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MESSAGE 

D&P f4r, MeQueenc_. 

Thought you m i g h t  what thfs for pur 
files if you dldn't have the test  
results. 

Very truly yours, 

CL-L L- 

W L E S  A. LICM. B,E. 
President 

CAL:Cn 
Enclosure (1) A copy of  the Stack lest Repar 

llsll Aluuintm Campany 
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Introduction 

This report presents the results of two runs on an aluminum 

chip dr er after-burner stack exhaust at Hall Aluminum in Chicago 

Heights, Illinois. The test was performed at the request of the 

State of Illinois Environmental Protection Agency to determine 

Compliance with applicable emission limitations. 

/ 

The tests were discussed beforehand with Len Rozak, plant man- 

ager for Hall, who arranged for ports, electrical and product run 

information. All testing was under the direction of Mr. Mole' and 

performed by Mssrs. Bradley and Stanfa. 
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~ROCCSS DESCRIPTION 

Scrap metal containing aluminum is placed into a storage 

hopper after weighing. A bucket conveyor then lifts it and 

places it on a oscillating conveyer. 

into the rotary dryer countercurrent to the burner flames. 

modified direct clay rotary dryer'.has only a few angle lifters 

and for the most part, material slides in the center of the 

Material then flows down 
' .  \ 

This 

1 .  cylinder. 

Combustion gases, water vapor and volatile oils are carryed 
I 

thru the dryer assisted by a fan. Exhaust gases then enter a 

- . ?  ' 2,540,000 BTU/HR burner control and exits thru .a stack; to the 

.. . . atmosphere. A hinged cover emergency by pass stack is, alsc 

connected to the exhaust system from which some leakage of 

emissions occurs. 

The scrap material then falls from'the dryer and into i 

' -tote box to be placed in the sweat or reverberatory furnaces. 

Variables affecting the emissions..are oil, water and dirt 

content of the scrap material along with the dryer revolutions and 
burner air flow. .. -- 

.. . 

I 

.. .:! . .- 
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Conclusion 

The process was shown to be in compliance of the Illinois En- 

vironmental Protection Agency Regulations Rule 203 (c). Rule 203 

(c) is comparable to Cook County Environmental Control Ordinance 

Article 6.2-1 (a). 
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SAMPLING AND ANALYTICAL PROCEDURES 

The sampling po r t s  were located 14 .0  f e e t  downstream from the a f te rburner  

o u t l e t  and 3.0 f e e t  from the s tack  o u t l e t .  Select ion of the  minimum number of 

t r ave r se  po in t s  was done according t o  method 1 of the  Federal  Register VOlUme 36 

NO. 247, December 23, 1971. 

using a one-way squeeze bulb. 

Gas ana lys i s  was performed with a Hays Orsat analyzer 

P a r t i c u l a t e  sampling w a s  performed using an i sok ine t i c  source sampling t r a i n  

(R.A.C.) with t h e  a i d  of a monorail system. 

matter was done i n  accordance to  method 5 of the above mentioned Federal  Regis ter ,  

except for t h e  inc lus ion  of condensible mater ia l .  

method is  given i n  t h e  Appendix. 

A l l  sampling and ana lys i s  of co l l ec t ed  

A complete descr ipt ion of this 
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Summary of Results 
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Calculations Run #1 

Volume of water collected 

I 

, = (. 0474) (Vfc-Vic) + (. 04715) (Wf-Wi) ~ . 
= .04707 (80) + .04715 (17.7) 

= 4.6002 

ft3 

Volume of gas metered 

Vmstd 

2.33 
30.00+13.6 

- - 

= 83.780 (55;) 7 p 3 )  29.92 

= 80.664 

Moisture content 

Bwo Vwcstd 80.664+4.6002 
- - = 4.6002 

+vwcs td %td 
V 

= .e5395 

H 2 0  = 5.4% 

Molecular weight from Orsat 

Md = (%C02x.44) + 2.Ox.44 = .880 

(%Ozx .32)+17.1x.32 = 5.472 

(%COx.28) + 0.1 x . 2 8  = .028 

(%N2 x .ZS) + 80.8 x . 2 8  = 22.624 

Md = 29.004 
i 
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I .. 
,Molecular weight of stack gas 

