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i 
Introduction 

i 
i 

Emission tests for particulates and nitrogen oxides 
were conductsd as required by Connecticut State Law 
on the United Illuminating Company Steel Point Station 
Steam Generator Nos. 1-6, stack No. 1, located in. 
Bridgeport, Connecticut. Testing was conducted on 
Novembe'r 13 and 14, 1 9 7 3 .  

Particulate testing was performed in accordance with 
test methods and procedures as prescribed in the Fed- 
eral Register, Vol. 36, No. 247 ,  dated December 23 ,  1971. 
Testing was performed by York Research Corporation of 
Stamford, Connecticut, using a sampling train as described 
in Appendix A. 

Particulate emission test No. 3 was not completed on this 
source due to a steam leak in Boiler No. 5 which started 
midway through test No. 2. In telephone conversation, 
on November 14, 1 9 7 3 ,  with M r .  Carl Dodge of the State of 
Connecticut Department of.Environmenta1 Protection, the 
test would be accepted as valid. 

Nitrogen oxide emission testing was performed by the United 
Illuminating Company Development and Test Laboratbry using 
a Dynascience !.!ode1 P-101 NOX Analyzer. Field data is. 
included in. Appendix 9. 

Tests were a l s o  conducted to determine stack gas velocity, 
moisture content, and flue ?as analysis. The 2rocedures 
used in determining these various parameters, except for 
flue gas analysis, are those found in the above mentioned 
Federal Register. The stack flue gas was analyzed by using 
an Analytical Instrument Development Model 512 PortaSle 
Gas Chromatograph. 

York Research Corporation was retained to perform particu- 
Iate tests, together with a preliminary velocity traverse, 
moisture determination, and fuel oil analysis. The United 
Illuminating Company was responsible for the flue gas analysis, 
nitrogen oxide analysis, and for accumulafing boiler operatinq 
data. 

. .  

This test report includes the information required for item 
numbers III, IV, V, VI, V I r .  vIII, M, X, XI, X I I ,  and XIII 
from the Department of Environmental Protection's Intent to 
Test form in compliance with the Depart!nent of Environmental 
Prote,ction' s new Source Test Guidelines and Procedures, 
(received April 3, L973). 
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1. 

2 .  

3. 

4. 

SamDlinq T r a i n  I n f o r m a t i o n  
(Ref.  I t e m  V I I I ,  " I n t e n t  To T e s t "  Form) 

a.  

b. 

C ,  

S c h e m a t i c  d i ag ram and d e s c r i p t i o n  of sampl ing  
t r a i n :  

S e e  Appendix A 

Media type u s e d  t o  d e t e r m i n e  g a s  stream 
components:  

1. N i t r o g e n  Oxides:  D y n a s c i e n c e  Model 

2. P a r t i c u l a t e s :  T a r e d  g lass  f iber  f i l t e r .  

3. F l u e  G a s  A n a l y s i s :  A n a l y t i c a l  I n s t r u m e n t  

P-101 NOX A n a l y z e r  

Development Model 512  Portable Gas 
Chroma t o g r a p h  

Sampling Probes: 

I. N i t r o g e n  Oxides:  S t a i n l e s s  s teel  tube .  

2. P a r t i c u l a t e s :  See Appendix A 

3.  F l u e  Gas A n a l y s i s :  S t a i n l e s s  s t e e l  t u b e  

4. Probe  c l e a n i n g  method: See Appendix A. 

F i e l d  Data  Sheets 
(Ref.  I t e m  I X ,  " I n t e n t  To T e s t "  Form) 

See Appendices  A ,  B ,  C, D. 

D e s c r i p t i o n  of  O n e r a t i o n  
( R e f .  I t e m  X,  " I n t e n t  To T e s t "  Form) 

The o p e r a t i o n  t e s t e d  was S t e e l  P o i n t  S t a t i o n  Steam 
G e n e r a t o r  Nos. 1, 2 ,  3 ,  4 ,  5 ,  and 6 ,  s t a c k  No. 1, 
R e g i s t r a t i o n  Nunher S t .  P t .  1-6, s t a c k  1, h a v i n g  a 
t o t a l  ETU/hr r a t i n g  of 388.4 NBTU . ( a v e r a g e d  o v e r  
test  p e r i o d ) ,  b u r n i n g  N o .  6 r e s i d u a l  f u e l  o i l  a t  an 
a v e r a g e  ra te  o f  2726 g a l f i r  f o r  a l l  sis b o i l e r s ,  
and h a v i n g  a g a s  f l o w  of 2 9 7 , 1 7 7  ACFM a v e r a g e  f o r  
the test  p e r i o d .  See TabLe IV f o r  f u e l  o i l  a n a l y s i s .  

Samp1.inq Area D e s c r i p t i o n  
(Ref .  I t e m  XI ,  " I n t e n t  To T e s t "  Form) . 

Emiss ion  sampl ing  was pe r fo rmed  i n  the s t a c k  150 
feet above t h e  s t a c k  f o u n d a t i o n  ( 7  s t a c k  d i a m e t e r s  
above the b r c e c h i n g  i n l e t  and 2 s t a c k  d i a m e t e r s  
down from t h e  t o p ) .  Emiss ion  sampl ing  was per fo rmed  



I ., . .  
i '  

, 4. Samplinq Area Description (Cont'd.) 

using four - 4" diameter 'sampling ports spaced 90' 
apart on the stack circumference. A total of twenty 
sampling points ( 5  per sampling port) were used in 
the test for particulates. The inside diameter of 
the stack at the sampling location was found to be 
1 2 ' - 7 "  I-D. 

a. . Stack Configuration: ! 
L 
I See Appendix A i 

b, Sampling Port Location: 

See Appendix A 

c. Sampling Point Position: 

See Appendix A - 
5 .  Stack and Vent Descriution 

( R e f .  Item XII, "Intent To Test" Form) 

Six Babcock and Wilcox Three Drum Sterling Boilers 
discharqe flue gas into a comnon breeching which 
enters the stack approximately 60 feet above the 
stack foundation. These boilers do not have m y  
precipitators connected to the flue gas ducts. - 

6. Operational Parameters 
(Ref. Item XIII, "Intent To Test" Form) 

i 

Electric utility steam generators burning No. -6 
residual fuel o i l  having rated capacities as registered. 
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The t e s t  p o r t  l o c a t i o n s  and t h e  number o f  p o i n t s  samples were 
c a l c u l a t e d  from t h e  g u i d e l i n e s  i n  t h e  F e d e r a l  R e g i s t e r ,  Volume 
36, Number 247, Dccenber 23,  1971. Enougn p o i n t s  were used t o  
assure a c c u r a t e  measurement of p a r t i c u l a t e  emiss ions ,  tempera- 
t u r e  and v e l o c i t y  over t h e  c r o s s - s e c t i o n a l  a r e a  of each s t a c k .  
(See Figures  1' t o  4.) 

2 .  V e l o c i t v  and Temperature . .  

V e l o c i t y  was determined b y  p i t o t  t u b e  i n  accordance w i t h  EPA 
Method 2. An "S"-Type P i t o t  Tube (2) and thermocouple (3)  
a r e  r i g i d l y  a t t a c h e d  t o  t h e  sarnpiing ?robe (See Figure  S ) .  A 
p re l imina ry  v e l o c i t y  t r z v e r s e  was made to e s t a b l i s h  i s o k i n e t i c  
sampling r a t e s  u s i n g  EPA Method 5 sampling t echn iques .  

. . .  . .  

. .  

3: Flue Gas 'Analvs is  . .  

Gas a n a l y s i s  fqr CO2 and 02  was conducted by UI u s i n g  an  O r s a t  
a p p a r a t u s .  Readings for each  t e s t  a r e  r e p o r t e d  i n  t h e  Summary 
of R e s u l t s .  

The sampling a p p j r a t u s  c o n s i s t e d  of a n ine  (9) f o o t  probe 
heated f i l t e r ,  four i np ingor s ,  d r y  gas meter, vacuum pump, and 
c a l i b r a t e d  o r i f i c e  a s  shown i n  F igu re  5 .  The s t c i n l e s s  s t e e l ,  
but ton-hook type  probe t i p  (1) was equipped w i t h  a 5 1 8  i n c h  
d iameter  f i t t i n g  connected by  a s t a i n l e s s  s t e e l  coup l ing  (2)  
w i t h  a s b e s t o s  pack ins  t o  t h e  probe.  The probe (3) c o n s i s t e d  
of 1/2 inch  i n s i d e  d iameter  mediuii-wall s t a i n l e s s  s t e e l  t ube  
w i t h  a ground s t e e l  j o i n t  on ore  end. The probe was Logar i th-  
m i c a l l y  wound from t h e  e n t r a n c e  end w i t h  26-zauge nickel-chroqium 
wire. During sampling, t h e  wire was connected t o  a v a r i a b l e  
t r ans fo rmer  t o  n a i n t a i n  a gas  t empera tu re  o f  300°F i n  t h e  probe.  
The wire wound tube  wi?s wrapped w i t h  f i b e r  g l a s s  t a p e  and encased 
i n  a 1-inch-OD s t a i n l e s s  s t e e l  t u b e  f o r  p r o t e c t i o n .  The e n d  o f  
t h e  s t e e l  tvde t h a t  does ncjt  have t h e  b a l l j o i r l t  p r o t r u d i n g  h a s  
a n u t  welded t o  i t  f o r  connec t ion  t o  t h e  s t a i n l e s s  s t e e l  c o u p l i n g  
used t o  a t t a c h  t h e  nozz le .  The probe connects  t o  a v e r y  c o a r s e  
f r i t t e d  g l a s s  f i l . t c r  hoLder (Q) which 1iol.cIs a . tared g l a s s  f i b e r  
f i l t c r .  The f i l t e r  ho lde r  was corltaincd i n  a n  c l e c t r i c a l 1 . y  licated 
enclosed box (5) which is t h e r m o s t a t i c a l l y  maintained a t  2SO-300"F 
t o  p reven t  water  condensat ion.  ilttarrllcd to t h e  heated box wiis a n  
ice b a t h  (7) c o n t a i n i n g  fou r  impringers connected i n  s e r i e s  w i t h  
vacuum hosc.  The first i n p i n g e r  (S) r e c e i v e s  t h e  gas s t r eam from 

! 
. .  

. .  . .  . 
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t h e  f i l t e r .  T h i s  imninger is of t h e  Greenburg-Smith d e s i @  
modified by r e p l a c i n g  t h e  t i p  w i t h  a 1/2 inch I O  g l a s s  t u b e  
ex tend ing  t o  0.5 i nch  Troon t h e  bot tom o f  t h e  f l a s k .  T h i s  i m -  
p inger  was i n i t i a l l y  f i l l e d  w i t h  100 mi l l i l i t e rs  of d j . s t i l l e d  
wa te r .  The second inp inge r  (9) . i s  a Greenburg-Snith inn inge r  
w i t h  t i p ,  and a l s o  f i l l e d  w i t h  100 m i l l i l i t e r s . o f  d i s t i l l e d  
wa te r .  The t l i i r d  impingcr modif ied l i k e  t h e  firs',., w i t h  no 
water.. The f o u r t h  impi r~ger  (11) i s  a l s o  a Greenburg-Smith type  
modif ied like t h e  f i r s t - a n d  con ta ined  300 grams of  d ry  i n d i c a t - .  ' ' 
i n g  s i l i c a  gel. . .  

From t h e  f o u r t h  impinzer  (11) t h e  e f f l u e n t  s t r eam f lows through 
a d i a l  t he rmm,e te r  ( 1 2 ) ,  a check v a l v e  (13) ; f l e x i b l e  rubbe r  
vacuum t u b i n g  (14)  ; vacuum gauge (15) ; a '  va lve  (16)'; a l e a k l e s s  
vacuum pimp (17), r a t e d  a t  4 c u b i c  f e e t  pe r  minute  a t  0 i n c h e s  
of mercury gauge p re s su re  and 0 c u b i c  f e e t  p e r  minute  a t  2 6  
i nches  of mercury gauge pressure, and conzected i n  p a r a l l e l  
w i t h  a bypass  need le  va lve  (18) ;  and a d r y  gas  rncter r a t e d  a t  
.I cub ic  f o o t  per  r e v o l u t i o n  ( 1 9 ) .  A c a l i b r a t e d  o r i f i c e  (20) 

meter  flow r a t e s . .  The t h r e e  t h e r n o n e t e r s  (12)  a r e  d i a l  t ype  
w i t h  a range o f  25" t o  125'F. A f o u r t h  t h e r n o n c t e r  i n  t h e  
hea ted  p o r t i o n  OF t h e  box h a s  a r ange  up t o  500°F.  The d u a l  
manometer (21) a c r o s s  t h e  c a l i b r a r e d  o r i f i c e  i s  a n  i n c l i n c d -  
ver . t ica .1  type  graduated i.n hundredths  of  an i n c h  of water  
frcm 0 t o  1.0 i n c h  and i n  t e n t h s  from 1 t o  LO i n c h e s .  

- .  

completes t h e  t r a i n  and was used t o  measure in s t an taneous  . .  

5 .  T e s t  Procedure ,  . .  

P r i o r  t o  t h e  s t a r t  of a t es t  s e r i e s  for  each s t a c k ,  t h e  p r e s s u r e ,  
temperature ,  and range o f  v e l o c i t y  p r e s s u r e s  were determined 
d u r i n g  p re l imina ry  p i t o t  t u b e  and tempera ture  t r a v e r s e .  

During each  t e s t  the  following r e a d i n g s  were t aken  a t  each  p o i n t :  

1. 
2 .  
3 .  
4. 
5 .  
6 .. 
7 .  

9. 
10. 
11. 
12. 

a. 

P o i n t  Des igna t ion  
Clock T i m e  
Dry gas  meter reading '  (CF) 
V e l o c i t y  head ( A P  i n  i n c h e s  wa te r )  
Desired p res su re  d r ~ ?  a c r o s s  o r i f i c e ,  (4 11 i n  .inches of water)  
A c t u a l  p r e s s u r e  d rcp  a c r o s s  o r i f i c e  (L\ 1I i n  inches  o f  water )  
Dry gas t empera ture  (OF) gas meter i n l e t  
Dry gas t e c i p r a t u r e  (OF) gas metc r  o u t l e t  
Vacuum pump gtiuge r e a d i n g  ( i n .  Ilg) 
F i l t e r  box tcmperatt irc (OF). 
Dry gas t empera ture  ('F) a t  t h e  d i s c h a r g e  o f  l a s t  impinger .  
S t a c k  tcniperature  (OF) 

. .  
i . .  

i 

.. 

-. 

.. . 
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The r e l a t i o n s h i p  of A P r e a d i n g  w i t h  t h e  & H. r e a d i n g  i s  a f u n c t i o n  
of the fo l lowing  v a r i a b l e s :  

1. O r i f i c e  caL ib ra t ion  f a c t o r  
2.  Gas meter  tempera ture  . .  . 
3 .  % mois ture  i n  t h e  f l u e  gas 
II. 
5. S t a c k  tempera ture  
6. Sampling nozzle diameter  

A nomograph was used t o  c o r r e l a t e  a11  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 J P and A H  could be d c t e r -  
mined by t h e  sampler w i t h i n  f i f t e e n  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  t e s t .  

. .  

R a t i o  of f l u e  gas p r e s s u r e  t o  ba romet r i c  p r e s s u r e  

6 .  Bas ic  Laborator11 Procedure 

The fo l lowing  p a r a T a p h  b r i e f l y  d e s c r i b e s  the  methods u s e d  i n  
t h e  l a b o r a t o r y  t o  o o t a i n  t h e  raw da ta  used i n  t h e  c a l c u l a t i o n s  
of  our r e s u l t s  a s  r e 2 o r t e d  i n  S e c t i o n  I11 o f  t h i s  r e p o r t .  

The c l ean  up i s  done i n  t h e  f i e l d  acco rd ing  t o  EPA t e s t  procedure.  
The f i1 . te rs  were p rev ious ly  t a r e  weighed acd recorded a t  t h e  
l a b o r a t c r y .  Upon r e t u r n  they  a r e  d r i e d ,  cooled i n  a d e s s i c a t o r ,  
t hen  w e i g h e d  on a n  a n a l y t i c a l  ba l ance  a n d  t h e  amount of p a r t i -  
c u l a t e  c o l l e c t e d  i s  t h e  d i f f e r e n c e  i n  t h e  two we igh t s .  The 
p a r t i c u l a t e  wash s o l u t i o n  (Inlien from t h e  t r a i n  i n  f r o n t  of  t h e  
f i l t e r )  is  placed i n  a t a r e d  beake r ,  t h e  wash s o l u t i o n  is  evap- 
o ra t ed  wi th  a n  Infra-Red Heat Lamp a n d  t h e  beaker  weighed a g a i n .  
The d i f f e r e n c e  i n  weight i s  t h e  weight  of t he  p a r t i c u l a t e  i n  
t h e  wash. This  is combined w i t h  t h e  f i l t e r  c a t c h  a s  t h e  weight  . ~~ 

o f  t h e  sample. .. 

The impinger condensate  is measured gor mois ture  de t e rmina t ion .  

7 .  C a l i b r a t i o n  o f  Samplinc EquiDment 

The equipment used on t h i s  ass ignment  was c a l i b r a t e d  one week 
p r i o r  t o  f i e l d  t e s t i n g  and r e c a l i b r a t e d  upon equipment r e t u r n  
a f t e r  t e s t i n g .  York Research c a l i b r a t i q n  i s  t r a c e a b l e  t o  t h e  
Na t iona l  Bureau o f  S tandards .  
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APPENDIX C 

BOILER OPEFATING DATA 









APPENDIX D 

SAMPLE CALCUL~.TIOXS 

. 



.. ~, ~ - 
: '.I , , , . :. 

SAMPT,E CP.T,CUWTIONS 
, .  : .  

. 
NOTE: A l l  equations u s e d  i n  these c a l c u l a t i o n s  are  found 

i.n t?,e TcCzJra l  Register, Vol. 3 6 ,  No. 247, dated 

C a l c u l a t i o n s  r e 2 r c s e n t a t i v e  of T e s t  %I. 

E Z C , ~ & C Z  23 ,  1971 .  

30.05 In.Hg. f 1 . 3 2 2  in .  

532.0 OR 

13.5 

- - 1 7 . 7 1  OR 
i n  .Hg. 

= 73.693 f t 3  

2.  Volume of  V?zter VebOr . 

0.0474 ft 
M. 

Vwstd = 

95.6 m l  
M 

3 - - 4.531 f t  

.. 
3. M o i s t u r e  C o n t e n t  

Bws V w s t d  
V w s t d  + V m s t d  

3 - 4 .531  f t  
3 

- 
4 .531  f t 3  + 73.693 f t  

eq. 5-2 

.- 



. 
. .  ... . L 

- 2 -  

4 .  - Folecular Wc?i?ht fdrv) 

Md = 0.44 (% CO2) + 0.32 (74 0 2 )  eq. 3-2 

+ 0.28 ("/2) + 0.28 (74 CO) 

= 0.44 (8.93) 4. 0.32 (8.50) + 0.28 (82.57) 
+ 0.28 (0.00) 

= 29.77 lb/lb-mole 

5. Molecular Weiaht (wet) 

MS Md (1-BWS) + 18 BwS 

e 29.77 (1-.056) f 18 (-056) 

= 29.11 Ib/lb-mole 

6. Stack Gas Velocitv 

eq. 2-2 

(85.48) (.84) (.514) 1085 .8  ) 1 / 2  
30.02 x 29.11 

= 

a 41..15 F.P.S. 

7. Gas Volumetric Flow Rate, ACFM 

ACFM z Vs x As x 60 sec/min 

= 41.15 x 124.3 ft2 x 60 sec/nin 

- - 306,897 ACFM 

8. Gas Volumetric Flow Rate, S C F Y  

eq. 2-3 

e 60 (1-.056) (41.15) (124.3) ( 5 3 0  ) (:",:::) 
1085.8 

c 141,886 SCFM 



.. __. , ... 
9.. Gas V g l u m e t r i c  Flow R a t e ,  lb/hr 

Wk = Qs x 60 min x M d  

hr 386 f t 3  

= 141,886 SCFM x 60 min x 29.77  lb/lb-mole 
hr  386 ft3 

= , 656,572 lb/hr 

LO. P a r t i c u l a t e  C o n c e n t r a t i o n s ,  qr/SCF 

0.0154 & Mn 
m g  . Vmstd 

C ’ S  = 
eq. 5-4 

49.60 m q .  
73.693 f t3 

- - 0.0103 gr/SCF 
3 

Mn eq. 5-5 

11. P a r t i c u l a t e  C o n c e n t r a t i o n s .  l b / f t  

= (453k00 
CS 

Vms t d  

49.60 mg.  
= ( 4 5 i 6 0 0  %?) 7 

.73.693 ft” 

.. 
= 1.48  x lb/SCF 

12. P a r t i c u l a t e  C o n c e n t r a t i o n s ,  I b h r  

cw - - Cs Qs x 60 min 
h r  

- (1.48 x lb/SCF) (141 ,886  SCFM) 60 
h r  

- 

- - 12.60 l b h r  



. .  . .- . 
i.:; . .  - 4 -  

% ,  > -  

13. P a r t i c u l a t e  C o n c e n t r a t i o n s ,  lb/!.BTU 

Er = a g  
H e a t  I n p u t  

1 2 . 6 0  l b h r  

386.7 *'lo6 BTU/hr 

= 0.033 lb/MBTU 

14. % I s o k i n e t i c  Sarnulinq 

I = T s  (1.667 &) (0.00267) V l C  + E ( P b a r  + G)) 
13.6 Tm sec 

VS P s  An 

eq. 5-6 

= 101.3% 

1s. NO,: c o n c e n t r a t i o n s ,  ll=/hr 

.- 
= 1 1 4  x . 4 6  lb/lb-rnole X 656, 72 3 
7 hr  lo6 29.77 lb/lb-mole 

I = 115.7 %fir 

lb/MBTU = lb/hr 
Heat I n p u t  

= 115.7 lb/hr 

386.7 x lo6 BTU/hr 

lb/MBTU 0.299 1lJ 

lo6 BTU 



a .  

a' 

17. 

18 * 

19. 

20. 

'2i. 

.) .. . .-.. 
- 5 -  

' .n 

S t a c k  P r e s s u r e  ( A b s o l u t e )  in.Hq. 

Ps = Pb + Pd = 30.05 + (-0.36) = 30.02 in.Hg. 
13.6 13.6 

Nozzle Area (ft2) 

An = . I I  D /4 = 0.785 (0.3125/12) = 5.324 x f t 2  
d 2  2 

S t a c k  Area (ft2) 

AS = 5D2/4 = 0.785 (151 /12) 2 - - 124.3 f t 2  

Heat I n v u t ,  MBTU 

Sp, Gr, x 8.33 l b / g a l  x BTU/lb x g a l f i r  

0.900 x 8.33 x 19,458 x 2651 = 386.7 MBTU 

3 Gas D e n s i t v ,  l b / f t  

Gas D e n s i t y  = (ma) X - Tstd X 
Ts P s t d  

3 = 29.77 x 530 OR x 30.05 = 0.0378 1 S / f t  
386 1085.0 29.92 

.. 



TIIE .UNITED ILLLXi ?TAT I MG C OEIDANY 

SOURCE TESTING CALCUL.'.TLC!< F O k S  

* .  . * , : .  , . .  
.<, ..,,r 

' e s t  NO. St pQ No. Runs 2-1/2 

85.48 

!ane of Firm- ' T &  u n i t  pa I l l u r n i n a t  i n s  Cornpanv 

, o c s t i o n  of  ~ l a t  4 3  E& 1.73 i n  S t r e e t ,  B r i d s e D o r t ,  C o n n e c t i c u t  

' y p e  Of P l a n t  S t e m  . G e n e r a t i n u  S t a t i o n  

: o n t r o l  Equipcienlr. None 

;ampling Poi.n'i L c c a t i o n s  S t a c k  

'ollu ' iants Sam2;Lcci p a r t i c u l a t e s .  N i t r o s e n  Ox i d e s  

?j.nc of P a r t i c u l a t e  T e s t :  

tu2 I l O .  1 Date 11/13/73 B e g i n  11:51 End 1 6  : 40 

* I  

85.48 85.48 

:un N O .  2 Date 11/14/'11_ Begin 9:19 End 12:55 

Zun Eo. 3 D a t e  11/14/73 B e g  in-14 : 4 1 E11d 16:33 

29.77 

>.in No . 

29.87 29.79 

- ft. Ib . ) ' I  
Kr, = 83.43 szc ( lb coie-"K 

29.11 

Pd = Gas d u c t  o r e s s u r e ,  "E-0 
i-- 

hksoluce  stack GZS w r e s s u r e .  

28 .73  28.15 

- . 
P s  = i n c h e s  FICY 

BWS = '/o m o i s t u r e  i n  stack g a s ,  by 

Pld = g a s ,  dry 

vo lur7,e 
P I O l e c g L a r  . ,IZACJIIC ot' s-- Lacx 

14s = M o l e c u l a r  w e i g h t  of s t a c k  gas 

1 1 2 1 3 

0.84 1 0.84 1 0.84 

0.514 0.478 0.488 I 
I 1078.5 I 

~- ~ 

30.05 1 29.86 I 29.82 I 
-0.'36 1 -0.36 I -0..36 t 
30.02 1 . , 2 l I p  1 29.79 1 -- 

5 . 6  13.9 



.~ ~ 

,, 

. 7:s 7 * stack gas  velocity'.,."F. p. s. 41.15 38.65 

:: 02 
:L co 

% N2 

8.50 8.29 

0.00 0.00 

82.57 82.09 
I 

95.6 150.6 

2 2  ~- ~ ~~ 

Vm = a t  ne t e r  condi t ions,*FT3 73.4301 67.272 

Ws = Stack gas  mass flow lSs/hr 

Pip = Particulate-probe, washings. mg 

HI? = P a r t i c u l a t e - f i l t e r  (mg) 

hln = Par t i cu la t e - to t a l  (nq) 

Part ic i l la te  Concentrations 
C'S = gr/scf 

Cw = Par t i cu la t e  t o t a l  emission lb/hr  

656,572 I 588,408 

- I -  
- - 

. I  

49.60 113.10 

0.010 0.026 

12.6 I 28.3' 
I 

C = NO. concentrat ions,  PPM 114 I 120 

39.7j- 

:: coi!,, In. I 8.93. 1 9.62 
I 

9.04 

a.47 

0 .00  

82.49 

i i s  .7 
Total  volume of  l i q u i d  

V l c  = co l l ec t ed  i n  impingers 
and s i l i c a  g e l ,  m l .  

Volume of d rv  aas  s a m D l e d  I I 

Volume of d r  gas  sampled 
'std = a t  STP. FT 73.693 I 66.877 34 .Os7 

Average dry gas  meter 
. ~ n  = t emu. ,  OR I 532.0 533.4 537.3 

- Average p res sc re  drop 
AH = across  o r i f i c e ,  incnes Ea 

€I = Total  Sanpling Time, min. 

Dn = Nozzle dia. ,  izches 

1.179 

12 0 1 120 
I 

60 

0.3125 0..3125 10.3125 
2 An = Nozzle a r ea ,  FT 10-4 5.324 I 5.324 5.324 

I = % of i sok ine t i c  sampling 101.3 I , 102.7 106.2 

Qs = S t a c k  uas v o l w e  a t  STP 
. . (SCFM) 

1 I 
124,85; 131,158 141,886 1126,730 

Qa = Stack gas. volume a t  s tack 
conditions (AC?:.!) I306..897 I288 252 296,381 297.17: 

607,715 

127.25, 

0 .057  0.031 

33.9 60 ..7 

E r  Pa r t i cu la t e  emission r a t e ,  lb/106 
BTU 1 0.033 I 0.072 

I 1 

0.158 0.098 

116 114 

0.27 0.30 I 0.28 0 . 2 8  
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( R e f .  "Intent to  . T e s t "  Form Number 720049) . u Il . . 

. . . . . .  
. .  .~ 

. .  . .  . .  

. . -  .- . .  

. . . . . . .  . . _  ..'( 
.' :. -4 

:.:A 
3 

- .  . . .  
.- 

. . . .  + . . . ' . .  . .  

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

T e s t  Conducted B y  

Development and. T e s t  Laboratory. 

New: Haven, Connecticut 

The unit'ed Illuminating Company '.'a 
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. . _  
. .  

, ' . I  ..< 
.. - .7 
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. .  

- 7  
.. United Illuminating Personnel Present . . .  - 

. .  

. .  

-. 
.. ..... . . .  
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Development & 
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Chief Mechanical Engineer 
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TEST RESULTS 

Steam Generator No- 1 

.. . _  
. -  - .  

, . -  - I 
. .  . . . .  . . .  

T e s t s  Conducted On 
- A p r i l  12, 13, 16, 1973 

.... 
... 

. ., ... ... . . .  . . . .  . . . . . .  . . . . . .  . . . .  . .  __ - 
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1, 

. .  
. .  

. . . . . . . . .  . .  . . ,. 

. .  
. . .  

.. .. . .  . . .  

. . . . .  :* 
. .  

. .  
, . . ,  , 

- .  . .  . . _. . .  . .  

. . .  . . -;-: . -i 3 . .  
... 

. . . . . . . . . . . . .  . _ I . .  
. .  .. 

. . . .  .: :- ..+ 
. .  '.: -id -. ~ . . rd 

. . . . .  ..... .-4 
. . .  . . .  

. .  ~ 

. .  

. . . . .  

. . .  
. . /  ' .  -. 2 . . .  . .  

. . .  

Introduct ion 

... . .,: . .  - .  . i d  
. .  .< 

. ..< 

..::. .,4 

h i s s i o n  t e s t s  f a r  p a r t i c u l a t e  and nitrogen oxides were: 
conducted as required. by Connecticut S ta te .  Law on .The United 

. -4 ... Il luminating- Company Bridgeport Harbor. S ta t ion  Steam Generator 
No. 1 loca ted  in Bridgeport, Connecticut. . Testing,was con- 

. .  
. . .  

c ;  

... -. . ........ 1 
. . . . .  :. ' ,. . .  a 

? 
i. 

' ducted on Apr i l  12, 13 and. 16,. 1973. 
.... 

... - _  . . .  Source sampling ks"pe r fonned  in accordance w i t h  tes t  

V o l .  36, NO. 247, dated December 23, 1971. These tests w e r e  . .  

... methods and. procedures a s  prescribed in t h e  Federal  Register; . .> 
. .  . .  .- 

conducted on the  s tack four  diameters downstream.of the 
breeching inlet - . .  - .- . . . .  . .  . -  
. .  The primary con tam in ants^ tested for w e r e  p a r t i c u l a t e s  and . . _ I  

nitrogen oxides- 
gas veloc i ty ,  moisture conten t  and f l u e  gas ana lys i s .  
cedures used i n  determining these various parameters, except 
for f l u e  gas analysis  and nitrogen oxides, a r e  t h o s e  found in 
the above mentioned Federal  Register,  Flue gas ana lys i s  was . .  

T e s t s  were- a l s o  conducted t o  determine s t ack  
The pro- . 

. .  

performed by using an Analytical  Instrument Development Model 
512 Portable Gas Cliromatograph, and nitrogen oxide emissions 
w e r e  found by using a Dynascience Model P-101 NOx Analyzer. 

. . .  

. .  
. .  This- t e s t  r epor t  includes the information required f o r  . .  

Items IIr, N, V, V I ,  V I I ,  V I I I ,  I X ,  X,  XI, X I 1  and XI11 from 
the Dcpartmcnt of Environmental P ro tec t ion ' s  In t en t  t o  Test  
form i n  conipliance with the  D E P ' s  new'Sourcc Test Guidelinks . , 

.) , and Proccdurcs, (received Apr i l  3, 1973) . .  . .i 
.. . . .  

. .  
. . -L., 

1 -  



.. ... . . .  
." . . .  . .  

_+. .. ' 
. - .  . . .  ... ' - ?  

. I  

. - -  2, sarnplinq Train Information 
. . .  

. .  . . . .  ..4 --4.>,*,....-7- - . .  .. 
. . I_: 

. <  

.. 0: 

..'..:. . .  , .. , (Ref. I t e m  V I 1 1  "In ten t .  t o  T e s t "  FOIX) 
. .  

. 
. . 

. .  . . . . . .  . .  
. . . . . . .  -:.I -. . . .  . . ' ~a.) Schematic diagram of Sampling Tra in :  . .  .- . .  

. .  
. .  See Figure 1 - . -. ,. 

.- . .  

_- 
' . i  .. . .  - . >_. . .  .: '1  _. . . . . . .  ,, . ..< - 4  

. .  .: 4 
- .  

