ~ o t i . s ~ ~ ~  !i669.s2 c m  
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2 
3 
1 
5 
6 
7 
8 
9 

10 
i l  
12 
13 
I4 
l! 
I 6  
17 
18 
19  
2 9  
21 
22 
23 
24 
25 

0 813.79 
5 8 1 7 . 3  

10 820.86 
I! 83.30 
20 827.58 
2 830.!1 
SO 853.00 
?I -00 
40 t 00 
45 e o 0  
50 .oo 
55 944.75 
60 848.19 
6 5  I O 0  
70 856.24 
75 860.10 
80 861.00 
85 867.82 
00 8 7 l . 3 1  
?r 973.!0 

105 877.64 
! 1 0  881,20 

106 m . 0 6  

1:s 8a:,o5 
120 a89.11 

69  
68  
68 
67 
67 
67 
67 
67 
67 
67  
6' 
57 
61 
6 6  
66 
bh 
66 
h h  
67 
57 
67 
67 
67 
66 

b9 
78 
87 
00 

92 
03 
93 
02 
92 
O S  

94 
09 
78 
02 
98 

104 
106 

107 
103 
I01 
111 
114 
115 

I oe 

$7 
68 
60 70 

?4 7: 

7: 
7,  
I ,  

16 
76 
77 
75 78 

76 
77 
78 
7 9  
90 
81 

83 
84 

a2 

85 86 

* :6 
I ?6 
* 33 
. S O  
,23 
I 1 6  

. I !  

.11 
-14  
. I 7  
.2: 
.?2 
- 4 8  
. 4b  
I 43 
I 4i 
I 3 0  
.X 
.07 
, 09 
- 2 0  
I 32 
,41 
e 4 5  

!.4? 
1.47 
: , 3 7  
1,26 

.P7  
I 67 
I 46 
I 46 

- 7 2  
1.05 
1 . 5 6  
1.97 
1.04 
1.93 
1.81 
!,68 
1.13 

. s o  
, :P 
I 86 

1.39 
1,79 
1.97 
-00 

I O  
6 . .  

2 
2 
2 
2 

1,s 
1.5 
1.5 
1 , s  
1.5 

( 2  
( 2  
( 2  

2.5 
2.: 
2,5 
2.: 
2.5 
2.: 

( 2  
( 2  
(? 

? 
1.5 
2 # 5  

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

20.9 
? 3 . 0  
20.9 

20.9 
20.0 
20.9 
20.0 
20.9 
? O n ?  
20.9 
:o. 9 
20.9 
io,? 
20.9 
20,9 
20, 9 
2c.e 
20.9 
29. 0 
20.9 
2 0 .  9 
20,9 
20.0 
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1 
2 
? 
4 
5 
6 
7 
8 
9 
10 
1 1  
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

0 883.79 
5 883.79 

10 887.25 
I! 801.87 
20 E07.41 
25 003.8S 
30 911.17 
35 917.89 
40 922.75 
45 922.75 
50 925.13 
55 028.32 
60 933.29 
65 939.49 
70 946.43 
75 053.50 
80 958.78 
85 ?58.78 
90 958.78 
05 062.29 
100 967.16 
105 973.48 
110 980.38 
115 987.06 
120 992.36 

71 
71 
71 
71 
71 
71 70 

70 
71 
71 
70 70 

70 
70 
69 
71 69 

71 70 

70 
70 
70 
69 
60 

72 
72 
7! 
82 
91 
09 
109 
112 
95 
94 
93 
94 

100 
108 
115 
119 
101 
99 
97 
99 

1 04 
112 
118 
119 

69 
69 4 2  

49 
54 
58 
6? 
61 
64 
65 
50 
52 
57 
60 
62 
62 
62 
63 
64 45 

40 
so 
50 
so 

IO0 
I 89 
1.98 
3-01 
4.18 
7-96 
4.22 
1.91 
.Ob 
.;I 
I 92  

2-46 
L 7 4  
4-74 
4.59 
2.26 
I 00 
.oo 
.83 
2.28 
3.97 
4.35 
3.97 
2.37 . 00 

0 
4 
4 
6 
8 
1 1  
15 
11 
0 
4 
5 
9 
12 
14 
14 
8 
0 
0 
6 
9 
13 
14 

9 
- 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

20.9 
20.9 
20.9 
20.9 
20.9 
20.9 
?0.9 
20.9 
?0.9 
20.9 
20.9 
20.9 
20.9 
20.9 
20.9 
20.9 
?0.9 
20.9 
?0.9 
20.9 
20.9 
2 0 . 9  
20.9 
20.9 



1 0 
2 5 
5 I 0  
4 15 
5 20 
b 25 
7 30 
8 5 5  
0 40 

10 k: 
11 50 
12 55 
13 60 
14 6: 
15 70 
16 75 
17 80 
18 E? 
!9 90 
20 9s 
21  100 
22 105 
23 110 
24 11: 
25 I20 

890.60 

I00 
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APPENDIX C 
TRUESDAIL REPORT 



REPORT 

TRUES DAI  L L A B 0  R A T O R  I ES, I N  C .  