= Md(.94605) +18 (.05395) 

= 28.410 

Belocity of exit gas 

= 85.49(.85 (5.39) 
130. ~131a8.410) 

'Total flow of stack gas 

' Q, = AS(Vs)(60) 
= 3.1414 (44.676)(60) 

5 8420.7112 

= Q Ps 

-(8420.711.2)'t30.03 X S 3 0  ] (.94605) ' 

2 9 . 9 2  1110 
= 3817.7677 

.= 1215.3078 

Concentration 

cs = Mnx15.43 . .  n M = -8136 State 

',std. - 



? 

= M - ~ 1 5 . 4 3  
I1 

8 0 . 6 6 4  

= . 1 5 5 6  S t a t e  

E m i s s i o n s  from s tack 

pmr = ( m n ) ( Q s  I: %O) 

v%td 

s t d  
( 4 5 4 )  

= M ( 3 8 1 7 . 7 6 7 7 ) ( 6 0 )  n 
( 8 0 . 6 6 4 )  (434) .  

= 5 . 0 8 9 0  S t a t e  

P e r c e n t  i s o k i n e t i c  

PI =. vm x 100 
s t d  

AnVsstd 

, .. .. 

I 

Mn = .8136 S t a t e  

. 
= 9 8 . 5 %  

.. .. 

. .  



Calculations Run #2 

Volume of water collected 
- -v. ) HZ0 Tstd R '  

MH20 Gi- vwc - (Vfc 1c 

= (.0474) (Vfc-vic) 

= (.04707) (46.5) + (.04715) (22.04) 

= 3.228 

Volume of gas metered, . 

= 92.866 

I Moisture Content 

= 3.228 = .03.35 
V M s l . 4  +3. 228 

H20 = 3.36% 

Molecular Weight from Orsat 

Md = (%C02x.44) + 2.Ox.44 = .88 

(%02x.32) + 16.8x.32 = 5.376 

(%COX. 28) 

(%N2x. 28) 81.2x.28 = 22.736 

Md = 28.992 



. 
Molecular weight of stack gas 

M, = Md (l-Bwo) + 18 (Bwo) 

=. Md (.'9665) = 18 (.0336) 

= 28.626 

.. 

Velocity of exit gas 

J ( ~ s )  avg 

= (85.49)(.85)(4- 30.04 (28.626) \.(.588 ) 
v, = K P P  C ( G i a v g  PsMs 

= 47.057 

.Total flow of stack gas 

Q, = As(Vs)(60) 
h 

= 3.1414(Vs) (60)=3869.,4916 ,: 

= Q 30.04 "530 
29.92 583+460 

= 4373,5136 

std Vsstd = Qs 

(. 9665) . 

= 1392.218 

Concentration 

Cs = Mnx15.43 

. .  '%td .. . .  
= hInx15.43 

92.866 ' - - .1316 State 

. 

. 

= .7921 State Mn 



. I  
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Emissions from s t a c k  

pmr'= ( m n ) ( Q s  1 ( 6 0 1  
s t d  

( 4 5 4 )  
\fmstd 

= m ( 4 3 7 3 . 5 1 3 6 ) ( 6 0 )  n 
79  2.866X(3154) 

= 4 . 9 3 0 0  S t a t e  
.- 

Percent i s o k i n e t i c  

PI = x 100 

'std 

V"sta 
A V  

* = 9 2 . 8 6 6 4 1 3 9 2 . 2 1 8  X , O m  6,741'd) 

m = . 7 9 2 1  S t a t e  n 

= 9 8 . 9 5 %  

I 

I ,  

. .  

. .  
... 



C 

c r 
r 

a 
r 

L 

C 

L 
C 

2 
A. 

I: . 
C 

. 

.. 

* .  

.? 

2. .. 



. 
* .  

.. 
_.. . . 

.. I! 

.* 
.. 

. 



. 



r 

. I 

'. . . .  