. .  

,. , . . . . . . . . . .  ... 

. .  
. Sampling Train used: i .. 

. . . . . .  . . . . . .  
. . .  .. ..:d 

. .- 
. . . .  . .  Research Appliance Corporation. Stacksamplr 

Model 2343-5, Serial  No. 1399, purchased. . ,  

. . .  . . .  i . .  . .  .: ... . . -:a 
. 

Apr i l  4, 1972- . 

- .  
' b.) , ' M e d i a  type used to' determine gas stream components: 

. .  
. . .  

.., 
- . .  

.- 
. . . .  .: '!!.-.. N h :  'Dynascience. Model P-101 NOx analyzer. . . . . .  

. . . . . . .  . . .  . . Particulates. :  Reeve Angel. 900- 11 CM 
.... 
i ?  - -I . . . . . .  

j 

.. ._ - 
~, . '.' - .  

. . - e. . .  
. . .  . . .  

. .  .. diameter g l a s s  f i b e r  f i l t e r  . .  

- .  Flue Gas Analysis : Analyt ical  Instrument .. 

. .  Development Model 512 Portable G a s  ... 

. . -  . .  
- .  

- . . .  

. .  
. .  Chromatograph 

... - 
. .  
' :i c..) sampliny tube:' - '  ' I 

.. ., - 
.. 9 Preliminary Moisture: . H e a t e d  Pyrex. tube 

R:' Sta in less .  steel: tube- 

Par t icu la tes :  

Flue G a s  Analysis: 

. "  - : :. > 
. .  

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

12 f o o t  s t a i n l e s s  steel tube 

S ta in l e s s  s teel  tube 

. .  . .  d-..), Probe cleaning. method: 
. . ,  

The.probe was f i r s t  washed w i t h  acetone, a f t e r  
which two t o  th ree  pre-weighed gun patches were 
pushed through the probe, . followed. by another 
washing of the probe with acetone. . .  

. .  . 
2, Field' Data Sheets 

(Ref. Item IX " In ten t  t o  Tes t ' *  Form) 

See Appendix C 

. .  
. .  

. .  3 
,J 



. .  - 
3. . .  . 

' , .  . I  

, . .  

4. 

5. 

. -  
. . . .  

. '  . 6 .  _ .  

._ . . .  

.. . .  -c . -. . - '< 
. : .  r-4 

. . - +  
-? 

.i .,'! 

. . .  . ,  

Description of Omrat ions . .  
_:. . . : .  . 

- .c . .  ..,-- . " ( R e f .  Item X " In ten t  t o  T e s t "  Form) 

. . .  The operation tes ted  w a s  Bridgeport Harbor Stat ion.  Steam 

burning N o -  6 r e s idua l  f u e l  o i l  a t  an aver.age rate Of 6277 
g a l h r ,  and. having a gas flow of 263,335 ACEM, average f o r  .... 

..~ . .jr 

c 

Generator 1,. Registrat ion Number B.H.S. 1, Stack 1, having 
a BTV/hr 'rating- of 895 x 106 (averaged over t e s t  pe r iod ) ,  2 

. . .  . . . . .  
? 

4 
..A 

. . .  
I. . .  : .% 

test per iod . .  See Table I V  fo r  f u e l  o i l  analysis .  

Sampl ins  Area Descriation 
(Ref .  Item X I  "Intent'  t o  T e s t "  Form) 

. . . . . .  ..... . .I  
,:.: .. - e  

8 . " .  ,:.j 

, . I -.. ;.? 

s 
. .  .~ 

3 '  .-:2 . .  . . .  
,, 

. .  
Emission sampling was performed i n  t h e  s tack  43'-3" above . 

.. t he  breeching i n l e t  and 126'-6" down from t h e  top of t h e  

parts .'spaced 900 apa r t  cn t h e  stack circumference - 
sampling poin ts  per  port .  w e r e  used i n  the  t e s t  f o r  par t icu-  

- 
. .  stack., Sampling was done through two 4 "  diameter .sampling - 

Eighteen .- 
.. * . 
i 

lates. The diameter of t he  s tack  a t  t he  sampling l o c a t i o n  
was'. found t o  be 8 ' - 6 " .  

a.) Stack Configuration 

See Figure 2 

b,) sampling Por t  Location 

. .  - . . .  . . . . . . . . .  _ .  ,--, -. 
. .  See Figure 2 

: c.) Sampling Point Posi t ions 
. -  _ .  . - .- ... . . . .  

.. 
- .  . .  

See'Figure 3 

Stack and Vent Descriptions 
(Ref .  Item X I 1  " In ten t  t o  T e s t "  Form) 

Connected to. t h i s  b o i l e r  is a Research-Cottrell e l ec t ro -  
s t a t i c  p r e c i p i t a t o r  having an estimated c o l l e c t i o n  e f f ic iency  
of 75%. when burning No,  6 r e s i d u a l  fuel .  oil. .  The p rec ip i t a -  . 
t b r  o u t r e t  duc t  connects i n t o  the 201' stack' a t  e leva t ion  
55'.-3.". .. . ,  

Operational Paraincters 
(Ref. Item X I 1 1  " In t en t  t o  T e s t "  Form) 

. .  . .  

~ '. Electr ic  u t i l i t y  steam generator burning N o .  6 r e s i d u a l  
f u e l . o i l  and having ratcd capac i t i e s  as reg is te red .  - . I  

~- .. .. 
- .  - 

. :.: . .  
. -2 
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TABLE IV(a) 

Analvsis Of 

. .  
.. 

. : .  , ... . .  - 
ReDresentative F u e l  Oil Sample . . '  

I 
. .  . .  

' .  . . 

' . .  - . '  
r . . . .  . .  . . . .  . .  

, 

..... ...q _ -  , . . -  .. . . . .  
2 

. ., . .  . - ..' ,? 
' >j  
. 

. .  . . .  .:i 
' . '  

... 

TEST REPORT 

TOVI ? 0. Na 

o ~ s ~ ~ ~ I . ~ ~ ~ ~ . ~  U n i t  # I ,  O i l - I I D R  
1O: lS  A . N .  YO" 

4f 12/73 lamp* 1d.n by U, 

API Gravity 860'F 27 .3  . 
Sulfur  0.44% 
Specific Gravity @60°F 0.8911 . 

![eating Value 19255 BTU per Pound 
142S95 BTU per Gallon 

. . .  
I ' .  

80 Temple S t r e e t  
Key Haven, Connecticut 06506 

: . . .  . . .  - - .  
. .  

. .  . . . .  - . 

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

. .  

.. a .  
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. .  - . . . .  
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* 

. . .  . . .  .-:. '.. 7.3 . . . . .  . . .  . . .  
...... . . .  . .  . .  . . '  TABLE I V ( b )  

. Ultimate A n a l v s i s  Of 

I *_.;:. . .  .._ . .  

.> ' .  ' . .  ' .  ....* . .  . .  ... 
.. ,.. I 

. : 

,, %I 
.. 

. . :  
.. - . .  

. . . -  . . .  
Reurescntative F u e l  Oil Sample 

.,'I 
1 

- . .: 
.C 5 

. .  

* .  
.'. . .  

Ultinste: 

Carbon 
Hydrogcn 
S u l f u r  
Nitrogen 
Ash 
Oxygen 

Bm per Found 
ml per Gal lon 

lE!5T REPORT 

a4.935 
12.650. 
0.45% 
0.18% 

1 ..779. 
.o. 0360; 

19257 
142521 

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

. .  

80 Temple S t t ec t  
New ilaven, Coniiccticut 06506 
A t t n :  Nr. J. Sonhati 

. 

. . .  . . .  -.. . 

. .  

. .  

. . _  . .  

. . .  
. . .  . . . . . .  .. . .  3 .: . ,  i 
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. .  
..1 
I 
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ReDres'entative Fuel O i l  Sample 

- .  .- . .  
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254980 . FUEL E N G I N E E R I N G  COMPANY' A p r i l  27.  1973 
I 

lull T ~ S l l N G  DCPAPIMCNT l I I O l l  NUMlCP OAIE 

TEST REPORT , 

API Gravi ty  Q60°F . 27.5 
S p e c i f i c  Grav i ty  960'F 0.8892) 
S u l f u r  0.16: 
Heating Value lW2G LITU Per Pound 

142451 BTU per  Callon 

. .  . .  . .  . : . .  . 
.. .. . . .  . .. .' 

. . .. . . _  . 

Y-PO No 
Oasornpl*Mo~k*d Oil Sample For T c s t  P3 BllS $1 

1:OO P . N .  From U n i t .  $ 2  IIIIR I)j,,schar~c 
4/17/73 U. 

Sornplr 1 d - n  by 

R*+*d Uni tcd  I l I u n i n a t i n g  Company 
80 Temple S t r e e t  
New Iiavcn, Coi inec t icu t  OGSOG 

. . .  * . .  . .  . 
~ .... '. . 

. .  
.' 

I? 

. . .  

. .  . 
.~ 

.. . .  . .  

. .. . .  
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_ -  ,. , -: .. . .I 
: .  

.. 
. .- 

Sampl in4  P o i n t  P o s i t i o n s  1 .  . 
. .  

0 
. 

Stack Diameter: 8'-6" = 102" 

Pipe Length:  36" 
i 

. 

POINT FACTOR DISTANCE 

1, . 
2 
3 
4 

- 5  ' 

6 
. 7  
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 

. .  . . .  . . .  

1.4 
4.4 
7.5 

10.9 
14.6 
18.8 
23.6 
29.6 
38.2 
61.8 
70 -4 
76.4 , 

81.2 
85 -4 
89.1  
92.5 
'95.6 
98 -6 

1.4" 
4.sn 
7.7" 

11.1" 
14.9" 
19.2" 
24.1" 
30.2" 
39.0" 
63 .On 
71.8" 
77 -9" 
82.8'' 

90 -9" 
94.4" 
97.5" 

100.6" 

87. 1" 

.i 

.. ..- .. , -.. . .  - - . -1 . .  

- 
. .  ~~ 4 . . . .  

. .  

.. 
DISTANCE f . 

. .. PIPE LENGTH' .. 
! 

- 3  .. . .  - 37,418 .. - 
40.5" . .  

43.7" . .  
47.1" 
50.9'' . 
55.2" . .! 
60.1" - 

2 
. .  

.. 
. .  

66.2" 
75.0" 
99.0" - 

> 
j 

. .. 107.8" 

118 -8." 

126 ..9"' 
130.4"' 
133..5"' : . .  

136.6" 

.... .. . 113.9" .. . 

i 2 3 - i "  . . . I  

. I  

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

i - - 
..- . .. .. 

.. . 

.. 

F i s u r e  3-B ' .  

. .  

r 
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.,:, * .  . , - .  A p r i l  12. 1973 . 
+. .. . .  . . .  - -  

. . ~ .  . .. 
. .  . .  .. Bridgcpart Harbor Sta t ion  U n i t  N o .  1. 

. .  .- 
...-- 1 

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

. .  
,. 

. .  . .  

T e s t  1 .. 
. .  

..- 
. .  . .  

SAMPLE CALCULATIONS 
.- 

. i  NOTE: A l l  equations used i n  these calculations are found in 
.the Federal Register, V o l .  36’. No. 247, D a t e d  December .. 

. - .. * 
~, ’ 23. 1971- 

Calculations representative of T e s t  #l. 

-SI . . .  . .  . .  
. .  . .  

. 1) Dry Gas Volume 

eq. 5-1 

173.64 f t 3  in H g  + 3.56 i n  H2 

529.1 OR ) 1 3 . 6  

... 

P 175.53 ft3 

. 
2) Volume o f  Water Vapor 

m t d  = 0.0474 &. 
. ( M ) . 

. . . .  

... . .  

. .  .. 

. eq. 5 - 2  
- 
- 

... 
. .  . .  

s. 19.13. EY3 

. 3 )  Moisture Content ,. 

Bws = VWS td 
V w s t d  + V m s t d  

= 19-13 FT3 
19.13 FT3 + 1 7 5 . 5 3  FT3 

.. .- 
1 

._ . 



.. . __.. 
P: 

. .. - . .  
. .  

. .  . .  . . .. .. . ' . j  - . . .  . A .  ' 

. - 2 -  . .  . .  . .  

ij_ . . . . ?  

. i.:-.. /.: .--.3 

' .. ' .  ..<,> 

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

. - .  
.. .: . A ;  

. .  . .- . 
. ._ . .  * -  4r Molecular Wciclht (drv) . -  2 

. .  
.- . 

Md = 0.44 (% C02) + 0.32. (% 02) 1- + 0.28 (% N2) +. 0.28 (% CO) e+ 3-2 

0.  0.44 (11.33) '+ 0.32 ( 5 . 0 5 )  + ,  0.28 (83.62) 
+ 0.28 (0.00) 

-. 
=- 30.01 lb/lb-mole 

I .  

. .  

. .  . 

'5). Molecular Weisht (wet). . 

i . 
,.., . .  - . . .  

. _. - 
. .  

.. . . .  . . .  

. .  .. 
. -  -._ . 

Mi = Mt3 (I-&s). + 18 Bws 
. .  - 

=x 30.01 (1-.098) + 18 (-098) 

- - 28.83' lb/lb-mole 

-. 
6) Stack Gas Velocity 

eq.. 2-2 
. .  . .- 

Vs = Kp Cp fl '&TSis) ' 4: 
. .  . .  

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

. .  . .  
. . .  

745.5 
9.91 x 

(85,48), (0-783) (1.26) .. - .. . .. - 

P 78-4 F.P.S. 

. .  
. .  . .  . 

I. 

7) Gas Volumetric F ~ O W  Rate, ACFM 

. ACFM = vs x A x 60 sec/min - 
= 

=: 266,811 ACFM 

78.4' x 56.72 FT2 x 60 sec/mh 

.:. 



9) Gas . .  Volumetric'Flow Rate, l b h r  

,: . $ 
hi: 386 ET3 . . .  -3 

. .  .. . .  
..&a .q 

. .  ~ f ;  

-4 

' '  ' '3 "2 

- -:d 

'Ws. = Qs x 60 min, x Md 
% 

.~ 
-. - 171 ,038  SCFM x 60'min x-30.01 lb/lb-mole .- ..h 

, '+  ..... .L 

= 797,853 lb/hr .... . x i  

., 
~. hx 386 FT3 

,. 

10) Particulate Concentrations, a r / S C F  
. _.. 

. . .  ..... .i ~~ ........ .:.i 
. . . . . .  . . . . .  'eq. 5 4 , .  . 

. . .  . .  
... 

.... 
-5 

: . :; 

.~ 
. .  '. . 

. .~ 
. .  

Mn 
. .  

... 
. .  

30.6  mq 
175.53 FT3 

= 0,003 gr/SCF 

11) Particulate Concentrations, I . ~ / F T ~  
.. .. 

' .. - 
. '  eq, 5-5 

- .- . .q 
. . . .  .* . .  -. . . .  ' ,  . '.. .... 

.;j 
. .  -. 

. . .  . .  . . .  - . . .  . . .  - . -  
Vms tc3 

= 0.38 x lb/SCF 



. .  
- .  . . . . .  . .  

.. 

. . ' 12)' P a r t i c u l a t e  c o n c e n t r a t i o n s ,  l b h r  . 

Cw = Cs. Qs x 60 min 
hr . 

' (0.38 x LOe6 ib/SCE) (171,038 SCFM). 60 min 
hr 

. ... .. 
.<i 

= 3.9 lbhr  

13) P a r t i c u l a t e  C o n c e n t r a t i o n s ,  lb/MBTU 

Er = cw 
. H e a t  I n p u t  - .  

= 3.9 l b h r  
906.4 x LO6 BTU/hr. 

= .004 lb/MBTU 

14) % I s o k i n e t i c  Samul ing  

.? 

.;i. 

i .. . .  
. .  

. .  . .. ..;. .. ~ .. 
, )>. . .. 

I: =. TS (1.667 m) (0.00267) k k  + a bar + a 
sec. Rn 13.6 

. eq. 5-6 
8 vs Ps .  A n  

. 
1 E. 745-5 (1.667) 0.00267) (403.'6) + 173.64 9-94 + 3-56 

13.6 
. .  .. 

. ,  

529.1 -1 " :  
(180) (78.4) (29.91). (0.000325) 

: = 99.54% 

15) NO, C o n c e n t r a t i o n s ,  l b h r  

. lb/hr = PPM x Mw (NO) x Ws 
Md 

= -  234 x 30 l b / lb -mole  x 797853 
106 30.13 lb/lb-mole hr 



. . . 
, -  . 

j 16 i 

17 1 

18 1 . .  

19)' 

20 ) 

. _.. 

.... - . ..- 
I . .  . . . . . . .  

. .  

.?.. 

. . .  .- 
.' 
: .:<. 

. .  
. .  . .  

: .  . NOx Concentrations, lb/MBTU. 

lb/MBTU = lb /hr  
Heat Input 

= 185 -9  
906.4 x 106 BTU/hr  

lb/MBTU = 0.21 lb 
lo6 BTU 

4 . . .  . 

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

... . . . . .  . .  

. .  

Stack Pressure 

PS = Pb -pd' - - 29.94- 0.40" H20 = ' 2 9 . 9 1  
13 -6 13 -6 

. -  
- .  

. . .  . . .  

. . -, Nozzie Area .... 

. .- 

- . .  
.*. . .  

...... . I .- .. 

. -. . .  

An = .y D2 0:785 * = 3.25 X io4  ft2 
4. 

Stack Area . .  

= 'v D2 = .785 , =  56.7 FT2 

. .  

Heat Input: 6343-3 gal/hr x 142,895 BTU/gal= 906.4 MBTU 



. -  . .- . :. _. . . .  c . -  . . . . . . . . . . .  .. .; * . ,  . .  
. . THE UNITED ILLUXINATING COMPANY ' ' 

. .  - . ._, :-. 
..... .... . . .  . . .  .... . . . . . . . . .  . . .  ....*%3 

. . : j; . ' 
*:; :: ,-.. : SOURCE TESTIlrG CALCUIJ.TIGL< FO'kIS 

. . . . . .  . .  . .  , .  
... 

..I. .' . .. - .  

. .  ... 

. :. 
~ .. . ..  

- . .  - . <._ 
, .. :i 

. . . .  .- 

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

. .  

.. 
, . . *  .,.. :. , ~ *. 

. .  . .  
. . .  .. . .  io.'~uns . 3 

- .  . ,. . :. ~ 

. . -. .-:. 
. . . .  

.- . .' . 3 T e s t  No.. B.H. 'S .  1, S t a c k . 1  * 

~ . .  Name of Firm The United I l luGinat inq Company 

Location of Plant 10 Henry S t r e e t ,  Bridgeport, Connecticut 
. . .  

. , .  ., Type.of P l a n t  Stean Generatinc S ta t ion  ' ,  

Control  Equipmcnt.Electrostatic P r e c i p i t a t o r  

Sampling. Point' Locations Stack * 

. .  
. .  

Run No. 
f t (  l b  . ). ;4: 

Kp = 85.43- sec lb nole-"R 

Pol lutants  San2Led Par+-+ nq. N i t r o q e n  O x  i d  e s ' 

. , . . 
. '  

Time of  Particulate Test: . . . . .  

- ~~ 

. . .  .~ . .  1 2 3 

8 5  -48  85.48 85.48 

Run NO. 1 D a t e  4/12/73 B e g i n  1402 End 1719 . 

Run No. 2 D a t e  4/13/73 B e g i n  1300 End 1609 
. 

- 
Run N o .  f D a t e  4/16/73 B e g i n  1326 End 1637 

i .  Cp =. P i t o t  tube c o e f f i c i e n t  (Calyg.) - Avera5e ve loc i ty  head of stack 
<P'= gas, inches ii20 

.. 
. . .  . .  . . .  . .  % 

. . .  
. .  

. PARTIC'JLATE EMISSIOX DATA 

. .  0.783. 0.783 0.783 
... . .  

1.26 ' 1.25 1.24 

. .  .... Pb = Barometric, pressure,  "??g Abs.. 29 -94  30.10 30.38 

Pd = Gas duct pressure,  ''9-0 -0.40 . -0;.S2 -0.48 

P s  = . inches  Hg 29.91 30.06 30.35 

. .  
Absolute stack. gas pressure,  

- . 
B w s . ?  % moisture i n  s t ack  gas,  by 

Md = gas ,  2 q '  

Ms = Nolecular weight of s t a c k  gas 

9.8 9.7' 10.0 

30 -01 30..13 29.93 

28.83 28 - 9 5  28.74 

volume - &lo 1 . ccuiar  wergnt, O L  scacx 

- 
Ts = Average s tack  temp., OR I 745.5 735 .O 746.6. I 

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

. I  
. . . . .  

. .  . .  

' .  - .  . .  1. . .  , 
. .  

~ ~~ 

. .  .I . .  _ :  
_ .  . ' .  . .  . . ,  . .  . ,; . .  



Vm = a t  meter c o n d i t i o n s ,  FT3 

Volume of  d ry  gas sampled 
V s t d  . '= . a t  STP, FT 3 

Tm = temp., OR 
Average d r y  gas m e t e r  

Averacre Pressure droo 

173.633 170.381 153.761 

=' 

175.53 i75.29 154.85 

579.. 1 522.5 537.E 

- -  
AH = a c r o s s  o r i f i c e ,  i n c i e s  H;O 

--2 I I An = ihzz lr  area, IT 0.00037'~0.0003~ 

180 

0.244 

0 = T o t a l  Sampl ing  T i n e ,  mFn. 

Dn = Nozzle d i a . .  - i n c h e s  

180 IOC 

0.244 0.242 

I = % of i s o k i n e t i c  s a m p l i n g  99.54 99.37 

Qs = S t a c k  cas voluxie a t  STP 
' ~ (SCFM) . . .. . 171,038 171,145 

C I S  E gr/scf 0.0031 0.002 
I 

Qa = S t a c k  g a s  volume a t  stack 
cond i t ions  (ACFM) 

WS = S t a c k  gas mass flow 1Ss/hr 

Mp = P a r t i c u l a t e - p r o b e ,  wash ings ,  rng 

797,853 801,544 

15.9 14.8 

1 

a .  0003 18, 

Mf = P a r t i c u l a t e - f i l t e r  ( m p )  

I. 90 -58  

14.7 11.1 

57.01 . . I Mn = P a r t i c u l a t e - t o t a l  (nig) 

P a r t i c u l a t e  C o n c e n t r a t i o n s  I, 0-OOG * 

30 -6  25.9 

8.2 Cw = P a r t i c u l a t c  t o t a l  e m i s s i o n  l b / h r  

E r  Pa r t i cu la t e  e m i s s i o n  rate,  lb/106 
'. BTU - 

C 5 NO. c o n c c n t r a t i o n s .  PPfl 

A 0.009 

3 -9 3 -3 

0.004 0.004 

234? 219 
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VOLUME O F  LIQUID WAT3:R COLLECTED " . .  1 
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VOLUME OF L I Q U I D  WATER COLLECTED. . .  
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V0LUFl.E OF LIQUID WATER COLLECTED. . .  
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1). 

IntroductCon - 
Emission t e s t s  for  p a r t i c u l a t e s  and ni t rogen oxides w e r e  
conducted a s  required by Connecticut S t a t e  Law on The 
United Il luminating Company Bridgeport Harbor S t a t i o n  Steam 
Generator No. 2, stack No. 2, located in Bridgeport, Connecti- 
cut. Testing was conducted on D e c e m b e r  11, 1973. 

P a r t i c u l a t e  t e s t i n g  was performed in accordance w i t h  t es t  ' 

methods and procedures as prescr ibed in t h e  Federal  Register,  
V o l ,  36, No. 247, dated December 23, 1971. Testing w a s  
performed by York Research Corporation of Stamford, Connecti- 
'cut, using a sampling train as described in Appendix A. 

Nitrogen oxide emission t e s t i n g  was performed by the  United 
Il luminating Company Development and T e s t  Laboratory using 
a Dynascience Model E-101 NOX Analyzer. Field data i s  in- 
cluded i n  Appendix E, 

T e s t s  w e r e  a l so  conducted t o  determine s tack gas veloci ty ,  
moisture content,  and flue-gas ana lys i s .  The procedures 
used in  determining these various parameters, except f o r  
f l u e  gas ana lys i s ,  a r e  those found i n  t h e  above mentioned 
Federal Register,  The stack f l u e  gas was analyzed by using 
an Analyt ical  Instrument Development Model 512 Portable  Gas 
Chromatograph - 
York Research Corporation w a s  re ta ined  t o  perform p a r t i c u l a t e  
tests, together  with a preliminary ve loc i ty  t r ave r se ,  moisture 
determination, and f u e l  o i l  ana lys i s ,  The United I l ludnat ing 
Company was responsible f o r  t h e  f l u e  gas analysis ,  ni t rogen 
oxide ana lys i s ,  and f o r  accumulating b o i l e r  operating data.  

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

. :- ._. . .  
i.;-.- - . . .  I . . .  .... -..z - . 1' --A,* 
.. ' . I  

. 
.: .. . . :  

> . . .  
. . .  . "  

..... . -  . . .  

. .  ... 
. ,  

. ,  
. ..; 

... ::. . .  

. . .  
: , 

This test  repor t  includes t h e  information required f o r  I t e m  
N o s .  111, IV, V, V I ,  V I I ,  V I I I ,  M, X, XI, X I 1  and X I 1 1  
from the Department of Environmental Pro tec t ion ' s  In ten t  t o  T e s t  
form in  comuiiance w i t h  t h e  Department of  Enviromental  ?ro- ~~ 

t ec t ion '  s n& Source Test Gaidklines 2nd Procedures, (received 
April  3, 1973).  
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TABLE N 

F m L  o n  ANALYSIS 
. .  

.. .. . . .  
. .  STEAM GENERATOR NO. 2 i.. - 

i 

- -. 

, - . .  
-. 
~. 
i STACK NO. 2 

Date 12/11/7 3 12/11/7 3 12/11/73 . .  

Carbon 

Hydrogen 

Nitrogen 

A s h  

Composition (% by Weiqht) 

. .  
86.10 86.10 

12.61 12.61 . .  

.:.- - .  
86.10. 

12.61 

0.1. 0.1 0.1 

0.019- 0.019 0.019 

. .  

. .. 

. -. 
Sulfur 0.348 0.348 0.348 

Specific Gravity 0,909 0 * 909 0.909 

BTU/lb 

BTUjgal 

19,452 19,452 19,452 

147.290 147,290 147,290 

.. 
. .  . ”  

.. . 



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

. . . :  \ 

1. Samplinq Train Information - - _- 
(Ref. I t e m  V I I I ,  " In t en t  To T e s t "  Form) 

a. 

b, 

. .  

C. 

a. 

. -  .. 

Schematic Diagram and desc r ip t ion  of sampling 
train: . . - - -- 

See Appendix A, . .  ... . - _ _  
Media type used t o  determine g a s s t r e a m  
components: 

1. Nq[: Dynascience Model .?-lo1 NOx 

2, Par t icu la tes :  Tared g l a s s  f i b e r -  f i l t e r .  

3. 

- 
. .  

Analyzer 

.Flue G a s '  An'alysis: ' Analyt ical  Instrument 
Development Model 512 Portable G a s  
Chromatograph 

Sampling Probes :', 

1.. Nitrogen Oxides: S t a i n l e s s  s t e e l  tube.  

2 .  Par t icu la tes :  See  Appendix A 

3.. Flue Gas.Bnalysis: 3tahlm . s t e e l  tube 

Probe Cleaning Method: . .  

See Appendix A 

2. Field Data Sheets 
(Ref .  Item IX, "In ten t  To T e s t "  Form) 

See Appendices A, B, C, D. 

-. 

. .  

.._ 
. -  . . . ~  

... . .  
-. 

.. ~ 

.. 

. .  

. .. 

. .  . .  

.. 
. . .  . 

. .  

3. Description of Opera- 
(Ref .  Item X,  " In t en t  To T e s t "  Form) 

The operation tes ted  was Bridgeport Harbor S ta t ion  
steam generator N o .  2 ,  s tack No. 2 ,  Registrat ion N u m b e r  
BHS2, s tack  2 ,  having a t o t a l  B T U / h r  r a t ing  of 1806.7 
MBTU/hr (averaged over the t es t  pe r iod ) ,  burning No. 6 
res idua l  fuel o i l  a t  an averagc r a t e  of 1 2 , 2 6 7  gal/hr,  
and having a gas f l o w  of 6 1 0 , 2 1 8  ACFN, avcragc f o r  the 
t e s t  pcriod. See Table I V  f o r  fuel o i l  analysis.  



7 

. :.g 
. ' -:s 4, Saml inq  Area Description . -. 

. .  . . .  
1 .. 

. .  

. .  ". 
~. ...-e .. .._ ':..s . .  

.. .. . .  
(Ref.., I t e m  X I ,  " I n t e n t  To  T e s t "  Form) 

- 
. -~ . -& 

- :.*$ .>. 
Emission sampling.was performed in the  s tack 1.70 

- ' 2  
using four  - 4" diameter sampling ports,' spaced 90° 3 .. apa r t  on the  s tack  circumference. A t o t a l  of  twelve .... 

sampling po in t s  (3 p e r  sampling por t )  w e r e  used i n  the  

. .  

. J . _- feet above the  stack foundation ( 8  stack diameters 
above the  breeching i n l e t  and 6 s t ack  diameters 
down from the  top) .  Emission sampling was performed 

. _  
?E 

: .=e 

. .  . . .. . .  . .- test  fo r  pa r t i cu la t e s .  The ins ide  diameter o f  t h e  s tack  
at. t he  sampling loca t ion  was found to  be 12'-10-3/4" 1.D- - . ._ .. - 

5 

.a, Stack Configuration: ..., 

. . i .XJ . .  .. .. . . .See Appendix A. , .  

b. ' Sampling Por t  Location: 

See Appendix A. 

c, Sampling Point Position: 
, . . ... 

..$ 
. .  
-3 .. 
0 . i-5 

2 i. 
:e .._., .. See  Appendix, A.. 

5, Stack and Vent Description 
(Ref. I t e m  X I I ,  " In t en t  To T e s t o L  Form) 

. %~ 

: z  . .- - - Cine Babcock and Wilcox Cyclone f i r e d  Radiant Reheat Boiler 
discharges f l u e  gas: through two breechings. i n t o  the. stack.: 
Attached' t o  t h e  o u t l e t  of t he  b o i l e r  is a, Research-Cottrell.  
e l e c t r o s t z t i c  p r e c i p i t a t o r ,  having an estimated co l l ec t ion  . 

. .  

. >, 
- e f f i c i e n c y  of 60% when burning No. 6 res idua l  f u e l  o i l .  

.i_ 

? 
6 .  Operational Parameters 

.- . .~ (Ref, Item X I I I ,  . " In ten t  To Test.' '  Form) - 
a - .. 
- Electric u t i l i t y  steam generators  burning No, 6 r e s idua l  

fue l .  o i l  having r a t ed  capac i t i e s  a s  regis tered.  
i 

.~ 
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The t e s t  p o r t  l o c a t i o n s  and t h e  number of  p o i n t s  sampled were 
c a l c u l a t e d  from g x i d e l i n e s  i n  t h e  Federa l  R e g i s t e r ,  Vol. 3 6 ,  

Enough p o i n t s  xere used t o  
assure a c c u r a t e  measurement o f  particulate.  emiss ions ,  temperature ,  
and v e l o c i t y  over the' c r o s s - s e c t i o n a l  a r e a  of  each  s t a c k  (See 
F i s r e s  1-11). 

.. No. 247,. dated .  Uecember 23, 1971. 
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. .  v. Sil>IPLI XC EIERIOD S . .  

1: P o r t  Location 

2. Veloc i tv  and Temncrature 

Veloc i ty  was de te rmined  in accordance. w i t h  Gu ide l ines  i n  Elethod 
2 of t h e  FeacFal Regis te r .  A pre l imina ry  v e l o c i t y  t r a v e r s e  was 
made t o .  e s . t j b l i s h  i s o k i n e t i c  sampling r a t e s  usiIig €PA >lethod 5 
samplin'g:'$ec%iques . .  (See Fibwre +6) ._ . . 

- . . . .  
. .  . .  