14201 F R A N K L I N  A V E  
T U S T I N ,  C A L I F O R N I A  SI. 
AREA C O D E  714 7 3 0 - 6 i d .  
AREA C O D E  213 229-1564 
C A B L E :  T R U E L A B S  

- - 
C H E M I S T S  - M I C R O B I O L O G I S T S  - E N G I N E E R S  

E S E A R Z H  - D E V E L O P M E N T  - T E S T I N G  

CLIENT U .S . Navy NEESA 
NCBC, Code lllC 
Port Hueneme, California 93043 
Attention: Mr. Bill Powers 

Blank solutions 
P.O. No. N62583184M P935 

SAMPLE 

YVESTIGATION 

A s  requested 

RESULTS, 

Parameter 

Chloride (Cl) 
Cyanide (CN) 
Carbonate (CO3) 
Chromium (VI) 
Chromium (111) 
Fluoride (F) 
Phosphate (P) 
Sulfate (SO4) 
Silver (Ag) 
Aluminum (Al) 
Cadmium (Cd) 
Copper (Cu) 
Potassium (K) 
Sodium (Na) 
Nickel (Ni) 

0.1N KOH Blank 

<0.1 
<0.01 

(0.1 
<0.1 
<0.1 
1.3 

<1. 
<0.01 

0 . 3 4  
<0.004 
(0.02 

3.2 
0.26 

830. 

3300 

DI #l 

<0.1 
<0.01 
<1. 
<0.05 
<0.02 
<0.01 
<0.1 
<1. 
<0.01 
(0.3 
<0.004 
<0.02 
<0.03 
<0.04 
<0.02 

- 

(Results expressed in milligrams per Lite9 

DATE June 26, 1984 

RECEIVED May 22-31, 1984 

LABORATORY NO. 01014- (14,15, 
68,69) 

a 
<0.1 
<0.01 
<1. 
<0.05 
<0.02 
<0.01 
<0.1 
<1. 
<0.01 

<0.004 
<0.02 
0.18 
<0.04 
<0.02 

--- 

DI 8 3  

<0.1 
<0.01 
<1. 
<0.05 
<0.02 
<0.01 
<0.1 
<1. 
c0.01 

<0.004 
0.03 
<0.03 
<0.04 
<0.02 

- - -  



~~ 

TRUESOAIL LABORATORIES, INC.  (2)  Laboratory No, 01014- (1-16, 

Misc. samples f o r  scrubber  4L102, Bldg 210 LongBeach Naval Ship Yard 

Samole 

(Resu l t s  expressed i n  m i l l i g r a m s  per  Liter) 

Chlor ide  S u l f a t e  Aluminum Sodium 

B o t t l e  1 0.7 
B o t t l e  2 <0 .1  
B o t t l e  3 1.5 
B o t t l e  4 <0 .1  
B o t t l e  5 1.4 
B o t t l e  6 1 .5  
B o t t l e  7 0.9 
B o t t l e  8 1 .2  
P e t r i  Dish A (  ge 1 ) - - -  
P e t r i  Dish B(s tage  5)---  
Tank 4 - - -  
Tank 33 23,800 
Tank 50 --- 
Scrubber H20 - - -  

0.22 
0.18 
0.36 
0.18 
0.27 
0.22 
0.27 

290ug 
<0.2 

802ug - - -_  
---- 
- - - -  
- -__  

1.11 
1.54 
1.46 
1.48 
1.07 
1.15 
1.23 
0.31 
289ug 
80.9ug 

146,000 ---- 
421,000 - -_- 

Nickel 

0.043 
0.029 

0.039 
0.036 
0.158 

<0.02 

<0.02 
<0.02 
38.9ug 

229ug --- 
129,000 - - -  
- - -  

- 
_I - Boi l ing  

*The i n i t i a l  b o i l i n g  p o i n t  was 94'C. S h o r t l y  a f t e r  t h e  low b o i l i n g  spec ie s  
bo i l ed  away, thy b o i l i n g  poin t  s t a b i l i z i e d  a t  100'C. 

c-2 

~ 



TRUESDAIL LABORATORIES,  INC.  ( 3 )  Laboratory No. 01014- (17-91) 

Misc. samples for scrubber # 1 0 3 ,  Bldg 210, LongBeach Naval Ship Yard 

Sample 
.crubber Water 5 / 2 4 )  
Bottle 9 
Pottle 10 
sttle 11 

Bottle 12 
Bottle 1 3  
3ttle 1 4  

dottle 1 5  
Bottle 16 
nnk 41 
.a& 42 
Tank 43 
'ank 44 

Filters-Run No. 1 Test 5 

:nlet ,Stage 1 
Inlet, Stage 2 
Inlet,Stage 3 
?nlet,Stage 5 
Inlet,Backup 
Outlet,Stage 1 
3utlet9Stage 2 
htlet,Stage 3 
Outlet,Stage 5 
Outlet,Backup 

Sample 
Filters-Run 2 .  Test 5 
let ,Stage 1 

,nlet',Stage 2 
Inlet,Stage 3 
let,Stage 5 
d e r  ,Backup 

outlet,Stage 1 
--1tlet,Stage 2 
.tlet,Stage 3 

outlet,Stage 5 
nrltlet ,Backup 

<0.05 
0.07 

<0.05 
1.05 

<0.05 
0.25 

<0 .05  
94 ,600 

112,200 
106 ,000  
10,040 

Chromiurc II1,ppm 
0.39 

<0.02 
0.03 
0.13 
0.04 

<0.02 
0.02 
0.10 
0.04 

1 3 , 2 0 0  
6 , 1 0 0  
7 , 6 0 0  
2,400 

(Results expressed in micrograms per filter) 

4.0 
0.8 
<l.ug 
20.8 
<1. 
<1. 
<1. 
<1. 
<1. 
<1. 

Chromium V1,ug 

<1 
<1 
20.0 
17 .6  
<1. 
<1. 
<1. 
<1. 
<1. 
<1. 