2. .. 
.. 



- c 

... Results of Stack Sample 

Hall Aluminum 

Run 111 

October 18, 1979 

Weight of Silica Gel 248.40-230.70=17.70g 

Volume of Impinger tl = 155 ml-100=55 

volume of Impinger #2 = 120 ml-100=20 

Volume of Impinger t3 = 5 ml 

' 

Weight of Particulate and Organics Collected 

Filter #410 = 8636-.6915=.1721 

Nozzle & Probe Washings .3016 

Cyclone Contents and Washings .3399 

Impinger Contents (oil) -0347 

Acetone Washings of Impingers .1150 

. . .  . .  



Results of Stack Sample 

Hall Aluminum 

Chicago Heights 

. R u n  # 2  ' 

October 25 ,  1979 

Weight of S i l i c a  G e l  251.09-229.05=22.04g 

Volume of Impinger #1 = 120.00-100.00=20.00 

Volume of Impinger # 2  = 119.5-100.00=19.5 

Volume of Impinger # 3  = 7 .0  m l  

Weight of Particulate and Organics Co l l ec ted  

.0534 
F i l t e r  #412 = .7284-.6889=.0395 

. F i l t e r  8413 = 7094-;6955=.0139 

Nozzle 6 Probe Washings -1009 

Cyclone Contents & Washings ..6378 

Impinger Contents (o i l )  -0142 

Acetone Washings -0518 
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METHOD 5 '- DETERMINATION O F  PARTICULATE EMISSIONS FROM STATIONARY 
SOURCES - VOL. 36 NO. 2 4 7 ,  FEPERAL REGISTER, STANDARDS 
OF PERFORNANCE FOR NEW STATIONARY SOURCES 

c 

a. PRINCIPLE ANT! APPLIChBILITY-  - 
-. . 
1.1 ' Pr inc ip l e .  
.from the source  and i t s  weight is  determined g rav ime t r i ca l ly  after 
.removal of uncombined water. 

P a r t i c u l a t e  matter i s  with-drawn i s o k i n e t i c a l l y  

.I..? A p p l i c a b i l i t y .  T h i s  method is app l i cab le  fo r  t h e  determina- 
- t ion of p a r t i c u l a t e  emiss ions  from s t a t i o n a r y  souces on ly  when 
s p e c i f i e d  by t h e  test procedures f o r  determining compliance w i t h  
New Source Performance Standards.  

2. APPARATUS. 
.. 

2.1 Sampling t r a i n .  The design s p e c i f i c a t i o n s  of t h e  p s r t i c u l a t e  
sampling t r a i n  used by EPA are desc r ibed  i n  APTD-0581. Commercial 
models of t h i s  t r a i n  are a v a i l a b l e .  

2.1.1. Nozzle - S t a i n l e s s  s teel  wi th  sha rp ,  tapered l ead ing  edge. 
2.1.2 Probe - Pyrex g l a s s  w i t h  a hea t ing  system capable  of main- 
t a h f n g  a minimum gas  tempera ture  of 250°F. a t  t h e  ex i t  end during 
sampling t o  prevent  condensat ion from occuring. When l eng th  limit-. 
a t i ons  ( g r e a t e r  t h a n  about 8 f t . )  are encountered a t  temperatures  
less t h a n  600°F., Inco loy  
for sampling gas. streams a t  tempera tures  i n  excess of 600°F, must 
have been approved by the Adminis t ra tor .  

. 
P .  

8 2 5 ,  or  equ iva len t ,  may be used. Probes. 

2.1.3 P i t o t  t ube  - Type S, '  or equ iva len t ,  a t t ached  t o  probe t o  - . -  
I. 

monitor s ta& gas  v e l o c i t y .  . .  
..  .-. ._ . 

2.1.4 
maintaining minimum tempera ture  of 225OF. 

2.1.5 Impingers/Condenser - Four impingers connected i n  series - 

F i l t e r  Holder - Pyrex g l a s s  w i t h  hea t ing  system capable  'of .: 
,; . 

'. . 

. .  .. .. 



., . . .  