3.. Fluc Gas Arialvsis 

Cas a n a l y s i s  f o r  CO2 and 0 2  was conducted by UI usilia an Orsat 
apparatus,  Readings f o r  each  t es t  are repor t ed  i n  t h e  Summary 
of  Resu l t s ,  

4, P a r t i c u l a t e  Sampl ing  Xethods - EPA Ekthod 5 

. ' The sameling apparatus ' c o n s i s t e d  of  a n i n e  (9) f o o t  probe on 
Unit  2. and a.  fiftccn (13) f o o t  probe on U n i t  3 ,  heated filter, 
four imp inge r s ,  dry gas meter ,  vacuum pump, and c a l i b r a t e d  
o r i f i c e  as show1 i n  F iLare  3.. 
type. satiiplillg nozzle. (1) , Type "S" p i t o t . t i b c  ( 2 ) ,  arid thermo- 
couiile (3) ,. cxtended froin the saq i l ing  end o f  tiic prolie, which 
cons i s t cd  of $ incll i n s i d e  d iameter  mcdiun!-vd.l s t a i i 1 1 . c ~ ~  s t ec l  
hihc with a ,Tound s t c c l '  j o i n t  on one end. TIie prolie was loga- 
r i t h i c a l l y  imiind €rom thc  en t r ance  end with 2G-gaugc n i c k c l -  
chi*oiniurn i,*.irc. 
v a r i a b l e  transfo'ornicr to' iiiniiitiili a gas tcinpcraturc o €  250°F i n  
tbc probe.. 
tapc and cticascd i n  a l-inch-DI> stainlcss steel tubc: for pro- 
t cc t ion . .  
j o i n t  protyudin:; h:is a nut wcldcd t o  it for connection to  the 
s t a i n l c s s  steel  coupliri:: u sed  t o  a t t a c h  tllc nyLzlc. Thc probc. 
corinccts t o  a vcry conr sc  fr i t tcd glass f i l l ' c r  Iwld lcr  ( 5 )  which 
holds d tarcd glass Z i b c r  f i l t e r .  Tlie f i l t c r  holdcr was con- 

The s t a i n l c s s  s t e e l ,  button-hook 

During sampling, the wirc was coiinectcd t o  a 

Ttic wire iwund tube  \+as wrapped w i t h  f i b c r  glass  

l'hc clrd OF the stccl  t1111c t h a t  d u c s  n o t  Iiavc t h e  ball- 
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taincd i n  an e l e c t r i c a l l y  hcated enclosed box ( S )  Lhich  is '  
t h e r m o s t a t i c a l l y  m a k t a i n e d  a t  i minimim temperature  of 250°F 
t o  prcvcnt  water condensation. Attitcfmd to the. heated box 
with tygon tubin? was an ice b a t h  (7) c o n t a i n i n g  fou r  in7inplcrs 
connected in series with vacuum hose. The f i rs t  impiriser (8) 
r e c e i v e s  the  gas stream from t h e  f i l t e r .  
the Grecnburg-Smith d e s i g  modif'ied by r e p l a c i n g  the t i p  w i t h  a 
5 inch. IU glass tube  ex tending  t o  0.5 i n c h  from the  bottom o f  
t h e  f la sk .  
l i t e r s  o f  d i s t i l l e d  water. The. second impinger (9) i s  a Green- 
burg-Smitlr in ip inger  w i th  t i p ,  and a l s o  f i l l e d  r G i t h  100 m i l l i -  
l i ters  of d i s t i l l e d  water. The t l i i r d  iinpinger (10) modified 
l i k e  t h e  first., wi th  no water. The f o u r t h  impinger (11) i s  
a lso  a Greenburg-Smith t y p e  modified l i k e  t h e  first and conta ined  
300 grains o f  d ry  i n d i c a t i n g  silica gel, 

From t h e  f o u r t h  irnpinger- t h e  e f f luen t  stream flows through a 
d i a l  tlicrmomcter '(12) , it check va lve  (13) ; f l e x i b l e  rubber. 
vacuum h ib ing  (1'0 ; vacuum gauge ( I S )  ; a valve.  (16) ; a leakless 
vacuum pump (17), rated a t  4 cubic  f e e t  p e r  mir:ute a t  0 inches 
of mercury gause pressure. .and 0 cubic f e e t  per  minute a t  26 
i nches  o f  mercury gauge pressure, and connected i n  para l le l  
wi th  a bypass need le  va lve  (18) ;. and a d r y  gas meter rated at 
.1 cub ic  f o o t  p e r  r e v o l u t i o n  (19). A c a l i h r x t c d  o r i f i c e  (20) 
c o m p ~ e t c s  t h e  train and was. uscd . t o  rncasurc ins t an taxeous  meter. 

. f l o i e  ratcs. T h e  t h r e e  thcnaometers (12) arc d i a l .  tl ,pe with  a 
range o f  25" t o  12i°F. 
po r t ion  o f  t h e  box has a range up t o  300°F. The dua l  manometer 
(21) u c r o s s  t h e  c a l i b r a t e d  o r i f i c e  i s  a n  i n c l i n e d - v e r t i c a l  t ype  
graduated i l l  h i indredths~ of an i n c h  of water  froin 0 to  1.0 i nch  
and in t e n t h s  from 1 t o  1 0  inches.  

5, T e s t  Procedure 

Prior t o  t1 ie : ' s ta r t  of a tes t  series € o r . e a c h  s t a c k ,  t h e  p r e s s u r e ,  
tempcrature ,  and range o f  v e l o c i t y  p r e s s u r e s  were dctennixicd 
d u r i n g  pre l imixary  p i t o t  tube and tcmperaturc  t r a v e r s e .  

h r ' i n g  each t e s t  t h e  fo l lowing  r ead ings  were taken a t  each poin t :  

Th i s  impinger is of 

T h i s  impinger was i n i t i a l l y  f i l l e d  with 100 m i l l i -  

.. . 

A fou r th  thx!norneter i n  t h e  heated 

1. 
2 .  
3. 
4. 
5. 
6.. 
7. 
8. 
9. 

Poin t  Designat ion 
Clock Time 
Dry gris rnctcr r e a d i n g  (Cr) 
Veloc i ty  hcad ( A  P I n  i nches  I<ilter) 
Dcsircd prcssarc d r t > p  across or*j.-l'icc ( A  I I  i nches  rsater) 
Achial pressurc drop across o r i f i c c  ( A i l  in i nches  water) 
D r y  gns tcm:wri\nirc (Or) gas iiieter i:rlet. 
11ry gas tcinrtc~aRlrc (Or) gas mctcr o u t l e t .  ' 

Vacuum puiiip gaugc reailing (in. JIg) rjr 

~ 

. ~ .  
. .  
.. 

... 

.... . 

. .- 
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10. F i l t e r  box temperature (OF) 

ll. 

Tlie r e l a t i o n s h i p  of  AP r e a d i n g  with the A I1 reading i s  a function 

1. Ori f ice  c a l i b r a t i o n  factor  
2. Cas meter temperature  
3., 36 moisture i n  the f l u e  gas 
4. 
5. Stack temperature- 

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 direct  r e l a t i o n s h i p  between A P and & . I 1  could be dc te r -  
mine& Ijy t h e '  sampler mithirl f i f teen  seconds and i s o k i n c t i c  
c o n d i t i o n s  maintained throughout t h e  test .  

Dry gas temperature (OF) at the d i scha rge  o f  l a s t  impinb-r 
12. Stack.  temperature  (OF) . .  , . ~ .  . 

of t h e  fo l lowing  var iab les :  . .  
. .  

. .  . 

Rat io  .of flue gas , p r e s su re  t o  barometr ic  pressure 
. .  

6. Sampling nozzle diameter . .  

6 BASIC LAIIORATORY PROCEI1I.XE 

The fol lowing paragraph b r i e f l y  describes t h e  methods used i n  
t h e  l a b o r a t o r y  t o  ob ta in  t h e  raw data used i n  the c a l c u l a t i o n s  
o f  our results,as r e p o r t e d  i n  Sec t ion  I I I . ; m d  V I  of t h i s  r e p o r t .  

The c lean  up is done. i n  the f i e l d  accord ing  t o  EPA test procedure.. 
The f i l t e r s  were p r w i o u s l y  tare. weighed and recorded. a t  t h e  
l abora to ry .  
then weighed 011 an mall! t i ca l  b a l a n c e  and t h e  cun~~unt of par t i cu -  
l a t e  c o l l e c t e d  is the d i f f c r e a c c  i n  the two tcei.dits. The. pa r t -  
imili l tc wash s o l u t i o n ( t a k e n  f r o i n  the train i r i  f r b n t  o€ t h e  
f i l t e r )  i s  placed i n  R tared beaker ,  t he   ash solut ior i  is cvnp- 
o ra t ed  wi th  a11 Infra-Red Ifcat Lamp and t h e  beaker. i<eighed again.  
The d i f f e r e n c e  i n  weight is. t h e  weight o'f the p a r t i c u l a t e  i n  t h e  
wash. 
t h e  sample. 

The irnpinger condensate i s  measured for moisture  determixiation. 

.. 

I?pon return t hey  are d r i e d . ,  conled. i n  a. d e s s i c n t o r ,  

T h i s  i s  combined wi th  the f i l t e r .  cntcli a s  the weight o f  
, ,. . . . . . 

. .  

CAL Jl3 R\TTCIN 
, .. 

Tlie eqiripnicnt used on tliis.dassii%riicnt was c:nlibrated oiic week 
p r i o r  t o  f.i.cld t e s t i n g  a~itl re-ca1iln-a tcrl Lipoti e q l i i p l t c ! r i t  r e t u r n  
a f t e r  testing. 'fork 1:cscarch .c ; l l ibrat ioi i  is t r a c e a b l e  t o  the 
National  nureau of Stnridards. 

.. . . ,  . 
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APPENDIX B 

NITROGEN OXIDE TEST 

FLUE GAS ANALYSIS 
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APPENDM C 

BOILER OPGPATING DATA 
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SAMPLE CALCULATIONS 
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.' SAMPLE CALCULATIONS 
.I .' I 

, 
.. 

NOTE: All equations used in these calculations are found 
iCthe Federal Register, Vol. 36, No. 247, dated 
December 23,  1'971. 

Calculations representative ot. Test #1, 

. .  
.. - .. . , . . ..-. . . . .  

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

- .  
. . .  

. . -  
.I 

... 

1. Dry Gas Volume 
. .  ... 

. .  
eq. 5-1 

.* 
. .  .. ~ . . . .  

. .  

9-92 in.Hg. + 1.279 In, 
1 7 . 6  

.2 

. -  
511.4. OR 

in.Hg. 

= .  39.087 ft3 

2,  Volume of Water Vapor .~ 

Vlc- 
Vwstd = (0.0474ft3) 

M 

- (0.0474 ft3) 60.2 ml 
M 

=I 2.853 f t 3  

3.. Moisture Content 

BWS = Vwstd 
Vwstd + Vmstd 

= 2 .853  f t3  
2 -853  ft3 + 39.087 f t 3  

.. . .  . .  :. 
I. ... .... - eq.. 5-2' . __, - .f 

. ._. .. ... . . .  .. 
, . .  . ..,_. .. 

..I_ ... ... 
. . . .  '>: .. -< .: . s. 

.~ - 
- 1  .. . .  . .  
. .  . .  

. .  

. -  - =  .-: 

-1 

.. . .  

.. , .  * : . 

-9 . -  
... . . ,  

. .  
.. ... 

. .  - .  
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- ,  

4 ,  molecular Weisht ( d w )  

. .  .. 
. .  1 = 0.44 (% C02) + 0-32 (Om21 .. . 

. .  
. ,  eq.. 3-2 

. .. 
+ 0.28 (%") + 0-28 (%% co) 

- ? .%_ 
. .  - :. .. ... . . .  .T 

. . --..L: 
. .  -- 

. -  .I_ 

+ 0.28 (81.52) . . 
. .  
= 0.44 (11.91) + 0.32 (6.57) 

- .  

.. + 0.28 (0.00) 

=' 29-34 lb/lb&nole 
, .,. 

.. . 
. .. . .  -. 

6. Stack Gas Velocitv -; 

eq.. 2-2 .:! 

. .  
Vs E Kp Cp e P  ( Ps Ts x Ms ) l/2 

. .  . .  . -. ' r  0 

: . .. :j; .i' 

. . .  - - 
... 
. .  

710 . ) 1/2 . .  
('*'12g'' (23 .88  x. 29.34 - 

, . :- . . -i., 

3 (85-48) . ( - 8 6 )  

~ . . ~  ::.. 

.i 

..., : _i I 

n I 74..70 F.P .S .  . .  

7. Gas Volxmetric Flow Rate, ACEM 

ACFM = VS X A, x 60 sec/min . . ..; 
c 

-_ 

' 3  . .  .. & 74.70 x 130.5 ft2. x 60 sec/min 
.: 

584,901 ACEM 

l i  

. . .  8 -  Gas Volunietric F l o w  Rate, SCFM 
" 

Qs =. 60 ( l -BwS)  .VS As ea. 2-3 . :_ 

. . ,  . .  

- i: 

:Is . .. '. ..' 
. .  

.. 

= 60 (1-.068) (74.70) (130.5) (3) (u) 29.'92 

= 406,382 S C m  



. .- . 

9. Gas V o l u m e t r i c  Flow R a t e ,  l b h r  

I Ws = Qs x 60 min x Ma 
hr 386 ft3 

= 406,382 SCFM x 60 rnin x 30.17 lb/lk-mole 
hr 386 f t 3  

' !  
. .  

= 1,905,784 Ib/hr 

10, P a r t i c u l a t e  C o n c e n t r a t i o n s ,  qr /SCF 

= 0.0154 gr 76.4 mg 

( G) 39.087 ft3 

= 0.030 gr/SCF 

11. P a r t i c u l a t e  C o n c e n t r a t i o n s ,  lb/ft3 

cq = 
Vmstd 

eq. 5-4 

.. 
... 

. .  
. .  

. .  
i. ..a . . .  
.i ._ eq.. 5-5 : 

.._, 

_ .  
. .  

. .  

12. P a r t i c u l . a t e  C o n c e n t r a t i o n s ,  1bhr 

cw = cs Qs x 60 rnin 
hr 

3~ (4.30 x Ib/SCF) (406,382 SCFM) 60 min 
hr 

= 104.85 l b / h r  



.. - - ; . a  ,. ' . ,:; 

. .  
. .  . . .  

. .  .. r 
..l . .' ._. . .  

... ... : ?2 
,?j 

.-3 
Et .= cw . .  ' '-7 

..... . . .  , _ .  
. .  <: 1 . . . . . . .  

IS.."' Par t i cu la t e  Concentrations, lb/MBTU 

. . . . .  
.. 

. .  I Heat Input 
. . .  .- . ..-, 

:. _ _  
. ' 1  

... . . . .  .:?2 .~ ~ 

. .  
. ' . ~  9 . .  . .  

= 104.85 lb/hr 
1805.3 x lo6 BTU/hr --_: :.q 

. .  - 
= 0.058 lb/MBTU 

14. % I sokine t ic  Samplinq 

. 

- 
I = TS (1,667 Q) ' ( (0.00267) V l c  + E (Pbar + ")) - sec m 13.6 _- 

vs. PS An 3 
. 5  eq. 5-6 

1 = 710 (1.667) (0.00267) (60.2) + 37.605 29.92 i- 1.279 
511.4 13.6 . .  

(60) (74.70) (29.88) (0.0001916) 

- 109.2% 
15.. N% Concentrations, lb/hr 

=fir = PPM x MW (N02) x WS 
. .  Md 

= 255 X 46 lb/lb-mole x 1,905,784 2 
30.17 lb/lb-nkole hr 3. c 

16. N e  Concentrations, Ib/ElBTU 

lb/MBTU = lb/hr 
H e a t  Input 

= 741.0 lb/hr 
1805.3 x lo6 BTUhr 

1b/MBTU = 0.410 lb 
lo6 BTU 

. ._ 



. .  * .: 
. : - ‘ e  . b . .  

* .  ._ .o , * , . .. 

I f .  Stack Pressure (Abso lute )  in.Hq. 

I .Ps = pb.+& = 29.92 + 1-0.6) = 29.88 h H q  
13.6 13.6 

18. Nozzle Area ( f t 2 )  

An = *il”/4 = 0.785 (0.1875/12)2 1-916 x ft2 

19. Stack Area (ft2) 

As = ?;D2/4 = 0..785’(154.75/.12)2 = 130 .5  ft2 

20. Heat Input, MBTU 

Sp. G r ,  x 8.33 l b / g a l  x BTU/lb x gal/hr 

0.909 X 8.33  X 19.452 X 12.257 = 1 8 0 5 . 3  MBTU/hK 

21. Gas D e n s i t y ,  lb/ft3 

G a s  D e n s i t y  = (ma) x - T s t d  X 
Ts 

=r 30.17 x 530 OR x 29.92 
386, 710 29.92 

. .  

. .: 
-.& 

:_. .r 
1 .. 

. .  -, -<. 

... .. 
‘ 2  e 

.* .. 



.kl: No. Bridgeport Ffarbok Stack #2 No- Runs 3 

'Lupc of Firm The . United 'Illuminating - Company 

Ocation of pZa11t 10 Henry Street, Bridgeport, Connecticut' . 

m e  of Plant Steam Generating Station 

Ontrol Equipcenf Electrostat ic  Precipitator 

mplicg Point Lscations Stack 

Oliutants Sa.~.>led.  Particulates, Nitrogen Oxides 

b o  of Particu,late Test: 

- 



*'. , 
vs = S G C ~  gas ve loc i ty ,  F.P.s.. 

~f Part iculate-f  i l t e r  (mg) - I 

% c02 

% 02 

% c o  

J 

- .  - 

I % N 2  

Par t i cu la t e  Concentrations 
C'S d s c f  

Total volume of liquid 

and s i l i c a  g e l ,  m l .  
Vlc = col lec ted  i n  impingers 

Volume of dry qas  sampled 
Vm = a t  meter condi t ions.  FT3 

I 0.030 0.020 0.022 0.024 

Volume of  d gas sampled sy rstd = a t  STP, FT 

~ c+, Par t i cu la t e  t o t a l  emission 1Wh.r 1104.85 I 71.90 

Average cliy g a s  meter 

- Average pressure drop 
PII = across o r i f i c e ,  inches 1123 

Tm = temp., OR 

81.98 

1 2 3 Average. ' .. 

74.70 80.23 . 78.87 
11.91 11.77 11.71 

6.57 6.66 6.69 

-. 

1 
Er Par t i cu la t e  cmission r a t e ,  l l d l O G  

BTU 

c s NO, conccntrat ions,  PPM 

Cn NO. 1 b / 1 o G ~ ~ ~  

r -  I I I 

0.058 0.040 0.045 0.05 

255 252 246 2 5 1  

0.410 , 0.426 0.416 0.42 

I 0.00 } 0.001 0.00 I 
81.52 81.57 . 81.60 

60.2 78.9 66.5 

37.605 38.724 39.009 

39,087 I I I I  40.616 40.946 

53.1.4. . I 505.8. I 5 0 5 . 7  1 
, 

. 

1.279 . I - .1.438' "" I 1.39.7 
8 = Total S m p l i n g  Time, min.  60 

Dn = Pfozzle ?La., i aches  

An = Nozzle Zrea, FT2 x 1.916 

. .  . . : .  . .  .. . 

QS = stack aa.s volurr,e a t  
1 . _ _  (scrr.:) . .  

. .  . .  
. .  

Qa = Stack' gas  'voluroe: a t .  , s tack . '  

' condi t ions '  (ACFI.1) 
I I I I I 

~ 

I I905784 I20056S9 2000348 I- ws = Stack gas mass flow 1Ss/hr 

I '  ~p = particulate-probe, washinqs, mg -' I - ' .  
I I I 

. . *:2 Mn = Par t i cu la t e - to t a l  ( m q )  I ' -76.4.-) . 51.6.-'1 59.5 ' . .  



E m i s s i o n  T e s t  R e p o r t  

E n g l i s h  S t a t i o n  S t a c k  N o .  3 

FUEL 
OIL COMBUSTION 
AP-42 Section 1.3 
Reference Number 

24 

\ 

/ 
Steam G e n e r a t o r  NOS. 7 ,  ?, 11, 

The U n i t e d  I l l u m i n a t i n g  Company 
E n g l i s h  S t a t i o n  
510 Grand Avenue 

New Haven, C o n n e c t i c u t  
06505 

Approved by:  

E. W. S o m e r v i l l e  - 
V i c e  P r e s i d e n t ,  E n g i n e e r i n g  and P l a n n i n g  

Submi t t ed  by: 

M., R. McCraven 
D i r e c t o r  of En?JiionkcntaL E n g i n e e r i n g  



I 

e I .  
Emission Test Report 

. .  .. ~,nglish Station Stack No. 3 
I ,  Steam Generator Nos. 7 ,  9, 11 7 -  

(Ref. "Intent to Test" Form Number 7 2 0 0 5 2 )  

Test Conducted By 
The Gaited Illuminating Company 
Develogment and Test Laboratory 

80 Temple Street 
NesJ Haven, Connecticut 

OG506 

United Illuminating Company Personnel Present 
J. Sombati 
J. Hotchkiss 
J. Macknis 
M. Collins 

and by 
York Research Corporation 

One Research Drive 
Stamford, Connecticut 

06906 

York Research Corporation Personnel Present 
R. Larkin 
J. Kittrell 

Prepared by: 

, ' J. S. Somlsati , 
Development & TestT' Labdratory Supervisor - 

J. W. Hotchkiss 
Assistant blechan a1 Engineer d Y 

.3 

Chief Mechanic Engineer 
( I T  i ! p t , . p  

Checked by: 

J. F. Crowe 

, 



T e s t  Results 

English Station Steam Generator 
Nos. 7, 9, 11 

T e s t  Conducted. on 
December 26, 27, 1973. 



Emiss ion  tests f o r  p a r t i c u l a t e s  and n i t r o g e n  o x i d e s  were 
conduc ted  a s  r e q u i r e d  by C o n n e c t i c u t  S t a t e  Caw on The 
U n i t e d  I l l u m i n a t i n g  ComFany E z g i i s h  S t a t i o n  Steam Genera- 
t o r  Nos.. 7,  9 and  11, s t a c k  I.::?. 3 l o c a t e d  i n  New Haven, 
Connec t i cu t .  T e s t i n g  wes c o n s c c t e d  on December 26 and  
27, 1973.. 

P a r t i c u l a t e  t e s t i n g  was p e r f o r ; s d  i n  a c c o r d a n c e  w i t h  t e s t  
' methods and p r o c e d u r e s  a s  p r a s c r i b e d  i n  t h e  F e d e r a l  R e g i s t e r ,  

Vol. 36, No.. 247, d a t e d  Decer;ber 23, 1971. T e s t i n g  was 
per formed b y  York R e s e a r c h  C o r p s r a t i o n  o f  S tamford ,  Connec t i -  
cut . ,  u s i n g  a sampl ing  t r a i n  i l s . d e s c r i b e d  i n  Appendix A. 

N i t r o g e n  o x i s e  e m i s s i o n  testi:q was pe r fo rmed  by  t h e  U n i t e d  
I l l u m i n a t i n g  Company DeveloFr .ect  an6 T e s t  L a b o r a t o r y  Using 
a Dynasc ience  Model P-101 NOX Ana lyze r .  F i e l d  d a t a  is in-  
c l u d e d  i n  Appendix B. 

Tests w e r e  a l s o  conduc ted  t o  Zz te rmine  s t a c k  g a s  v e l o c i t y ,  
m o i s t u r e  c o n t e n t ,  and  f l u e - ? a s  a n a l y s i s .  The p r o c e d u r e s  
u s e d  i n  d e t e r m i n i n g  t h e s e  vazl=ws p a r a m e t e r s ,  e x c e p t  f o r  
f l u e  g a s  a n a l y s i s ,  a r e  t h o s e  found i n  t h e  above men t ioned  
F e d e r a l  R e g i s t e r .  The s t a c k  f l u e  g a s  was a n a l y z e s  b y  u s i n g  
an A n a l y t i c a l  I n s t r u m e n t  DeveLopment Model 512 P o r t a b l e  Gas 
Chromatograph. 

York Resea rch  C o r p o r a t i o n  WES r s t a i n e d  t o  pe r fo rm p a r t i c u l a t e  
t e s t s ,  t o g e t h e r  w i t h  a p r e l i n . i n z r y  v e l o c i t y  t r a v e r s e ,  m o i s t u r e  
d e t e r m i n a t i o n ,  and f u e l  o i l  a - a l y s i s .  The U n i t e d  I l l u m i n a t i n g  
Company w a s  r e s p o n s i b l e  fo r  t h e  f l u e  g a s  a n a l y s i s ,  n i t r o g e n  
o x i d e  a n a l y s i s ,  and f o r  a c c c n u l a t i n g  bo i l e r  o p e r a t i n g  d a t a .  

This t e s t  r e p o r t  i n c l u d e s  t h e  i n f o r m a t i o n  r e q u i r e d  f o r  I t e m  
Nos. 111, IV, V, V I ,  V I I ,  V i i i ,  IX, X ,  X I ,  X I I ,  and X I 1 1  
from t h e  Department  of E n v i r o n m e n t a l  P r o t e c t i o n ' s  I n t e n t  t o  T e s t  
form i n  compl iance  w i t h  t h e  Dep i r tmen t  o f  Env i ronmen ta l  Pro- 
t e c t i o n ' s  new Source  T e s t  G c i j e l i n e s  and P r o c e d u r e s ,  ( r e c e i v e d  
A p r i l  3, 1 9 7 3 ) .  

! 
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~~ 



; .  
1. 

2. 

3. 

--_ Samolinq Train Information 
(Ref. Item VIII, "Intent To Test" Form) 

a. Schematic Diagram and description of sampling 
train: 

See Appendix A. 

b. Media t-e used to determine gas stream 
components : 

1. NOx: Dynascience Model P-LOL NOx 

2. Particulates: Tared glass fiber'filter. 

3 .  Flue Gas Analysis: Anzlytical Instrument 

Analyzer 
, 

Development Model 512 Portable Gas 
Chroma tog ra?h 

c. Sampling Probes: 

1. N%: Stainless steel tube 

2. Particulates: See Appendix A 

3. Flue Gas Analysis: Stainless steel tube. 

d. Probe Cleaning Method 

See Appendix A ,, 

Field Data Sheets 
(Ref. Item M, "Intent To Test" Form) 

See Appendices A ,  B, C, D. 

- Description of QoeratLoZ 
(Ref. Item X, "Intent To Test" Form) . 
The operation tested was English Station' steam 
generator numbers 7, 9, and 11, stack 3, Xegistra- 
tion NumSer E.S. 7 ,  9, and 11, stack 3, having a 
total BTU/hr rating of 381.8 M3TU (averaged over 
test period), burning No. 6 residual fuel oil at 
an average rate of 2 5 8 5  g a l h r  and having a gas 
flow of 1553,264 ACFX average for the test period. 
See Table IV for f u e l  oil analysis. 



4. Samplinq Area Description 
' (Ref. Item XI, "Intent To Test" Form) 

Emission Sampling was performed in the stack 135 
feet above the stack foundation ( 7  stack diameters 
above the breeching inlet and 2 stack dian, aters 
down from the top). Emission sampling was per- 

I formed using four 4" diameter sampling ports spaced 
900 apart on the stack circumference. A total of 
twenty sampling points ( 5  per sampling port) were 
used in the test f o r  particulates. The inside dia- 
meter of the stack at the sampling location was 
found to be 14'-7-1/4'' I.D. 

a. Stack Configuration: 

See Appendix A 

b. Sampling Port Location: 

See Appendix A 

c. Sampling Point Position: 

See Appendix A 

5. Stack and Vent Description 
(Ref. Item XII, "Intent To Test" Form) 

Three Bahcock and Wilcox cross drum inclined tube 
boilers discharge flue gas into two ducts which enter 
the base of the stack 180° apart on the stack circum- 
ference. These boilers do not have a y  precipitators 
or other stack cleaning apparatus connected to the 
flue gas ducts. 

6, Operational Parameters 
(Ref. Item XIII, "Intent To Test" Form) 

Electric utility steam generator burning No. 6 
residual fuel oil having rated capacities as 
registered. 
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Test 

Date 

Carbon 

Hydrogen 

N i t r o g e n  

Ash 

S u l f u r  

Specific G r a v i t y  

BTU/lb 

BTU]gal 

FUEL OIL ANALYSIS 

STEAM GENERATORS 7, 9, 11 

STACK NO. 3 - 

2 - 3 - 
12/26/73 12/2 7/7 3 ' 12/2 7/73 

-- . C o m E s i t i o n  (% by Weight)  

86.40 86.37 86.37 

12.30 12.35 12.35 

<0.1 < 0.1 (0.1 

0.022 0.017 0.017 

0.378 0.366 0.366 

0.910 0.912 0.912 

19,447 19,451 19,451. 

147,414 147,768 147.768 
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PARTICULATE TZST 
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v.  SANPLTXG PETHODS 

1. port  Loca t ion  
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A l l  t e s t  p o r t s  a re  l o c a t e d  i n  the s t a c k  and the number of 
p o i n t s  sampled were c a l c u l a t e d  on the  g u i d e l i n p s  i n  t h e  F e d e r ~ l  
R e g i s t e r ,  V c l .  36 ,  No. 247 ,  d a t e d  December 23,  1971.  Enough 
p o i n t s  were used t o  a s s u r e  a c c u r a t e  ceasurernel1t o f  p a r t i c u l a t e  
m i s s i o n s ,  t empera ture ,  and v e l o c i t y  over  t h e  c r o s s - s e c t i o n a l  
a r e a  of each s t a c k .  (See F i g u r e s  2 , 4 , 6  and 8 . )  

Ve loc i ty  was determined by p i t o t  t u b e  i n  accordance w i t h  Yestt-crn 
P r e c i p i t a t i o n  Company B u l l e t i n  TP-SO".  
and thermocouple (3) a r e  r i g i d l y  a t tac? led  t o  t h c  sampling probe 
(See Figure 9 ) .  
e s t a b l i s h  i s o k i n e t i c  sampling r a t e s  u s i n g  EPA Nethod 5 sarnplirls 

A n  S-type P i t o t  Tube (2)  

A pre l imina ry  v e l o c i t y  traverse was made t o  

Gas a n a l y s i s  f o r  C02 and 02 was conducted by the UI u s i n g  an  
Orsat appara tus . .  Readings f o r  each  t e s t  a r e  r e p o r t e d  i i l  t h e  
Suinmary of Results. 
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4. P a r t i c u l a t e  Sann l in r l  ?!ethods - EPA Elcthod 5 

The sampling appa ra tus  c o n s i s t e d  o f  a n i n e  (9) foo t  probe hea ted  
. f i l t e r ,  f o u r  impingers,  d ry  g a s  meter ,  vacuum pump, 'and c a l i b r a t e d  

or i f ice  a s  shown i n  F igu re  9.  The s t a i n l e s s  s t e e l ,  but ton-hook 
type probe t i p  (1) was equipped w i t h  a 518 inch d iameter  f i t t i n g  
connected by a s t a i n l e s s  s teel  coup l ing  wi th  a s b e s t o s  packing t o  
the probe. The probe cons i s t ed  of  1 /2  i n c h  i n s i d e  d i ame te r  Kedium- 
w a l l  s t a i n l e s s  s t e e l  t u b e  w i t h  a ground s t e e l  j o i n t  on one end. 

26-gauge nickel-chromium wire. During sampling, t h e  w i r e  was con- 
nec ted  to .  a v a r i a b l e  t ransformer  t o  main ta in  a gas  tempera ture  of  
300°F i n  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-OD s t a i n l e s s  s t e e l  t u b e  f o r  
p r o t e c t i o n .  The end of t h e  s t e e l  t ube  t h a t  does not have t h e  b s l l -  
j o i n t  p r o t r u d i n g  h a s  a n u t  welded t o  it f o r  connect ion t o  t h e  
s t a i n l e s s  s t e e l  c o u p l i n g  used t o  a t t a c h  t h e  n o z z l e .  The probe 
connects  t o  a very  c o a r s e  f r i t t e d  glass f i l t e r  ho lde r  (4)  which 

t a i n e d  i n  an e l e c t r i c a l l y  hea ted  enc losed  box (5) vh ich  is 
t h e r m o s t a t i c a l l y  maintained a t  a m i n i m u m  temperature  o f  250-300'F 
t o  prevent  water  condensat ion.  Attached t o  t h e  hcated box was an 
i c e  b a t h  (7 )  c o n t i i n i n g  fou r  impingers  connected i n  s e r i e s  w i t h  
vacuum hose.  The f i r s t  impinger (S) r e c e i v e s  the  gas  s t ream from 
the f i l t e r .  Th i s  impinger i s  o f  t h e  Greenburg-Smith d e s i g n  nod i -  
f i e d  by r e p l a c i n g  t h e  t i p  wi th  a 1/2  i n c h  I D  g l a s s  t u b e ' e x t e n d i n g  

. t o ' 0 . 5  inch  from t h e  bo t ron  of t h e  f lask . .  This' im?inger was 
i n i t i a l l y  f i l l e d  with 100 milLi l i ters  o f  d i s t i l l e d  water. The 

. second impinger (9)  is a Greenburg-Smith impinger wi th  t ip, . '  and 
. also f i l l e d  wi th  LOO r r i i l l i l i t e r s  of d i s t i l l c d  watcr .  The t h i r d  

impingcr (10) modified l i k e  t h e  f i r s t ,  w i t h  no wate r .  The f o u r t h  
impinger (11) is a 1 s o . a  Greenburg-Smith type modified l i k e  t h e  
first and contained 300 grams o f  d r y  i n d i c a t i n g  s i l i c a  ..gel. 