7.2 
<1. 
48.2 

3.3  
5.2 
1.3 

<1. 
<1. 

3 .5  
4.3 

Chromium II1,ug 

9.9 
4.7 

15.9 
3.2 
3.0 
1.3 
<1. 
<1. 

<1. 
1.7 

c-3 



TRUESDAIL LABORATORIES, INC. (4) 

- 

Laboratory No. 01014- (31- 

Misc. Samples f o r  scrubber  #104, Bldg 210,  LongBeach Naval Ship yard 

Chlor ide  
Sample ppm 

B o t t l e  18 57.4 
B o t t l e  1 9  53.9 
B o t t l e  20 69.3 
Wash Water 3.7 
Tank 3 (HC1) 283,000 
Tank 6 (Hcl) 255,000 
Tank 5 (H2S04) --- 
Tank 15 --- 

Tank 15 

Chromium V I  
pprn 

1.98 
<0.05 
<0.05 
<0.05 - - -_  
---- 

Chromium I11 
p pm 

0 -32 
4.44 
3.42 
0.14 ---- 

T o t a l  Phenols 

9,640 

Fluor ide  ph 
pprn - Unj t 

c-4 



TRUESDAIL LABORATORIES, INC. ( 5 )  Laboratory No. 01014- (39-51)  

~ i s c .  samples f o r  scrubber  8105,  Bldg 210, LongBeach Naval Ship Yard 
(Resu l t s  expressed i n  mi l l ig rams per L i t e r )  

cu - K - Na g pH, units - Cd S a m p l e  - c1 - CN -3 co Ais - 
b u L t l e  27 1.6 0.097 832 <0.01 <0.004 0.01 688 2.47 0.17 --- 
B o t t l e  28 0.4 0.39 1030 <0.01 0.020 0.12 1106 4.83 0.04 --- 

t l e  29 0.9 0.082 895 <0.01 <0.004 <0.01 522 1.07 0.09 --- 
~ c l e  30 1.2 0.38 1090 <0.01 C0.004 0.01 783 1.34 0.07 --- 
B o t t l e  31 <0.1 0.15 823 (0.01 <0.004 0.01 603 1.52 0.08 --- 
P - - - t l e  32 3.0 0.29 1110 <0.01 C0.004 .0.05 654 2.25 0.10 --- 
Tank 1 ---- 62,500 382,000 . - - - -  25,100 ---- - - -  137,000 ---- 13.6 
Tank 11 ---- 62,500 331,000 - - - -  27,200 ---- - _ _  
I-*& 21 ---- 53,800 233,000 449 

0.73 0.06 --- - - - -  0.89 7.55 ibber H20 56.8 <0.01 - - - -  ---- 

158,800 ---- 13.4 
67,300 <l. 

91,100 - - - - - -  - - - -  13.5 
- - - -  9,630 6 ,450  354 - - - - - -  ----68,800 - -_- - -  - - -_  13.4 

49,100 884 - - - - - -  - - - -  >13.6 - - - -  39,000 

- - - - - - - ---- - - -_ - -  - - - -  - - -  ------- : 20 114,000 ----- . .  

- ----- - - - -  
- - - - -_-  ---- - - - _ _ _  Tank 22 - ‘c 29 

F i l t e r s ,  T e s t  11 (Resu l t s  expressed i n  micrograms per f i l t e r  pad) 

. 1 In le t  <lo0 0.2 --- <0.6 <0.3 1.9 
Run 1 Out l e t  600 <0.1 --- <0.6 5.8 5.9 
RT 2 I n l e t  340 <0.1 _-- <0.6 1.6 <1. 

2 O u t l e t  <lo0 0.8 - - -  1.7 1.2 4.6 

--- --- <1 --- - - -  - -_  11.4 _ - -  --- --- 6.3 -_ -  
- -_ 4.2 --- --- 
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TRUESRAIL LABORATORIES, INC. Laboratory ND. 01014- (52-67)  

Misc. samples f o r  scrubber # 1 0 6 ,  Bldg 2 1 0 ,  LongBeach Naval Ship Yard 
(Results expressed in milligrams per Liter) 

Sample Chloride Chromium VI Chromium I11 Fluoride Phosphate Potassium 

i o t t l e  21 <0.1 
iottle 22 0.4 
iottle 23 0.8 
iottle 24 1.5 
iottle 25 0.2 
iottle 26 0.4 
;crubber Water _- -  
:ank 16 66.2 
:ank 28.4 < 500 
:ank 28B < 500 
:ank 35 < 500 
'ank 36 < 500 
Yank 45 < 500 
.'a& 47 < 500 
'ank 1 9  _-- - -  

<0.05 
<0.05 
<0.05 
<0.05 
<0.05 
<0.05 

0.095 
0.09 

5630. 
7100.  
6130. 
9950. 

398 
2900.  ---- 

<0.02 
0.07 
0.07 
0.02 

<0.02 
0.03 
0.12 
0.01 

2670.  
8900. 
1970.  

120 .  
4700.  
5000. ---- 

<0.05 
<0.05 
<0.05 
<0.05 
<0.05 
C0.05 - - - -  
- - - -  

:mpac t or Filter (Results expressed in micrograms per filter pad) 

Test 9 Run)In 4200 < 1  
Out 300 <1 

i 

70,400 
768 
6 54 

1 ,370  
541 
719 --- 

8.02 
8.64 
2.37 

2.77 
580. 

577. 
13.2 

I ---- 

Respectfully submitted, 

TRUESDAIL LABORATORIES, INC. 

