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I. ABSTRACT 

On January 23rd and 24th, 1974, York Research, an independent 
consul t ing  f i rm i n  t h e  environmental f i e l d ,  began a series of 
emission sampling tests a t  the Wil l iment ic  Sewage Treatment 
P lan t  in W i l l h e n t i c ,  Connecticut. 

The purpose of  t h e s e  tests was t o  determine compliance with 
Connecticut S t a t e  Regulat ions for p a r t i c u l a t e  emisaione fran 
an  i n c i n e r a t o r .  
per a S t a t e  request. 

The Connecticut S t a t e  Regulat ions a s  spec i f i ed  in "Administrative 
Regulations", Department of Environmental Protect ion,  Abatement 
of  A i r  Po l lu t ion ,  May 23, 1972, Page 14B, Sec t ion  19-508-16 
"ControL of P a r t i c u l a t e  Emissions" subsect ion (C) (3) (f) 
"Emission Standards.  P e r t i c u l e t e s "  s t a t e s :  

No person a h e l l  c m s t r u d ,  i n s t a l l ,  use or cauae t o  
be  used any new (constructed or modified a f t e r  June 

mat te r  i n  t h e  e f f l u e n t  i n  excess o f  0.08 gr/SCF (0.18 
gmAM3) correc ted  t o  12% 032, maximum 2 hour average. 
No person s h a l l  u se  or cause t o  be used any e x i s t i n g  
i n c i n e r a t o r  which w i l l  emit more than 0.4 lb. parti- 
c u l a t ~ l l 0 0 0  lbs. of flue gases ad jus ted  t o  5% excess  
a i r .  

NOx, SO,, hydrocarbons and CO were also t e s t e d  

t 1, 1972) i n c i n e r a t o r  which w i l l  result i n  p a r t i c u l a t e  

The following Table g ives  t h e  r e s u l t s  of t h e  scrubber o u t l e t  
sampling i n  terms as  used i n  t h e  Connecticut S t a t e  Regulations.  

P a r t i c u l s t e  Tes t  gr/SCF (12% 032) lbs.AOO0 lbs. (Flue 
Gas @ 5% excess  a i r  

1 
2 
3 

Average 

S t a t e  
Limi ta t ions  

.137 

.208 . 

.264 

.203 

.155 

.198 

.252 

.202 

.OB gr/SCF . lbsAO 
(Flue G; is  
Excess A i  

(12% co2) 
D lbs. 
s 50% 
1 
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11. SUMWRY OF RESULTS 

PARTICULATE 

Tes t  
Date 
Time 

2 - 1 - 
1/23/74 1/24/74 

1450-1650 1137-1323 

$4 Moisture (Gas) 

% co2 
% 02 
% c o  
% N2 
Stack  Temp. (OF) 
Stack  Veloc i ty  

S tack  Volume 

gr/SCF 
gr/ACF 
Lb./Hr. 

( F W  

( S C N )  

*gr/SCF @ 12% CO2 
**Lb/l000 Lb. Flue 

r c e  s ***?$e$ Rate %s/?Ir. 
Gas @ 5% ex .a i r  

11.10 
3.8 

14.4 
0.2 

81.6 
14  3 

2273 

5568 
,0435 
.0339 
2.08 
.137 

.155 
203 
1.93 

11.12 
2.8 

14 .8 
0.4 

82.0 
12 8 

2150 

54 73 
.0485 
.03 93 
2.27 
.208 

,198 
24 7 
1.82 

3 
1/24/74 

1520-1721 

- 
11.31 

2.8 
14.8 

0.4 
82.0 
136 

2384 

5978 
.0616 
. w 9 1  
3.16 
.264 

.262 
24 7 
3.10 

Averane - - 
11.18 

3.13 
14.7 
0.33 

81.9 
13  6 

2269 

5673 
.OS12 
.0408 
2.50 
.203 

.202 
232.3 
2.28 

%The S t a t e  l i m i t  for new i n c i n e r a t o r s  is .08 gr/SCF @ 12% C02 

**he S t a t e  l i m i t  for e x i s t i n g  i n c i n e r a t o r s  is .40 Lb.AO00 Lb. 
Flue Gas @ 5046 Excess A i r  

**Qhese readings  a r e  Liuestionable due t o  problems encountered 
with the s c a l e .  

YORK RESEARCH CORPORATION STAMFORD, CONNECTICUT 





PRCXPIRTE 
8111MiE ANALYSIS 

1 Teat - 
Drying Temperature 100 *€ 
mte v 2 3 / 7 4  

,3 'Moisture QS) 79 72 
Volatile8 (96) b3 600.C 14.00 
Ash (96) 5.12 

m o o  0.89 
m o o  0.27 
BTu/tb. my) 8126 

1 
105 *C 

1/23/14 

- 

80.66 
U.66  

4.62 

0.83 
0.23 
ease 

ULTIMATE 
S-SIS 

2 & 3  
100.F 
1/24/74 

81.51 
12-30 

5 -06 

0.88 
0.25 
7933 

- 

2-3 - 1 - Tea t  
% Carton (Dry) 37.33 38.29 
% Hydwzen (Dry) 5.57 5.36 
% Nitrogen. (Dry) 3.09 2.17 