Fran the  f o u r t h  i n p i n g e r  t h e  e f f l u e n t  s t ream flows through a d i a l  
thermometer (12) , a check . ialve (13) ; f l e x i b l e  rlh'ner vacsum 
tubing .  (111); vacuum giluve (15); a va lve  (16); a lci?l.tless vacuum 
pump (li), r a t c d  a t  4 c m i c  f e e t  per minute a t  0 i nches  of mercury 
gauge p r e s s m e  and 0 chic f c e r  p e r  minute a t  2G i nches  o f  mercury 
gauge p r e s s u r e ,  and connected i n  p a r a l l e l  with a bypass  need le  
va lve  (1s); and a d r y  gas meter r a t c d  a t  .1 cub ic  f o o t  p e r  
r e v o l u t i o ~ i  (19). A c a l i b r a t e d  o r i f i c e  (20) coinp1.etes t!ie t r a i n  
and w a s  used t o  mcasLire i n s t a n t a n e o u s  met-cr f low r a t e s .  The t h r e e  
thcrmorzetcrs ( 1 2 )  a r c  d i a l  t y p c  w i t h  a ran$e of 2 S 0  t o  1ZS"F. A 
fou r th  thcrmoriretcr i n  t he  hca tcd  p o r t i o n  of t h e  box h a s  a rangc  
up t o  500°F. The d u a l  manomcter (21)  i l c ross  t h e  c a l i b r a t e d  o r i f i c e  
is an inclined-vertical type  graduatccl i n  hundrcdtlis of an  i n c h  o f  
water  from 0 t o  1 . 0  i nch  and i n  t e n t h s  from 1 t o  1 0  i n c h e s .  

* 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  

. h o l d s  a t a r e d  g l a s s  f i b e r  f i l t e r .  The f i l t e r  ho lde r  was con- 

". 

-r. .. 
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,' ,. . . '.. . . .  . . 5. Test RocedLire . . . .  , 

P r i o r  t o  the s t a r t  o f  a t e s t  s e r i e s  f o r  each  s t a c k ,  t h e  p r e s s u r e ,  
t empera ture ,  and range  o f  v e l o c i t y  p r e s s u r e s  were determined 
' du r ing  p re l imina ry  p i t o t  t ube  and tempera ture  t r a v e r s e .  

During each t e s t  the fol lowing r e a d i n g s  were t aken  a t  each p o i n t :  

1. 
. 2 .  
3 .  
4. 
5. 
6 .. 
7. 
8. 
9. 
10. 
11. 
12.. 

. .  
. .  . .  . P o i n t  Des igna t ion  

Ve loc i ty  head (a P i n  inches  .water) 
Desired p r e s s u r e  drop a c r o s s  o r i f i c e  (4H i n  i n c h e s  water) 
A c t u a 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  water)  
Dry gas  tempera ture  (OF) g a s  meter  i n l e t . .  
Dry gas tempera ture  (OF) g a s  meter  c u t l e t .  
Vacuum pump gauge r e a d i n g  ( i n .  Hg). 
F i l t e r  box t empera ture  ( O F )  

Dry gas  tempera ture  (OF) a t  t h e  d i s c h a r g e  o f  l a s t  impinger .  
S t a c k  tempera ture  (" F) 

. .  .' Clock T i m e  .. 
Dry gas  meter  r e a d i n g  (CF) . 

The r e l a t i o n s h i p  o f  A P  r e a d i n g  with t h e  b H  r e a d i n g  is  a 
func t ion  o f  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 f b r a t i o n  f a c t o r  - 
2. Gas mcter temperat&-e 

4. R a t i o  of  f l u e  gas p r e s s u r e  t o  b a r o m e t r i c  p r e s s u r e  
5 ,  S t a c k  tcrnperature 
6. Sampling nozz le  d iameter  

A. nomograph was used t o  c o r r e l a t e  a l l  the above var iab lc ' s  silch 
t h a t  a d i r e c t  r e l a t i o n s h i p  between '1 P a n d A  H could bc d e t e r -  
mined hy t h e  sampler w i t h i n  f i . i t c e n  seconds and i s o k i n e t i c  
c o n d i t i o n s  maintained throughout  t h e  t e s t .  

6. Basic Labors t o r v  Procedure 

The f o l l c b i n g  paragraph b r i e f l y  d e s c r i h e s  t h e  methods used i n  
t h e , l a b o r a t o r y  t o  o b t a i n  tnc raw d a t a  used i n  t h e  c a l c u l a t i c n s  
of  our r e s u l t s  a s  r epor t ed  i n  S e c t i o n  I11 o f  t h i s  . r e p o r t .  

The c l e a n  up i s . d o n c  i n  t h e  f i e l d  a c c o r d i n g  t o  EP5 t e s t  pro- 
cedure.  The f i l t e r s  were p r e v i o u s l y  Care weighed and rccorcied 
a t  t h e  l a b o r a t o r y .  Upaii re turn  they  a r e  d r i e d ,  cooled i n  a 
d e s s l c a t o r ,  the11 wcigb.cd on a n  a n a l y t i c a l  ba l ance  and chc amount 
of p a r t i c u 1 , ~ t c  c o l l e c t e d  i s  t h e  d i f f e r e n c e  i n  t h e  two weigh t s .  
The p a r t i c u l . a t e  wash s o l u t i o n  ( taken from thc t r z i i n  in f r o n t  o f  
t h e  f i l ter)  is placed i n  s t a r e d  beaher ,  t h e  wash s o l u t i o n  i s  
evaporated wi th  and Infra-Red Itcat  Lamp and t h e  beaher weigkcd 

. 3 .  % mois ture  i n  t h e  flue gas 
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APPZNDM D 

S h P L E  CALCULATIONS 



NOTE: All equations used in these calculations are found 
in the Federal Register, Vol. 36, No. 247, dated 
December 23,  1971. 

Calculations representative of Test *I. 

1. Drv Gas Volume 

in. Hg 

=. 4 0 . 1 7 0  ft' 

. -  (0.0474 &) 
ml.. 

~m (pbar + a) eq. 5-1 
13.6 

Tm 

in,Hg + 0 . 5 4 0  in. H20) 
1 3 . 6  

5 3 1 . 3  OR 

VlC. 

83..2 ml. 

- - 3 . 9 4 4  f t 3  

3. Moisture Content 

. Bws = vwsta 
vwstd + Vmstd 

3 - - 3 . 9 4 4  ft 
3.944 ft3 + 40.170 ft3 

= 0 . 0 8 9  x 100% = 8.9% 

eq. 5-2 

eq.. 5-3 

-! 



1 '- .* y$d = 0 . 4 4  (% C02 ) + 0 . 3 2  (% 0 2 )  
. + 0 . 2 8  (%.Nz) + 0 .28  (% CO) eq. 3-2 

= 0.44 (10 .70 )  + 0.32 (7.51)  + 0 . 2 8  (81 .79)  
M . 2 8  (0.00) 

=. 30.01 lb/lb-mole 

5. Molecular Weiaht (wet1 

' Ms 5 Md (1-Bws) + 18 BWS 

= 30.01  (1- -089)  + 1 8  ( - 0 8 9 )  

= 2 8 - 9 4  lb/lb-mole 

6 .  Stack.Gas Velocity 

1/2 . (ps=MS ) vs = K P C P ~  eq. 2-2 

= (85 .48 )  ( - 8 4 )  (.210) 

= 15.42 F.P.S..  

I 
7. Gas Volumetric 'Flow Rate, ACFM 

ACFM = Vs x As x 60 sec/min . 
2 - - 15.42 x 167 .4  ft x 60 sec/min 

= 154 /878  ACFM 

8. Gas Volumetric Flow Rate ,  SCFM 

Qs = 60 (1-BWS) vs As(*) (*) eq. 2-3 

30.07 (%) (29 .92)  
60 (1- .089)  (15 .42)  (167.4) 

3 82 ,588  SCFM 



ws = Q s  x 60 min x mu 
' 1 . .  hr  386 ft' 

.I 

' -  - 82 ,588  SCFK x 60 min x 30.01. lb/lb-mcle 
h r  396 f t '  

= 385,284 l b / h r  

10. P a r t i c u l a t e  C o n c e n t r a t i o n s ,  ar/SCF 

=. 0.0.154 z. 36.1  mg. . ( mg.) 40.17 . f t 3  

0.0138 gr/SCF 

11. P a r t i c u l a t e  C o n c e n t r a t i o n s ,  w f t 3  

Ib . Mn 
mq . - 

Vmstd' 
cs = (45 i600  

lb . 36.1 mg. 
= (453tOO G.)  

40.17 f t 3  

=D 1*98 x 10-6 W S C F  

12. P a r t i c u l a t e  C o n c e n t r a t i o n s ,  lb/hr 

C W I  Cs Qs x 60 min 
h r  

- - (1.98 x lb/SCF) (835 

= 9.81 l.b/hr 

1 3 .  P a r t i c J l a t e  C o n c e n t r a t i o n s ,  lb,'i.lBTU 

Er = cw 
Heat I n p u t  

9 .81  l b h r  
406.0 x lo6 B T U / h r  

= 

= 0.0 24 lb/!.lBTU 

3 Fi4) 
h 

eq. 5-5 

eq. 5-4 
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. . . .  .---- 

. -  
16. N% -Concentrations, lb/MBTo 

. -  lb/MBTU = lbhr  
Heat Input 

17. 

18 .- 
- . .  

. _  . 

. .  

.. . . .  - .- 

-- = ~ 8 1 . 5  l b h r  
406.0 x IO6 BTU/hr 

= --0.201 l b  
- IO6 BTU 

Stack Pressure (Absolute), in. H g  
.- . .  

... - ... 

I .  . .  : . 

x 385,284 
hr 
. .  

. . .  

r 

Ps Pb + - Pd =t 30.08 +J-0.20) = 30.07 in. Hg- 
- -  13.6 .. 13.6 

. . . .  2 - 
- .." 
-4 

. .  - Nozzle Area (Ft 

A n =  2 2' - 
1r .D  /4 = 0.785. ~-(0,375/12) =. 7.666 x F t ,  . $  

- 2 2  
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Heat Input MBTU 
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Gas Densitv lb/ft3 
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Test R e s u l t s  

English Station Steam G e n e r a i o r  
Nos. 1, 3 ,  5 

Test Conducted an 
December 13, 14, 1973. 



I .  . .  I n t r o d u c t i o n  

E m i s s i o n  t e s t s  f o r  p a r t i c u l a t e s  and  n i t r o c e n  o x i d e s  were 
conduc ted  a s  r e q u i r e d  Sy  C o n n e c t i c u t  S t a t e  Law on  T h e  
United. I l l n c i n a t i z q  C o r ~ c = - r . y  Sn~lish S t a t i o n  Steam Genera- 
t o r  bios. l, 3 ,  ' and  5 ,  s t a c k  Xo. l l o c a t e d  i n  Xew t lavfn ,  
C o n n e c t i c u t .  T e s t i n g  w a s  c o n d u c t e d  on  December 1 3  and 
1 4 ,  1973. 

P a r t i c u l a t e  t e s t i n g  was 2 e r f o r m e d  i n  a c c o r l a n c e  with t e s t  
methods and p r o c e d u r e s  a s  p r e s c r i j e d  i n  the F e d e r a l  X e g i s t e r ,  
V o l .  36,  Yo. 247, d a t e d  December 2 3 ,  1971.  T e s t i n g  was 
pe r fo rmed  b y  Yorl; Resea rch  C o r p o r a t i o n  of S tamford ,  Connec t i -  
c u t ,  u s i n g  a sampling t r a i n  a s  d e s c r i i i e d  i n  Appendix A .  

N i t r o g e n  o z X e  e r n i s s i c n  t e s t i n g  was ce r fo rxed .  b y  the Linited 
I l l u m i n a t i n g  Ccx!?ary Deve lopnen t  and T e s t  L a b o r a t o r y  c s i n q  
a Dynasc ience  :.lode1 1-101 ;?Ox A n a l y z e r .  F i e l d  d a t a  i s  i n -  
c luded  i n  A2pend.k 3. 

T e s t s  were a l s o  conduc ted  t o  d e t e r n i n e  s t a c k  cas v e l o c i t y ' ,  
m o i s t u r e  c o n t e n t ,  and f l u e - g a s  a n a l y s i s .  ';he p r o c d n r e s  
used  i n  d e t e r n i n i n q  t:?ese v a r i o u s  p a r a m e t e r s ,  e x c e 2 t  for 
f l u e  gas a n a l y s i s ,  a r e  t h o s e  f o u ~ c ?  i n  the a5ove men t ioned  
F e d e r a l  R e g i s t e r .  T h e  s t a c k  f l u e  gas wzs a n a l y z e s  %y usir .9  
a n . A n a l y t i c a 1  I a s t r u m e n t  Development X o d e l  5 1 2  P o r t a b l e  Gas 
Chromatograph. 

York Research C o r p o r a t i o n  was r e t a i n e d  t o  p e r f o r m  p a r t i c u l a t e  
t e s t s ,  t o T e t h e r  w i t h  a p r e l i n i n a r y  v e l o c i t y  t r a v e r s e  P moist,dxe 
d e t e r m i n a t i o n ,  and f u e l  o i l  a n a l y s i s .  T h e  U n i t e d  I l l u m i n a t i 2 5  
Company w a s  r e s p o n s i b l e  f o r  t h e  f l u e  gas a n a l y s i s ,  n i t r o g e n  
oxide a n a l y s i s ,  and f o r  a c c u m u l a t i n g  3oi ler  o p e r a t i n g  d a t a .  

T h i s  t e s t  r e p o r t  i n c l u d e s  the  informat ion  r e q u i r e d  fo r  I t e m  
N o s .  111, I V ,  V, V I ,  VII, V I I I ,  IX, X ,  X I ,  X I I ,  and XI11 
from . t he  D e p a r t n e n t  o f  E n v i r o n m e n t a l  P r o t e c t i o n ' s  I n t e n t  to T e s t  
form i n  compl i ance  with t h e  Departxeht of E n v i r o n x e n t a l  S r o -  
t e c t i o n ' s  new Source  T e s t  G u i d e l i n e s  and P r o c e d u r e s ,  ( r e c e i v e d  
A p r i l  3, 1 9 7 3 ) .  

. . - .  .. '-. ' 
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T e s t  

Date 

Carbon 

~ y d r o g e n  

N i t r o g e n  

A s h  

S u l f u r  

S p e c i f i c  G r a v i t y  

B T U I I ~  

BTU'qal 

3 2 - 1 - - 
12 4 3  I73 12 113 I73 12 114 173 

ComDosition (74 by V e i u h t )  

06.73 86.73 86.65 

, 12.31 12.31 12.48 

LO.l co.1 L O . l  

0.015 0.015 0.014 

0.45 0.45 0.46 

0.903 0.903 0.903 

19,847 19.847 19,835 

149,289 149. 289 149, 199 



.. 
. .  

. .  
1. S a m n l i n c  T r a i n  I n f o r z a t i o n  i 

( R e f .  I tem VIII, " I n t e n t  To T e s t "  Fori) 

a. .Schematic D i a q r m  and  d e s c r i g t i o n  o f  sampl ing  
t r a i n :  

S e e  Appendix A .  

b. Media t p e  used t o  d e t e r m i n e  qas s t r e a m  
components : 

1. N%: Dynasc ience  Model ?-LO1 N4( 

2 .  P a r t i c u l a t e s :  TFred  g l a s s  f iber  f i l t e r .  

3 .  F l u e  GSs A n a l y s i s :  A n a l y t i c a l  I n s t r c m e n t  

A n a l y z e r  

Development Model 512 P o r t a b l e  G a s  
Chroma t o g  r a p h  

c. Sampling ? r o b e s  : 

1. M%: s t a i n i e s s  s t ee l  t u b e .  

2. P a r t i c u l a t e s :  S e e  Appendix A 

3 .  Flue G a s  A n a l y s i s :  S t a i n l e s s  s t e e l  tube .  

d .  Probe C l e a n i n g  Method: 

See  Appendix A 

2.  F i e l d  Data  S h e e t s  
( R e f .  I tem I X ,  " I a t e n t  to T e s t "  Form) 

I S e e  Appendices A ,  B ,  C. D. 

3 .  - D e s c r i p t i o n  of  Ooera t i o n  
( R e f .  I t em X,  " I n t e n t  to  T e s t "  Form) 

The  o p e r a t i o n  tes ted  was E n g l i s h  S t a t i o n  s t eam 
g e n e r a t o r  n u d e r s  1, 3 ,  and 5 ,  s t a c k  1. R c g i s t r a -  
t i o n  Number E.S. 1, 3 and 5 ,  s c a c k  I ,  h a v i n g  a 
t o t a l  B T U / h r  . r a c i n g  o f  441.0 5BTU ( a v e r a a e d  o v e r  
t es t  pe r iod ) ,  b u r n i n g  Xo. 6 r e s i d u a l  fue l  o i l  a t  
an a v e r a g e  r a t e  of  2954 g a l f i r .  f o r . a l 1  t h r e e  b o i l e r s .  
and havincj a qas f l o w  of  205 ,006  .3CF..l a v e r a c e  f o r  
the  test p e r i o d .  S e e  T a b l e  I V  f o r  f u e l  oil a n a l y s i s .  



. 

4 .  

5. 

6. 

S a F D l i E c  . r e a  D e s c r i n t l o n  
(Ref .  I t e m  X I ,  " I n t e n t  t o  T e s t "  Form) 

Emiss ion  sanp1ir.g was per fo rmed  i n  t h e  s t a c k  1 3 5  
f ee t  above t h e  s t a c k  f o u n d a t i o n  (7 s t a c k  Z i x e t e r s  
above the.. S r e e c h i c g  i n l e t  and 2 s t a c k  d i a r ? . e t e r s  
down from t h e  t o p ) .  Emiss ion  sampl ing  was p e r -  
formed u s i n g  f o u r  4"  d i a m e t e r  s ampl ing  p o r t s  spaced  
900 t l pa r t  on t h e  s t a c k  c i r c u m f e r e n c e .  A t o t a l  o f  
t w e n t y  s a z p l i n 3  p o i n t s  ' ( 5  p e r  s ampl ing  p o r t )  were 
u s e d  i n  t h e  t e s t  for p a r t i c u l a t e s .  The i n s i d e  d i a -  
meter o f  t h e  s t a c k  a t  t h e  s a m p l i n g  l o c a t i o n  was 
found t o  be 14 ' -7-1 /2"  I . D .  

a .  S t a c k  C o n f i q u r a t i o n  

See Appendix A 

b. Sampling P o r t  L o c a t i o n  

See Appendix A.  

c. Sampling P o i n t  D o s i t i o n  

See Appendix A. 

S t a c k  and Vent  D e s c r i p t i o n s  
(Ref. I t e m  X I I ,  " I n t e n t  t o  T e s t "  F o m )  

T h r e e  Babcock and Wilcox  c r o s s  d r m  i n c l i n e d  t u b e  
b o i l e r s  d i s c h a r g e  f l u e  g a s  i n t o  two d - l c t s  which e n t e r  
t h e  b a s e  o f  t h e  s t a c k  180° a p a r t  on t h e  s t a c k  circcrn- 

or  o t h e r  s t a c k  slaa' - .~ -  , *--= el>< c o n  nPc.ied t o  the 
€ l u e  g a s  d u c t s .  

f e r e n c e .  These  boilers do n o t  h r",P 273" 3,  " , Q c 4 T ;  t 7 i y  s . . .  

- 1 

O p e r a t i o n a l  P e r a m e t e r s  
( R e f .  Item X I I I ,  " I n t e n t  t o  T e s t "  Form) 

E lec t r i c  u t i l i t y  s t eam g e n e r a t o r  b u r n i n g  go. 6 
r e s i d u a l  f u e l  o i l  h a v i n g  r a t e d  c a p a c i t i s s  a s  
reg i s  t e r e d  . 

n 
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V. SAEIPLTYG >CTllODS 
. .  

1. Port T i c a t i o n  

A l l  t e s t  p o r t s  a r e  l o c a t e d ' i n  t h e  s t a c k  a n d  t h e  number o f  
p o i n t s  sampled were  c a l . c u l a t e d  on t h e  g u i d e l i n e s  i n  t h e  F e d e r a l  
R e g i s t e r ,  Vol .  36, No. 2117, d a t e d  December 23 ,  1971. Enoozh 
p o i n t s  were  used  t o  a s s u r e  a c c u r a t e  rxeasurernc!lt o f  p a r t i c u l a t e  
e m i s s i o n s ,  t e m p e r a t u r e ,  and  v e l o c i t y  o v e r  t h e  c r o s s - s e c t i o n a l  
a r e a  of e a c h  s t a c k .  (See  F i g u r e s  2,4 ,5  and  8 . )  

. .  

. .. 2 .  V e l . o c i t v  2 n d  Termera  tore 

V e l o c i t y  was d e t e r m i n e d  b y  p i t o t  tube i n  a c c o r d a n c e  w i t h  Y e s t c n  
P r e c i p i t a t i o n  Company G u l l e t i n  ' ' : 2 - 5 0 " .  An S - t y p e  l ' i t o t  T s h e  ( 2 )  
a n d  t h e r m o c o u p l e  (3)  a r e  r i g i d l y  a r t a c h e d  t o  t h e  s a m p l i n g  ?robe 
(See F igure  9 ) .  A p r e l i m i n a r y  v e l o c i t y  t r a v e r s e  ',gas made t o  
e s t a b l i s h  i s o l i i n c t i c  s a m p l i n g  r a t e s  u s i n g  E";\ Xctllod 5 sampl i r !=  
t c c l i n i q u e s ,  

3 ,  Flue C a s  A n a l \ * s i s  

G J S  a n a l - y s i s  f o r  C 0 2  and  02 was conduc ted .  by t h e  UI u s i n g  a n  
O r s a t  aypar3tus. R e a d i n g s  'for e a c h  t e s t  a r e  r e p o r t e d  in the  
Summiry o f  R e s u l t s .  

- 
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u .  P a r t i c u l a t e  S a n n l i n c  ? Ie thods  - EOA f.lethc2 5 

The sam; l l ing  a p p a r a t u s  c o n s i s t e d  g f  a .  n i x e  (9)  f o o t  p r o b e  h e a t e d  
f i l t e r ,  ?our  imiiingers, c r y  gas  me te r ,  v a c ~ u m  pcmp, a z d  c a l i h r a r e d  
o r i f i c e  a s  siio:.in i n  Ci2:ilr.e 9 .  The s t a i n l e s s  s y e e i ,  b:;trcn-liock 
t y p e  p robe  t i p  (1) ..das equ ipped  w i t h  a 5/8 i n c h  d i a n e r e r  f i t t i n :  
c o n n e c t e d  b y  a s t a i n l e s s  s t e e l  c o u p l i n g  w i t h  a s j e s t o s  p a c k i n g  t o  
t h e  probe .  The p r o 3 e  c o n s i s t e d  of 1 /2  i n c h  i n s i d e  d i a z c t e r  m e d i m -  
w a l l  s t a i n l e s s  s y e e l  tube w i t h  a ground s t e e l  j o i n t  on o n e  e n d .  
The p r o b e  was l o g a r i t k i c a l l y  wound from t h e  e n t r a n c e  end iq i th  
26-gauge n i c k e l - c i i r c a i c m  wire .  D u r i n z  s a r p l i n g ,  t h e  wi re  was con-  
n e c t e d  t o  a v a r i a b l e  t r a n s l o r z e r  t o  m a i n t a i n  a gas  t e m ? e r a t u r e  o f  
300°F i n  the p r o b e .  The wire wound t u b e  idas wrapped wi th  f i b e r  
glass t a p e  and encssed  i n  a 1-inch-OD s t a i n l e s s  s t e e l  tL;be f o r  
p r o t e c t i o n .  
j o i n t  p r o t r i ; d i n g  h z s  a nu f  welded t o  it f o r  c o n n e c t i o n  t o  t h e  
s t a i n l e s s  s t e e l  c o c ; l l i n g  u s e 2  t o  a t t a c h  t h e  n o z z i c .  T5.e ? r o b e  
c o n n e c t s  t o  a v e r y  c o a r s e  f r i t t e d  g l . a s s  f i l t e r  h o l d e r  ( 4 )  tkrhick 
h o l d s  a . t a r e d  glass fiber ii1:cr. 1 S e  f i l t e r  holder was con-  
t a i n e d  i n  a n  e l e c r r i c z l l y  h e a t e d  enc l .osed  box (5) :.:iiich is 
t h e r m o s t a t i c a l l y  i n a i n r a i z e d  a t  a minim-- t e n g c r a r u r e  ' e ?  250-3,OC"F 
t o  p r e v e n t  m t e r  c c n d e n s a r i o n .  .Attac:?ed t o  t?,e h e z t c d  box ~ , J S S  a n  
ice b a t h  (7 )  c o n t a i n i n g  Pour imp i r i ze r s  c o n n e c t e d  i r i  s e r i e s  w i t h  - 
vacuum hose. The f i r s t  i z p i n g e r  (S)  receives rke  g a s  s t r e a i n  ~ r c n i  
t h e  F i l t e r .  T h i s  i z p i n g c r  is c~f  t h e  .Greenburg-S:n i rh  d e s i g n  m c d i -  
f i e d  by  replacii ; ; ;  t k e  t i p  tgi'ih a 1/2 i n c h  1D g l a s s  t u b e  e x y e n d i n g  
t o  0 .5  i n c h  f rm  t h e  S o t t o n  of' t h e  f l a s k .  T h i s  i m p i n g e r  was 
i n i t i a l l y  f i l l e d  w i t h  100  m i l l i l i t e r s  o f  d i s t i l l e d  w a t e r .  The 
second  i m p i n g e r  (9 )  i s  a Greenburg -Smi th  i m p i n g e r  w i t h  t i p ,  a n d  
a l s o  f i l l e d  w i t h  103 m i l l i l i t e r s  of d i s t i l l e d  w a c c r .  The t h i r d  
i m p i n g e r  (10) c o d i f i e d  l i k e  t h e  f i r s t ,  w i th  n o  ,wa te r .  The f o u r t h  
imp inge r  (11) is a l s o  a Greenbcrg-Smi, th  t y p e  m c d i f i e d  l i k e  t h e  
f irst  a n d  c o n t a i n e d  300 grajxs of d r y  i n d i c a t i n g  s i l i c a  gel. 

From the  f o u r t h  i m p i n g e r  t h e  e f f l u e n t  s t r e a m  flows t h r o u g h  a d i a l  
t he rmomete r  ( 1 2 ) ,  2 check  - i a l v e  (13) ; f l e x i j l e  r ' i b b c r  vaccurn 
t u b i n g  ( L U ) ;  v a c u u n  p u s e  ( 1 5 ) ;  a v a l v e  (1G); a l e a k l e s s  v a c u m  
pump (17), r a t e d  31: LI cubic f e e t  p e r  m i n u t e  at 0 inches  of n e r c - r y  
gauge p r e s s G r e  a n d  0 c b i c  f e e t  p e r  m i n u t e  a t  26 i n c h e s  o f  r,ercur:,' 
gauge p r e s s u r e ,  and conr ,ected i n  p a r a l l e l  with a b y p a s s  n e e d l e  
v a l v e  (1s); and a d r y  g a s  meter r a t e d  a t  .1 c u b i c  f o o t  p c r  
r e v o l u t i o n  (19). A c a l i j r a t e d  o r i f i c e  (20)  c c i n p l c t c s  tSe t r a i n  
and was used  t o  nezsi.:re i n s t a n t a n e o u s  n i e t e r  flo;.r r a t e s .  T h e  t h r e e  
thci.-ino;neCers ( 1 2 )  a r e  d i a l  t y p e  w i t h  J r a n g e  o f  25" t o  125°F. A 
f o u r t h  ther.rncn:e'ier in t h e  h e a t e d  p o r t i o n  o f  t h e  box h z s  a r a n g e  
up t o  500°F.  Tlie d u a l  manomerer (21 )  a c r o s s  the c a l i b r a t e d  o r i f i c e  
i s  an i n c l j . n e d - v c r t i c z 1  t y p s  s a d u a t e d  i n  h u n d r e d t h s  of a n  i i i ch  oE 
watcr  froin 0 t o  1 . 0  i n c h  and i l l  t e n t h s  from 1 t o  10  i i i c l x s .  

The e c d  of t h e  s t e e l  t u b e  t h a t  d c e s  n o t  hiive t h e  b a l l -  
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. : .. 5. T e s t  Proccdiire . .  

p r i o r  t o  t h e  s t a r t  o f  a t e s t  s e r i e s  f o r  eac!i s t a c k ,  tS.e p r e s s u r e ,  
t e m p e r a t u r e ,  a n d  r a n g e  o f  velocit:: p r e s s u r e s  fiere d e t e r z i n e d  
d u r i n g  p r e l i m i n a r y  p i t o t  t u b e  and  t e m p e r a t u r e  t r a v e r s e .  

D u r i n g  e a c h  t e s t  the f o l l c w i n g  r e a d i n g s  were t a k e n  a t  e a c h  p o i n t :  

1. 
‘2 . ’  
3 .  
4 .  
5; 
6 .  
7.  
8 .  
9. 

LO. 
11. 
12. 

. .  
. .  P o i n t  D e s i g n a t i o n  

Clock Time 
Dry gas ineter r e a d l n g  (E) 
V e l o c i t y  head  ( A ?  i n  i n c h e s  w a t e r )  
D e s i r e d  p r e s s u r e  d r o p  a c r o s s  o r i f i c e  ( A X  i n  i n c h e s  w a t e r )  
A c t u a l  p r e s s u r e  d r o p  ac ross  c r i f i c e  (6 I I  i n  inches water;  
Dry $ a s  t e m p e r a t u r e  ( O F )  gas - e t e r  i n l e t .  
Dry gas  t e m p e r a t u r e  (‘F) gas r e t e r  o u t l e t .  
Vacuum pw.p  g-asge r e a d i n g  ( i n .  t i % ) .  
F i l t e r  box t e r 5 p e r a r c r e  (”F) 
Dry g a s  t m p c r a t u r e  a t  t h e  d i s c h a r g e  of l a s t  i rnp inge r .  

‘ S t a c k  t e m p e r a t u r e  (OF) 

. . . .  ... . .  
. .  

The rc l a t ions l ’ . l p  o f  .? P r e a d i n g  w i t h  t h e  d.iI r e a d i n g  is a 
f u n c t i o n  o f  t h e  f o l l o w i n g  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  t c r p e r a t u r c  

. 3 .  $6 moisture i n  t h e  f l u e  g a s  
U .  R a t i o  of f l u e  gas  p r e s s u r e  t o  b a r o m e t r i c  p re s su re  
5. S t a c k  . t e m p e r a t u r e  
6.  S a m p l i n g  n o z z l e  d i a m e t e r  

A nuniog-raph was u s e d  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  s u c h  
t l l a t  a d i r e c t  r e l a t i o n s h i p  be tween  /L P and /i H c o u l d  b e  d e t e r -  
mined  by t h e  s a m p l e r  w i t h i n  f i f t e e n  s e c o n d s  and  i s o k i n e t i c  
c o n d i t i o n s  m a i n t a i n e d  t h r o u g h o u t  t he  t e s t .  

6 .  Bnsic L a S o r a t o r v  P r o c e d a r e  

The f o l l o w i n g  p a r a g r a p h  b r i e f l y  d e s c r i b e s  t he  methods  u s e d  in 
t h c , l a b o r a t o r y  t o  o b t a i n  the  raw d a t a  used  i n  t h e  c a l c u l s t i o n s  
of our r e s u l t s  a s  r e p o r t e d  i n  S e c t i o n  111. o f  t h i s  r e p o r t .  