Richard D. Reid 
Chief Water Chemist 

<1. 
< 1  

<A. 

<1. 
a. 
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APPENDIX E 
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APPENDIX' F 
TARE E I G H T  DATA 
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1 1  
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21 
22 

24 
25 
26 
27 
28 
29 
30 
31 

33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 

-.- La 

-7-3 
3L 

c- 
4 ..I 

.1201 

.1222 
-1218 
-123 
.1179 
-1189 
.1213 . I175 
-1212 
-1206 
.1219 
.1198 
.1201 
.1204 
.1209 
.1171 
.119 
.1191 
.ll 8 1  
.1203 
.1223 
.1217 
.1194 
.1188 
.1181 
.lis1 
.121 
.1196 
-1195 
.1196 
.1208 
.1217 
.1196 
-1213 
.1188 
.1223 
.1217 
-1196 
-1229 
.1182 
.122 
-119 
.119 
.1207 
.1188 
.1174 
.1184 
.1207 
.1196 
.1202 
.1224 
-1225 
.11?A 

.12 
.1222 
.1218 
.I229 
.1178 
.1186 
.121 
.1173 
.1209 
-1204 
.1218 
.1197 
.1201 
.1204 
.1208 
.117 

.1188 

.1191 
.118 
.1203 - 1224 
-1216 
.1196 
-1187 

.118 
.1179 

* 121 
.1196 
-1195 
-1197 
.121 
-1218 
.1196 
.1213 
.1188 
-1223 
.1219 
-1196 
.1Z3?. 
.1182 
.1219 
-1186 
.1186 
.1203 
.1186 
.1171 
.lie 
.1203 
.1192 
.1199 
.1224 
.1227 
.1:15 

.1201 

.1219 

.1218 

.1231 
.lie 
.1189 
.1213 
.1176 
.121 

.1204 

.1218 

.1197 

.1201 

.1202 

.1207 

.1169 

.1188 

.1191 

.1181 

.1202 

.1223 

.1215 

.119s 

.1187 

.llSZ 

.1181 
- 1 2 1  
.1198 
.11?4 
.1195 
.1208 
.1218 
.1196 
.1213 
.1188 
* 1222 
.1217 
.1196 
.1228 
.lis1 
.1219 
.119 
.1189 
.1206 
.119 

.1174 

.1183 

.1207 

.1196 
-1202 
.1224 
-1226 
.11?4 

.1291 .1 

.1221 . .3  
- 

.1218 
.123 
-1179 
.ll88 
-1212 . : 175 
.121 
.1205 
.1218 
-1197 
.1201 
-1203 
.1208 
.117 
.1189 
.1191 
.1181 - 1203 
.1223 
.1216 
.1195 
-1187 
-1181 
- 1 1 8  
-121 
.1197 
.1195 
.1196 
.1209 
.1218 
-1196 
.1213 
.1188 
.1223 
.1218 
.1196 
.1229 
.1182 
.1219 
-1189 
.1188 
-1205 
.1188 
-1173 
.1182 
-1206 
.1195 
-1201 
.1224 
.1226 
. L !?4 

0 
.2 
.2 
. 3  
.3 

.3 

.2 

.l 

.1 
0 
.2 
- 2  
.2 
.2 
0 

. I  

.1 

.1 

.2  

.2 

.1 

.2 

0 
-2  
.1 
.2 
.2 
.1 
0 
0 
0 

- 1  

0 
.3 
.1 
.1 
.4 
.4 
.4 
.4 
.3 
.4 
.4 
. 4  
.3 
0 
.2 

7 ._ 

- 
.L  

- 
.i 



74 : 
75 : 
76 
77 : 
78 : 
79 I 
80 : 
81 : 
82 : 
8: : 
84 : 
85 : 
86 : 
87 : 
88 : 
89 : 
90 : 
91 ; 
92 : 
93 : 
94 I 
95 : 
96 : 
97 ; 
98 : 
99 : 
100: 
101 : 
102: 
103: 
104 
105 : 
106: 
107: 
108: 
109: 
-110: 
111: 
112: 
113: 
114: 
115: 
116: 
117: 
118: 
119: 
120; 
121 : 
122: 
123; 
124: 
125 : 
126: 
127: 
13R! 

300 
301 
302 
303 
304 
305 
306 
507 
308 
309 
310 
311 
312 
3 1 5 
314 
315 
316 
317 
318 
319 
320 
32 1 
322 
323 
324 
325 
326 
327 
328 
329 
330 
33 1 
332 
335 
334 

336 
337 
ad8 
339 
340 
34 1 
342 
343 
344 
345 
346 
347 
348 
349 
350 
35 1 
352 
353 

--5 33d 

T-, 

T 5 A  

.E626 
.E61 

.E526 

.E589 

.E688 
-8457 . E539 
. E 5 7 8  
-8655 
.E619 
.E462 
.E705 
.E672 
.E782 
.E666 
.E458 
.E614 
.E489 
.E612 
.a559 
.E593 

.E58 

.a79 
.E827 
.E28 
.E582 
.a64 

-8584 
.a559 
.E461 
.E573 
.a495 
.E689 
.8532 
.E588 
.E554 
.E782 
.E651 
.a477 