%Sulfur (Dry) .717 .713 
% Sul fu r  ( A s  received)  .099 . lo7 

% Combustibles (as 10.10 9.71 

% oxygen (Dry) 21.91 19.49 

% Canbust ibles  (Dry) 68.61 61.63 

received)  
% Hexane Extrect ion@ry)87.59 87.79 
% Hexane Ext rac t ion  (As 12.12 U . 7 1  

received)  

ASH ANALYSIS 

1-2-3 - Test 
De te 1-23, 24-74 
- 

Moisture (%) 0.07 
Voletiles (%) 0.62 

SCRUBBER WATER ANALYSIS 

1-2-3 - T e s t  - 
D g t e  1-23, 24-74 

PH 7.01 

2 & 3  
105 *C 

1/24/74 
83.41 
10.93 
4.60 
0.83 

- 

0.23 
7675 

Suswnded S o l i d s  21.95 d i t e r  - - 
STAMFORD, CONNECTICUT YORK RESEARCH CORPORATION 
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111. GENERAL TEST METHODS 
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DESCRIP~ION OF OPERATIONS 

The i n c i n e r a t o r  is  a mul t ip l e -hea r th  furnace  with six (6) 
hea r the .  The temperatures  i n  the furnace  a r e  r egu la t ed  by  
bu rne r s  l oca t ed  on h e a r t h s  2, 4 and 6. The furnace  i s  de- . 
s igned  t o  burn 8000 lb./hr. of a mixture  o f  primary and second- 
a r y  s ludge.  

A s  t h e  s ludge  is burned, a r e l a t i v e l y  l a r g e  amount of gases a r e  
pro8uced. What remains a f t e r  canbust ion i s  a steri le a s h  which 
is t r a n s p o r t e d  t o  another  l o c a t i o n  by some s u i t a b l e  means. Along 
wi th  t h e  canbus t ion  gases produced by the s ludge  and a u x i l i a r y  
f u e l  ( i f  any) is p a r t i c u l a t e  m a t t e r .  This  p a r t i c u l a t e  ma t t e r  is 
passed through a pre-cool ing chamber and a scrubbing  system 
which removes the d u s t  particles. 

The scrubber  is an  impingement t y p e  u s i n g  300 GPM t o t a l  water  
f o r  adequate  scrubbing  o f  gases. 
volume o f  7160 A C I M  (maximum) @ 120°F wi th  a d i f f e r e n t i a l  
p r e s s u r e  o f  6.5 W.C. a t  t h e  designed scrubber  o u t l e t  volume 
wi th  a des ign  o u t l e t  dus t  l oad ing  o f  approximately .03 gr./ 
s t anda rd  d r y  cubic f o o t  exhaus t  gas. 

The exhaust  gases a r e  moved through t h e  e n t i r e  system by an 
induced d r a f t  fan  loca ted  between t h e  scrubber  o u t l e t  and t h e  
s t a c k ,  and designed t o  move 8000 CIM a t  120'F (See Figure #l). 

The scrubber  h a s  an  o u t l e t  

* ,: - .  

\ 

. .  
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SAMPL-~G LOCATIONS - PORTS 

Particulate  sampling ports a t  the o u t l e t  were located i n  accord- 
ance with EPA guidel ines .  
that  the  distance t o  nearest interferences upstream (6 d u c t  
diameters) and downstream (1.5 diameters) were f a r  enough away 
a s  not t o  'cause'any undue turbulence i n  the gas flow (Figure #2). 

The sampling ports were located so 

. .  
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S A W - h G  LOCATION - TEST POINTS 

The round 23-S/2" I D  o u t l e t  s tack had two ports a t  r i g h t  angles  
(goo) for twenty test points (ten a t  each traverse).  

The test points  were sampled for f i v e  minutes each. The location 
o f  each test p o i n t  was determined from EPA spec i f i ca t ions  (Figure 
#3).  

c 

. . . .  
/ 
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111. GENERAL TEST METHODS 