Thc c l e a n  u p  i s  done in t he  f i e l d  a c c o r d i n g  t o  EP.3. t es t  p r o -  
cedurc. The f i  l t c rs  were p r e v i o u s l y  Care  wei$ed and  r e c o r d e d  
a t  the  l a b o r a t o r y .  Upon r e t u r n  t h e y  a r e  d r i e d ,  c o o l e d  i n  a 
d c s s i c a t o r ,  t h e n  weigk-.ed on a n  a n a l y t i c a l  b a l a n c e  a n d  t h e  amoi:nt 
of p a r t i c u l : 1 t e  c o l l e c t e d  i s  t h e  d i f f e r e n c e  i n  t h e  two wei;;iits. 
T]IC p a r t i c u l a t e  wash s o l u t i o n  ( t a k e n  froin t h e  t r a i n  i n  front of 
tllc f i l t e r )  is  p1.aced i n  a t a r e d  b e a L e r ;  t h e  rmsh s o l ~ i t i o n  is 
e v a p o r a t e d  w i t h  and  I n f r a  -Red H e a t  Lamp and t h e  beahe r  weighed 

. .  . .  

.. 



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

. . . . .  . . .  . : : . .  PAGE. . , .. . .  . .  
,, 

... 
. .  ;. . 

. . . . .  

.:., .'. 
:-. . ?JI)bXT KO, y - a z x - 2  

' I  
. .  . . .  . .  . . . . . .  . . . . . . .  . . .  . .  .._... . . . . . . .  . . . . .  . .  . .  . . .  

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

>' , " . " 
. ' : I '  , . . 

. .  
. . . . . .  . , . .  ._ . . . .  .. 

. .'.. 
.. . . .  . 

a g a i n .  
t h e  wash. 

The d i f f e r e n c e  i n  w e i g h t  i s  the  w c i s h t  of t h e  p a r t i c u l a t e  in 
T h i s  is combined w i t h  t h e  f i l t e r  c a t c h  a s  t h e  weigllt 

of t h e  sample .  . .  

The i m p i n g e r  c o n d e n s a t e  i s  measu red  f o r  m o i s t u r e  d e t e r m i n a t i o n .  
. . .  . . . .  

. .  
.. 7.  C a l i b r a t i o n  . . . . . . .  

., The equipment  used on t h i s  a s s i g m i e ! > t  was c a l i b r a t e d  one week 

York Kesea rch  c a l i b r a t i o n  is t r a c e a b l e  t o  t h e  
p r i o r  t o  f i e l d  t e s t i n s  and  r e - c a l i b r a t e d  upon eqxip-nent  r e t u r n  
a f t e r  t e s t i n g .  
N a t i o n a l  Dureau o f  S t a n d a r d s .  . .  
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APPENDIX D 

SAMPLE C A L C U M T I O X S  



~ 

ENGLISH STATICY STACK 1 . TEST i . a  

SAMPLE CALCULATIGNS e ,  
.\ 

NOTS: ;,I1 c c r ~ : . . ' : . : ~ . ~ . ~ '  u.::;7 i l l  t1:czc cn lc i i l a  t i c n s  i l re  focr.6 
i n  the E'cCzrai S q i s t e r ,  'dol. 56, KO. 247. dated 
D?cember 2 3 ,  1971. 

C a l c u l a t i o n s  r e p r ' e s e n t a t i v e  o f  T e s t  El. 

1. D r y  G a s  ~?oI.:lme 

Vm Pba r  + eq. 5-1 

(, Tm 13-')  

= 5 i . 9 4  f t 3  

, 
2 .  Volume of ??ater Vanor 

V w s t d  = 0.0474 f t  ( m l .  '> (,IC) 

= t.02 f t 3 ) .  (,7..7 ml.) 

3 

3. Moisture Con ten t  

B W S  =: Vwstd 
V w s t d  + V m s t d  

- - 4 . 6 3  f t 3  
. .  
4.63 f t 3  + 51.94 f t '  

= 0.0818 x 100% = 8.2% 

eq.5-2 . .  

eq. 5-3 



= 0.44 (11.12) + 0.32 (7.22) + 0.28 (81.66) + 0.28 (0.00) 

= 30.07 lb’lb-mole 

5 .  Molecular Weiqht (t,ietl. 

MS = Md (1-Bws) + 18 BWS 

= 30.07 (1-.082) + 18 (-082) 

= 29.08 lb’lb-mole 

6. Stack Gas Veloci tv  

eq.. 2-2 

903.8 
29.97 x 29.08 

= (85.48) J.84). (.266) 

- - 19.48 F.P.S. 

7. Gas  V o l u m e t r i c  Flow Rate. ACFM 

ACFM = V s  x A, x 60 sec’rnin 

2 
a 19.48 x 167.9 ft x 60 sec’min 

P 196,242 ACFM 

8 .  Gas Volumetr<c Flow Rate, SCFM 

= 60 (1-,082) (19.48) (167.9) @..) c:::;) 
a 105,819 SCFM 

\ 



.9. ,.&IS Volumetr ic  F10.i R a t e ,  l b % r  

Xd 
.. 

ws QS x 60 min x 
hr 386 f t 3  

= 105,819 SCFM x 60 min x 30.07 15’1b-mole 
h r  . 386 f t 3  

= 494,608 . l b % r .  

10.  P a r t i c u l a t e  Concen t r a t ions ,  ar ‘SCF 

= 0.0154 s. 42.8  m 
3 ( mg) ’ 51.94 “ft 

=t 0.013 gr  ’SCF 

3 
11. p a r t i c u l a t e  Concen t r a t ions ,  I b ’ f t  

~ 

Mn 

Vmstd 

eq.. 5-4 

eq. 5-5 

lb 42.8 m g .  
m s  . - 

a (45:6OO .I 

I 51.94 ft’ 

= 1.81 x lo-6 lb IS CF 

= 11.49 l b % r  

13. P a r t i c u l a t e  Concent ra t ions , ‘  lb/MF3TU 

cw 
H e a t  I npu t  

440.0 x 10‘ BTU%hr 

Er = 

P 11.49 l b h r  \ : 

P 0.026 lb/MBTU 



15 .  ~ q (  C o n c e n t r a t i o n s ,  lb %r 

- 165 X. 4 6  lb'lb-mole x 4 9 4 , 6 0 8  - lb  
hr - - 

30.07 lb'lb-mole l o 6  

= 124 .8  lb'hr 

16 .  NOX C o n c e n t r a t i o n s ,  Ib'NBTU 

Ib'MBTU = lb  %r - - H e a t  I n p u t  

Ib'MBTU = 0.284 lb 
lo6  BTU 

17. S t a c k  Pressure  (Absolu te l ,  i n .  H q  

ps = pb' + A  = 29.99 + ( -0 .27)  = 29.97 i n .  H9. 
13.6- 13.6 

18. Nozzle Area ( F t 2 )  
2 

= 7.67 ft. = j& = 0 . 7 8 5 ~  0.375 
4 ( 1 2 ) 2  



~ . .. 
2 )  19.‘ st- P ~ C  Ar ’-a (f t  

I < 2 
As = = 0.785 x (1;;. 5) = 167.9 f t  

4 

6 20. Heat  Input, 10 BTU _. - 
Sp. G r ,  x 8.33 “’5a l .  x BTU’Ib.  x gal%hr 

0.903 x 8.33 */gal  x 19,847 BTU’ lb  x 2947 g a l % r  = 

440.0 x io6 BTU hr. 

Tstd x Pbar_ G a s  Density = M o l  w t  UaS X - 
T s  P s t d  386 f t 3  

530 x 29.99 = = 30.07 x -  
386 903 -8 29.92 - 

3 = 0.0457 lb/f t  

I 

i 

j 

I 

i 
I 
! 

! 
I 

! 

I 

! 



30.07 

29.08 29.06 

id = gzs,  d r y  

IS  = Plolecular  weir;nt of s t a c k  gas 
-- 

- 



--..stack ?as  v e l o c i t y ,  F.P.S. 
J--11.r 

7.22 

% x2  

Tota l  volurb:.l of l i q u i d  
v l c  = c o l l e c t 2 2  i n  i np inge r s  

and s i l i c a  g e l ,  xl. 

Volume of d,T g a s  sanpl2d 
Vm = a t  meter conditions, i T 3  

Volume of d - y  gas  sam?led 3 s t d  = a t  ST?, FT 

Average dry gas  meter 
TXI = t e m . .  O X  

7.2 

Average p r e s s u r e  drop 
/d l  across  o . - i? ice ,  inches K C  

63 = T o t 2 1  Sam3ling T i m e ,  min. 

Dn = Nozzle dia., inches 

i - I 

I -- % of i s o k i n e t i c  sampling 

Qs = Stack uas volume a t  ST? 
(SCF>l) 

Qa = s t ack  gas volume a t  s t a c k  
condi t ions  (ACFM) 

._ 
V:S - Stack gas nass flo..,, l b s / h r  

l.\p = Par t icu la te -probe ,  washings,  mg 

!.IC = P a r t i c u l a t e - f i l t e r  [ma) 

19.401 21.6 

0.001 0 . 0  

xJYz5 

97.7 111. I. 

49.27 53.A1 -i- 
51.941 56.3 

I 

0.875 1.059 

100 I 100' 
I 

0.375 I 0.375 
7.67 x 17.67 x 

164 1 164 
I 

105.2 105.9 -I- 
196,242 

494,608 

- 

217,800 

545,334 

- 

19.951 

11.06 ZF +- 0 . 0 0  

I 
95.0 i- 

50.4901 

5 2 5 . 7  

0.898 

100 1 
___t___ 

0.375 1 
7.67 i( ! 
154 

I 

103.2 I 

106,997 1 0 9 , 3 0 2  -I- 200,976 205,OCF 

P a r t i c u l a t e  Concent ra t ions  
C'S .- cjr/scf I 0.013 0.013 I 0.015 1 0.014 

Er = P a r t i c u l a t e  einission r a t e ,  l b / l O G I  I BTU 0.026 ' 0 ! 0291 0 . 0 3 1 ' 1  0 . 0 3 '  
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I OAQPS - 78-1, EMISSIOZJ TEST RZPOP.'? - 
I ( R e f .  I n t e n t  t o  T e s t  l?om 

h'unber s 7 2 C 0 4. S and - 7 2.0.04 7 . ... . .. . . . ., -_ . .. ........ 

Reference Number 

FUEL OIL 
COMBUSTION , The United I l l u m i n a t i n g  Company 

. .. .. S t e e l  P o i n t  s t a t i o n ' .  ' . .  - 

43 E a s t  Plain S t r e e t  
Bridgeport ,  Connect icut  2 4  

06608 r 

Stack  No.  S.P. 7 , 
Steam Generator N o s .  25, 26 ,  27 

T e s t  Conducted By 
~ h r ?  ~ni tn ,C?  ~ l l n ~ i a ~ t i c g  c c q ~ i n y  
T e s t  and Development Laboratory 

80 Temple S t r ee t  
New Haven, Connect icut  

06506 
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G e n e r a l  
I n t r o d u c t i o n  

Emission tests w e r e  conducted on The Uni ted  
I l l u m i n a t i n g  Conpany S tee l  P o i n t  S t a t i o n  Stearn G c n -  
erators 25, 26 and 27. All three s t e r i m  g e n e r a t o r s  
d i s c h a r g e  emis s ions  i n t o  a cornon s tac! i ,  S t ack  +7. 
Steam Genera to r s  25 and 27 a r e  connected t o  a comxon 
- f l u e  gas d u c t  which disc11arc;es i n t o  the base of S t z c k  
+7. T h e  flue gas 2uc t  of Steam Genera tor  26 is con- 
nec ted  t o  S tack  7 approsimate1.y 20 fe3.t f rom the  top 
of the 'st2ck. 
it bccarne necessa ry  'io samplc each f l u b  gas Z c c t  f o r  
e m s s i o n s .  

. 

Due 'io t h i s  u11iquc s.l..ack c o n f i g u r a t i o n ,  

Emission tes ts  fo r  P a r t i c u l a t e s  znd Ni t rogen  
The Oxides were c o n h c t c d  on each f l c e  r;as duc t .  

weighted  avcracjes of P a r t i c c l a t e s  and :<i t rooen Csici,? 
emis s ions  are sumnarizcd on the fo1l.owing paqe 
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TEST RESULTS 

Steam Genera tor  N o .  26 
(Ref. I n t e n t  t o  T e s t  Form Eo. 720047) 



1 .  . .  . .:.; , 
_.. 

. .  
. .  . . . ._ .. . . , . . ,. , . ... .... 

' Xntrocluct ion .. .,..... 

Emission tests'  f o r  Pa r t i cu la t e s  and Ni t rogen  Oxides were con- 
ducted as  required by Connecticut S t a t e  Law on 'un i t ed  I l luminat ing 
Company Stee l  po in t  S t a t ion  Steam Generztor 26 ,  located i n  Bridge- 
po r t ,  Connecticut. Test ing t?as conducted on December 1 8 - 2 1  and 
on December 26, 1972. 

Source.Sampling was performed i n  accordance with t es t  methods 
and procedures a s  prescriSed i n  t he  Federal  Regis ter ,  Vol. 35, Eo. 
247, dated Decenber 2 3 ,  1971. These t e s t s  were conducted on the 
f l u e  gas duct downstrean of t he  p r e c i p i t a t o r  o u t l e t  and u?strezm 
of the  s tack i n l e t .  T h i s  s i t e  loca t ion  was chosen due t o  the  i m -  
p r a c t i c a l i t y  of source s m p l i n g  i n  t h e  s tack  due t o  s tack  configur- 
a t ion .  I t  should be noted a t  t h i s  tirs t h a t  this s t ack  +7 also 
handles the  emissions produced by S t e m  Generators 2 5  and 2 7 ,  which 
have been previously t e s t e d  on December 5, 6, and 7 ,  1 9 7 2  (Resort 
N o .  720045) ~ 7% copy of ,  t h a t  t e s t  r epor t  was forwarded t o  t h e  S t a t e  
Department of Environmental Pro tec t ion  on Decenber 26, 1972.  

The primary contaminants t e s t e d  fo r  were Pa r t i cu la t e s  and 
Nitrogen Oxides. T e s t s  were a l s o  coriducted t o  determine s tack  gas 
ve loc i ty  a n d  volumetric flow r a t e s ,  f l u e  gas ana iys i s  and inolecuiar 
weight and m s i s t u r e  content  of t h e  f l u s  gas. Tile procedures used 
i n  determininq these various p a r m e t e r s ,  except f o r  ni t rogen oxises ,  
a re  those found i n  tha above mentioned Federal  R e g i s t e r .  Nitro?-?n 
Oxide emissions were foiind by  u s i n k  a Dynascience Model E??-150 XO:: 
nn. . , i , . . .rr  :..-+--A -5  ..-:--. +L- - . L - . . - ~ A : , - , . I = - - : -  --:<I -.---,.a,--- _ c  

. . . A L A > u - &  AI.dLLUY " L  L.d2.**? L a ' -  y*.-.*YIUI-'UIL"'~L _LA.. -"A"L-..L*- L" 

s t a t ed  i n  Method 7 of t he  above mentioned Federal  Regis ter .  

!Two t es t s  fo r  determination of p a r t i c u l a t e  emissions zre re- 
ported. R e s u l t s  of these tests comply w i t h  the  S tz te  Lx.~  on 
emission r a t e s .  Due t o  an operationa1,malfunction of YEP e lec t ro -  
s t a t i c  p r e c i p i t a t o r ,  t he  r e s c l t s  from one t e s t  were disregarded a s  
not being r ep resen ta t ive  of noma1 en i s s ions  from the  source,  Aft2r  
mcchanical ail6 e l e c t r i c a l  maintennnce was performed, the  u n i t  was 
t e s t ed  with the  resul ts  shown as  T e s t  313. 

This test  r epor t  includes the  information r e m i r e d  f o r  I t e m s  
111, IT, V ,  VI, VI:, IX, X, XI and XII from tins G2artmcnt  of En- 
vironmental Protec.tion: s " I n t e n t  t o  T e s t "  form ir ,  com;>liance with 
the D E P '  s -_ Source T e s t  C u i d e l i n s s  an?. Procecli.!::-c?s.' 

Source Test  Fom # 2  was not  ava i l ab le  a t  the  t i m e  of the  
wr i t i ng  of t h i s  repor t .  



a. 

b. 

C. 1 

d. 1 

Schematic diagram o f  sam?ling train:  See 
Fig .  1. Sampling T r a i n  used: RAC Stsck -  
samplr I4ode1 2343, purchascd  ' A p i l : : f ,  1372.  

Media ty?e used t o  deter inine gas  s t ream 
components. NOx: DynaScicnce I4odcl hT-130 
NOx Analyzer .  P a r t i c u l a t e s :  Reeve Angel '' 

,900 AF, .I1 e m  d i ame te r  g l a s s  f iber f i l t e r .  

S a p l i n g  tube :  S t a i n l e s s  steel f o r  pa r -  
t i c u l a t e s , .  g l a s s  probe f o r  NOx, mois tu re ,  
and o r s a t  a n a l y s i s .  

Probe c l e a n i n g  nethod: F7ash probe with 
acetone and s tore  i n  sealed c o n t a i n e r .  

2. D e s c r i n t i o n  of ( Icera t ions  
( R e f .  I t e m  M " I n t e n t  t o  Test" Foni) 

erator $26, R e g i s t r a t i o n  Nun3er S .P .  26, S t ack  7 ,  hav ing  
a c a p a c i t y  of 420.4 x 106 B T U f h r ,  bu rn ing  %6 f u e l  o i l  a t  
a ra te  of 2688 ga l /h r . ,  and hav ing  i\ g a s  flow of ? ! < ? 2 ? 3  ACFK. 
See  Table I V  f o r  f u e l  o i l  a n a l y s i s .  

The. o 3 e r a t i o n  tes ted was S t e e l  Poin t  S t a t i o n  S t e m  Gen- 

T h i s  f l u e  gas d i s c h a r g e s  i n t o  S tack  7.  A l s o  d i s c h a r g i n g  
: into t h i s  S t Z C k  a r e  Steam Genera to r s  25  and 27 .  Due t o  

s t a c k  c o n f i g u r a t i o n ,  it i s  necessa ry  t o  sample B o i l e r  26 
i n  t h i s  p r o p s &  l o c a t i o n .  ( I n t e n t  t o  T e s t  Fcms f o r  S t e e l  
P o i n t  S t a t i o n  Stemn Genera to r s  25 and 27  were ri . .ai leC on 
October 30, 1972 .  Incl7;ded wiere p r i n t s  showing B o i l e r s  25 
and 27 flue gas d u c t  conr ' igurat ioi l  a t  S tack  7 ) .  

a .)  S tack  Conf igu ra t ion  

(See VTestcott and &;apes dkawiiic~ 
Number 2022A P r o j e c t  Kuiber 4.7001.) 

b.) Sampling P o r t  Loca t ions  

(See drav ing  r e f c r e n c e d  above. ) 

c.) Sam2ling P o i n t  P o s i t i o n s  f o r  Zach P o r t  

(See dra\y?ng r epe rcnccd  above. ) 

.. 



. .. . -  * I '  4 . .  . . .  

. ., 
. . .  . . .  , ' 4. 'Stack anct Vent Desc r iDt ioZ  . . .  ........... ... 

' (Ref. I t e m  X I  " I n t e n t  t o  T e s t "  Form) 

Conncc.ted t o  t h i s  b o i l e r  i s  a Research-Chttrell  e l e c t r o -  
s t a t i c  p rec iDi t a to r  having an estimated. co l l cc t ion  ef Eicicncv 
of approsimately 60% when burnlnq. r e s idua l  f u e l  o i l .  The  
o u t l e t  of the  p r e c i p i t a t o r  discharges through a f l u e  9.25 duc t  
i n t o  Stack %7. 
ports i n s t a l l e d  i n  t he  f l u e  gas duct located between the pre-  
c i p i t a t o r  o u t l e t  and t he  s tack.  
drawing Number 2022A referenced above.) 

(Ref. I t e m  . X I 1  " I n t e n t  t o  T e s t "  Form) 

E l e c t r i c  u t i l i t y  steam generator  burning No.  6 r e s iduc l  fue l  
o i l ,  having r a t e d  capaci ty  as r eg i s t e red .  

Emission sampling w i s  conducted i n  saic?ling 

(See Westcott and Ma?sz 

5 .  Operational Parameters 

. 
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2 5 A 139 
F U E L  E N C I N  E E RI !\IC COMPANY Januery  12 ,  1973 

moa; h M 3 U  DAIL s' FUEL TESTING DEPACTltENl 

Hyd rcz en - - 12.24% 
Sulfur t 0.41% 
?:itfogen I= 0.27% 
Osygen = l.?l?! 
,?PI C60"F - - 23.6 
Spec i f i c  G r a v i t y  = 0.9123 

6TU per  pound = 19 ,159  
BTG per g a l l o n  = 145,551 

-- . 
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. . . 
. . .  .. ._ 'Mojsture Determination . : .. . ..... ,:,.:.-. ;. . 

Moisture determination i n  s t ack  gas is used i n  the ca lcu la-  ' 

t i o n  of i sok ine t i c  conditions.  The, agount of moisture i n  the  
s tack  gas was.found by using t h e ' f o l l o w . i n .  procedure. .. . 

The gas sample is asp i r a t ed  through a pyrex g l a s s  probe 
which is e l e c t r i c a l l y  heated and encased i n  a s t a i n l e s s  s t ee l  
tube.  The probe is  inse r t ed  i n t o  t h e  f l u e  gas duct and heated 
e l e c t r i c a l l y  using a va r i ab le  t r ans fo rne r .  The gas s&zple is 
dra\.n through t h e  probe, and through a g l a s s  pre-weigher? tube 
f i l l e d  .with s i l i c a  ge l .  From the  s i l i c a  qel  tube the  gas passes 
through a rotoii?eter, through the  a sp i r a t ing .  p'm.p, and through a 
dry gas meter, an6 passes i n t o  thn- atmosphere. The ro toze te r  is 
used t o  con t ro l  t5e flow r a t e  of the gas. Ey averaging the  tecp- 
e ra tu re  of t h e  gas through the  dry gas meter, and recording th% 
volume of gas passed through t h e  meter, t h e  a o u n t  of moisture czn 
be determined. 

The volume of water zbsorbed by t h e  s i l i c a  ge l  tube i s  con- 
ver ted t o  the  vapor s t a t e  by using the i d e a l  gas law ec;r.ation: 

Vwt = MaRl'm 
Prn Mw 

where Ma = mass o r  weight of water absorbed, rans 
R = gas law cons tan t ,  21 .83  i n  Hc - FT 3 

l b  mol - OR 

Tm = average o u t l e t  temperature of t he  dry gas 

Pm = barornetpic pressure,  i n  Hg 
m e t e r ,  OR 

MW = 18 lb/lb mol 

The proport ion by voluine of the s t ach  gzs t h a t  is water 
vapor (Ews)  is found by using the  ecpztion: 

Bws = Amount of water a h s o r h d  i n  th.2 s i l i c a  oel  tc?x __ 
Amount of watsr absorbed i Fmouii~ of r.etere5 q=s 

Orsat hna lvs i s  
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'(, Veloci ty  Traverke 
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--- A pre l iminary  v e l o c i t y  t r a v e r s e  was made of  t h e  f l u e  gas  
duc t  i n  o rde r  t o  determine a c o r r e c t  nozzle  size used i n  de te r -  
m i n  i rI g p a r t  icc. I. a t  c concent ra t ions  wi th  t h e  '''RixC. .-s t a k s anp 1 e r - It  
was noted t h z t  four  t r a v e r s e  p o i n t s  had a neqat ive  d s l t a  "P". 
These four  a r e a s ,  l oca t ed  a t  p o r t  1, p o i n t s  7 and 8 and a t  p o r t  6 ,  
p o i n t s  7 a n d  6 were not  used i n  the t e s t  f o r  p a r t i c u l a t e s .  
s t e a d  of us ing  46 t r a v e r s e  and sampling p o i n t s ,  on ly  44 sam2ling 
p o i n t s  w e r e  used. 

t o t a l  c ros s - sec t iona l  a e a  of the  f l u e  g2.s d u c t  was 21.~0 reciuced 
by the  amount of the  a rea  occupied by t h e s e  four sanppling azcas.  
The c r o s s - s e c t i o n a l  a r ea  of t h e  duc t  was, t l- isrefore,  reduced from 
49.3~t2 t o  45.8Ft2. 

P a r t i c u l a t e  De te-Tina t i o n  

... 
I n -  

s i n c e  t h e s e  t r a v e r s e  p o i n t s  i n d i c a t e d  negat ive  d e l t a  "P." t h e  

The appara tus  used i n  determining p a r t i c u l a t e  emissions wzs 
a RAC S taksanp le r  Node1 2343-5, S e r i a l  No .  1399. The procedure 
followed i n  t h i s  t e s t  i s  Nethod 5 of t h e  Fedcra l  R e 5 i s t 2 r ,  Vol. 
36, No. 247, December 23, 1971. 

Used i n  t h i s  t es t  was a 10  f o o t  s t a i n l e s s  s t ee l  probe and p i t o t  
tube,  r e c a l i b r a t e d  by  t h e  Research Corporat ion of Iim? Englanii. The 
p i t o t  t ube  c o e f f i c i e n t  obtained from the c a l i b r a t i o n  of t h i s  p i t o t  
tube was 0.817. 

Two modifi .cations were made t o  t h e  RAC Stal:s=lm,n!.e.?: by  the U S  
co. The hea ted  box housing the :our-inch f i 5 e r  f i l t e : .  :.:as f i 'c ted 
with a 00-3000F i n d i c a t i n g  thernoineter. This enab1.w; -;:".e e q i i p -  
ment  ope ra to r  t o  bz awcre of t h e  exzct box temperature dur ing  th2  
sampling per iod .  1 

A l s o  modified was t h e  g l a s s  elbow from t h e  f i l t e r  t o  the  firs= 
impinqer. T h i s  -,:as f i t t e d  wi th  a tee co:mection i n t o  \?hick a .t?ier- 
morneter with a g lass  ground j o i n t  vies  i n se r t ed .  This ena'3led the  
opera tor  t o  check the? 92s  t e v . p x a t u r e  lcav inq  the f i l t e r  and n&:e 
any c o r r e c t i o n s  i f  need be i n  t h e  pro52 h e a t h 5  t r ans fo rne r . '  

A f t e r  running one t e s t  f o r  p a r t i c u l a t o  conccntrat . ions,  i-L-. 
was found t h a t  the ax0ur.t of s i l i . c a  qel i n  the f o u r t h  i z> inqc r  
had nc:arly been s z e n t .  To inxire ?.n .f~:?.ure 11731S of  this t c s t  , t h a t  
t h e  e f f cck iveness  of tilo_ s i l i c a  921. .loi?ld not  bs clepl.r?tcd, 330 

' grams i n s t s z d  oil 203  g r c s  :.?as iced. T h i s  ~.ras found t o  rjive a 
g r e a t c r  ii:argin of szf ' c ty  i n  n~zkirig s u r e  t h a t  t h e r e  was no rmistw:e 
carry-over i n t o  t h e  d r y  gas meter. 



.. 
, ' ... NO>: Determina t ion  

,.I 

Ni t rogen  ox ides  w e r e  de te rmined  by u s i n g  a Dynasciencc NO:< 
-Analyzer ,  I.rodel Nx-130, S e r i a l  Eo. 418. . . . A .. , . s t a i n l . e s s  s t ee l  probe ,  
packed w i t h  glass woo1 a t  the i n l e t , .  was i n s e r t e d  approximate ly  
3 feet i n t o  t h e  cen ter  o f  t h e  f l u e  gas duc t .  A f t e r  c a l i b r a t i n g  
t h e  in s t rumen t  w i t h  a know1 c o n c e n t r a t i o n  of NO gas, t h e  f l u e  
gas sample was drawn throuqh t h e  in s t ru r i en t  which gave a d i r e c t  
read-out  on t h e  meter  s c a l ~ .  T h e  in s t rumen t  was opera t ed  f o r  
f i f t e e n  minutes  for  each t e s t ,  w i t h  r ead ings  t aken  every minute. 
A t  t h e  conc lus ion  of the t e s t ,  the  NOx c o n c e n t r a t i o n s  i n  PPi4 were 
averacjed, and used i n  the f i n a l . N O x  c a l c u l a t i o n s .  
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. . . . . . .  . . . .  SANPLE CALCULX'PIONS 

.. 
: ....... 

NOTE: A l l  e q u a t i o n s  used  i n  t h e s e  c a l c u l a t i o n s  a r e  found 
i n  t h e  F e d c r a l  Register, Val?.,, 36, No. 247, d a t e d  
December 23, 1971. 

C a l c u l a t i o n s  r e p r e s e n t a t i v e  of T e s t  Sl. 

..... 

1) Dry G a s  Volume 

Vmstd = f 7 - 7 1  ,::.) Vm t a r T ;  &) eq. 5-1 

= k . 7 1  Gg) 162.055 f t 3  i n  Hg + 2 .066  i" H?O 
1 3 - 6  ) 

553.6 OR 

= 155.84 f t 3  

2 )  Volume o f  V7ater V z D o r  

Vtqstd = V l C  eq. 5-2 

- - 18.46 FT3 

3)  Mois tu re  Conkerit 

. Bws = w s t a  
Vwstd -6 V n i s t d  

- - 18.4G FT3 
18.46 I?T'+ 155.64 FT3 

- - 0.106 s 100% = lO.G% 



I .  
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, . 4) ~.:olccul.r~r !.:ciaht ( d l r y )  

. . . . ~ .  . .. 
‘ M d  = 0.44 (77 C02) i 0.32 (% 0 2 )  :::;;,.::<=:-’.- . .  

’ . + 0.28 (Z N2) L 0.28 (% CO) eq. 3-2 

= 0.44 (10.0) + 0.32 l7 .15)  + 0.28 (82.85) . . . . . . . , .. + 0.28 ( 0 )  

= 29.87 lb/lb-mole 

5)  blolccular t ?c iuh t  (wet) 

14s = Md ( l - B w s )  + 18 BWS 

= 29.87 (1-.106) + 18 (-106) 

= 28.61 lb/lb-mole 

6 )  Stack  G a s  Ve loc i ty  

eq. 2-2 

. 
766.55 

29.835 x 28.61 
- - (85.4.8) ( -817)  ( -864)  

57.93 F.P.S. - - 

7) Gas Volumetr ic  Flow Rate, ACFK 

ACFM = Vs x A x 60 sec/min 

= 

= 159,192 ACFP.1 

57.93 x 45.8 FT2 x G O  sec/min 

8) G a s  Volumetric Flov  Rate, SCFM 

95;623 SCFM __ - I 

I 



. . . , .. . . . . .. . . . . . . . -  . .  . . . .  . , ‘3)  , Gas ~ o ~ u m c t . r i c  I ~ I O ~ W  R a t e ,  11)/1ir 
. . . . . .. . 

Qs’x G O  min s M d ’ ws = 
hr 306 FT3 

- - 95,G23 SCFM x 60 min x - 29.87 lb/lb-n- 
hr 386 FT3 

= 443,978 lb/hr 

10) Particulate Concentrations, Gr/SCF 

Mn 
Vmstd 

C ’ S  = 

- - f.0154 E) 261.2 mq 
155.84 FT3 

e 0.026 gr/SCF 

11) particulate Concentrztions, I W F T ~  

. . c s  = 

Vmstd 

- c5i600 
mg 

- - 3.69 x lb/SCF 

- 
155.84 FT 

12) Particulate Concentrations, l5/hr 

Cw = Cs Qs x 60 min 
hr 

= (3.69 x l b /SCF)  (95,623 SCF1.i) GO min 
hr 

= 21.17 lb/lir 

13) Particalate Concentrations, lb/I*i!?TU 

E r  = CG 
I I c a t  Inp‘Jt 

- - 21.1.7 lb-hr 
414.2 x l o b  Wl”l’/hr 

= 0.051 lb/I*LBTU 

eq. 5-4 

eq. 5 - 5  
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I .  
, . ' >  

14) 75 1sokincti .c SanDlinq .. - . .... . .. 
, . . . . ~ . . . ,  . .I,> I = Ts (1,667 e) 0.00267) V l c . . f ' V m  - P b a r  + 

S e C  Tm 1 3 . 6  
'e Vs Ps An 

. . .. . 
eq. 5-6 

13.6 
1 ES 786.56..(1.667) 0.00267) (389.4) + -162,055 9.93 + 2.066 

553-6 
9 (220) . (57.93) (29.835) (0.00034) 

15)  NO, Concentrations, Ib/hr 

lb/hr = PPM x M w  (EO) x Ws 
' Ma 

118.65 x 30 lb/lb-mole x 443,978 - - 
106 29.87 lb/li-mole hr  

= 52.9 lb/hr 

16) NOx Concentrations, lb/NBTU 

l b / Y i T U  = lb/hr 
Heat Input 

- - 52.9 lb/hr 
414.2 x 106 B T U / h r  

lb/IG3TU = -- 0.128 lb 
106 B T U  



I .  . t .  * '  ' .  