.# 

. .  8 

with glass  b a l l  j!,int f i t t i n g s .  
pingers  are of  the G r e e n b u r a - S z i t h  des i cn ,  Kodi f ied  by r ep lac ing  
t h e  t i p  w i t h  a . 1 / 2  ir ;ck 2 3  qlcss tuhc extending t o  one-half i n c h  
from t h e  bottom of t h e  f l a sk .  

Greenburg-Smith dcs ign  wi th  t h e  s t anda rd  t i p .  . A condenser may be 
used i n  place of 1:he impingers  provided that '  t h e  moisture conten t  

The f i r s t ,  t h i r d ,  and f o u r t h  in-  - 

. 
* m__ 

T h e  second impinger i s  of t h e  

. Of t h e  s t a c k  gas c:an s t i l l  be determined. 

2.1.6 Metering system - Vacuum gaugei leak- f ree  pump, thermometers 
Cap&le of measuring temperature  t o  wi th in  5OF., dry gas meter 
w i t h  2% accuracy,  and re la ted equipment, or equ iva len t ,  as required 
to maintain 
volume. 

an i s o k i n e t i c  sampling rate and t o  determine sample 

2.1;7, Baromete r  - To measure atmospheric pressure  to - + 0.1 inches  

Hg = . .  

,' 2.2 . Sample recove.cy. I 

2.'2.1 Probe brush - A t  least  as 1q.ng as probe. . 
2.2.2 G l a s s  wash bo t t l e s  - Two. 

2.2.3. G l a s s  sample s t o r a g e  con ta ine r s .  
2.2.4 Graduated c y l i n d e r  '- 250 m l .  
2.3 Analys i s  
2.3.1 G l a s s  WeighLng dishes. 

2.3.3 
2.3.4 

. . _  - 

. .  . 2.3.2 Desiccator. 
Ana ly t i ca l  ba l ance  - To'measure t o  - + 0.1 mg. 
T r i p  ba lance  - 300 g.. c a p a c i t y  t o  measure t o  -. + 0.05 g. 

3. REAGENTS 
3.1 Sampling. 
3.1.1 F i l t e r s  - G l a s s  f iber  or  e q u i v a l e n t ,  numbered for  i d e n t i f i -  

L c a t i o n  and preweighed. 

.. 
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.. 

U 

3.1.2 
0 (350 F) f o r  2 houss. 

3.1.3 Wat.er. 

Si l ica  g e l  - I n d i c a t i n g  t y p e ,  6-16 mesh, d r i ed  a t  175OC- 

3.1.4 Crushed ice,. . .  

3.2 Sample recovery.  . .  

3.2.1 Acetone - Reagent grade. 
3.3 Analysis .  

3.3.2 Desiccant - Drierite i n d i c a t i n g .  

'. . 
. .3.3.1 Water. 

. .  

4 PROCEDURE 
4.1. Sampling. 
4.1:l 
of sampling p o i n t s ,  determine t h e  stack p res su re ,  temperature ,  

A f t e r  s e l e c t i n g  the  sampling si te and the minimum number 

moisture, and range of v e l o c i t y  head. 
4.1.2 P repa ra t ion  of c o l l e c t i o n  train. Weigh t o  t h e  nea res t  qrm 

- .approximate ly  200 g. of s i l i c a  qe l .  L a b e l  a f i l t e r  of proper dia- 
meter, d i s i c c a m t  24 hours  and weigh t o  t h e  n e a r e s t  

. .0 .5  mg. . i n  a room where t h e  r e l a t i v e  humidity i s  less  t h a n  50%. 
P lace  100 m l .  o f  water i n  each of ' t h e  f i r s t  two im?inqers ,  . l eave  
t h e  t h i r d  inpir.ger- ez.?c;J, . m d  p lace  approximately 200 9. of pre- 
weicjhea s i l i c ~  cei 1~. zhe izxrth Fn?inqer. Sec u p  che t r a i n  with- 