p a r t i c u l a t e  Sampling Tra in  - EPA Method 5 

The sampling appara tus  cons is ted  o f  a f i v e  (5) f o o t  probe, cyclone 
bypass, fi l ter ,  four  impingers, d r y  gas meter, vacuum pump and 
flow meter (See Figure 4) .  The s t a i n l e s s  steel, button-hook type  
probe t i p  (1) was connected by a s t a i n l e s s  steel  coupl ing  (2) with  
a s b e s t o s  packing t o  t h e  probe. The probe (3) cons i s t ed  of 5/8 
inch  o u t s i d e  diameter  medium w a l l  Pyrex g l a s s  ' t ube  wi th  a ground 
b a l l j o i n t  on one end. The probe was l o g a r i t h m i c a l l y  wound from 
t h e  en t r ance  end wi th  26-gauge nickel-chromium wire. 
sampling, t h e  wire was connected t o  a v a r i a b l e  t ransformer t o  
maintain a gas  temperature of 300°F in t h e  probe. The wire wound 
tube  was wrapped wi th  f i b e r g l a s s  t a p e  and encased i n  a 1-inch-0D 
s t a i n l e s s  steel  cas ing  f o r  p r o t e c t i o n .  The end o f  t h e  steel 
probe c a s i n g  does not have t h e  b a l l j o i n t  p ro t rud ing  bu t  has  a n u t  
welded t o  it f o r  connection t o  t h e  s t a i n l e s s  steel coupl ing  used 
t o  a t t a c h  t h e  nozzle .  The probe connects t o  a cyclone bypass (4). 
The cyclone bypass  connects t o  a very  coarse  f r i t t e d  g l a s s  filter 
ho lde r  (S) ,  which holds  a t a r e d  g l a s s  f i b e r  f i l ter .  The cyclone, 
f l a s k ,  and f i l ter  were contained i n  an e l e c t r i c a l l y  heated en- 
closed box (6) which is t h e r m o s t a t i c a l l y  maintained a t  a minimum 
temperature  o f  300°F t o  prevent  water  condensation. Attached t o  
t h e  hea ted  box was an i c e  b a t h  (7) con ta in ing  four  impingers 
connected i n  series wi th  g l a s s  b a l l j o i n t s .  
( 8 )  receives t h e  gas  s t ream from t h e  f i l t e r .  
o f  t h e  Greenburg-Smith design modified by r e p l a c i n g  t h e  t i p  wi th  
a 112 inch  I D  g l a s s  tube  ex tending  t o  0.S inches  from t h e  bo t tun  
of t h e  f l a s k .  
l iters o f  d i s t i l l e d  water .  The second impinger (9) is of t h e  
Greenburg-Smith design and l ike t h e  first was i n i t i a l l y  f i l l e d  
with 100 mi l l i l i t e r s  o f  d i s t i l l e d  water .  The t h i r d  impinger (LO), 
which was l e f t  dry ,  is a Greenburg-Smith impinger modified l i k e  
t h e  first.  The f o u r t h  impinger (11) i s  a l s o  a Greenburg-Smith 
type  modified l i k e  t h e  first and contained d r y  s i l i c a  gel. 

From t h e  f o u r t h  impinger (11) t h e  e f f l u e n t  s t ream flows through 
a check va lve  (13); f lexible rubber  vacuum t u b i n g  ( 1 4 ) ;  vacuum 
gauge (15); a needle  va lve  (16) ; a l e a k l e s s  vacuum pump (17), 
r a t e d  a t  4 cubic feet per minute a t  0 inches  o f  mercury gauge 
p res su re  and 0 cub ic  f e e t  per  minute a t  26 inches  of mercury 
gauge p res su re ,  and connected i n ' p a r a l l e l  w i t h  a bypass va lve  
(18);  and a d r y  gas  meter r a t e d  a t  .1 cubic  f o o t  p e r  r evo lu t ion  
(19). A c a l i b r a t e d  o r i f i c e  (20) completes t h e  t r a i n  and was 
used t o  measure ins tan taneous  flow r a t e s .  The three thermo- 
meters (12) a r e  d i a l  type  wi th  a range o f  25" t o  125°F. A 
f o u r t h  thermometer i n  t h e  hea ted  po r t ion  o f  t h e  box has  a range 
up t o  S00"F. T h e  dua l  manometer (21) a c r o s s  t h e  c a l i b r a t e d  o r i -  
fice is an  i n c l i n e d - v e r t i c a l  t y p e  graduated i n  hundrdths of an 
inch  o f  water  from 0 t o  1.0 inch  and i n  t e n t h s  f r a n  1 t o  10 inches.  

_- 

During 

The first impinger 
This  impinger is  

Th i s  impinger was i n i t i a l l y  f i l l e d  wi th  100 m i l l i -  

YORK RESEARCH CORPORATION STAMFORD, CONNECnCm 
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Readings Taken 

D u r i n g  each run t h e  fo l lowing  r ead ings  were taken  a t  each poin t :  

i. 
2. 
3 .  
4. 
5.  
6 .  
7. 

9. 
10. 
11. 
12. 
13. 

a. 