0 3 4  7 

.E628 
-8611 
-8528 
.E59 
.E689 
-8458 
.E538 

. B 5 8  
.E655 
.E62 
.E463 
.E705 
-8673 
.8784 
.E667 
.E456 
.E614 
-8487 
.E613 
.E559 
.a592 

.858 

.E79 
.E827 
.E279 
. E 5 8 3  
.E639 
-8584 
.E56 
-8462 
-8575 
-8496 
-869 
.E533 
.E588 
.E556 
.E784 
.E651 
.E478 

09fi7 

.E628 

.8612 
s 8529 
-859 1 
-8689 
.a457 
.E54 
. E 5 8  
.E657 
.E62 
-8462 
.E706 
.E674 
.E783 
.E668 
.a459 
-8614 
-8489 
-8612 
-8559 
.e594 

. E 5 8  
-879 
.E827 
-8279 
.E582 
-8642 
-8584 
.E56 
.E462 
.E574 
-8496 
.E69 
.as34 
* 8588 
.E554 
-8784 
.E652 
.E478 
0 1 1  1 

ERROR 
ERROR 
ERROR 
ERROR 
ERROR 
ERROR 
ERROR 
ERROR 
ERROR 
ERROR 
ERROR 
ERROR 
ERROR 
ERROR 
ERROR 

-8627 
.E611 
.E528 
-859 
.E689 
.E457 
.El539 
.a579 
.E656 
.E62 
.E462 
.E705 
.E673 
.E783 
.E667 
.E458 
.E614 
.E488 
.E612 
-8559 
.a593 

. E 5 8  

.e79 
.E827 
.a279 
.8582 
.E64 
.E584 
.E56 
.E462 
.a574 
.E496 
.E69 
.e533 
.E588 
.E555 
.E783 
-8651 
.E478 

P.-.)-P 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
.2 
.2 
.3 
-2 
.1 
.1 
.2 
.2  
.2 
.1 
.l 
.1 
.2 
.2 
.2 
.3 
0 
.2 
.1 
0 
.2 
0 
0 
0 

. l  
- 1  
.3 
0 

. 1  

.1 

. 2  

.1 

.l 

.2 
0 
-2 

.1 . 1 F-6 

3 .- 
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APPENDIX 'G 
EQUIPMENT CALIBRATION SHEETS 



Y .  [ 'Norkshcet t? ?, . . . .  

1 

. A H :  0 . 3  , . .  
Pd i n i t i a l  &4@ .ROO h3 

, Star t  test and'record tcmpera- 
tllr'e9 every cubic ft .  

-. .END TEST .. 

\ 
.- 

\ 

A H  = 0.5 

Vd i n i t i a l  6 4 6  ,200 44' 
S t a r t  t c i t  and record tempcra- 
turcs  every Cr. 

.. .. 

.. 

END TEST 

' L?I = 5 . 8  

Vd i n i t i a l  4 5 1 ,  7 0 o 4' 
StaFt tes t  and recore teapcr3- 
tures every C f .  

. / -  
/[ Vw )I .pV(°F1 I Tdin t C  

G-1 ( 



. 6 H  =%5 J . 0  . .  
I'd i n i t i a l  A, c 7 , 2 GO e' 
Sta r t  tcst and' record tempera- 
t u x 3  every c u b i c  f t .  

.. 

.nID TEST ' 

. .  

c 

-- \ 

A H = +  1 0 

b b% . BaoJiJ .. Vd i n i t i a l  

S t a r t  t e s t  and record  tenpcra- 
turcs  cvery Cf. 

.. 

* A N  = e 3. 

Vd l n l t i a l  & > <  7 G C 4 "  
S t a r t  t e s t  and  record tczpera- 
t u r c s  cvery Cf. f 



. . . . . 
f a' 

A H  = 0.h' 

I'd i n i t i a l  

S t a r t  t e s t  and record tenpcra- 
turcs  cvery C f .  

7 7  y. 70 G -fi' .. .. 
. AI(  = 0,3 - . .  

Vd i n i t i a l  3 7 3 .  3- w 
Star t  tcst and' record tcnpera- 
tur-cs every cus ic  f t .  

- AH z 0.8 

Yd i n i t i a l  38+, L/ 00 

t u r c s  every C f .  . -  

*' 
Start test and record tcr.pcrz-- 

.. - --- 
O I d 2  $?I 1 

1 r'a ' I 
\r. 

573 

f4 

2 

, 3  
... 

' 4  v 9'5- 



.. 

. 

Start t c s t  and' record tcnpcra- 
t v c s  cvcry cubic ft. 

. .  

. .  

611 z :.-. 2.0 

0 0  4J \'d i n i t i z l  3'7 5; L/ .. .. 
S t a r t  t e s t  and record tcnpcra-  
turcs cvcry Cf. . .  

' G-4 
" . -- 

. AI! = -... 

w i n i t i a l  ~ . m .  935- qs 
S t a r t  tcst and record tcmpcra- 
tures cvcry Cf. 

- 3.0 

. /a:/$- 
VW % ( O F )  Tdin lor^) 



AI1 = s. 1.0 . .  
Yd i n i t i a l  .54 ‘z.7m kS 
Start t c s t  and‘ rccord tcnpcra- 
t v c s  cvcry cubic ft. 

.. 

bI! r ;.-, 2.0 
4: ., Yd i n i t i a l  554-/&3 

Start tcgt  and rccord tcmpcra- 
turcs every Cf. 

.. 
. .  

EllD TEST . .  . 
Actual Vw S .  000. f t  

. Vd f inal  55-9.327. . I t  

T t  7 . D C . g  ( d n )  As(: 

RUN PROGRAM 

. .  . . .  

. .  

G-5 . . 

‘ I  . 

. .  

. AI! = -... - 3.0 
4 s  Vd i n i t i a l  7 - 7 9 .  ZCO 

Start  t c s t  and rccord tcmpcra- 
tures  c v c r y  Cf. (+ 

Actual \k 7.003 ft3 . 