o u t  t h e  probe. Le& che& t h e  sampling t r a i n ' a t  t h e  sampling s i te  
by plugging u p  t h e , i n l e t  t o  t h e  f i l t e r  ho lde r  and p u l l i n g  a 1 5  in .  
Hg vacuum. A l e a k a g e - r a t e  n o t  i n  excess of .O.02 c.f.m. at vacuum 

to provide a . g a s  tempera ture  of about 250 F. a t  the  probe o u t l e t .  
Turn on t h e  f i l t e r  hea t ing  system. 
i m p i n ~ ; e r s ,  add more ice dur ing  t h e  run  t o  keep t h e  temperature  o f  
the gases  l eav ing  t h e  l a s t  impinger as l o w  as possible and p re fe r -  

'ably at  7OoF., or less. ,Temperatures above 70°F. may r e s u l t  i n  dan.- 
age t o  t h e  d ry  gas  meter f r o q  e i t h e r  mois ture  condensation or  ex- 

. .  

- 
-' P - .  
* 

. of 1 5  i n .  Hg i s  acceptable .  At tach  t h e  probe Ad ad jus t .  t h e  h e a t e r  
.O' , 

i. 

Place  crushed ice around t h e  

, I  

.. 

c e s s i v e  hea t .  
'4.1.3 P a r t i c u l a t e  t r a i n  ope ra t ion .  
required on t h e  example s h e e t  shown 

. . ._ . .  .. ... 
L3- 

For each run ,  record t h e  data' 
i n  F igure  5-2. Take r ead ings  . : 

.. 
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a t  each sampling p i n t ,  a t  least  every 5 minutes, and when s i g n i f i -  
can t  changes i n  st'ack condi t ions  n e c e s s i t a t e  add i t iona l  adjustments 

i n  f l o w  rate. To begin sampling, pos i t i on  t h e  nozzle a t  t h e  first: ' 

t r a v e r s e  poin t  with t h e  t i p . p o i n t i n g  d i r e c t l y , i n t o  t h e  gas stream. 
Immediately start  t h e  pump and a d j u s t  t h e  f l o w  to  i s o k i n e t i c  con- 
d i t ions .  Sample for a t  least 5 minutes. a t  each t r a v e r s e  point ;  
sampling t ' i m e  must be the s h e  for each point .  Maintain isokine- 
t i c  sampling throughout t h e .  sampling period. Nomographs are avai l - .  
able which a i d  i n  t h e  r a p i d  adjustment of  t h e  sampling rate with- 
ou t  computations. 
nomographs. 
record t h e  . f i n a l  readings.  

described i n  s e c t i o n  4.2 

4.2 Sample recovery.  Exercise care i n  moving t h e  c o l l e c t i o n  t r a i n  
f r o m  t h e  t e s t  s i t e  t o  t h e  sample.recovery -'ea to. minimize t h e  loss  
of collected' sample or t h e  ga in '  of extraneous p a r t i c u l a t e  matter, 
Set aside a po r t ion  of t h e  acetone used i n  t h e  sample recovery 'as  
a bla& f o r  ana lys i s .  Measure the  volume of water from t h e  first .. 

three.  impingers, then discard.: Place t h e  samples i n  con ta ine r s  as 
follows: 

APTD-0576 ' details  t h e  procedure f o r  using t h e s e  
Turn off t h e  pump a t  t h e  conclusion of each run and 

Remove the  probe and nozzle from t h e  
' s t a c k  and 'handle  i n  accordance with the sample recovery 'process  

. .  

C; 

Container No. i. Remove t h e  f i l t e r  f r o m  its holder ,  place i n  
t h i s  c o n t a i n e r ,  and seal. . 

Container No .  2.' Place loose  p a r t i c u l a t e  matter and acetone .. 

washings from a l l  sample-exposed surfaces p r i o r  t o  t h e  f i l t e r  i n  
t h i s  con ta ine r  and seal. U s e  a r azo r  blade., brush, o r  rubber pol- 
iceman t o  lose adhering p a r t i c l e s .  