Poin t  Designat ion 
Clock Time 
Dry gas  meter r ead ing  (CF) 
Veloc i ty  head ( A P  i n  i nches  water) 
Desired p r e s s u r e  drop a c r o s s  o r i f i c e  ( A H  i n  inches  of water) 
Ac tua l  p r e s s u r e  drop a c r o s s  o r i f i c e  ( A H  i n  inches o f  water) 
Dry gas temperature  (OF) gas  meter i n l e t  
Dry gas  temperature  (OF) gas  meter o u t l e t  
Vacuum pump gauge r ead ing  (in.  Hg) 
F i l t e r  box temperature (" F) 
Dry gas  temperature  (OF) a t  t h e  d ischarge  o f  l a s t  impinger 
S tack  temperature  (OF) 
Stack p res su re  ( inches water) 

The r e l a t i o n s h i p  of h P read ing  wi th  t h e  O H  r ead ing  is a func t ion  
of t h e  fo l lowing  v a r i a b l e s :  

1. O r i f i c e  c a l i b r a t i o n  f a c t o r  
2. Gas meter temperature  
3. % mois ture  i n  t h e  f l u e  gas  
4. R a t i o  o f  f l u e  gas pres su re  t o  barometr ic  p re s su re  
5. Stack temperature  
6. Sampling nozz le  diameter  

A nomograph was used t o  c o r r e l a t e  a l l  t h e  above v a r i a b l e s  such 
t h a t  a d i r e c t  r e l a t i o n s h i p  between A P a n d A  H could be d e t e r -  
mined by t h e  sampler w i th in  f i f teen  seconds and i s o k i n e t i c  con- 
d i t i o n s  maintained throughout t h e  tes t .  

ANALYTICAL PROCEDURE - PARTICULATES 

The f i l t e r  d i s c s  were p rev ious ly  tare-weighed and t h e  weights  
recorded a t  York Research 's  Laboratory.  Upon r e t u r n  they  were 
d r i e d ,  cooled i n  a d e s s i c a t o r ,  t h e n  weighed on an  a n a l y t i c a l  
balance.  The amount o f  p a r t i c u l a t e  c o l l e c t e d  is t h e  difference 
i n  t h e  weights .  The probe and nozzle  water  and acetone wash 
s o l u t i o n s  a r e  p laced  i n t o  r e s p e c t i v e  t a r e d  beakers ,  evaporated 
wi th  an in f r a - r ed  lamp and t h e  beakers  weighed aga in .  
d i f f e r e n c e  i n  t h e  weights is t h e  we.ight of t h e  p a r t i c u l a t e  i n  
t h e  washes. These a r e  canbined wi th  t h e  f i l t e r  ca tch  a s  t h e  
t o t a l  weight o f  t h e  sample. 

The 

s r ~ o m ,  CONNECTIC~ 

- 
YORK RESEARCH 
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PARTICULATE CALCULATIONS 

The following a r e  t h e  b a s i c  equat ions  used in c a l c u l a t i n g  
f ina l  da ta  a s  found i n  t h e  f ina l  sununary. 

1. Volume o f  dry  a s  sampled a t  s tandard condi t ions - 70"F, 
29.92" Hg, f t .  3 

2. Volume of water  vapor a t  70°F and 

3 = 0.0474 x Vw = F t .  
P S  

VW 

3. % Moisture i n  s t a c k  gas 

',Std + ',gas 

4. Mole f r a c t i o n  of dry gas 

29.92" Hg, Ft.3 

5. Average molecular weight o f  dry s t a c k  gas 

6. Molecular w e i g h t  o f  s t a c k  gas 

M W = M W d X 4 + 1 8  (1-4) 
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7. S tack  v e l o c i t y  a t  s t ack  condi t ions,  fpm 

V, = 4350 x +m (ps .> W! fpn 

8. Stack  gas volume a t  s tandard conditions,  SCm 

0.123 x Vs x As x & x Ps = scm Qs = (Ts + 460) 

9. Percent  i s o k i n e t i c  

. 
10. P a r t i c u l a t e  - probe, cyclone and filter, gr/SCF 

Can = 0.0154 x Mf 
= gr/SCF 

* "m s t d  

11. P a r t i c u l a t e  t o t a l ,  gr/SCF 

0.0154 x M t  - = gr/SCF vrn s t d  Cao - 

12. P a r t i c u l a t e  - probe, cyclone and f i l t e r ,  gr/CF a t  s t a c k  
condi t ions  

Md = gr/CF 
17.7 x Can x P, 

Cat = (Ts  + 460) 

13. P a r t i c u l a t e  - t o t a l ,  gr/CF a t  s tack condi t ions 



. ) ' .  .I' . . ', . . , 

. 
14. . Particulate - probe, cyclone and filter, l b h .  

C, 0.00857 x Can x Qs = Lb&. 

15. 

16. 

. .  
- .  

Particulate - t o t a l ,  l.b/hr. 

Cax 0.00857 x Cao x Qs L b h .  

%Excess  a i r  a t  sampling point 

CO) x 100 %, .EA& w 02) - 0.5 (-% 
0.264(% N2) - (56.02) + 0.5 (ss CO) 
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VELO~ITY DETERNINATION 

To determine t h e  gas  v e l o c i t y  a n  "S" t ype  p i t o t  tube ,  manmeter,  
thermocouple, and a pyrometer were employed (See Figure #5). 