. * .  

.. 

- -c. 



. . .  u 

1' 
'Horkshcc t b. * .:.: ' 

~4 .lETER P h< e.3 

0.3 . t A 1 t : - .  . .  
Yd i n l t l a l  S32.4'00 -?+' 

S t a r t  tcst and' rccord tcnpcra- 
turea cvcry cubic f t .  

.. 
G-6 . , 

0.5' 6 1 l r t . - .  ';ep 

. G o o  43 .. Vd i n i t i a l  537 
S t a r t  t e3 t  and rccord tenpcra- 
turcs every Cf. 

.* 

. .  

. .  . LllD T€ST 

Actual Vw 5 . C D o .  ft 

' Vd f i n a l  543 .I 1 %  . ft 

(en) ..(sc TtJ 3 . q33 
RUN PROZRAN 

. b" (3; 94 43 
ne ~-@CIL/ "1!*0 

. .  * :  

. .  . .  . .  .. 

-- 
" , 



S t e r t  t c s t  and' record tcapera- 
tuiics every cubic ft. 

. .  

c . 

. .  EliD TEST 

LCtLIal vw 5 * rt3 

- I'd f ina l  n/, f s/'? . ft3 

/h, & z O-(rnln). (see) 

. .  

ft 

' ' R U N  PRGCILW 

c 

\ .- -..- 

Y E W  c A L I  rz: i ? q T C N '  

6 H  = 3 . 5  

Vd i n i t i a l  '70 2 c c c 4iJ .. .. 
S t a r t  t e a t  and record tenpcra- 
turcs cvery Cf.  

G-7 

, 

S t a r t  t e s t  and record Lcapcra- 
tu res  every Cf. 



' . , .  'Uorkshcet 

. .  

. END TEST ' END TEST 'END TEST 

G-a c 



. .  

, .  . . . .  . . . .  

. .  j 

. .  

r 1 

. .  . .  
- 
Cp (SIDE I31 

. .  , ... 

. .  
” Figtrrc 2.4. ‘Pitot tube cdibra l ion data. . 
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Figurc 2.4. 'Pitot tube calibration data. . . 
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Figure 2.4. 'Pitot tube cslibralion data. . .. 
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" Figurc 2.9. 'Pitot tubc calibration data. . . 
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' Figurc 2.3. 'Pitot rubc cslibralion data. . 
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No rnojor obstructions 

Pressure slot 

-0- 

P U S H  PULL HOODS 
Exhousf Hood Pressure Slot 

Ouonfify of oir exhousfed, Ouonfify of oir supplied, 
I x 0, D X E  0, = 02 = IO0 fo I50 cfm /sq. H. of 

, tonk ore0 depending on femp- 
./ eroture o/liquid, cross drafts, where;D = length of throw, feet 

.' ogitofion, etc. E = enfroinmenf focfor. . C '  

Hood height should be, , H =D x Jon.lOo. '.< , = 0.l8D 

8 -I6 . . ,. 

over 24 0 .7  

Slof widfh W should be designed hr 
o velocify of I000 to 2000 fpm. 

Design such sysfems so fhq. con be eosi& modified or od/usfed to obfoin desired 
.. .. resulfs. 

AMERICAN CONFERENCE OF 
GOVERNMENTAL INDUSTRIAL HYGIENISTS 

HOOD DESIGN DA?A 

DATE / - 64  Fig. 4-17 
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No slot neor 
toke-off 7 

\ 

F L 1  I 
t A A A 

I 

Cover when not in 

$2 I kW--i I 
A d  Section A - A  

Q= 50LW 
Slot velocity = I000 fpm moximum 
Fn fry loss =/. 78 s/of VP + 0.25 dud VP 
Duct velocity =2500 - 3000 fpm 

+/so provide: 1. Seporote flue fw combusfim proaiifs if dkecf -fled unif. 
2. For cleaning operotim, on air - fine respirofor is necesoq 
3. For pit units, fhe pi! sl;w/dbe mechaniccrlly ventilated. 
4 F o r  fur ther safe guards, see VS-50/./ 
NOTE: Provi& downdroff grille for perfs fhof cannof be 

removed dry; Q = 59 cfm /sq ff qri le ore0 

I 

I 

I 

I 
I 
I 

I 

I 

I 

I 
I 

I 
I 

.. .. I 
AMERICAN CONFERENCE OF 

COYERNMENTAL INDUSTRIAL HYGIENISTS I 

SOLVENT DEGREASING TANKS 

vs - so/ 
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Solven t  vapor deg reas ing  r e f e r s  t o  b o i l i n g  l i q u i d  c l e a n i n g  systems u t i l i z i n g  t r i c h l o r o -  
e t h y l e n e ,  pe rch lo roe thy lene ,  methylene c h l o r i d e ,  f r e o n s  ( R )  o r  o t h e r  halogenated hydro- 
ca rbons .  
c o n t a c t  w i t h  t h e  work s u r f a c e  producing a con t inuous  l i q u i d  r i n s i n g  a c t i o n .  
ceases  when t h e  temperature  o f  t h e  work r eaches  t h e  temperature  o f  t h e  surrounding 
s o l v e n t  vaDors. S i n c e  halooenated hvdrocarbons a r e  somewhat s i m i l a r  i n  t h e i r  ohvs i ca l .  