-817 

-864. 

786.56 

29.93 

-1,311 

---- 2 9 - 5 3 5  

10.6 

- 29.G7 

28.61 

. 

.81.7 

.834 

786.27 

23.97 

-1 .2" 

29.SS2 

10.6 

29.04 

28.67 

. . . SOURCE TESTIPIG Cr\LCU~~.l..ri:G~4'.,.~O'~:S . . , . . .. . . 

.. 
. .  .. 

'Zest No.S t ,  pt. 26, s t a c k  7 No. Runs 3 
. . .. . . . .. . . . 

." ;;clme of Firm The U n i t e d  I l l u n i r m t i n y  Cornnany 
.. 

L m a t i o n  of P l a n t  S t e e l  po i n t  S t a t i o n  

'Type of P l a n t  Steam G e n e r a t i o n  

'.2 on t 1: o 1 Equ i p i  ep. t E 1 e c t ro s t a t  i c P r e c i p it 2 t o r  
. .  

3 a n F l i n g  P o i n t  L o c z t i o n s  Stat?< y n t r v  ~ 1 2 . c t  

' . ! o l l u t a n t s  S a x 2 l e d  Pa r t i cu la t e s ,  N i t r o c e n  O x i s e s  

:.'me of P a r t i c u l a t e  T e s t :  

- 
., . 
i.?.un 170. 1. D a t e  12-19-72 Begir .  1 4 2 5  Er.d 11.30 

!tun N o .  2 D a t e  12-20-72 Begin 1457 End 1 3 2 0  

.'tun ITo. . 3 A  D a t e  12-21-72 B e g i n  End 
1:un No. .. 3E' D a t e  12-28-72 Begin 1403 ' End  1756 

PARTICUL\Y'E S.lISSXO1; DATA 

1;s = I . l a l ccu la r  w e i g h t  of s t a c k  Gas 

. * S i l i c a  g e l  t u b e  insthod 

. .  

33 

E5.4a 

- .817 

.530 

765.91. 

30,05 

-1.3" 

2 0 . 3 6 5  

a. rl* 

2?. 07 

26.06 
- 



i . .  ! 
j :VS A ~ ~ a c k  c;zs v e l o c i t y ,  F.P.S.  I 57-93  ! 55.74 1 55.12 

i I %02 7.15 I 7.72 I 7 - 4  

1 % C O  
I 

j 1 E l  io N 2  82.85 81.85 I 82.13 
I I T o t a l  voluzne .of l i q u i d  
I Vlc = . c o l l e c t d  i n  Ir?.?ir.gers 
I and s i ' l i r a  ? e l ,  xl. 389.4 373.2 - 
I 

j volume 05 C r y  g a s  s a z : . l ~ c l  
' Va = zit n e t e r  c o n d i t i o n s ,  ~j 

I 

. I  I -  I 

Volur;?~? of c i ~  gss sampled 
155.84 , 149.51 

3- .Vstd = a t  ST?, FT 
I 

! Average 6!=y g a s  meter  
j TIX = teinp., OR 5 5 3 . 5  1 54ln1.! - 

Average p r e s s u r e  d r o p  
I AH = a c r o s s  o r i f i c e ,  i nches  HZI 2.065 1.31 - 

I f3 = T o t a l  Sarnpling T i m e ,  m i n .  220 2 2 0  l -  
! 
I 
, Dn = ITozzle d i a . ,  i nches  2 5  : 25 - 

I ,  
! !  I = % of i s o k i n f t i c  samp1ir.g sg . a.: 99 4.0 - 
' Qs = Stack  cas vol.vz,o a t  STP 

- 
95.57; 92, ].?E 97,965 

con d it i o n  E (A CFN) 1 5 5 , 1 9 2  1 5 3 , 1 5 4  1 5 2 , 3 7 8  

( SCF1.I) i 

Qa = Stack  g a s  volume a t  s t a c k  
! 

~ 7 s  = Stack gas  mass flow lbs /hr  1 4 4 3 , 9 7 3  I 4 2 9 , 0 3 3  lri.56; 471 
I I I 

1 Jllp L P a r t i c u l a t e - p r o b e ,  c%:ashincs, mg - 
;.If = P a r t i c u l a t e - f i l t e r  (mg) 

I,ln P a r t i c u l a t t - t o t a l  (r:) 261.2 - 
P a r t i c u l a t e  Concen t r a t ions  

- __ 
, E r  5 P a r t i c u l a t c  emiss ion  r a t e ,  lb/lO.5 

BTU 0 , @ 5  - 
c 5 EO, c o n c e n t r a t i o n s ,  PPX 

53.1.2 

1.9. 25'3 

7.42' 

0.0S9 

8 2 .  2Si 

373.8 

161.9C3 

161.43  

533.7 

2 - 1 3 ?  

220 

* 2 5  

.-, .-, r. -. .I . ""V3-r 

9s .70  

1 2 0 ,  ??3  

2 6 5 , 5 9 7  

70.7 

126 .0  

195.7 

0.019 

16.13 

0.04 

0.12 
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TEST RESULTS 

Steam Generator Nos. 25 and 27 
( R e f .  I n t e n t  t o  T e s t  Fonn N o .  720045) 

T e s t  Conducted On 
December 4, 5,  6, 7 ,  1972 
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I n t r o d u c t i o n  

E m i s s i o n  t e s t s  ->r P a r t i c u l a t e s  an' 

. .. 

t rogen  O>:L : s  were 
conducted 2 s  r e q u i r e d  by Connec t i cu t  S t a t e  Lriw'on Uni ted  Illnn- 
h a t i n g  Cox?any Steel P o i n t  S t a t i o n  Stcarn Gcnera tors  2 5  and 27, 
l o c a t e d  i n  Br idgepor t ,  Connect icu t .  Tes t ing  was conducted on 
Decenber 4-7, 1972. 

Source Sampling was per for rmd i n  accozdance w i t h  t e s t  
methods and procedures  as p r e s c r i b e d  i n  t h e  Fede ra l  R e g i s t e r ,  
Vol. 3 6 ,  N o .  247, da t ed  Decepbsr 2 3 ,  1971. These tes ts  were con- 
duc ted  on t h e  f l u e  gzs d u c t  do:instream of the p r e c i p i t a t o r  o u t l e t  
and upstream o f  t h e  s t a c k  i n l e t .  T h i s  s i t e  l c c a t i o n  ... ;.as chosen 
due t o  t h e  i m p r a c t i c z l i t y  of sou rce  s a m l i n g  i n  the s t a c k  ~ U C  to 
s t a c k  conf igu ra t ion .  T h i s ,  S t ack  +7 a l s o  ;??...ndl.es t h e  erniss ions 
produced by Steam Genera tor  26, which wzs t e s t e d  on Decer3er 18- 
2 1  and on Decenber 2 8 ,  1972. A C G ? ~  of t h a t  r e p o r t  i s  enc losed .  

T h e  pr imary  contaminants  tes ted f o r  v.:ere P a r t i c u . l a t e s  and 
Ni t rogen  Oxides .  T e s t s  were a l s o  conduct& t o  deternir?e S tack  
gas v e l o c i t y  and v o l u n e t r i c  € 1 0 ~ ~  ra tes ,  
molecular weiqht  and moi s tu re  c o n t e n t  O E  =':;e f l u e  52s.  The pro- 
cedures  used i n  c i c t e rn i i i i i~g  t&se -c s i - i~~ :z  p z r ~ r ~ ~ k c ~ s ,  C X C C ? ~  5p.r 
n i t r o g e n  ox ides ,  a r e  t h o s e  found i n  t n e  akove men'iioneci FiCei.&l 
Regi s t e r .  X i t rogen  Oxide emis s ions  were fouild by  u s i n g  a Dyna- 
science Model ??X-130 XOx Analyzer  i n s t eaC  o f  [!sing t h e  ?her?old- 
i s u l f G n i c  a c i d  procedurt? 2 s  s ta ted  i n  I.ietl?od 7 of the &ove 
mentioned Fede ra l  R e g i s t e r .  

This test  report i n c l u z e s  the info?xct ion r e q u i r e 2  for 1terr.s 
111, I V ,  V ,  V I ,  VII, 0:. X ,  X I  and X I 1  Zrc3 the Dcpar tnent  of En- 
v i ronmenta l  P r o t e c t i o n '  s " I n t e n t  t o  T e s t "  form i n  c o z p l i a n c c  with 
t h e  DEP's Source Test Guicleli!~es 2nd PrcceGures.  

f l u e  $as  anal; isis  and 

Source T e s t  F O L ~  g2 was n o t  a v a i l a b l e  a t  t h e  t i ne  of the 
w r i t i n g  of t h i s  report. 
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. . .  . . . .  . . . . . . .. . . . ~. . . - .. . . . . . ,. , , 

a.) Schematic  d i a g r m  of sampling t r a i n :  See 
F ig .  1. Sampling T r a i n  used: IWC Stat:-:- 
samplr blodel 234.3, purchzsccl iT.pri.1 4, 1972. 

. ..... . .  .... 
b.) IvIedia type used  t o  d e t e r n h c  gas s t rcm com- 

ponents.. NOx: DynaScience Nodel XX-120 XOx 
Analyzer .  P a r t i c u l a t e s :  Reeve Angel 900 AF, 
11 c m  d i ame te r  qlass f ibe r  f i l t e r . .  

c.) Sampling tube:  S t a i n l e s s  s tee l  f o r  par- 
t i c u l a t e s ,  g l a s s  p robe  f o r  KOx, mois tu re ,  
and orsat  a n a l y s i s .  

d.) Probe  c l e a n i n g  method: Wash probe w i t h  
ace tone  and  s t o r e  i n  s e a l e d  c o n t a i n e r .  

2. Desc r iDt ion  o f  Onera t ions  
( K e f .  I t e m  IX " I n t e n t  t o  T e s t "  Form) 

The o p e r a t i o n  t e s t e d  was Steel  P o i n t  S t a t i o n  Steam Gen- 
e r a t o r s  25, 2 7 ,  R e g i s t r a t i c n  Xuiiber s.?. 25, 2 7 ,  S t z c k  7, 
hav ing  a t o t a l  c a p a c i t y  of 332.7 x 106 6TG/hr, b u r n i n s  %6 
f u e l  o i l  a t  a ra te  of 2725 ga l f i r  for bo th  b o i l e r s ,  anci 
hav ing  a t o t 2 1  g a s  flow of 217,350 ACPi4. S e e  Table  IV f o r  
f u e l  o i l  a n a l y s i s .  

This f l u e  ?as d i s c h a r g e s  i n t o  S tack  7. Also discharging 
i n t o  t h i s  s t a c k  i s  S t e a n  Genera to r  26. Due t o  s t a c k  con- 
f i g u r a t i o n ,  it i s  necessa ry  t o  sample i?iese b o i l e r s  in '  the 
f l u e  gas  d u c t  upstream of t h e  s t a c k  i n l e t .  

S t ack  'Conf igura t ion  

(See VJestcott and I.la_nes drawing 
N u m b e r  2 0 0 4 ,  P r o j e c t  Number 41013.) 

Sampling P o r t  Loca t ions  

(See drawing r e f e r c n c e d  aboT.re.) 

Sampling P o i n t  Pos i . t ions  f o r  Each P o r t  

(Sec draw5 ng r e f e r e n c e d  abovc. ) 



4. Stat!; a1:2 --- vent  DcscriEti .ons . .  
(ReZ- .  I t e m  >:I " I n t e n t  t o  T e s t "  Form)..:. ..... .. . .  .. . ~ . . . . . . . . . . .. . . . . . . . 

Connected to each b o i l e r  i s  'a Research C o t t r e l l  c l c c t r o -  
s t z t i c  p r e c i p i t a t o r  hav ing  an  cst imateci  c o l l e c t i o n  c f f i c i c n c y  
of approximate ly  60% {$,hen bu rn ing  r e s i d u a l  f u e l  oil. . T h e  pre- 
c i p i t a t o r  o u t l c t  d u c t s  m r g e  t o s e t h e r '  - i n t o  . a  coz~-non ciuct, 
wlii.ch is  connected t o  t h c  base  02 No. 7 stack. E x i s s i o n  
samilling was conductcd i n  sampl ing  p o r t s  i n s t a l l e d  i n  t h e  
common f l u e  5 . a ~  d u c t  j o i n i n g  the p r e c i p i t a t o r  o u t l e t s  t o  t h e .  
s t ack .  (See Wcstcott and Mapes drawing Luwher 200-A refer-  . ,  
enced above. ) . 

5. Opera t iona l  Pcrameters 
(Ref. I t e m  X I 1  " I n t e n t  t o  T e s t "  Form) 

E l c c t r i c  u t i l i t y  s team g e n e r a t o r s  bu rn ing  No. 6 r e s i d u a l  
fuel o i l  and hav ing  r a t e d  c a p a c i t i e s  as r e g i s t e r e d .  
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TABLE IV (a) . . . . .  . .. .. . . . ... ...... ~ 

.- . . .  . . . 

U l t h a t c  A n a l . y s i s  Of 
Representative F'uel O i l  Samn1.e~ 

.. . . .  . . . .. 

- - - 
FUEL OIL TEST REPOET - 

1 0.60 

, S;:it.r s 0-1552 I ! 0.46 i ioi,orn S.dirn.", iid: I P 1 . l )  

6.1.U. P.r Pocnd D-240 19062 

E T  U. P.r Ccl!on 1 4 3 1 5 6  



.. TABLE IV (b) . . .  

Analysis Of 

. .. . .- . .. .. .' .. . . 
,: ........ - 

Representat ive Fuel O i l  Samnles  
. . .. . . . . . . . . . 



1 .  TABLE IV (c) . 

Analysis Of 

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

Representative F u e l  O i l  SarnDles 

:!illlll~llllllilllllllllll!llll:!lllllllllllllllllilllllllllllllllllllll!:lllllllllllllllllllllllllllllllllllll:lllllllllllllllllllll:lllllllllllllllllllllll~lllllllllllll I2.l El 
F U E L E N C I N E E R I N C CO M PANY , 2  511 02 3 

FUEL OIL T E S T  REPORT 
You, t.0. KO. 

Sulphur 5 1)- 1.5 50 I 0.50 I 

. _ _ _ _  .. ..__ ..... ~ 

t;c*ir*d h o r n  U n i t e d  I l l u m i n a t i n g  Con-,any I 
50 T c y l l c  s t r c e r  
New IIavcn, C o n n e c t i c u t  06506 
Attn: Ik. A .  Hrnrickscn j 

--. .-_--__..-- - 
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. .. . . , . . . . . .. ...... . . .  . . .  , MOi,sture Determination 

* bioisturc determination in s t ack  gas is used i n  the  ca l cu la t ion  
of i sok ine t i c  conditions.  The amount of moisture i n  t h e  s tack  gas 
was found by using t h e  following procedure.. . :. .... 

which is e l e c t r i c a l l y  heated and encased i n  a s t a i n l e s s  s tee l  
tube. The probe is inse r t ed  i n t o  the  f lue  gas duct and heated 
e i e c t r i c a l l y  using a var i ab le  transformer. The gas sample is 
d r a m  through t h e  probe, and through a g l a s s  pre-weighed tube 
f i l l e d  with s i l i c a  gel .  From t h e  s i l i c a  ge l  tube the  gas passes 
through a rotomcter, through the a s p i r a t i n g  pump, and thrcu$h a 
dry gas meter, and passes i n t o  the  atmosphere, The ro toxe te r  i s  
used t o  con t ro l  t he  flow r a t e  of t h e  gas. By averzging t h e  temp- 
e ra tu re  of t he  gas through t h e  dry gas meter, a n d  record i rq  t h e  
volume of gas passed through the  m e t e r ,  t h e  amount of moisture 
can be determined. 

The gas sample is asp i ra ted  through a pyrex g l a s s  probe 

l'he volume of water absorbed by  t h e  s i l i c a  g e l  t u b e  i s  con- 
verted t o  the  va2or s t a t e  by u s i n g  t h e  i d e a l  gas law equation: 

V w t  = FIaRTn 
P m  Mw 

where Ma = mass or weight o'f water absorbed. qrams 
R = gas law constant ,  21.83 i n  Hq - l?T3 

iD m o l  - OK . 

Tm = average o u t l e t  temperature of t h e  dry gas 

Pm =ba romet r i c  pressure ,  i n  Hg 
Mi? = 18 lb/l?? mol 

meter , ' OR 

The proport ion by volume or' t h e  s tack gas t h a t  is water 
vapor (Bws) is found by using the  equation; 

~ , q ~  = Amount  of v a t e r  absorbed i n  the s i l i c a  a z l  tc?x -- 
Amount of h-ater absorbed + Amount of xe te rea  gas 

Orsat. Analvsis 

A B u r r e l l  G a s  Analyzer was u s e d  t o  d c t e h i n e  0 2 ,  C02,  CO, and 
N2 concentrat ions of the f l u e  gas. The 9 3 s  sam9lc was E?sT)irztcd 

of the probe. Tcflon tubj.ncj coni:ectcc! the s t t i i n l e s s  s tce l  i3roL.e 
t o  t h e  o r s a t  analyzcr.  
the probe, tubinq, and o r s a t  manifold, a sample cf gas :..as analyzed. 

. through a s t a i n l e s s  s t s e l  probe, pzcked v:ith g l a s s  woo1 r ? t  the  i n l e t  

Af te r  a s u f f i c i c n t  sa!nple. was drz7.m tkroucjh 



. .* . .. . .: .- .. 

. 'VClokitv Traverse 

A preliminary ve loc i ty  t r ave r se  was made of t he  flue gas . duc t  
i n  order to  dc te rn ine  a co r rec t  nozzle s i z e  used i n  determining 
pa r t i cu la t e  concentrat ions with t h e  RW Staksamplr. I t  was noted 
t h a t  three t r ave r se  po in t s  had a negat ive d e l t a  "P". These t h ree  
areas ,  loca'ted a t  po r t  1, poin t  1, and z i t  po r t  5 ,  po in t s  1 and 2 ,  
w e r e  not used i n  t h e  t e s t  f o r  p a r t i c u l a t e s .  1ns tead .of  us ing  50 
t r cve r se  and sampling po in t s ,  only 47 sampling po in t s  were used. 

Since t h r e e  t r ave r se  po in t s  ind ica ted  negative d e l t a  "P" , the 
t o t a l  c ross -sec t iona l  a r ea  of the f l u e  gas duct was also reduced 
by t h e  amount of t he  a rea  occupied by  these  th ree  szmpling areas.  
The c ross -sec t iona l  a r ea  of t he  duct  was the re fo re  reduced from 
64.9Ft2 t o  61.OFt2. 

Pa r t i cu la t e  DekermFnation 

The apparatus used i n  determining p a r t i c u l a t e  emissions was 
a RAC Staksanplr filoeel 2343-5.. S e r i a l  KO- 1399. The procedure 
followed i n  th i s  t e a t  i s  Nethod 5 of  the  Federal  Regis ter ,  Vol. 36, 
No. 247, December 23, 1971. 

Used i n  t h i s  tes t  was a 10 foo t  s t a i n l e s s  s t e e l  probe and 
p i t o t  tube,  ca l ib ra t ed  by The Research Corporation o f  Re\? Englmd. 
The pi tot  tuSe c o e f f i c i e n t  obtained f ro3  t h e  c a l i b r a t i o n  of t h i s  
litot tub? Tias 0.81.9, 

Il luminating Company. .The heated box housing the four-inch f i b e r  
f i l t e r  was f i t t e d  with a Oo-3000F ind ica t ing  tiiermomzter This 
enabled the  e c p i p a e n t  operator  t o  be aware of t h e  exac t  box temp- 
erature  during the  sampling period. 

A l s o  modified was the  g l a s s  elbow from the  f i l t e r  t o  the  
f i r s t  impinger. This was f i t t e d  with a t ee  connection i n t o  which 
a thermomc?ter with a g lass  ground j o i n t  vm.s i n se r t ed .  This en- 
abled t h e  operator  to check the  gas tenp=rature  leaving the f i l t e r  
and make any cor rec t ions  i f  need b n  i n  the probe hea t ing  t rans-  
former. 

.TWO modifications were made t o  the  PAC Staksamplr by t he  United 

Af te r  running one t e s t  fo r  p a r t i c u l a t e  concentrat ions,  it 
was found t h n t  the amount of s i l i c a  gel i n  the fourth ix>iii%er had 
near ly  been spc!it. T o  i n s u r e  i n  fu tu re  runs of this t e s t  t h a t  the 
e f fec t ivonzss  of the s i l i c a  ge l  v?ould not be c?epleteS, 300 p a r s  
instead of  20~0 qirams vras used. This v m s  found t o  give a g rea t e r  
margin of salfcty i n  n ~ k i n c j  s u r e  t h a t  there was no moisture carry- 
over i n t o  the  d r y  g.as n?eter. 

NOx Determination 

Nitrogen osidcs  !%'ere determined by using a Dynascicnce NO:,: 
Analyzcr, I4odc1 I v i - 1 3 0 ,  S c r i a l  No.  416. A s t a i n l e s s  s tee l  probe, 



. 'e ! . . : 
3-  % .  .. packcd  with g l a s s  wool a t  t he  i n l e t ,  was i n s e r t e d  a p p r o x i a a t e l y  

. thr;ce feet  i n t o  the c e n t e r  o f  the  flue-tja,s..,duc;, A f t e r  . .  C a l i -  
. b r a t i n 9  t h e  i n s t r u n e n t :  with a knp:,in concCnt - f a t ion  of KO qas,  t h e  

f l u e  5 2 s  san9le vias dra(..m t h r o u q h  t h e  i r ? s t r u n c n t  v.;hich rjave a 
d i r e c t  r e a c k u t  o n  the meter scale.  The i n s t r u m e n t  v12.s o2erated 
f o r  f i f t e e n  m i n u t e s  f o r  e a c h  t e s t ,  .with. re,ad.ings t a k e n  cver;. 
minute .  A t  t he  co .nc lus ion  of t h e  t e s t ,  the !.;OX c o n c e n t r a t i o n s  i n  
PPM wcre a v e r a g e d ,  and  used i n  the  f i n a l  XOx c a l c u l a t i o n s .  

. 
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. THE UNITED ILLW~~TY?'.TING CG;.:I'>.?*T!f . .  . _ "  - :  . .  . . 

I .  

. .  . . SOURCE TESTIX C A L C U L ~ , T ~ ~ ~ : . : ~ O ~ ~ : ~  . . . . .. . . .  

. .  
No. Runs 3 . .  

. .  . .  . .  
. .  .. 

i . ... :. '. . . . . .. 
:J:cSt KO. S.P. 2 5 ,  27 

l i m e  0: FimJhe UnTted I l l u n i n a t i n ?  C o x m n v  

:i,ocation of P l a n t  Stee l  P o i n t  Station, BridcreDort 

Type of P l a n t  

C o n t r o l  E q u i p a e n t  Z l e c t r o s t a t i c  Prec ic i ta tors  

S a n p l i n g  P o i n t  l o c a t i o n s  Flu2 G a s  Dnct  A f t e r  P r e c i p i t a t o r s  

T o l l u t a n t s  Sam'jled P a r t i c u l a t e s ,  N i t r o c r e ! ?  O G i d e s  

S t e a m  Ge>eratir,c Station 

A .  

- 
D w s  = 7 2  moistcre ' i n  s tack  gas, by 

volu!x! 
I ~ l O l e c L i 1 J . r  w?qn.; or sia.c;i 

I.ld = gas, dry  

:.is = hlolccular  w e i g h t  oC s t a c k  gas  

. .  '.?imn of P a r t i c u l a t e  Test: . .  . .  

!?.UT NO. 1 D a t e  12/5/72 Begin 1517 End 1939 

7.5 ' 8 . 2  7.8 

29.59 29.52 - 29.65 

28.72 2s.57 2s. 7-: 

Run KO. 2 D a t e  12/7/72 Begin 1051 End 1522 

Xun KO. . 3  D a t e  12/7/72 B e g i n  1656 End 2113  

I PRRTICL'LATE EI.IISSTO?? DATA 
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I :. Vs 2 S t a c ! ~  q;as ve loc i ty  .,.. .F.-E.S...-.-. . . . . . . . . .  63.-15. - *  

:/o 0 2  

Tc: co 
....... . __-- 

. . .  . . . .  
. . . .  3;' c 0 2 ,  .~ . .  

~~ 

. ..... . . . . . . . . . .  - ............ .- .- - 
% N3 

. . . . . . .  -. . 

............................. - ........... 
Tata l  volt?= of l i q u i d  

V l c  = co l l ec t ed .  i n  i xp i rqc r s  . - -. .- - 
and s i l i c a  =el, cl. 

_. . . . . . .  

. . .  

293.7 

81.E5 
- . . . . . . . .  

-. . . . . . . .  

- . . -. 

1.h = P a r t i c u l a t e - t o t a l  (nq) - 
P a r t i c u l a t z  cancent ra t ions  

c ' ~  r_ gr/scf - 
cw = Par t i cu la t e  t o t s 1  emission lb/!ir 

E r  - P a r t i c c l a t e  emission r a t e ,  lb/106 
-- -- 

- 

. 
303 

272.1 

0 024  

27.4 

I 174 

i 

j C n  := NO, I .b /10~2TIJ  
t ... 

...... 

79  

" 0 .  lc, 

Vol:3e of  d r r  s a s  saiwled I - 
tJstd = a t  STP.  F T j -  - I 176.73 

I 
Average dry qas meter 

~n = ten?., OR I 531.Z 

Average pressure  drop  
/dI = across  orifice, inches E23 I x 1 5  

0 = Total  Sarpl inq Tins ,  min .  1 233 

Dn = Sozzle d i a . ,  inches 

I = % of i sok ine t i c  sanpl ing 

QS = Stack cas  volL3e a t  STP 
( S CFPI) 

Qa = Stack gas voluxe. a t  s t2ck 
condi t ions (ACh'X) 

103.15 

E;? =. Part iculate-orobe,  viashinas, mg 219.5 

&if = P a r t i c u l a t e - f i l t e r  (mq) I 51.3 

BTU I n 07 
~ 

! 
1 c NO, conccc t rz t ions ,  PO?.: 

5 7 - 9 6  

31-07 

. . . . . . .  _. 
308.6 

. . . .  

15 Q. l.'? 

559.7 

21:;. 5 

3 ,023  

2 2 . 3  

9.05 

1i.3,O 

. 0.17 

59-15 I 
I 7-75 

5ss.11 

2.06 + 3 . _ . I . .  .) c:, 

53.51 
I 

27.21 

----I-- 
3.371 

1.2 2 " I' I 
-1 

.o 1 ::.I 
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Introduction . .  

Emission tests for particulates and nitrogen oxides were 
conducted as required by Connecticut State Law on The 
United Illuminating Company English Station Steam Genera- 
tor No. 13, stack No. 5 ,  located in New Haven, Connecticut. 
Testing was conducted on December 28, .1973. 

Particulate testing was performed -in accordance with test 
. . methods and procedures as prescribed in the Federal Register, 

Vol. 36, No.. 2 4 7 ,  dated Decembe-g”i3. 1971. Testing was 
performed by York Research Corporation of Stamford, Connecti- 
cut, using a. sampling train as described in Appendix A. 

Nitrogen oxide emission testing was performed by the United 
Illuminating Cor.Fany Dcvclopment and Test Laboratory usinq 
a Dynascience Kodel P-101 NOX Analyzer. Field data is in- 
cluded in Appendix B. 

Tests were also conducted to determine stack gas velocity, 
moisture content;. and flue-gas analysis.. The procedures 
used in determining these various parameters, except f o r  
flue gas analysis, are those found in the above mentioned 
Federal Register. The stack flue gas. was anslyzed by using 
an Analytical Instrument Development Model 512 Portable Gas 
Chromatograph. 

tests, together with a preliminary velocity traverse, moisture 
determination, and fuel oil analysis. The United Illuminating 
Company was responsibLe for the flue gas anaLysis, nitrogen 
oxide analysis; and for accumulating boiler operating data. 

T h i s  test report includes the information zequired for- Item 

:.York Research Corporation was retained to perform particulate 

Nos. 111, IV; V, VI, VII, VIII, IX, X, XI, XiI, and XI11 
from the Department of Environmental Protection’s Intent to Test 
form in combliance with the Deuartment of Environmental Pro- 
tection‘s new Source Test Guidelines and Procedures, (received 
April 3 ,  1973). 

, 
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T e s t  

D a t e  

Carbon 

H y d r o g e n  

N i t r o g e n  

A s h  

Sulfur 

Speci f ic  G r a v i t y  

BTU/ 1b 

B T U / g a l  

TABLE I V  

FUEL OIL AZJALYSIS 

STEAM G E N E P A T O R  NO. 1 3  

STACK NO. 5 

. :. 

3 - 2 

12/28/73 12 /2  8/7 3 12/28/73 

( C o m w s i t i o n  (% by Weiqht) 

86.46 86.46 86.46 

12..20 12.20 12.20. 

(0.1 (0.1 <0.1 

- 1 - 

0.022 0.022 0.022 

0.335 0.33s 0.335 

0.909 0.909 . 0.909 

19,438 19,438 19,438 

147', 184 147,184 147,184 

. 
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1. Samplinq 'Train Info-mation 
(Ref. I t e m  VIII, " I n t e n t  To T e s t "  Form) 

a. Schematic Diagram and d e s c r i p t i o n  of  sampling 
t r a i n :  

See Appendix A. I 

b. Media type used t o  determine gas  s t ream 
components : 

I. q: Dynascience Model P-101 NOX 
* 

Analyzer ' ,..% ,- 

2.  P a r t i c u l a t e s :  Tared g l a s s  f i b e r  f i l t e r .  

3 .  Flue  Gas Analysis :  A n a l y t i c a l  Instrument 
Development $lode1 5 1 2  Por t aS le  G a s  
Chromatograph 

c, Sampling Probes: 

1. N&: S t a i n l e s s  steel  tube 

2. P a r t i c u l a t e s :  See Appendix A 

3. Flue G a s  Analysis :  S t a i n l e s s  s tee l  tube. 

d. Probe Cleaning Method: 

See Appendix A 

2 .  F i e l d  Data Sheets  
(Ref. Item IX, " I n t e n t  To T e s t "  Form) 

See Appendices A ,  B ,  C, D. . 
3, Descr ip t ion  of Ooeration 

(Ref. Item X, " I n t e n t  To T e s t "  Form) 

The ope ra t ion  t e s t e d  was Engl i sh  S t a t i o n  steam 
gene ra to r  number 13, s t a c k  5, Regi s t r a t ion  Number 
E . S .  13, s t a c k  5 ,  having a t o t a l  BTU/hr r a t i n g  of 
401.1 MBTU (averaged over t e s t  pe r iod )  burning 
No.  6 r e s i d u a l  f u e l  o i l  a t  an average r a t e  of 
2725 g a l / h r ,  and having a g a s  flow of 1 6 6 , 9 2 9  ACFM 
average f o r  t h e  t e s t  per iod.  See Table I V  f o r  f u e l  
oil ana lys i s .  . 

. .  



Samplinq.Area Descr iu t ion  . .  
(Ref. I t e m  XI, " I n t e n t  To T e s t "  Form) 

Emission sanpl ing  was performed i n  t h e  s t ack  106 
f e e t  above the  s t a c k  foundat ion (8 s t a c k  d i a n e t e r s  
.above t h e  breeching i n l e t  and 3 s t ack  diameters  down 
'from t h e  t o ? ) .  Emission s a n s l i n g  was perforrned using 
f o u r  - 4" diameter s.arnpling p o r t s  s3aced 90° a p a r t  
on t h e  s t a c k  circcmference.  A t o t a l  of twelve sampling 
p o i n t s  ( 3  ber samplinq p o r t )  w e r e  used i n  the  t es t  f o r  
p a r t i c u l a t e s .  The i n s i d e  d iameter  of t h e  s t a c k  a t  t he  
sampling loca t ion  is 9' -4"  1.D.. . 

a.. Stack Configuration: 
.'..-I ,.-. 

See Appendix A 

b.. Sampling Por t  Location: 

See Appendix A 

c. Sampling Poin t  P o s i t i o n :  

See Appendix A 

Stack an3 Vent Descr ip t ion  
( R e f ,  I t e m  X I I ,  " I n t e n t  To Test ' '  Form) 

One Babcock and Wilcox Radiant T y p e  Top-Fired Balanced 
D r a f t  bo i le r  d ischarges  f l u e  g a s  through a Research- 
C o t t r e l l  E l e c t r o s t a t i c  P r e c i p i t a t o r  t o  the  s t a c k  breech- 
ing. The s t a c k  h e i g h t  i s  133 '  wi th  t h e  breeching i n l e t  
located 103  f e e t  down from the t o p  of the  s t ack .  