The probe t i p  was placed a t  each p o i n t  s h w n  i n  Figure #3 and 
t h e  '* A P" ( d i f f e r e n t i a l  p ressure) ,  a c r o s s  t h e  f r o n t  and back 
f a c e  of t h e  p i t o t  tube,  is ind ica t ed  by t h e  manometer i n  
inches  of H20. 

The probe is tu rned  a t  r i g h t  ang le s  t o  t h e  gas flow and one 
connection t o  t h e  manometer i s  opened t o  atmospheric pressure .  
The reading  i n  inches  of water ("H 0) is noted a s  the s t a t i c  
pressure  and recorded on t h e  Data gheet .  

The thermocouple junc t ion  r e a c t s  t o  t h e  surrounding temperature 
by producing a vol tage  d i f f e r e n t i a l .  This  vo l tage  i s  read  out  
d i r e c t l y  by a potent iometer  i n  degrees  f ah renhe i t  (OF). 

. 
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HYLNOCARBON SAMPLING 

The hydrocarbon sampling t r a i n  c o n s i s t s  of (1) a heated g l a s s  
probe, (2) a 3 inch  coupling, (3) an aluminum box, (4) t h r e e  
250 Ml hydrocarbon sampling f l a s k s .  The f l a s k s  a r e  connected 
t o  a manifold wi th  1215 b a l l  and socket  j o i n t s ,  (5) two 350 
w a t t  s t r i p  h e a t e r s  (ode on t h e  bottom of t h e  box, t h e  o the r  i n -  
s i d e  t h e  t o p  cover), (6) a thermometer, (7) t h e  exhaust  fran 
the box t o  t h e  pump i n l e t .  

A sample is drawn through one f l a s k  a t  a time, for a minute or 
two. 
then  t h e  v a l v e  on t h e  probe end. 

(See Figure # 6 . )  

The'valve on t h e  pump end of the flask is  closed first, 

HYDROCARBONS ANALYSIS 

The method used t o  measure t h e  hydrocarbon sample i s  wi th  a 
Perkin-Elmer 881 gas  chromatograph with flame i o n i z a t i o n  
d e t e c t o r s .  A 118" blank s t a i n l e s s  s t ee l  column a t  200°C with 
a Perkin-Elmer l cc  gas sampling loop  is used t o  i n j e c t  t h e  
sample i n t o  t h e  d e t e c t o r .  

The samples a r e  hea ted  and d i sp laced  fran t h e  f l a s k  wi th  mercury. 
Standards a r e  made up f rm c a l i b r a t e d  gases u s i n g  a ppn Hexane 
i n  N2 s t anda rds .  

. 
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OXID& OF NITROGEN S A M P L I N G  @PA Method No. 7) 

A grab  sample i s  c o l l e c t e d  i n  an  evacuated f l a s k  con ta in ing  a 
d i l u t e  s u l f u r i c  a c i d  - hydrogen peroxide absorb ing  s o l u t i o n .  

The sampling procedure c o n s i s t s  of p i p e t t i n g  25 m l  of H2S04 - 
H202 a b s o r b i n g - s o l u t i o n  i n t o  a 2 l i t e r  sampling f l a s k .  The 
flask is  t h e n  evacuated t o  a t  l e a s t  3 i n .  Hg. a b s o l u t e  pressure .  
The nex t  s t e p  is t o  evacuate  t h e  probe p r i o r  t o  sampling. 
sample is then  taken  over a per iod  of 15 seconds. After t h e  
sample h a s  been c o l l e c t e d ,  t h e  f lask  i s  shaken f o r  approximately 
5 minutes.  After t h i s  per iod t h e  f l a s k  must be l e f t  w i th  t h e  
sample for a minimum of 1 6  hours.  After t h e  16 hours, t h e  flask 
is reshaken f o r  a per iod  of two minutes .  After t h i s  t h e  f i n a l  
p re s su re  of t h e  f l a s k  is recorded and the sample is t r a n s f e r r e d  
t o  t h e  l a b  for a n a l y s i s .  The sampling appara tus  used t o  c o l l e c t  
ox ide  o f  n i t r o g e n  samples i s  s h a m  i n  Figure #7.) 

The 

NO2 ANALYSIS 

The amount of n i t rogen  d ioxide  i n  t h e  sample i s  determined by 
t h e  phenoldisulphonic  method. T h i s  method is a s  fol lows : 

* 

The sample is placed i n  a beaker and NaOH i s - s l o w l y  added 
u n t i l  t h e  s o l u t i o n  i s  n e u t r a l  or s l i g h t l y  b a s i c  by Litmus 
paper i n d i c a t i o n .  Th i s  s o l u t i o n  is then  evaporated i n  
t h e  beaker  used f o r  n e u t r a l i z a t i o n .  To the dry  r e s idue ,  
two (2) mill i l i ters  of phenoldisulphonic  a c i d  a r e  added 
and mixed t o  dampen a l l  t h e  p r e c i p i t a t e .  Then add two 
(2) mill i l i ters  o f  d i s t i l l e d  water  and m i x  thoroughly; 
add twenty (20) more m i l l i l i t e r s  o f  d i s t i l l e d  water  and 
m i x .  Add concent ra ted  NH40H t o  t h i s  s o l u t i o n  i n  excess 
o f  n e u t r a l i z a t i o n .  
t r a n s f e r  t o  a volumetr ic  f l a s k .  Using a spectrophoto-  
meter a t  420  Mu, compare r e s u l t s  w i t h  a s tandard  curve 
based on s t anda rd  concent ra t ions ,  and read mi l l ig rams 
o f  n i t r o g e n  i n  t h e  sample. 