Cleaning a c t i o n  i s  accomplished by t h e  condensa t ion  of t h e  s o l v e n t  vapors i n  
Cleaning 

.~ . 
chemical and t o x i c  C h a r a c t e F i s t i c s ,  i h e  fo l lowing  sa fegua rds  should be provided io 
preven t  t h e  c r e a t i o n  of a h e a l t h  o r  l i f e  hazard:  

1. 

2. 

3. 

4 .  

5 .  

6. 

7. 

8. 
t 

9 .  

10. 

11. 

Vapor deg reas ing  tanks should be equipped w i t h  a condenser  o r  vapor l e v e l  thermo- 
S t a t  t o  keep t h e  vapor l e v e l  below t h e  t o p  edge o f  the tank by a d i s t a n c e  equal 
t o  one-half  the t a n k  w i d t h  o r  36 inches ,  whichever  is s h o r t e r .  

Where w a t e r  t y p e  condensers  a r e  used. in le t  w a t e r  temperatures  should n o t  be less 
than 80 F (27  C) and the o u t l e t  t empera tu re  should not exceed 110 F (43 C). 

Degrease r s  should be equipped w i t h  a b o i l i n g  l i q u i d  t h e r m o s t a t  t o  r e g u l a t e  t h e  
r a t e  o f  vapor  gene ra t ion ,  a n d  wi th  a s a f e t y  c o n t r o l  a t  an a p p r o p r i a t e  h e i g h t  above 
the vapor  l i n e  t o  p reven t  t h e  e scape  of solvent i n  c a s e  of a malfunct ion.  

Tanks o r  m c h i n e s  of more than  4 s q u a r e  f e e t  of vapor  a r e a  should b e  equipped 
w i t h  s u i t a b l e  gasketed c l e a n o u t  o r  s ludge  d o o r s ,  l o c a t e d  n e a r  t h e  bottom, t o  
f a c i l i t a t e  c l ean ing .  

Work should be placed i n  and removed s lowly f r o m  t h e  d e g r e a s e r ,  a t  a rate no 
g r e a t e r  t han  11 fee t /minu te  (0.055 m/s!, t o  p reven t  sudden d i s t u r b a n c e s  of the 
vapor level. 

CARE MUST B E  TAKEN TO PREVENT DIRECT SOLVENT CARRYOUT DUE.70 THE SHAPE OF THE PART. 
Maximum r a t e d  workloads as determined b y ' t h e  ra te  o f  h e a t  t r a n s f e r  ( s u r f a c e  a r e a  
and s p e c i f i c  h e a t )  should n o t  be exceeded. 

Spec ia l  p r e c a u t i o n s  should be taken where n a t u r a l  gas  or o t h e r  open flames a r e  
used t o  h e a t  t h e  s o l v e n t  to  p reven t  vapors' from e n t e r i n g  t h e  combusion a i r  supply.  

Heat ing elements  should be designed and ma in ta ined  so t h a t  t h e i r  s u r f a c e  temperature  
w i l l  n o t  c a u s e  t h e  s o l v e n t  o r  mixture  t o  breakdown' or produce e x c e s s i v e  vapors .  

Oegreasers  should be l o c a t e d  i n  such a mnner t h a t  v a p o r s ' w i l l  n o t  r e a c h  or be 
drawn i n t o  a h s p h e r e s  used f o r  gas  o r  e l e c t r i c  a r c  welding, high t empera tu re  
h e a t  t r e a t i n g ,  combustion a i r  o r  open e l e c t r i c  mtors. 

Whenever s p r a y  o r  o t h e r  mechanical means a r e  used to  d i s p e r s e  s o l v e n t  l i q u i d s ,  
s u f f i c i e n t  e n c l o s u r e  or b a f f l i n g  should be provided t o  p r e v e n t  d i r e c t  r e l e a s e  of 
a i r b o r n e  vapor above t h e  top  o f  t h e  tank. 

An emergency quick-drenching f a c i l i t y  shou ld  be l o c a t e d  i n  n e a r  proximity t o  the 
d e g r e a s e r  f o r  use i n  t h e  e v e n t  of a c c i d e n t a l  eye c o n t a c t  w i t h  t h e  deg reas ing  
l i q u i d .  

E l e c t r i c  a r c s ,  open f lames and ho t  
s u r f a c e s  w i l l  t h e m l l y  decompose 
halogenated hydrocarbons t o  t o x i c  and 
c o r r o s i v e  subs t ances  ( such  a s  
hvdroch lo r i c  and/or  h y d r o f l u o r i c  
a i i d ) .  Under som? c i k c u m s a n c e s ,  .. phosgene may be f o n e d .  .. 

I 

AMERICAN CONFERENCE OF 
' I GOVERNMENTAL INDUSTRIAL HYGIENISTS 

SOLVENT VAPOR DEGREASING 

DATE 1-78 I VS - 501. 1 
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APPENDIX B 
VENTILATION DATA 
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APPENDIX I 
PHOTOGRAPHS OF IMPACTOR FILTER STAGES 



INLET IKPACTOK STAGES - 

01 

... 



CHRORE PLATIHG SGUJBBER * 103 aLm. 210 LBNSY 24 MAY %4 
R U N  2- 

I N E f  IHPACTOR STAGES- 



HCI SCRUBBER 104 

IMPACTCR STAGES - 

1 
1 

1 



OUTLET II~PMYOR S A G E S -  



THOHAS BELANGER 

1983, June t o  December 

1984, January t o  June 

RESUME 

SET Engineer Trainee 

Engineering I n t e r n  
Southern Ca l i fo rn ia  Gas 
Bake r s f i e ld ,  C a l i f o r n i a  

Engineering Trainee 
Coal/Air Department 
Naval Energy 6 Envi romen ta l  Support 

Port Eueneme, C a l i f o r n i a  
A c t i v i t y  

J-1 



RESUME 

PETER K. FAh'hTNG 

1079 

1962 

1962-1983 

1983 t o  P r e s e n t  

SET E n g i n e e r  

B.S. P h y s i c s  
Br idgewa te r  S t a t e  C o l l e g e  
B r i d g e w a t e r ,  Mass. 