Transfer  t h e  s i l ica  ge l  from t h e  f o u r t h  i m -  
pinger t o  t h e  o r i g i n a l  con ta ine r  and seal. ' U s e  a rubber policeman 

. .. Container No, 3. 

as an aid in.removing s i l i c a  gel from t h e  impinger. ., 

i- 

4.3 Analysis.  Record t h e  data r equ i r ed  on ' .the example shee t  shown 
(- : 

. .  . .. .._ . . .. 
-4- 
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i n  Figure 5-3. 

late  matter from t h e  sample con ta ine r  t o  ?, t a r e d  g l a s s  weighing 
dish, desiccate,a,?d dry  t o  a cons t an t  weight. Report r e s u l t s  t o  
t h e  n e a r e s t  0.5 mg. 

Handle each sample c o n t a i r e r  as follows: 
' +  

Container  Nb. 1. Trans fe r  t h e  f i l t e r  and any loose par t icu-  

. .  
Container  N o .  2. Trans fe r  t h e  acetone.washings t o  a tared 

. beaker and evapora te  t o  d ryness  a t  ambient' .temperature and press- 
ure. 
t h e - n e a r e s t  0 . 5  mg. 

Des icca te  and dry t o  a cons t an t  weisht. Report r e s u l t s  t o  

Conta iner  No.  3. Weigh t h e  s p e n t  s i l ica  g e l  and report fo 
the nearest gram. 

: . 
5. CALIBRATION 
U s e  methods and equipment which have been approved by t h e  Admin- 
istrator t o  c a l i b r a t e  t h e  orifice, meter, p i t o t  t ube ,  dry,  gas  meter 
.and 'probe heater. .  Reca l ib ra t e  a f te r  each test  series. 

. .  

6 .  CALCULATIONS * . i.. - 

6.1 
sure drop. 
6.2 D r y  gas  volume. Correct  t he ,  sample volume measured b y  t h e  - 
dry gas  meter t o  standard cond i t ions  (7O0F.. 29.92 i nches  Hg) by 
using Equation 5-1 

Average dry 'gas meter temperature  and. average '  o r i f i c e  pres- 
See data sheet (F igu re  5-21. 

\ 

i <I ...... - ... . . . .  
equa t ion  5-1 ' 



. where : 
= Volume of gas  sample through t h e  d r y  gas meter 

= Volr 'me of gas  sample through t h e  d r y  gas  meter 

= Absdlute  temperature  a t  s tandard  condi t ions ,  530°R. 

( s t a n d a r d  c o n d i t i o n s ) ,  cu. f t .  

(meter d e n d i t i o n s ) ,  cu. f t .  

'%td 
b 

vm 

Tstd 
T,,, = Average dry gas meter temperature ,  OR. 

B a r o m e t r i c  p r e s s u r e  a t  t h e ' o r i f i c e  meter, inches  Hg. 

i n c h e s  H20.  

'bar 
H = Average p res su re  drop across t h e  o r i f i c e  meter, 

- 13.6 = Specific g r a v i t y  of mercury. 

P Absolute  p re s su re  a t  s t anda rd  cond i t ions ,  29.92 
i n c h e s  Hg. 'std 

. 
6.3 Volume of water vapor. 

.,. 
equat ion  5-2 

where : 
V I= Volume of w a t e r  vapor i n  t h e  gas sample (s tandard 

P T o t a l  volume of l i q u i d  collected i n  impingers Ad 
Wstd c o n d i t i o n s ) ,  cu. f.t .. 

'1 
s i l i c a  gel (see F i g u r e  5-3), ml. 

P H ~ O  = Densi ty  of water ,  1 g./ml. 

a Molecular weight of water, 18 lb./lb. .- mole. 

R = I d e a l  gas  c o n s t a n t ,  21.83 inches  Hg - cu.ft./lb. 
".20 

mole-OR. 
0 _ _  

Tstd E Absolute  tempera ture  a t  s tandard  cond i t ions ,  530 R.-. 

. .  P Absolute  p r e s s u r e  a t  s tandard  cond i t ions ,  29.92 inches  Hg. 'std .. 
. .  