F i l t e r  s o l u t i o n  i f  necessary  and 

. .  . .  . . .  . .  . 
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OXIDES'OF SULFUR SAMPLING @PA Method No. 6) 

The s u l f u r  oxides  sampling t r a i n  c o n s i s t s  o f  t h e  fo l lowing  
components arranged and i l l u s t r a t e d  schemat ica l ly  (See Figure 
#a): (1) g l a s s  wool f i l ter ,  (2) an  e l e c t r i c a l l y  heated g l a s s  
probe, (3) v a r i a c ,  (4,5,6,7) f o u r  midget impingers, ( 8 )  ice  bath,  
(9) d ry ing  t u b e  con ta in ing  s i l i c a  gel, (10) vacuum gauge, (11 ) .  
c o n t r o l  valve,  (12) vacuum pump, (13) d r y  gas  meter, and (14) 
thermometer. 

The probe is made of a n  18" length of medium w a l l  Pyrex t u b i n g  
wound wi th  26 gauge nichrome h e a t i n g  wire. The f r o n t  end of 
t h e  probe inc ludes  a two-inch long  a rea  for i n s e r t i o n  of g l a s s  
wool t o  be used a s  a f i l t e r i n g  device .  The w i r e  i s  connected 
t o  a v a r i a b l e  t ransformer  which al lows t h e  vo l t age  and hence 
t h e  hea t  i n p u t  t o  be c o n t r o l l e d .  The wire is covered wi th  a 
f i b e r g l a s s  i n s u l a t i o n  tape .  

The probe connects  t o  a coarse f r i t  midget bubbler  c o n t a i n i n g  
15 r n l  of 803h isopropanol ,  and three midget impingers, t h e  first 
two o f  which contained 15 m l  of 3% H202 each wi th  t h e  t h i r d  lef t  
dry,  connected i n  series. The chamber nea r  t h e  bubbler  o u t l e t  
i s  s t u f f e d  wi th  f i n e  g l a s s  wool. An i c e  b a t h  i s  provided f o r  
t h e  bubbler  and impingers.  Attached t o  t h e  o u t l e t  o f  t h e  t h i r d  
impinger i s  a d r y i n g  tube  f i l l e d  with s i l i c a  gel  of t h e  i n d i c a t o r  
type .  A bypass  valve i s  provided f o r  t h e  l e a k l e s s  pump and a 
vacuum gauge and needle  va lve  were i n s t a l l e d  a t  t h e  i n l e t  o f  
t h e  pump. The d r y  gas  meter h a s  a s e n s i t i v i t y  o f  0.001 cub ic  
f o o t  and i s  f i t t e d  wi th  thermometers on t h e  meter i n l e t  and 
o u t l e t .  

S02, SO, ANALYSIS 

The amount of s u l f u r  d iox ide  and sulfur t r i o x i d e  a r e  measured 
a s  fol lows:  

D i l u t e  s o l u t i o n  used for sampling t o  50 m l .  P i p e t t e  10  m l .  
of t h i s  s o l u t i o n  i n t o  a 125 m l .  Erlenmeyer f l a s k .  Add 4 0  ml. o f  
i sopropanol  and t w o  t o  four drops  of t h o r i n  i n d i c a t o r .  T i t r a t e  
t o  a p ink  endpoin t  u s ing  0 .01N barium p e r c h l o r a t e .  Run a 
b l ank  w i t h  each  series o f  samples. . . .  

....... .......... 
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GASEOUS EMISSIONS CALCULATIONS 

_- GENERAL EQUATIONS 

A. P a r t s  Per M i l l i o n  (PWn) by Volume Dry: 

(48.15) (mgcmp) Cr, + 460) 
(Mw) (v,) (Pm? PPR = 

o t a l  A i r  @ meas'd. EA P W  @ I! % EA = pm measured (T(Total  A i r  @ I! % EA) '- 
Where: T o t a l  A i r  = 100 + EA (For 02, equ iva len t  Excess A i r  Used) 

E. Pounds Per Hour ( L b . 4 r . J :  

.. 