M.S. Mechanical  E n g i n e e r i n g  
Worces t e r  P o l y t e c h n i c  I n s t i t u t e  
WorceS te r ,  ?lass. 

J u n i o r  F i e l d  E n g i n e e r  
Dresser--Atlas  ( I n t e r n a t i o n a l )  
Houston, Texas 

Mechan ica l  E n g i n e e r  
Coal /Air Department 
Naval  Energy 6 Envi ronmen ta l  Suppor t  

P o r t  Hueneme, C a l i f o r n i a  
A c t i v i t y  

5-2 



D.L.RRON KIRW.4XUCK 

1982 

1977-1980 

1982 -1984 

SPT E n g i n e e r  

3 . S .  C i v i l  E n g i n e e r i n g  
U n i v e r s i t y  of  V i r g i n i a  

U n i t e d  S t a t e s  E n v i r o n a e n t a l  Pro:ection 

Water  Q u a l i t y  S t a n d a r d s  D i v i s i o n  
Region I V  
Atlanta ,  Georg ia  

C i v i l  E n g i n e e r  
C o a l / A i r  Department 
Naval Energy 6 Envi ronmen ta l  Suppor t  

P o r t  Hueneme, C a l i f o r n i a  

Agency 

A c t i v i t y  

J-i 



WILLIAY E. POWERS 

1978 

1981 

1980 -81 

1982 t o  R e s e n t  

SET Engineer 

B . S .  Sechanica l  E n s i n e e r i q  
Duke Un ive r s i ty  
Durham, X.C. 

MPH Environmental Science b Engineering 
Univers i ty  of North Carol ina 
Chapel Hill, N.C. 

General Engineer 
Heal th  E f f e c t s  Research Laboratory 
Nat iona l  Envi ronmenta 1 Resea rch Center 
Environmental P ro tec t ion  Agency 
Research Tr iangle  Park, N.C. 

Mechanical Engineer 
Coal/Air Department 
Naval Energy 6 Environmental Support 

Port  Hueneme, C a l i f o r n i a  
Ac t iv i ty  

3-4 



RESUME 

TIMOTHY D. QUARLES 

1976  

1977 

1978 

1979-1981 

19 81 -198 3 

1983 

1983-Present 

SET Engineer 

B.S. Environmental Engineering 
Vanderbi l t  Un ive r s i ty  
Nashvi l le ,  Tenn. 

Source Test Engineer 
Air P o l l u t i o n  Technology, Inc. 
San Diego, C a l i f o r n i a  

Air Pol lu t ion  Instrument Technician 
San Diego County APCD 
San Diego, C a l i f o r n i a  

M.S. Chemical. Engineer ing 
Washington S t a t e  
Pullman, Washington 

Environmental Engineer 
Wisconsin Bureau of Air Management 
Madison, Wisconsin 

Chemical Engineer 
NCEL 
Port  Hueneme, Ca l i fo rn ia  

Chemical Engineer 
CoalJAir Department 
Naval Energy 6 Environmental Support 

Port  Hueneme, C a l i f o r n i a  
A c t i v i t y  

I 
5-5 
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RESIDE 

SUS,zh' J .  SUZUKI 

1982 

1982-1984 

1 9 8 4 - R e s e n t  

SET Eng inee r  

B .  S.  Env i ronmen ta l  Eng inee r ing  
C a l i f o r n i a  S t a t e  U n i v e r s i t y  
San L u i s  Obispo,  C a l i f o r n i a  

Mechanical/Environmental Enginee r  
Naval Air Rework F a c i l i t y  
Alameda, C a l i f o r n i a  

Mechan ica l  Engineer 
Coa l /Ai r  Department 
Naval  Energy 6 Envi ronmen ta l  Support  

P o r t  Rueneme, C a l i f o r n i a  
A c t i v i t y  

2-6 I 



RESUME 

CHARLES K. YEE 

1963  

1969  

1965-72 

1972 t o  P r e s e n t  

SET Eng inee r  

B.S. Chemical E n g i n e e r i n g  
Auburn U n i v e r s i t y  
Auburn, Alabama 

M. S . Environment a 1  Systems E n g i n e e r i n g  
Clemson U n i v e r s i t y  
Clemson, S.C. 

P u b l i c  H e a l t h  E n g i n e e r :  A i r  P o l l u t i o n  
C o n t r o l  Commission 

S t a t e  H e a l t h  Department 
Montgomery , Alabama 

Chemical E n g i n e e r  
C o a l I A i r  Department 
Naval Energy 6 Envi ronmen ta l  Suppor t  

P o r t  Hueneme, C a l i f o r n i a  
A c t i v i t y  

7 ii 
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ROBERT E .  WOOD 

1980 

1980-1982 

1982 -1984 

B.S. Environmental Engineering 
C a l i f o r n i a  S t a t e  U n i v e r s i t y  
San L u i s  Obispo, C a l i f o r n i a  

General Engineer 
Energy Department 
Naval Energy and Environmental Support 

A c t i  v i r  y 

Mechanical Engineer 
NAVOSH Department 
Naval Energy and Environmental Support 

A c t i v i t y  

J-8 