..I. . 
-6- 
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6.4 Moisture content .  

b . 
= vwstd 

+ vw. 
.. std 

B- v 
%td 

equa t ion  5-3 

where : 
0 Proport ion by volume of water vapcr i n  t h e  gas  stream, 

dimensionless.  %o 

P Volume of  water  i n  t h e  gas  sample (s tandard c o n d i t i o n s ) ,  

= Volume of gas  sample through t h e  dry gas  meter ( s t anda rd  

V 
Hstd a. ft. 

Y 
mstd c o n d i t i o n s ) ,  cu. f t ;  

' . 6.5 T o t a l  p a r t i c u l a t e  weight. 'Determine  t h e .  t o t a l  p a r t i c u l a t e  
catch from the .  sum of t h e  weights . .  o n . t h e  ana lys i s  . .  . .. da ta  . shee t  .. 
(F igure  5-31 . .  .. 
6.6 Concentration. . ' . : ' r  

6.6.1 Concentrat ion i n  gr . /s .c . f .  .. 
. _._. . _.. .. . - .  . .- - ... 

0.0154%) mg. CmMn ) *  
s t d  

='s 

- \  

equat ion  5-4 

where:. 
C I S  = Concentrat ion of p a r t i c u l a t e  mat ter  i n  s tack  gas ,  

gr . /s .c . f . ,  dry basis. 
To ta l  amount of p a r t i c u l a t e  mat te r  c o l l e c t e d ,  mg. 

= Volune of gas  sample through dry gas meter (stand- 
. Ma 

4. 

Y 
%td . ard c o n d i t i o n s ) ,  cu. ft. 

--J 

. .  
-7- . ..- ' 



... 6.6.2 Concentrat ion i n  lb/.cu.ft. 

'n 

%td V =S 

%td 
equation 5-5 

where : .. 

= Concentrat ion of p a r t i c u l a t e  matter i n  s t ack  gas, 
lb./s.c.f., dry b a s i s  ' . . .' =s . 

453,600 = Mg/lb. / . .  

- Mn = Tota l  amount of p a r t i c u l a t e  mat te r  c o l l e c t e d ,  
mg - 

= Volume of gas  sample through dry  gas meter 
s t d  . ( s t anda rd  c o n d i t i o n s ) ,  cu. f t .  

6.7 I s o k i n e t i c  v a r i a t i o n .  ' . .  r "H 0 ' 13m.6 x . 100 ' 

( p H 2 0 ) R +  
* =s 
I o  

"sPsAn 
. .  

.. lt 

(1 .657 min. ) k . 0 0 2 6 1  i n .  t b a r  + - AH] 
. P  sec. rn1.-  O.9 T, 13.6 

- e V ~ P ~ A ~  
.. . .  

Equation 5-6 
\. 

where: 
I 0 Percent  of i s o k i n e t i c  sampling. . .  

-VI = T o t a l  volune of i i c y i d  c o l l e c t e d , i n  .. irnpingers and .. 
. c s i l ica  g e l  (See Fig .  5-31, m l .  

pH20 = Density of water, 1 g./ml. . .  

R P I d e a l  gas  cons t an t ,  21.83 inches  Hg-cu.ft./lb. 
m o l e -  O R  

.. 
'\i 

. .. . \ -8- .. 



M ~ 2 0  ,I= M o l e p l a r  weight of water ,  18 lb,./lb-mole. 

CI Volume of gas  sample through t h e  dry gas meter 
(meter c o n d i t i o n s ) ,  cu. f t .  vm 

Tni = Absolute  average dry g a s ' m e t e r  temperature (see Figure  
5-21, OR. 

= Barometric p re s su re  a t . s ampl ing  s i t e ,  i nches  Hg. 

.aH P Average p res su re  drop ac ross  t h e  o r i f i c e  (see Figure  

' 'bar . 
. 5-21, i nches  H20. ' . P Absolute average' s t ack  gas  temperature (see Figure  5-21, 

Ts. OR. 

0 = T o t a l  sampling t i m e ,  t n h .  
V 0 Stadc gas  v e l o c i t y  calculated by Method 2,  EWatiOn 

= Absolute  stadc gas  pressure, i nches  Hg. 