Lb.Rir. = 

Where: mgCmp = weight  of component sampled (mg) 
Tm = Temperature of Meter (OF) 
Mw = Molecular weight of Canponent 
Vm = Metered gas volume (ACF) 
Pm = Meter pressure  ( i n .  H g  absolu te )  
Qs = S t a c k  gas f l o w  (SCEMD) 

SPECIFIC EQUATIONS 

S02, Sulfur Dioxide (MW=64.1) F-, F luor ide  [MW=19.0) 

S03, Sulfur Tr iox ide  (MW-80.1) C 1 - ,  Chlor ide [MW=35.5) 

(.6011) (mg S03) (Tm + 460) (1.356) (mg C1-) Cr, + 460) 
(Pm) old Ppm = (Pm) (Vm) 

PPm = 

H p ,  Mercurv [MW=200.6) H C 1 ,  Hydrosen Chlor ide  [MW=36.5) 
(.2400) (mg Hg) Cr, + 460) (1.319) (mg HC1) (Tm + 460) 

PPm = ppm = 
(Pm) Orm) (Pin) O l d  

NOx, Oxides o f  Ni t rogen  a s  NO2 (MWs46.0) 

(1.047) (mg N02) VF + 460) 
F denotes  F lask  
i denotes  i n i t i a l  
f denotes  f i n a l  
VF, CF = l i t e r s 4 8 . 3 2  

(Pi-Pf) OIF, CF) Ppm = 

ES 056-1/74 
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COz1 02 and CO SAMPLING AND ANALYSIS 

Samples were collected by traverse through a sampling tube 
attached t o  the  part iculate  sampling probe and aspirated i n t o  
l e v e l i n g  b o t t l e s  a s  i l l u s t r a t e d  i n  Figure # 9 .  
was immediately tested with an Orsat apparatus f o r  C02, O2 and 
CO concentration. 

The gas co l l ec ted  

- 
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GAS FLOW 
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. S P O R T  NO. \/-g3m a PAGE OF PdCES 

\ 
. SOURCE TESTING CALCULATION FORMS 

Test NO. "-83- No. Runs 3 
Name of  F inn  MST 
Location of Plant  

_- 

- - Le - P.1 bJ \ l \L*ARO\ - -  
1 

S L u h a  
L 

Type of P lan t  F T\J@ - n l C ? &  \ oe 
Control Equipmen Lt? 

- A  

Sampling Point  Locations 3&\ LC I 

Time of P a r t i c u l a t e  Test: 

Run NO. ! Date ! , / ~ , / 7 1  Begin ;A . . .-o End /&a 
.27 3 Run No. Iv Be gin !]a / End :u ...a i ,'J 174 -Date  i ,,. 3 

Fbm No. ' 3 
I 

! .L , ; , ' / ' J  Date . .  Begin !<:'::..) End ) 72/ - I 

PARTICULATE EMISSION DATA 
D 

s sampled @ meter 

l e c t e d ,  ml., Impingers 

VW Volume of  Water Vapor Collected 
gas f t . 3  @ Standard Conditions* 

* 70°F, 29.92" Hg. 
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Qs - Stack Gas Volume @ 
Standard Conditions,  *SCFM L '-.-68 c: 

I 

.PARTICULATE EMISSION DATi 

-7 73 .7-) 78 

Run No. 

%+l - % Moisture i n  t h e  s tack  m s  by volume 

& - Mole f r a c t i o n  of dry  gas  

% c02 

mf - P a r t i c u l a t e  - probe, cyclone 
and f i l t e r ,  mg. 

m t  - P a r t i c u l a t e  - t o t a l ,  mg.  

C, - P a r t i c u l a t e  - probe, cyclone, 
and f i l t e r ,  gr/SCF 

cao - P a r t i c u l a t e  - t o t a l ,  gr/SCF 

C a t  - P a r t i c u l a t e  c f  - @ probe, s t ack  cyclone, condi t ions  and 
f i l t e r  EX-/ 

CO 
N2 

M W d - Molecular weight of dry s tack  gas 

M W - Molecular weight of s t ack  gas 

h P s  - Veloci tv  Head of  s t ack  eas. In. H?O 

,77 8 .?3+J z.:;.: :7 
; h.  - .  ..f... Jl-  

c_ - -  

.&&5 ;J&O 

.J33j* , &73 , $/q 

I - - 
- 

T, - Stack Temperature, "F 

a . C .  

PS - Stack Pressure,  "Hg. Absolute 

Vs - Stack Velocity @ s tack  condi t ions ,  fpm 

As - Stack Area, in. 2 

, :. 
. 3 .  
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T t  - Net Time of Test, min. I 

%I - Percent i s o k i n e t i c  I too.9 I %,8 I .c,5 I 
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OXIDES OF NITROGEN FIELD DATA 

Final Flask Vacuum(in.Hg) (Pf 

Flask Temperature (Tf) 

% 02 

Opera t o r  cc.3 

. . I  4 <i 6 0  6? 6.T ++ .+-f 

14. Y / V . Y  I Y , Y  I V . %  IY.P 19.p 
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- 1  Flask  Temperature (Tf) 

/e+.% 

4, +:  

I 9 . F  I u.9 

i 

ES-054 



, ~~ 

, 1. 
. . .  . . . . . . .  ."1 
. . 3.': ' .  . 