Operat ional  Parameters 
(Ref. I t e m  X I I I ,  " I n t e n t  To T e s t "  FomJ  

Electr ic  u t i l i t y  steam gene ra to r  burning N o .  6 r e s i d u a l  
f u e l  o i l  having r a t e d  c a p a c i t i e s  as r e g i s t e r e d .  

\ 
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v. SANPLTYC; EETXODS 

.~ 

. .  

. .  

All t e s t  p o r t s  a r e  l o c a t e d  i n  the s t a c k  and t h e  number o f  
p o i n t s  sampled were c a l c u l a t e d  on the g u i d e l i n r s  i n  t h e  F e d e r a l  
R e g i s t e r ,  Vcl. 3 6 ,  So. 2L17, d a t e d  December 2 3 ,  1 9 7 1 .  Enough 
p o i n t s  wzre used t o  a s s u r e  a c c u r a t e  r.easuremcnt o f  p a r t i c u l a t e  
emiss ions ,  t empera tu re ,  and v e l o c i t y  over  the c r o s s - s e c t i o n a l  
a r e a  of each s t a c k .  (See F i w e s .  2 j 4 j 6  and 8.) 

. . .  

,.- 

2. V e l o c i t v  and  T e r n ~ e r a t u r e  

V e l o c i t y  was de t i rmined  by p i t o t  t u b e  i n  accordance w i t h  Kes te rn  
p r e c i p i t a t i o n  Company B u l l e t i n  "WP-SO". An S-type P i t o t  Tube (2)  
and thermocouple (3)  arc r i g i d l y  a t t a c h e d  t o  t h e  sampling probe 
(See F igure  9 ) .  A p r e l i m i n a r y  v e l o c i t y  t r a v e r s e  w a s  made t o  
e s t a b l i s h  i s o k i n c t i c  sampl ing  r a t e s  u s i n g  EPA Nethod S samplir1g 

. 

.. . t echn iques .  . .  .. 

~ . .  . 3. Flue Cas Anal t ts is  

Gas a n a l y s i s  for . C 0 2  and 02 was conducted by  t h e  UI u s i n g  a n  O r s a t  apparatus . .  Readings fo r '  each  t e s t  are  r e p o r t e d  . .  i n  t h e  
. Summary of R e s u l t s -  . . . .  

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

. .  
_ .  
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4. P a r t i c u l a t e  Samnlinn Methods L E?A Elethod S .. . 

The sam2ling appa ra tus  c o n s i s t e d  of  a n i n e  (9) foo t  probe hea ted  
f i l t e r ,  f o u r  impingers., d r y  gas me te r ,  vacuum piimp, and c a l i b r a t e d  
o r i f i c e  a s  shown i n  Fig;ure 9 .  The s t a i n l e s s  stccl, button-hook 
type  probe t i p  (1) was equipped w i t h  a 5 1 %  inch  d i a z e t e r  f i t t i n g  
connected by J s t a i n l e s s  s t ee l  coup l inq  w i t h  a s b e s t o s  packing t o  
the probe. 
w a l l  s t a i n . l e s s  s t e e l  t u b e  wi th  a ground s t e e l  j o i n t  on, one. end .  
The probe was l o p a r i t h m i c a l l y  wocnd from t h e  e n t r a n c e  end with  
26-gauge nickel-chromium wire. 
nected t o  a v a r i a b l e  t ransformer  t o  ma in ta in  a gas  tempera ture  o f  
300°F i n  t h e  probe. 
glass  tape.  and encased i n  a 1-incn-OD s t a i n l e s s  s t e e l  t u b e  f o r  
p r o t e c t i o n .  
j o i n t  p r o t r u d i n g  has a n u t  welded t o  i t  f o r  connec t ion  t o  t h e  
s t a i n l e s s  s t e e l  coupl ing  used t o  a t t a c h  t h e  nozz le .  
conn.ects t o  a sve ry  c o a r s e  f r i t t e d  glass f i l t e r  h o l d e r  (11) which 

t a i n e d  in an .  e l e c t r i c a l l y  hea ted  enc losed  box (5) ;.iiiich i s  
t h e r m o s t a t i c a l l y  maintained a t  a m i n i m u m  t e z p c r a t u r e  , o f  250-300°F 
t o  prevent  water  condensation-.  At tached  t o  t h e  hea ted  box was a n  
ice  b a t h  (7 )  c o n t a i n i n z  f o b r  impingers  connected i n  s e r i e s  w i t h  
vactium hose,  The f i rs t  impinger (S) r e c e i v e s  t h e  s a s  s2ream from 
t h e  f i l t e r . .  T h i s  impinger. is o f  t h e  Greenburg-Smith d e s i g n  mcdi- 
f i e d  by r e p l a c i n g  t h a  t i p  wi th  a 1/2 i n c h  I D  g l a s s  t u b e . e s t e n a i c g  
t o  O. .S  i n c h  f r c h  t h e  bot tcm o f  t h e  f l a s k .  T h i s  im?inger was 
i n i t i a l l y  f i l l e d  with 100  m i l l i l i t e r s  of dis t i l1ed:water .  
second impinger (9) i s  a Greenburg-Smith impinger wi th  t i p ,  and 
also f i l l e d  wi th  100 m i l l i l i t e r s  of d i s t i l l e d  water .  The t h i r d  
impingcr (10) modified l i k e  t h e  first, w i t h  no  wa te r .  
irnpinger (11) is a l s o  a Greenburg-Smith type  modified l ike  t h e  
first and. contained 300 T a m s  o f  d r y  i n d i c a t i n g  s i l i c a  ge l .  

The probe. c o n s i s t e d  o f  L/2 i n c h  i n s i d e  d i ame te r  medium- 

Dur ing  sampling,. t h e  w i r e  was con- 

The wire wound.tube was wrapped .with f i b e r  

The end of t h e  s t e e l  t u b e  t h a t  does not  have t h e  b a l l -  

The probe 

,ho lds  a t a r e d  g l a s s  f i l e r  f i l t e r .  The f i l t e r  ho lde r  was con- 

The 

The f o u r t h  

Frun the. f o u r t h  impinger t h e  e f f l u e n i  .&rea& f h o s ~ t h r o u g h  a d i a l '  

t u b i n g  ( 1 4 ) ;  vacuum gauge. (15); a v a l v e  ( 1 6 ) ;  a l e a k l e s s  vacuum 
pump (17), r a t e d  a t  I, cub ic  f e e t  p e r  minute a t  0 i n c h e s  of mcrccry 
gauge p r e s s u r e  and 0 c u b i c  f e e t  pe r  minute a t  26 inches  of merccry 
gauge pressare,  and connected i n  p a r a l l e l  w i th  a bypass  need le .  
v a l v e  ( 1 6 ) ;  and a d r y  g a s  meter  r a t e d  a t  .1 c u b i c  f o o t  p e r  
r e v o l u t i o n  ( 1 9 ) .  A c a l i b r a t e d  o r i f i c e  (20) coi:ipletes t h e  t r a i n  
and w a s  u sed  to measure i n s t a n t a n e o u s  meter  flow r a t e s .  The t h r e e  
thermometers (12) are  d i a l  t y p e  w i t h  a r ange  of 25' t o  125°F. A 
f o u r t h  thermometer i n  t h e  hea ted  p o r t i o n  of  t h e  box h a s  a range 
up t o  500°F.. T h e  dual manometer (21)  a c r o s s  t h e  c a l i b r a t e d  o r i f i c e  
is an i n c l i n e d ' - v e r t i c a l  type  graduated  in h;ndrcdths of  a n  inch of  
wa te r  fran 0 t o  1 .0  inch  and i n  t e n t h s  from. 1 t o  1 0  i n c h c s .  

. thermometer (12), a check , i a l v e  (13);  f l e x i b l e  r-Jbber vacuum 

. .  . .  . . .  
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. . - .. : ., .I . -1. .......... 
i ........... 5. T e s t  Procedure .. . . .  . .  . .  

R i o r  t o  t h e  s t a r t  o f  a t e s t  series f o r  each  s t a c k ,  t h e  p r e s s u r e ,  
t empera ture ,  and range of v e l o c i t y  p r e s s u r e s  were determined 
d u r i n g  p re l imina ry  p i t o t  t u b e  and t empera tu re  t r a v e r s e .  

During each t e s t  t h e  f o l l o w i n g  r e a d i n g s  were t aken  a t  each p o i n t :  

1. 
. 2 .  
3 ,  
4. 
5 .  
6. 
7. 
8 .  

, 9 .  
LO. 
11. 
12 .. 

. . . .  
. .  .. 

.- 
. .  

. .  
. . . .  

P o i n t  Des igna t ion  

Dry gas n e t e r  r e a d i n g  (CF) 
V e l o c i t y  head (A P i n  i n c h e s  water )  
Desired p r e s s u r e  drop  a c r o s s  o r i f i c e  ( 3 H  i n  i nches  water)  
A c t u a l  p r e s s u r e  drop  ac fbss '  o r i f i c e  (A H i n  i n c h e s  water )  
Dry gas  tempera ture  (OF) gas  meter  i n l e t .  
Dry gas  tempera ture  ("F) gas meter  c u t l e t .  
Vacuum pcmp ga 'u~e  r e a d i n g  ( in .  Hg). 
F i l t e r  box tempera ture  (OF) 
Dry gas  temperature .  ( O F )  a t  t h e  dischar-c  o f  l a s t  impinger .  
S t a c k  tempera ture  (OF) 

... . .  .;- 
- .  . .  Clock T i m e  . .  

. .  

The r e l a t i o n s h i p  OF .Z P r e a d i n g  w i t h  t h e  6 : i  rea-ding is a 
f u n c t i o n  of t h e  foll 'owing 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  .. 

4. R a t i o  o f  f l u e  gas p r e s s u r e  t o  bare;.,:-' ... u r  e 

2.. Gas meter  tempera ture  
3.. % mois tu re  i n  t h e  f l u e  gas  

5 ,  S t a c k  tempera ture  
6. Sampling nozz le  d iameter  

A nomograph was used t o  c o r r e l a t e  all. t h e  a1 ob? 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 I-\ P and /l H could he d e t e r -  
mined by t h e  sampler wi t t i in  f i f t e e n  seconds and i s o k i n e t i c  
c o n d i t i o n s  maintained throughout  the  t e s t .  . .  

. .  
:- c 

6. B a s i c  Lahora torv  Procedtire < '  

The foi loiging paragraph b r i e f l y  d e s c r i b e s  t h e  methods used i n  
t h e , l a b o r a t o r y  t o  o b t a i n  t h e  raw d a t a  u s e d  i n  t h e  c a l c u l a t i o n s  
of our r e s u l t s  a s  r e p o r t e d  i n  S e c t i o n  111 of t h i s  r e p o r t .  

The c l e a n  up i s  done i n  the f i e l d  a c c o r d i n g  t o  EP!! t e s t  pro- 
cedure.  The f i l t e r s  were p r e v i o u s l y  t a r e  weighed and recorded  
a t  t h e  l a b o r a t o r y .  Upon r e t u r n  t h e y '  a r e  d r i ed ,  cooled i n  a 
d e s s i c a t o r ,  then weighed on a n  a n a l y t i c a l  ba l ance  and t h e  amount 
of p a r t i c u l a t e  c o l l e c t e d  is t h e  d i f f e r e n c e  in t h e  t w o  weigh t s .  
The p a r t i c u l a t e  wash s o l u t i c m  ( taken  from t h e  t r a i n  in f r o n t  of  
t h e  f i l t e r )  is p laced  i n  a t a r e d  beakcr ,  t h e  wash s o l u t i o n  i s  
evapora ted  w i t h  and Jn f ra  -Red' Heat  Lamp and t h e  beal.er weighed 
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aga in .  The d i f f e r e n c e  i n  weight  is  t h e  wcight  o f  t h e  p a r t i c u l a t e  i n  
t h e  wash. This  i s  combined w i t h  t h e  f i l t e r  c a t c h  a s  t h e  w e i d ~ t  

The impinger condensate  is measured f o r  moi s tu re  de t e rmina t ion .  

of t h e  sample .  . . .  
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SAMPLE C4LCULAT ICXS 

NOTE: All equations used in these calculations are found 
in the Federal Reqister, Vol. 36, No. 247. dated 
December 2 3 ,  1971. 

Calculations representative of Test %I. 

1. Dry Gas Vo1urr.e 

Vmstd = 

in. Hg. 

3 = 19.313 ft 

2. Volume of Water Vapor 

Vwstd = (3.0474 F‘& 

0.0474 Ft ( m13) 

= 1.474 Ft’ 

3. Moisture Content 

BwS = Vwstd 
Vwstd + Vmstd 

- 

eq, 5-1 
13.6 

29.89 in.hg + 0.324 in 
13.6 

525.9 O R  

l g . ’ r W  ft 

VlC 

31..1 ml. 

- - 1.474 Ft’ 
1.474 ~t~ + 19i313 Ft3 

= 0.0709 x 100% = 7.1% 

eq. 5-2 

. 

.. . _. . 
\ .  

eq. 5-3 

.. 



I .$. MQLe'cular 'iieiaht (dry) ., 
Md = 0:44 (% c02)  L 0.32 (% 02) 

+ 0.28 ("/.X2) + 0.28 (% CO) eq. 3-2 

+ 0.28 (0.00) 
= 0.44 (11.53) + 0.32 (6.98) + 0.28 (81.49) 

= 30.12 lb/l-b-mole 
\ 

5. Molecular Weiqht (wet) 

* M S  =i M d  (1-Bws) + 18 BWS 

= 30.12 (1-.071) + 18 (.wry 
= 29.26 lb/lb-inole 

6. Stack Gas Velocitv - 
VS = K p  Cp 

PS x Ms 

! 

eq. 2-2 

165.8 
29.87 x 29.26 

= (85.48) (.84) (.589) 

= 39.59 F.P.S. 

7. Gas V o l u m e t r i c  Flow Rate, ACFM 

. .  . - -. . ACFM = V s  x As x 60 sec/min 

2 = 39.59 x 68.38 Ft x 60 s e c / m i n  , 

= 162,430 ACFM 

8 .  Gas Volumetric Flow Rate, SCFM 

60 (l-Bws) V s . A s  (F) (x) eq. 2-3 
PStd . .  Qs- = 

= 104,260 SCFM 



. '9 . .  Gas V o l u m e t r i c  Flow Rztc,  l b /h r  

Ws = Qs x 60 min x M d  

. 386 F t 3  hr 

3 1 0 4 , 2 6 0  SCFM x 60 min x 30.12 lb/lb-mole 
h r  386 F t 3  

= 488,131 ,Lb/hr 
\ 

10.  P a r t i c u l a t e  C o n c e n t r a t i o n s ,  qr/SCF 

0.0154 Mn 
Vms t d  

C ' S  3 

,. . - I  I-- 

= 0.0154 z. 25.3 mq. ( mg') 19.313 F t  
3 

eq. 5-4 

= 0.0201 gr/SCF 
3 11. P a r t i c u l a t e  C o n c e n t r a t i o n s ,  lb /F t  

lb  Mn eq. 5-5 - 
cs = (453iOO nu 

Vmstd 

= (45i600 25.3 mg, 

19.313 F t  
3 

. .. 
2 2.88 x lb/SCF 

12. P a r t i c u l a t e  C o n c e n t r a t i o n s ,  lb/hr . . _. . 
cw = Cs Qs x 60  min 

hr 
. 

- -6 - (2.88 x 1 0  lb/SCF) (104 ,260  SCFM) 60  min 
hr 

18.02 lb/hr . 

13. P a r t i c u l a t e  C o n c e n t r a t i o n s ,  lb/MBTU 

Er = cw' 
H e a t  I n p u t  

- - 18 .02  l b h r  
401.1 x LO6. BTU/hr  



. 

I -14. % I s o k i n e t i c  SarnDlinq 

I = Ts (1.667 
13.6 

.. 
(0.00267) V l c  + VM 

sec Tm 
u- 

0 Vs P s  An 

eq. 5-6 

(0.00267) (31.1) + 19.172 
-5TxT 

I = 765.8 (1.667)  
\ 

(60) .  (39.59).  (29.87) (1.916 x 

= 110.2% 

';-x ,-- 15.  N% C o n c e n t r a t i o n s ,  l b h r  

l b h r  = PPM x Mw (NO2) x Ws 
M d  

'= 109 x 46 lb/lb-mole x 488,131 & 
1066- 30.12 lb/lb-mole. hr 

= 81.3 l b h r  

16 .  N4( C o n c e n t r a t i o n s ,  lb/MBTU 

- lb/MBTU = lb/hr 
H e a t  I n p u t  

= 81.3 l b h r  
401.J x l o 6  BTU/hr 

. .  . . .. . 
= 0.203 Ib 

l o 6  BTU . 
17. S t a c k  P r e s s u r e  (Abso lu te )  i n .  Hq. 

p s  = P b  +& 29.89 + (-0.31) = 29.87 i n .  Hg. 
13.6 13.6 

, .  . 



. . . . .  
.I . . . .  - _* _. . -- - . - .  

19 .  Stack  Area ( F t 2 )  
2 ‘  As = t;D2/4 = 0.785 (112 /12)  - 68.38 F t 2  

20. Heat InDut,  MBTU 

Sp.!Gr. x 8.33’1b/gal  X BTU/16 x g a l f i r  

0.909 x. 8.33 x 19,438 x 2725 = , 4 0 1 . 1  x l o 6  BTU 

3 21. . Gas D e n s i t v ,  l b / F t  
7-2 ,-- 

G a s  D e n s i t y  = mol w t  q a s  (md) x Tstd x 
Ts P s t d  386. F t 3  

= 30.12 x 530 @R x 29.89 = 0.054 l b / F t 3  
386 765.8 29.92 

. .  

. .  

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

. .  . . .. .. . 

.. ... . . 



* 
TIIE WTITED ILLU?.!.I?:.ATI::G COMPP-W . ._ . 

. .* . .. .. . 

- ."? . *. . SOUIICL: TZSTI::C CALCULT.TiG< FQXS , 
. .  

. .  . .  
No. Runs 3 ?St N o .  Enql  i sh  S t a t  i o n  $5 

i m e  oE F i r n  

IcaLion o f .  P l ~ n t  510 'Grand Avenue. New k v e n ,  C o n n e c t i c u t  

~ p c  of P l a n t  Steam G e n e r a t i n a  S t a t i o n  

:nt ra 1 Equ i p x m  t 

m ? l i n g  P o i n t  x x z t i m z  S t a c k  

3 l l c L a n t s  Sax2lcd P a r t i c u l a t e s ,  Nit ' roqen Oxides  

ime of Parti.culz:e' T e s t :  

in P!O. 1 Date 12/28/73 B e g i n  1350 Er.d 15C4 

U n i t e d  a m i n a t i n q  C0mDar.v 

'1  

E 1 e_c t r o  s t a t  i c P re c i D  i t a t o r  

- - I  I.-. 

in EO. , 2  Date 12/28/73 - Begin 1 5 3 5  End 1645 -- 
'in No. 3 Date 12/28/73 Begin 1714 End 1823 . .  

1 n No. 
- 

85.48 

c p  = P i t c t  t u S z  coe f f i c i en t  (celi.5.) 0.84 

0'. 589 -4iF = g a s .  i n c h e s  EZO 

rn = A v e r a q e  s tack  t e rm.  ... OR 765.8 

Pb = Baroze t r ic  . ~ r e s s u r e ,  "9q Abs. 29.89 

f t  ( lh . ) %  
Kp = 35 .43  S e C  13. ROIS-.'R 

- Airaraqs veiocicy .,isaa of s t a c k  

. .  - 
. .  

, Pd = G ~ s  Ciwt Dresscre,.  "Fi-0 -0.31 - --_-_ -- 
, A 3 s o l u i e  s t a c k  cas p r e s s u r e ,  

PS I i n c h s s  Eg - 29.87 - 

2 3 

85-48 85.48 

0.84 0.84 

0.596 0.619 

767.1 .770.0 

29.89 29.90 

-0.30 -0.35 

29.87 29.87 

. .  

. . .  

. .  

w s  = "/o moisture i n  s tack gas ,  Isy 

b m c u i a r  ~ier911= ox scaciE 
vo lu:.ie 

Id = g a s ,  d r y  

IS = M o l e c u l a r  w e i q h t  of s t a c k  gas 

9.1 I ' i2.6 I 7.1 

30.12 

29.26 

30.12 I- 30.10 

29.02 28.58 

. .  

. . .  . 
.. 



A,-,- v.;: = .- S,thck gas  ve loc i ty ,  F.P.S. ' 1 39.591 40.26 1 42 .211  
i. 

% c02 c; i 

% 0 2  

% co 

% N 2  

11.53 11.51 11.35 

6.98 6.98 7.11 

0.00 0.00 0.00 

. .  81.49 81.51 81.54 . . 
. .  

Total  volume 03 l i q u i d  
vlc = co l l ec t ed  i n  impingers 

and s i l i c a  o e l .  m l .  31.1 67..i 103.3 

Volume of dry gas sampled 
Vm = a t  meter condi ' t ions,  FT3 

Volume of d!jy gas sampled 
.;-: I = -  

' s td  = a t  STP, FT 

Average drl gas meter 
TITI = temo.. OR 

19.172 31:675 I 33.637 

1'9,313 31-710 34.051 
. . 

I 525.9 I 530.2 1 5 2 4 . 5  I 
Average p r e s s u r e  drop 

AH = across  o r i f i c e ,  inches HZ9 

0 = Total  Sampling Time, min .  
I Dn = Nozzle d i a . .  i nches  

O..324 1.018 

60 60 

0.1873 - 0.750 

1.098 

1L 
I 

3.407 I 

__ - Qa = Stack gas  volume a t  s t ack  
condi t ions (ACFM) 

_ .  

109.5 I 

'162,-430 165;179 173 ,179  166,929 

Qs = Stack aas volurie a t  STP 
. .. . . ' .  . (SCFhl) . 

.- . .. 
hip = Part iculate-probe,  washings, mg 

Mf' = P a r t i c u l a t e - f i l t e r ,  (mg) 

b i n  = P a r t i c u l a t e - t o t a l  (rrg) 

1104,260 I '  103,566 I '  104,008 1 103,945 

. -  - - 
- - - 

25.3 1 6 . 1  36.9 
I 

P a r t i c u l a t e  Concentrations 
C I S  gr/scf 

csq = Par t i cu la t e  t o t a l  e x i s o i o n  lb /h r  

1488.131' 484,882 1 486,6281 486 ,547  
1 

I .- . .. 
ws = Stack gas  mass flow lbs/hr.- 

0 , 0 1 5  

1 3 - 2 6  

I 0.020 0.008 0.017 

1 8 . 0 2  6.90 14.85 
I 

c 5 NO, conccnt ra t ions ,  P P 3  

en =  NO^ ib/io%v 
109  108 108 

0.203 . 0 . 2 0 0  0.200 0.20 . 

BTU 0.045 I ' 0.017 I 0.037 I 0.03 
... Er = P a r t i c u l a t e  emission r a t e ,  l b / l O G /  

I 
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- L  I n t r  odu c t i o n  

Emission t e s t s  for p a r t i c u l a t e s  and n i t r o g e n  ox ides  w e r e  con- 
ducted a s  r e q u i r e d  by  Connec t i ca t  S t a t e  L a g  o n  The Vni ted  L l l u n i n a t -  
ing Company Br idqepor t  EarSor  S t a t i o n  S t e a m  Generator N o .  3 ,  S t ack  
N o .  3, l o c a t e d  i n  Br idgepor t ,  Connec t i cu t .  T e s t i n g , w a s  conducted on 
Febru i ry  2 1  and 2 2 ,  1974.  

. .  P a r t i c u l a t e  t e s t i n g  was performed i n  accordance  w i t h  tes t  
methods and p rocedures  a s  p r e s c r i b e d  i n  the F e d e r a l  Regis te r ,  V O l .  
36, No.  247, d a t e d  Deceiilber 23, 1 9 7 1 .  T e s t i n g  was p e r f o m e d  by' 
York Research Corpora t ion  o f  Stamford, Connec t i cu t ,  u s i n g  a sampl ins  
t r a i n  a s  d e s c r i b e d  i n  Appendix A. 

Nit ' rogen  ox ide  emis s ion  t e s t i n g  was performed by t h e  Uni ted  
I l l umina t ing  Company Development-and T e s t  Labora to ry  u s i n g  a Dyna- 
sc i ence  !<ode1 ?- lo1  NO, Analyzer .  
gen Oxide T e s t  R e s u l t s  f o r  t es t  No.  1 i n d i c a t e  t h e  u n i t  t o  be i n  
v i o l a t i o n .  However, ave rag ing  a11 t h r e e  t e s t  r e s u l t s  shocu t h e  u n i t  
t o  comply wi th  the a l lowab le  emis s ion  ra te  of 0.30 lS./MBTU. F i e l d  
d a t a  i s  inc1,uded i n  Appendix E. 

t u r e  con ten t  and f lue -gas  a n a l y s i s .  T h e  p rocedures  used i n  d e t e r -  
mining  t h e s e  v a r i o u s  T a r a n e t e r s ,  excep t  f o r  f l u e  gas a n a l y s i s ,  are 
those  found i n  t h e  abovementioned F e d e r a l  Rsq i s t e r .  The s t a c k  f l u e  
gas was- ana lyzed  by u s i n g  a n  A n a l y t i c a l  In s t rumen t  Development biodel 
512 P o r t a b l e  G a s  C?konatogreph. 

It .  is t o  be no ted  t h a t  t h e  N i t r o -  

T e s t s  were a l s o  conducfed t o  de te rmine  s t a c k  gas v e l o c i t y ,  mois- 

York Research Corpora t ion  was r e t a i n e d  to  perform p a r t i c u l a t e  
t e s t s ,  t o g e t h e r  w i t h  a p r e l i m i n a r y  v e l o c i t y  t r a v e r s e ,  mo i s tu re  
de t e rmina t ion ,  and f u e l  0.11 a n a l y s i s  - The Uni ted  I l l u m i n a t i n g  Corn-. 
pany w a s  r e s p o n s i b l e  for t h e  f l u e  gas a n a l y s i s ,  n i t rogen ,  ox ide  
a n a l y s i s ,  and f o r  accumula t ing  b o i l e r  o p e r a t i n g  d a t a .  

This tes t  r e p o r t  i n c l u d e s  the in fo rma t ion  r e q u i r e d  f o r  I t e m  . 
Nos. 111, I V ,  V, V I ,  V I I ,  V I I I ,  I X ,  X ,  X I ,  XII 'and X I 1 1  from t h e  
Department o f  Environmental  P r o t e c t i o n ' s  I n t e n t  t o  '%St f o r i  i n  
compliance with t h e  Department o f  Environmental  P r o t e c t i o n ' s  new 
Source T e s t  Gu ide l ines  and Procedures ,  (Received A p r i l  3 ,  1973). 
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D 
-P 

1. Samulins Train Information 
(Rev. Item V I I I ,  " In t en t  To Tes t"  Form) 

a. Schematic Diagram and descr ip t ion  of sampling - 
t r a in :  , 

See Appendix A. 

b. Media type used t o  determine gas stream 
components: 
1. NOx: Dynascience Model P-101 NOX 

2. Par t i cu la t e s :  Tared g l a s s  f i b e r  f i l t e r .  

3.  Flue Gas Analysis: Analyt ical  Instrument 

Analyzer 

Development Model 512 Portable Gas 
Chromatograph 

c. Sampling Probes: 

1. Nitrogen Oxides: S t a in l e s s  steel tube 

2. Par t icu la tes :  See Appendix A 

3 .  Flue Gas Analysis: S t a in l e s s  s teel  tube. 

d. Probe Cleaning Method: 

See Appendix A 
*. 

2, Field Data Sheets 
R e f .  Item IS, " In ten t  To Test"  Form) 

See Appendices A, B, C, D. . 
3 .  Descriwtion of Ovaeration 

Ref. Item X, " In ten t  To Test" Form) 

The operation tes ted  was Bridgeport Elarbor S ta t ion  
steam generator N o .  3 ,  stack No. 3 ,  Registrat ion 
Number BBS 3 ,  s tack 3 ,  having a t o t a l  B T U / h r  r a t i ng  
of 3937 MBTU/hr (averaged over t h e  t e s t  pe r iod ) ,  
burning No. 6 r i sdua l  fuel o i l  a t  a n  average r a t e  
of 27,360 gal/hr, and having a gas flow of 1,287,034 
ACFM, average for  the  t e s t  per iod.  See Table I V  
fo r  fue l  o i l  ana lys i s ,  

. 



.P 

I -f 

.. 
4. SamDlina Area DescriDtion 

'" ( R e f .  Item X I ,  " In t en t  To T e s t "  Form) 

Emission sampling w a s  performed in '  the  stack 243, 
f ee t  above the  s tack  foundation (approximately 10 
stack diameters 'above the breechinq i r? le t s  and 

diameter sampling oor t s ,  spaced 90° e p a r t  on. the  
stack circumference. A t o t a l  of twelve sampling 
poin ts  (3  per sampling port)were used i n  the t e s t  

. for  par t icu la tes . .  The ixs ide  diameter of  the s tack  
a t  the sampling loca t ion  w a s  found t o  be 1 8 l - 7  7 / 8 "  

, . a. Stack Configuration: 

approximately 15  stack dizmeters down from the  t o p ) .  i h r i s s i o n  sampling w a s  performed using four 4" ! 

See Appendix A 

b, Siimplinq P o r t  Location: 

See Appendix A 

c. Sampling Point Posi t ion:  

See Appendix A 

5 .  Stack and Vent Descriotion 
Ref. I t e m  XII, "In ten t  To Tes t"  Form) 

. 

Cne Combustion Engineering tangentially-Fired 
Radient Reheat Boi ler  discharges f lue  gas through 
t w o  breechings i n t o  the' stack. Attached t o  tine 
o u t l e t  of the b o i l e r  i s  a Research-Cottrell e lec t -  
r o s t a t i c  p r e c i p i t a t o r ,  having a n  estimated co l lec t -  
ion ef f ic iency  of 75% when burning B0.6 res idua l  . 
fue l  o i l .  

6 .  Operational Parameters 
Ref. Item X I I I ,  " In ten t  To T e s t "  Form). 

Elec t r i c  u t i l i t y  steam generator  burning No.6 
res idua l  fue l  o i l  having ra ted  capac i t ies  as 
reg is te red .  

. 
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1. Port Location 

The tes t  por t  loca t ions  and the  number o f  po in ts  sampled were 
calculated €rom &widelines i n  the Federal Rec;ister, Vol. 36 ,  
Xo. 2 4 7 ,  datcd December 23 ,  1971. Enough p o i n t s  were used t o  
assure  accurate  n-casuremene of  p a r t i c u l a t e  emissions,  temperature, 
and ve loc i ty  over the  cross-SectioIlal area of each s tack  (See 
Figures 1-U). 

2. Velocitv and Tcrnnerature 
. .  

Velocity was determimd i n  accordance with Guidelines i n  Netliod 
2 of  the Federal Kes i s t e r . ,  A preliminary ve loc i ty  t raverse  was 
made t o  e s t a b l i s h  i sok ine t i c  sampling r a t e s  using EPA >lethod 
samplj.n,o tectiniqxes [See Figure =6) 

5 

3 .  F l u e  Cas Analysis 

'Cas ana lys i s  €or COz and 02 was conducted. by UI usirig an Orsat 
apparatus: Readings f o r  each t e s t  a re  reported i n  the Summary 
of Results.  

4. 

The sampling ippara tus  cons is ted  o f  a n i n e  ('3) foo t  probe on 
U n i t  2 arid a f i f t e e n  (15) f o o t  probe on nit 3 ,  heated f i l t e r ,  
four i m p i n p r s ,  d r y  gas meter, vacuum pun::,, and ca l ibra ted  
o r i f i c e  as  shown i n  F i g u r e  5 .  
type sampling nozxle (1) , T y p e  "S"  p i t o t  tube ( 2 )  , and thcrmo- 
couple ( 3 ) ,  exteridcd from the sainplin: end 05 t h c  probe, izliich 
consis ted of 1i inch ins ide  d.iamcter niccli'un-wall s t a i n l e s s  s t e e l  
tube w i t h  a ground s t e e l  j o i n t  on one end. Tlie probe was loga- 
r i thmica l ly  wound from the eritrance end w i t h  ZG-gauge nickel-  
chromium wire. During sampling, the  wire was corinected t o  a 
var iab le  transforiner t o  maintain a i a s  tcmperaturc o f  250'F i n  
the  probe. The wire wou~ld t u b e  was r~r 'apped w i t h  f i b e r  g l a s s  
tape  and eticased i r i  a 1-incli-OU s t a i n l c s s  steel tube ?or  pro-  
t ec t ion .  
j o i n t  p r o t r u d i I 1 z  has a n u t  wc.lded to  i t  f o r  conticction to  the 
s t a i n l e s s  Steel coupl i~ lg  u s e d  t o  attiicli the  nozzle. . The probe  
connects t o  a V C V ~  coarse f r i t t c d .  g l a s s  f i l t c r  I to lde r  ( 5 )  wlJicll 
h o l d s  J t a red  glass f i b e r  filter. The f i l t c r  holder was con- 

- .  
*, . 