= Cross-sec t iona l  area o f  nozzle ,  sq. ft. 

2-2, ft./sec. s .  

ps. - 
An 

, .6.8 Acceptable r e s u l t s . .  The fo l lwing  range sets the 1ird.t on 
accep tab le  i s o k i n e t i c  samplrng r e s u l t s :  * . .  . .  

.If 90%31 (110%, t h e  r e s u l t s  are acceptab le ;  o therwise , .  reject _, 

the r e s u l t s  and r e p e a t  t h e  test. . .  

I . 

.. . 
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. .  
',. Cross sec t ion  of a c i r c u l a r  s t a c k  divided i n t o  

.. . three c o n c e n t r i c  equal areas showing the loca t ion  of 
the t r a v e r s e  po in t s .  . ?  

. .  
. .  

. .  . .  

P o i n t  Locat ion  as a Percent o f  Diameter 

: W B E R  OF TRAVERSE POINTS ON A DIAMETER' . -. - 
AVERSE 
IINT 
M E R  

1 ' .  
2 :. 

3 
4. . ' 

5 . -  
6' 
7 . '  
8 
9 : 

10 
1.1 
12 
13. 
14 . 
15 . '  

1 6 ,  . 
1 7 .  ; 
18 ' 

19 
20 
21. 
22 
23  

- 
-. 

22 '. 24 a 10 12 14 16 18 ' 20 6 .  

1.4 1.3 1.1 . 1.1 

70.5 32.3 14.6 12.9 11.6 10.5 

' 6  
2.5 2.1 1.8 ' 1.6 
8.2 6.7 5.7 3.9 3'. 5 3.2 4.9 - 4.4 

4.4 
29.5 19.4 ' 14.6 '11.8 9 ..9 6.7 6.0 ._ 5.5 7.5 
14.7 

8.5 
7.9 12.5 10.9 9.7 8.7 

20.1 16.9 85.3 67.7 . 34.2 25.0 13.2 95.6 ,. 80.6 . :  65.8 35.5 26.9 22.0 18.8 16 .5 .  14.6 
18.0 16.1 77.4 64.5 36.6 28..3. 23.6 20.4 89.5 21.8 19.4 

85.4 75.0 63.4 37 .5 .  29.6 25.0 
23.0 73.1 62.5 38.2 3 0 . 6 .  26.1 

. .  97.5 , 8 8 . 2  79.9 71.7 '  61.8 38.8 . 31.5 27.2 

39.8 
81.2 75.0 68.5 60.2 

... 98.2 91.5 85.4 79.6' 73.9 67.7 

80.6 95.6 90.3 85.4 
. . .  83.9 98.6 . 93.3 88.4 

96.1 . 91.3 '86 .8  

92.1 ' 96.5 
98.9 _. 94.5 

. .  96.8 
. 98.-9 

3.3 
10.5 

22.6 17.7, 14.6 

. .  96.7 
. .  91.8 82.3 . .  . . . .  

._ 93.3 85.4 , 78.0 70.4 :..61.2 " 39.3 . 32.3 . .  
. . .  90.1 83.1 76.4. 69.4 60.7 97.9 

94.3 87.5' - .  

. . .  
. . . . .  89.1 83.5 78.2 . 72.8 . ,- 

. .  , .  
95.1 . .  . 

9.. . 98.4 92.5 87.1 82.0 . 77.0 

- 98.7 94.0 . 89.5 

., . .  . .  . .  i.. . .  
. . .  

. .  . .  
. . . . .  

* .  :. 

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

. . .  ' . . .  . . .  . .  
. .  

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

. . .  . .  
~. 

. . . .  

. .  
.. . .  . . _  - . . .  . . . . . . . . .  . _. - : .  

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

. . . . .  

. .  

. . . . . . .  . . . . . .  ' .  ? . .  
:. . 

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

. . .  

.. . .  .. _ .  , . .  

. . .  

_ .  . :. ' 

. . . . . .  
. .  . .  

. . . .  - .  . 
. . .  ,A, ; 

. .  
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