. .  
. -_ - ..~ . 

. . GAS SAMPLING FIELD DATA 
. .  ,i .' -.v . '  

. . . .  

. .  
308 NO. '/-?300k, ~ ,:> : , . .  

, . .  
50% ' 

Material Sampled for .. 
. . Date \ -53-74 

. . .  w ~ g  Comments: 

Plant WtLLl > \ A U T 1  c Location 0VTCE-i 

Bar. Pressure &41%7 
Ambient Temp. . 6 0 ~  * .  

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

. . .  . .  

' .  : Run No. 

. .  
. .~ . . .  

. .  

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

. . .  
. .  

. . .  .. 
. .  

. .  . .  

( A  
.: ; 

. .  

FOJ, l- . .  

. .  

. * ,  . Fwer S t a t  S e t t i n g  . .  

. . .  . . .  . 
Filter Used: Yes N o  2 

Operator K 3  

. .  
.. 

. . .  
., 

! 

. .  . :. 
Camnentst 

- .  
. . . .  . .  . .  

. . .  
. .  

Impinger Bucket No.  

Meter Box No.  
. .  

. . .  . . . . . . . .  
. . . . . . .  . . . . .  . . . .  . . .  . . . . . . . . .  . .  
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- .  GAS SAMPZING FIELD DATA 
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' ' Material Sampled for . . *  

. Date I-33-7)" 

Plant -1 LL' :namtc Location O C f T  
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. . .  . .  

43 - 1 

. . .  
. . .  . . 

. 
. .  

. .  
. .  . . .  

. ' . Ambient Temp. 

R u n  N o .  
. .  . .  

. . .  . .  . .  
. .  

Ib ,: 

. *  P w e r  S t a t  S e t t i n g  730% .- 
. .  . .  

. .  
. .  . .  

F i l t e r  Used: Yes N o  lr 

. .  Operator K 6  

I METERTEMPERA- TM 
CrnCK FLOW METER 
TIME METER (R3) I SETTING (CFM) 

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

. .  

. . . .  . . . . .  
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. .  I . 

.~ 
. .  

- .  

. .  .. 
. .  

. .  
. . .  

. .  

. .  

. . .  . .  . . .  . .  . >  ; 

.... 
. .  

'i NCAP 36.  (12167) 
I 1 -  . .  

, .  . .  . .  ... .~ ...... : ..... i ..-A>, .... -.--...- .. ...-_ ............. =..:.. .......-.-.......-- 



-.. . .  . .  

GAS SAMPLING FIELD DATA 
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- ,  
w?3cLJ  .~ 

. .  
. ' . . J O B  NO. : i .  

. .  5 o x  
. I  

: Material Sampled for :. - 

\ -24-74 . Date 

.. Plant w ~ L L I  i t . \ , a t d ~ i  C Location eo- L t-7 

Bar. Pressure . .  . . . .  
. I  

23, a7' "Hg CarPnents: 
. . .  . . .  . . .  

" '  . Ambient Temp. 45 * . .  . .  
. .  

. ,  
. .  

. .  

. .  :. . . .  
. .  

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

. . .  

. .  

. .  

a4 
. . .  

. . .  
. .  '.; 

' . '  ': Run No. . .  

. .  . .  

. .  
. .  .. .. pay& S t a t  S e t t i n g  ?& 

. .  . .  .. . .  

. .  
F i l t e r  Used :. Y e s  No x 

. ,  

, .  . .  
Operator Y '3 

Impinger Bucket No. 

Meter Box No.  
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:.. ._ STATE OF CONNECTICUT .. I i.. . . .. -.. 
.A;.; .), DEPARTMENT OF ENVIRONMENTAL PROTECTION !e .:>. , - ...,,.. i..' . . .- . ;. . .  

_I. *ATE 'OFFICE BIJIUING HAILITOW, CONNEXXICUT 06115 

, October 4,  1973 

. .. 

. I&. Robert Epstein 
Pork Research Corporation 
One Research Drive 
Stamford, Connecticut 06906 

Dsar Mr. Epstein: 

You are hereby notified that WIntent to Test" form No. 730082 
which describes a test plan f o r  sampling emissions f r o m  the 
sludge incinerator at the Willimantic Wastewater Treatment 
Plant, Willimantic, Connecticut, is acceptable and meets the 

' test criteria required by the State of Connecticut, Department 
of Environmental Protection. 

The field tests all be observed by Mr. C a r l  Dodge unless you 
are otherwisy notified. 
and problems that may alter the test program. 

He should be informed of progress 

Very truly yours, %&&/&- Terrence De ecchia 

Air Pollution Engineer 

m:kr 
cc: Mr. John Carpenter 

MSI Industries, Inc. 
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