.: Par t i c tda t e  S a m n l i n g  I4ethods - EPA ?lethod 5 

The s t a i n l e s s  steel, button-hook 

The  end of the steel  tvbe t l iat  does not have tlic ba l l -  

- 

i 
I 

. I  

i 
I 



t a i n e d  i n  hn  e l e c t r i c a l l y  hea ted  enclosed box (4) which i s  
t h e r m o s t a t i c a l l y  maintained a t  a miniinum temperature  o f  230°F 
to prevent  m t e r  condensat ion.  Attached t o  t!ie heated box 
wit!\ ti :;on tubin:; IKIS m ice b a t h  (7)  c o n t a i n i n g  fou r  i m p i n g e r s  
cor;::err!!c! i r !  s c r i c s  !.;irk ~.-;Ic:!t:in. hose. The f i r s t  impinger (8) 
r e c e i v e s  ttic gas strcilin i ron  the f i l t e r .  
t h e  Greeiiburg-Smitli d e s i g n  rodi r ' i ed  b y  r e p l a c i n g  ttle t i p  w i th  a 
4 i n c h  I D  glass tube ex tending  t o  0.S i n c h  from the bottom o f  
t h e  f lask.  
l i t e r s  of d i s t i l l e d  v a t e r ,  The second i m p i n s e r  (9) i s  a Green- 
burg-Smith ii:igiz:;er with t i p ,  ar;d g lsc  f i l l e d  w i th  100 m i l l i -  
l i t e r s  o f  d i s t i l l e d  x a t e r .  The t h i r d  i m p i n g r r  (10) modified 
l i k e  the  f i r s t ,  wi th  no -wa te r .  The Fourth impirlser (11) i s  
also a Greenburg-Smith t : J o e  modif ied l i k e  t h e  f i r s t  arid conta ined  
300 grams of  d r y  i n d i c a t i n g  s i l i c a  gel. 

From t h e  f o u r t h  imgin::er t h e  e f f l u e n t  s t ream flows through a 
d i a l  tfiermorncter (12 )  ~ a check va lve  (13) ; f l e x i b l e  rubber  
vacuum tub ing  (It\) ; v a c u ~ ~ i  gauge (15) ; a va lve  (LG) ; a Leakless 
vacuum pump ( l i ) ,  r a t e d  a t  Q cal l ic  f e e t  pers m i n u t e  a t  0 i nches  
o f  mcrcu,ry g a ~ i g e  p r e s s u ~ ~ e  and 0 c u b i c  f e e t  p e r  minute a t  26 
i n c h e s  o f  m r c a r y  giluse p r e s s u r e ,  and connected i n  parallel 
w i t h  a b y p a s s  iieedle va lve  (1s); and. a d . ry  g a s  meter r a t c d  a t  
.1 c u b i c  f o o t  p e r  revolution (13)., A ca l iLca ted  o r i f i c e  (20) 
complc tes the  t r a i n  and \.:as used t o  meas:,i;c ir;stantarieoqJs meter  
f low rates.  T:?.c t h r e c  thc rcomcte r s  (12) d i a l  'type wi th  a 
range of 23'' t o  123'F.. 
p o r t i o n  of t l ie.  box has  a range u p  t o  500'F. Tlie d u a l  rnanoneter 

.' (21) a c r o s s  the cali11ra:cd o r i f i c e  i s  a n  i n c l i n e d - v e r t i c a l  type 
graduated i n  hundredths  of  an inch- of water  from 0 t o  1..0 i n c h  
and i n  t e n t h s  f rorn, l  t o  1 0  inches .  . 

T l i i s  impin:;er i s  o f  

.. 
This  impin:;er h-as i n i t i a l l y  f i l l e d  wi th  100 m i l l i -  

A f o u r t h  t n c m o c e t c r  in t h e  heatcd 

*. 
5. T e s t  Procedure 

Prior t o  t h e  s t a r t  o f  a t e s t  series fo'r oilch s t a c k ,  t h e  p re s su re ,  
temperature, a n d  range o f  v e l o c i t y  p r e s s u r e s  were determined 
duri t ig  p re l imina ry  p i t o t  t u b e  and tempera ture  t r a v e r s e .  

Durlng cach t e s t  t h e  fo l lowing  r e a d i n g s  were taken a t  each p o i n t :  

1.. P o i n t  Designat ion 
2. Clock T h e  

4. Veloc i ty  head ( A  P i n  i.nchcs water)  
5 .  Desired pressure d w p  across o r i f i c e  ( A  tf i nches  watcr)  
6. Actual  prcssiirc drop acimss o r i f i c e  ( A l l  i n  i nches  water)  
7'. Dry gas temperature  (OF) gas mcter  i n l e t  
8. Dry gas t emperani re  (OF) gas n i c t e r  o u t l e t .  
9.. Vacuum pump gauge readirlg ( in .  1Q). 

3.  Dry gas mcter r e a d i n g  (CF) . . .  



10.  F i l t e r  box temperature (OF) . 
11. Dry %as t e r n e r a t u r e  (OF) a t  t h e  d i s c h a r g e  o f  1 g s t  impinger 
1 2 .  Stacli temperature (OF) 

The r e l a t i o a s h i p  of  CI I' r ead ing  with t h e  .@.I[ r e a d i n g  i s  a func t ion  
of  t h e  followiiig 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 t c n o e r a t u r e  
3 .  74 mois ture  i n  t h e  f l u e  a,as 
4. 
S., Stack tempera ture  
6. S a m p l i n S  nozz le  d i a m e t e r  

A nornogaph was used t o  c o r r e l a t e  all 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 '  b e t w e n  A P and A [ I  cocld be d e t e r -  
mined. by ti;e s m p l e r  i,*it!lin FiEteen seconds and i s o k i n e t i c  
condi t ior i  s riaintained t!irour;!:out t h e  t e s t .  

Ra t io  of f l u e  gas p r e s s u r e  t o  barometr ic  p r e s s u r e  

6. BASIC LABOR;\TORY PROCEDL'RE 

The follo,.:.ing parasr,aph briefly d.escr ibes  t h e  methods used. i n  
t h e  l a b o r a t o r y  t o  o b t a i n  t h e  raw d a t a  used i n  t h e  c a l c u l a t i o n s  
o f  our  r e s u l t s  a s  r e p o r t e d  i n  Sec t ion  I11 and V I  o f  t h i s  r e p o r t .  

. 

The ' c l ean  up i s  done i n  tile f i e l d .  acco rd ing  t o  Et'A t e s t  procedure. 
The f i l t e r s  wcrc p rev ious ly  tare  weighed and recorded a t  t+.e 
laborator:.,. 
then wei.g"ed o n  an ar;aL:;tical Galarice am). t h e  t irwunt of p a r t i c u -  
l a te  c o l l e c t e d  i s  t h e  d i f f e r e ! ~ c e  i n  t h e  two xieights. T h e  pa r t - .  
i c u l a t e  v;asli solut.ior~(tal;e!i from t h e  train i n  f r o n t  o f  t h e  
f i l t e r )  i s  p1aced"in a tared.  beake r ,  t h e  tzash s o l u t i o n  i s  evap- 
o r a t e d  w i t h  an  Infra-Red. l leat  Lamp a n d  t h e  beaker -b:e%$Etl aga in .  
The d i f f e r e n c e  i n  r,;cignt i s  t h e  weight or' t h e  p a r t i c u l a t e  i n  t h e  
wash. 
t h e  sample. . 
The impinger cond.ensate i s  measured f o r  mois ture  de te rmina t ion .  

llpon r e t a m  :he:! are  d r i c d  ~ cooled i n  a d e s s i c a t o r ,  

T h i s  is combined with t h e  f i l t e r  c a t c h  as  t h e  weight o f  

L 

CALI11 Ril TION 

The equipment u s e d  on this a s s i ~ m e n t  was c a l i b r a t e d  one week 
p r l o r  t o  f i e l d  t e s t i n g  and r e - c a l i b l u t e d  upon equipment r c t u r n  
a f t e r  t e s t i n g .  York  Research c a l i b r a t i o n  i s  t r a c e a b l e  t o  t h e  
Na t iona l  Ulureau of Standards.  

. .  

. .  

. .  
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SAMPLE CALCULATIONS . 
NOTE: A l l  e q u a t i o n s  used  i n  these c a l c u l a t i o n s  are found 

i n  t h e  F e d e r a l  Register, Vol. 36, N o .  247, d a t e d  
December 23, 1971. 

C a l c u l a t i o n s  r e p r e s e n t a t i v e  of T e s t . # l .  

1) D r y  G a s  Volume 

Vmstd = ((17.7li:; 2) Vm (,,a= +a)) 1 3 . 6  1 eg .5-1 

Tm 

\ 

1 
(30.12 i n  H g  A 1 . 7 1 7  i- C2c 

13,6 
517.8 R 

0 (17.71 R ) = i n ~ g  

- - 35.46 f t 3 .  

2 )  . Volume of w a t e r  Vanor 

V w s t d  = (0.0474 &? V l C  
M 

~ f0.0474 77.6 m l  
M 

3.68 FT’ = 

3) Mois ture  Content .. 
Vwstd 

VWStd + V i n s t d  
Ews = 

. 
.0934 x 100% = 9.34% . . - - 

eg.5-2 

.. 



Molecular Ke1aht ( d r v l  

Md = 0.44 (% CO2) + 0.32 (% 0 2 )  + 0.28 (% N2) 0.28 (% CO) eq. 3-2 

- - G . 4 4  (10.7.2) + 0.32 (7.88) + 0.28 (81.40) 
+ 0.28 ( 0.00) 

- -- 30.031b/lb- mole 

MoiecuLar Weiqht (Wet) 

MS = Md (1-Bws) + 18 B W S  

= 30.03 (1-.0934) + 18 (.0934) 

- - 28.91 lb/lb-mole 

s tack  Gas Velocity 

e g .  2-2 

79-2 F.P.S. 

Gas Volumetric Flow Rate, ACFM 

ACFM = vs x AS x 60 sec/min 
- - 79.2 x 273.36 FT2 x 60sec/min 
; E 1,299,007 ACFN 

G a s  Volumetric Flow Rate, SCFM . 
Qs = 60 ( 1 - B w s )  V s  AS (T;:d)( p s )  eq. 2-3 

P s t d  

- - 60 (1--0934) (79.2)  (273.36) ' (  ( zg:; :  ) 
= 836,782 SCFM 



sf Gas Volumetr ic  Flow Rate ,  l b h r  

ws = Qs x 60 m i n  x Fld 
hr  3 8 6 ~ ~ 3  <I 

- - 836,782 SCFY x 60 min x 30.03 lb/lb-mole 
hr 386 FT3 

- - 3,905.994 lb/’hr 

10) P a r t i c u l a t e  Concen t r a t ions ,  qr /SCF 

M n  
Vmstd 

- - .. 0124 gr/S,CF 

11) P a r t i c u l a t e  Concen t r a t ions ,  lb/FT3 

. lb Mn - 
cs = ( 45:600 m q  . 

Vmstd 

28.8 m g  
= ( 4 5 i 6 0 0  

35.46 
1.78 x Ib /SCF - - 

1 2 )  P a r t i c u l a t e  Concen t r a t ions ,  l b / h r  

cw = Cs Qs x 60 m i n  
hr 

eg. 5-4 

eg.5-5 

. 

. 
- i1.78 x 10’ 6 W S C F )  (836,782 SCFM) 60 min 

- - 89.37 l b h r  
hr 

- 

13) P a r t i c u l a t e  Concen t r a t ions ,  Ib/MBTU 

cw 
H e a t  I npu t  E r  = 

- - 89.37 l b h r  
4011.4 x 106 B T U h r  

- - .022 lb/MBTU 

. 



1 2 A  (0.00267) (77.6) + ?4.52 30.12 + d!, I . =  750 ' (1.667) 517.8 13.6,'] 

60 (79.20) (30.08) (.00192) 

= 101.18% 

15)  NOy C s n c e n t r a t i o n s ,  I b h r  

= 1256 lb/hr 

16)  p 7 0 x  C o n c e n t r a t i o n s ,  lb/>lSTU 

lb/NBTU = lb/hr 
H e a t  I n p u t  

- - 1256 l b h r  
4011.4 x loo B T U / h r  

lb/NBTU = 2% l b  
10 BTU 

1 7 )  S t a c k  P r e s s u r e  ( P A b s o l u t e ) ,  i n  H q  . 
I ,  

Ps = Pb + Pd = 30.12 + ( - + 5 )  = 30.08 in Hg 
13.6 

- 
13.6 

2 18) Nozzle A r e a  (FT ) 
. 

An = -D2/4 = 0.785 ( .1875/12) = 1.92 x F t 2  

( 2 ,  19)  S t a c k  A r e a  2 
273.36 FT 2/4 - 0.785 (18.6562 /12) = As = ,I'D - 

20) Heat  I n p u t ,  MBTU 

Sp.  G r  x 8.33 lb/gal  X BTU/gal X gal /hr . 
0.90 x 8.33  x 19 ,149  x 27,942 = 4011.4 X l o 6  B T U / h r  

21 )  Gas D e n s i t y ,  lb/ft3 

Gas Denk i ty  = Mol w t  qas ( m d )  x - T s t d  x 
386 FT-' Ts P s t d  

b 

- 30.03 x 530°R x 30.12 = -055 l b / F t 3  
386 750 . 29.32 - - 



3 cst b?o. BHS 3 No. Runs 

fame of Fir,,\- The United I l l u m i n a t i n g  COmapny 

,oca t ion  of Plant 

'ype of plallt- Steam E lec t r i c  Genera t ing  

:ontrol ~qu ip f i i cn t  E l e c t r o s t a t i c  P r e c i p i t a t o r  

;mplinc; Point Loczt ion;  Stack 

q,llLtants silpsitd P a r t i c u l a t e s ,  N i t rogen  Oxide 

10 Henry S t r ee t ,  Br idgepor t ,  Cannec t i cu t  

S t a t i o n  

2 

85.48 

0.860 

1.143 

7 50 

30.12 

-0.5 

30.08 

9.45 
- 

30.17 

29.02 

rime of  Psrti.culatc Test: 

-- 
3 1  i 

1.142 I 

I 85.48 I 

I 0.860 - I 

750 1 
, 

29.26 i 

i -0.5 ! 

29.22 

7.05 

- 
30.23 

29.37 

0918 End 1046 Run 1:o. 3 D a t e  2/22/74 B e g i i l  

b l s  -- Molecular weight of s t a c k  g a s  

. I 750 
-- 
.ll = Averaqe s t a c k  t e m p . .  OR 

_A_-- 

28.91 

I 9.34 . .  
~ r s s  = '/o mois tu re  i n  s t a c k  g a s ,  by 

bid = g a s ,  d r y  I 30.03 

e 



. .  - 
.4 - 

vs ,%stack : "S gas ve loc i ty ,  F . P . S .  7 9 . 2 5  77 .72  78 .49  
I I I I - 

% C0Zb t ?  10.72 12 .05  l 2 . f 7  
I I I I 

% 0 2  7.88 6.32 5 .57  

% ca 0 .oo 0 .oo 0 .oo 
I 

81.40 81 .63  81 .86  1 % N 2  

Total VOLUKP o'f l i q u i d  
vlc = co l l ec t ed  i n  ixpingers  

and s i l i c a  c e l ,  m l .  77.6 82 .0  57.8 

Volume o f  d-ry 5as sampled 
Vm =: a t  r .eter condLcions, FT3 34.52 35 .35  35.62 

Valurne of d r r  aas  samDled - 
35.46 37.24 36.08 3-  - ~ 

' s t d  = a t  STP, ?T 

Average d* gas meter 
~m =: temp.,  OR 517.8 ' 507 .8  513 .1  

fi I I - Averaqe pressure  dror, 
1'1 e across  o r i f i c e ,  inches Ha 1 1.217 1 1 .173  1 1 . 1 7 4  1 - -  

I , I 

€I = Total Sz rml ino  Tine, min. 60 60 60 
~~ ~ 

Dn = Gozzle d i n . ,  inches 

I .000192 .000192 I .000192 2 An = h'ozzle a rea ,  FT 
r 

I = % of i so! i ine t ic  sznpl ing 101 .18  107.78 103.70 

Qs = Stack aas  volciie a t  STP 
' _ _  (SCFM) ., 836,782 820, 046  625 ,816  8 5 7 , 5 4 8  

Qa = Stack gas volcne a t  s tack  1,274,732 1,287,362 1,257,0311 
conditions (>E?;) 1 , 2 9 9 , 0 0 7 .  1 

- 
I LI - I - !.:p = Part iculata-probe,  washir.gs, m g  

- - - *  = Par t icu la te - f  i l t c r  (mq) 

21.0 28.8 25.5 ' 

!,:n = Par t i cu la t e - to t a l  (mg) 

0.0124 0.0106 0.0089 0.01.OG Par t i cu la t e  Concentrations e*:: gr/scf I 

CY>,: := Par t i cu la t e  t o t a l  emission l b /h r  89.37 75.28 63.42 76.02 

1:r = Par t i cu la t e  emission r a t e ,  lb/lOG' 
0.0222 0.0193 0.0162 0.0192 - BTU . .  

I 'C z-i m, concentrat ions.  PPM 210 189 198 193 . 
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I n t r o d u c t i o n  

Emission t e s t s  f o r  p a r t i c u l a t e s  and n i t r o g e n  ox ides  were 
conducted a s  r equ i r ed  by( ConnccticiJt S t a t e  Law on The 
United I l l umina t ing  Com?any S tee l  P o i n t  S t a t i o n  Steam Genera- 
t o r  Kos. 1 9 ,  20, 2 1 ,  2 2 ,  s t a c k  KO. 4 ,  l o c a t e d  i n  Br idgepor t ,  
Connect icut .  T e s t i n g  was conducted on November 16 and 1 7 ,  
1973. 

P a r t i c u l a t e  t e s t i n g  was performed i n  accordance  with tes t  
methods and procedures  a s  p r e s c r i b e d  i n  t h e  F e d e r a l  Regis te r ,  
V O l .  36, No.  247, d a t e d  December 23, 1 9 7 1 .  Tes t ing  was 
performed by  York Research Corpora t ion  o f  Stamford,  Connecti-  
cu t , .  u s ing  a sampling t r a i n  a s  d e s c r i b e d  i n  Appendix A .  

Nitrogen ox ide  ernission t e s t i n g  was performed by  t h e  United 
I l l umina t ing  C o q a n y  Development and T e s t  Labora tory  us ing  
a Dynascience Model P-101 NOX Analyzer .  F i e l d  d a t a  i s  in-  
c luded  i n  kppendix B. 

Tes t s  w e r e  a l s o  conducted t o  de t e rmine  s t a c k  g a s  v e l o c i t y ,  
mo i s tu re  c o n t e n t ,  and f lue-gas  a n a l y s i s .  ' The procedures  
used i n  de t e rmin ing  t h e s e  v a r i o u s  pa rame te r s ,  excep t  f o r  
f l u e  g a s  a n a l y s i s ,  are t h o s e  found i n  t h e  above mentioned 
Fede ra l  Reg i s t e r .  The s t a c k  f l u e . g a s  was ana lyzed  by us ing  
an A n a l y t i c a l  I n s t r u n e n t  Development Model 512 P o r t a b l e  G a s  
Chromatograph .. 

t e s t s ,  t o g e t h e r  w i t h  a p re l imina ry  v e l o c i t y  t r a v e r s e ,  mo i s tu re  
de t e rmina t ion ,  and f u e l  o i l  a n a l y s i s .  .The United I l l u m i n a t i n g  
Company was r e s p o n s i b l e  f o r  t h e  f l u e  g a s  a n a l y s i s ,  n i t r o g e n  
ox ide  a n a l y s i s ,  and f o r  accumulat ing b o i l e r  o p e r a t i n g  d a t a .  

This t e s t  rep0r . t  i n c l u d e s  the in fo rma t ion  r e q u i r e d  f o r  I t e m  
Nos. 111, I V ,  V ,  VI, V I I ,  V I I I ,  I X ,  X ,  X I ,  . X I 1  and X I 1 1  
from the Department of Environmental  P r o t e c t i o n ' s  I n t e n t  t o  T e s t  
form i n  compliance with t h e  Depar tnent  o f  Environmental  Pro- 
t e c t i o n ' s  new Source T e s t  Gu ide l ines  and Procedures ,  ( r e c e i v e d  
A p r i l  3, 1973) .  

-York Research Corpora t ion  was r e t a i n e d  t o  p e r f o r n  p a r t i c u l a t e  
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T e s t  

Date 

Carbon 

Hydrogen 

Ni t rogen  

Ash 

Sulfur 

.specific G r a v i t y  

BTU/lb  

BTU/g a 1 

3 - 2 I - 
11/16/73 11/17/7 3 11/17/73 
- 
Composition (% bv Weiaht) 

85.43 85.86 85.86 

12.70 12.66 12.66 

<0.1 (0.1 (0.1 

0.016 0.021 0.021 

0.360 0.401 0.401 

0.895 0.897 0.897 

21,276 19,328 19,328 

158,620 144,419 144,419 

. 

.. 



1. Samplinq T r 2 i n  Inforaat ion 
(Rev. Item V I I I ,  " In ten t  To Tes t"  Form) 

a. Schematic Diagram and descr ip t ion  of sampling 
t r a i n :  , 

See Appendix A. 

b. Media type  used t o  determine gas stream 
components : 

1. NOx: Dynascience Model P-101 NOx 

2. Par t icu la tes :  Tared g l a s s  f i b e r  f i l t e r .  

3 .  Flue G a s  Analysis: Analyt ical  Instrument 

Analyzer 

Development Model 512 Portable Gas 
Chromatograph 

c, Sampling Probes: 

1. Nitrogen Cjcides: S t a in l e s s  s t e e l  tube 

2. Par t icu la tes :  See Appendix A 

3 .  Flue Gas Analysis: S t a in l e s s  s t e e l  tube.  

d. Probe Cleaning Method: 

See Appendix A 

2.  Field Data Sheets 
" ( R e f .  Item IX,  " I n t e n t  To Test" Form) 

See Appendices A, B, C,  D. 

(Ref. Item X, " In ten t  To T e s t "  Form) 

The operat ion tes ted  w a s  S t e e l  P o i n t  S ta t ion  steam 
generator numbers 1 9 ,  20, 21, and 22 ,  s t i c k  number 
4,  Registrat ion Number S t .  P t . ,  19-22, stack 4 ,  
having a t o t a l  BTU/hr r a t i ng  o f  25.5.1 f.IBTU/hr 
(averaged over t e s t  per iod) ,  burning No. 6 res idua l  
f u e l  o i l  at an average r a t e  o f  1706 g a l / h r  for a l l  
four b o i l e r s  and having a gas flow of 182,589 ACFN 
average fo r  the test period. See Table IV for fue l  
o i l  ana lys i s .  

. 
3 .  Description of Oneration 



4 .  Samplinq Area Descr in t ion  
(Ref. Item X I ,  " I n t e n t  To T e s t "  Form) 

Emission sampling was performed i n  t h e  s t ack  100 
f ee t  above t h e  s t ack  foundat ion (5 s t ack  diameters  
above the  breeching i n l e t  and 2 s t a c k  diameters  
down from khe t o p ) .  E m i s s i o n  snmpling was perforxed 
us ing  four  - 4" diameter sampling p o r t s ,  
a p a r t  on t h e  s t ack  circumference.  A t o t a l  of twenty 
e igh t . s ampl ing  p o i n t s  ( 7  per  sampling p o r t )  w e r e  used 
i n  the t e s t  f o r  p a r t i c u l a t e s .  The i n s i d e  diameter 
of t h e  s t ack  a t  t h e  sampling l o c a t i o n  was found t o  
be  15'-1" I.D. 

a. Stack Configuration: 

s3aced 90° 

See Appendix .A. 

b. Sampling Por t  Location: 

See Appendix A .  

c. Sampling Poin t .  Pos i t i on :  

See Appendh A .  

5. Stack and Vent Descr iv t ion  
(Ref.. Item X I I ,  " I n t e n t  T o  T e s t "  Fora) 

Four Babcock and Wilcox Three Drum S t e r l i n g  B o i l e r s  
d i scharge  f l u =  gas i n t o  a common breeching which 
e n t e r s  t h e  s t a c k  approximately 20 f e e t  above t h e  
s t a c k  foundation. These b o i l e r s  do not  have any. 
p r e c i p i t a t o r s  connected t o  the f l u e  gas  ducts. .  

6 .  Operat ional  Parameters 
( R e f  - I t e m  X I I I ,  " I n t e n t  To  Test"  Form) 

Electr ic  u t i l i t y  steam g e n e r a t o r s  burn ing  N o .  6 
r e s i d u a l  f u e l  o i l  having r a t e d  c a p a c i t i e s  a s  r e g i s t e r e d .  
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'V. SAEIPLISG EETIIODS 

1. P o r t  L o c a t i o n  
. ._ . . . .  

The t e s t  p o r t  l o c a t i o n s  and  t h e  number of p o i n t s  s amples  were 
c a l c u l a t e d  from t h e  g u i d e l i n e s  i n  t h e  F e d e r a l  R e g i s t e r ,  Volume 
36, Number ,2tl7, Deceinbrr 2 3 ,  1971 .  Enough p o i n t s  were used  t o  
a s s u r e  a c c c r a t e  measurement  o f  p a r t i c u l a t e  e m i s s i o n s ,  t e n p e r a -  
t u r e  and  v e l o c i t y  o v e r  t h e  c r o s s - s e c t i o n a l  a r e a  o f  e a c h  s t a . c k .  

. .  . . .  
(See F i g u r e s  1 t o  4.) . .  . . .  

.. . 
2. V e l o c i t v  and  TemDerature  

V e l o c i t y  was d e t e r m i n e d  by p i t o t  t u b e  i n  a c c o r d a n c e  w i t h  EPA 
Method 2.. An "S"-Type P i t o t  T u b e  (2) a n d  the rmocoup le  (3 )  
a r e  r i g i d l y  a t t a c h e d  t o  t h e  s a m p l i n g  p robe  (See F i g a r e  5) .  A 
p r e l i m i n a r y  v e l o c i t y  t r a v e r s e  was made t o  e s t a b l i s h  i s o k i n e t i c  
s a m p l i n g  r a t e s  us*,g E?A Xethod 5 s a m p l i n g  t e c h n i q u e s .  

Gas a n a l y s i s  f o r  C02 and O2 was conduc ted  b y  GI u s i n g  an  O r s a t  
a p p a r a t u s .  Read ings  f o r  e a c h  t e s t  a r e  r e p o r t e d  i n  t h e  Sunimary 
of R e s u l t s .  

4. P a r t i c u l a t e  Samnl inc  > le thods  - EP,I Elethod 5 

The s a m p l i n g  a p p a r a t u s  c o n s i s t e d  o f  a nine (9) f o o t  p robe  
h e a t e d  f i l t e r ,  f o u r  i m p i n g e r s ,  d r y  gas meter ,  vacuum pump,. and 
c a l i b r a t e d  o r i f i c e  a s  s h a m  i n  F i g u r e  3 .  T,he s t a i n l e s s  s t e e l ,  
b u t t o n - h o o k  t y p e  p robe  t i p  (1) was equ ipped  w i t h  a 518 inch 
' d i a m e t e r  f i t t i n g  connec ted  by a s t a i n l e s s  s t e e l  c o u p l i n g  (2) 
w i t h  a s b e s t o s  p a c k i n s  t o  t h e  p r o b e .  The p robe  (3) c o n s i s t e d  

. of 1/2 i n c h  i n s i d e  d i a m e t e r  medium-wall s t a i n l e s s  s t e e l  t u b e  
with a ground s t e e l  j o i n t  on 0r.e end .  
m i c a l l y  wound from t h e  e n t r a n c e  end w i t h ,  26-gauge n icke l -chromium 
wire. D u r i n g  sampl ing ,  t h e  wire was connec ted  t o  a v a r i a b l e  
t r a n s f o r m e r  t o  m a i n t a i n  a g a s  t e m p e r a t u r e  of 300'F i n  t h e  p robe .  

'The  w i r e  wound t u b e  was wrapped w i t h  f i be r  g l a s s  t a p e  a n d  e n c a s e d  
in a 1-inch-OD s t a i n l e s s  s t e e l  t u b e  f o r  p r o t e c t i o n .  The end of  
t h e  s t e e l  t u b e  t h a t  does  n o t  have tlie b a l l j o i r l t , p r o t r u d i n g  h a s  
a nut welded  t o  it f o r  c o n n e c t i o n  t o  t h e  s t a i n l e s s  s t e e l  c o u p l i n g  
used  to a t t a c h  t h e  nozzle.' The p robe  c o n n e c t s  t o  a v e r y  c o a r s e  
f r i t t e d  g l a s s  f i l t e r  h o l d e r  (4) which h o l d s  a t a r e d  g l a s s  f i b e r  
f i l t e r  .. The f i l t e r  h o l d e r  was c o n t a i n e d  i n  an  e l e c t r i c a l l y  h e a t e d  
e n c l o s e d  box (5) which  i s  t h e r m o s t a t i c a l l y  m a i n t a i n e d  a t  250-300"'F 
t o  p r e v e n t  w a t e r  c o n d e n s a t i o n .  A t t a c h e d  t o  t h e  h e a t e d  box was a n ,  
ice b a t h  (7) c o n t a i n i n g  f o u r  i m p i n g e r s  connec ted  i n  se r ies  w i t h  
vacuum hose.. The first i m p i n g e r  (8) r e c e i v e s  t h e  g a s  s t r e a m  from 

The p robe  was l o g a r i t h -  

I . -  . .  

. .  . .  

. .  
. .  
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the  f i l t e r .  T h i s  impinger  i s  of t h e  Greenburg-Smi th  d e s i g n  
mod i f i ed  b y  r e p l a c i n g  t h e  t i p  w i t h  a 1 4  i n c h  I D  g l a s s  t u b e  
e x t e n d i n g  t o  0.5 i n c h  from t h e  bo t tom of  t h e  f l a s k .  T h i s  i m -  
p i n g e r  was i n i t i a l l y  f i l l e d  w i t h  100  m i l l i l i t e r s  o f  d i s t i l l e d  
w a t e r .  The second  impinge r  (9) i s  a G r e e n b u r g - S a i t h  imp inge r  
w i t h  t i p ,  and a l s o  f i l l e d  w i t h  1 0 0  m i l l i l i t e r s ,  o f  d i s t i l l e d  
w a t e r .  The t h i r d  i m p i n s r  m o d i f i e d  like t h e  f i rs t ,  w i t h  no 
w a t e r .  The f o u r t h  i m p i n g e r  (11) i s  a l s o  a Greenburg-Smith t y p e  
m o d i f i e d  l i k e  t h e  f i rs t  and  c o n t a i n e d  300 g a m s  o f  d r y  , i n d i c a t -  

. .  . .  ing. s i l i c a  gel.. : .  - 

. .  

Frcm t h e  f o u r t h  imp inge r  (21) t h e  e f f l u e n t  s t r e a m  f l o w s  t h r o u g h  
a dial thermometer  (12) ,  a c h e c k  v a l v e  (13) ; f l e x i b l e  r u b b e r  
vacuum t u b i n g  ( 1 4 ) ;  vacuum gauge (15); J v a l v e  ( 1 6 ) ;  a l e a k l e s s  
vacuum p ~ m p  (17), r a t e d  a t  4 c u b i c  f e e t  p e r  minu te  a t  0 i n c h e s  
of  mercury  gacge p r e s s u r e  and 0 c u b i c  f e e t  p e r  minu te  a t  26 
i n c h e s  of m e r c x y  gauge p r e s s G r e ,  and  connec ted  i n  p a r a l l e l  
w i t h  a b y p z s s  n e e d l e  v a l v e ,  (18) ; and a d r y  gas  rneter r a t e d  a t  
.1 c u h i c  f o o t  p e r  r e v o l u t i o n  ( 1 9 ) .  A c a l i b r a t e d  o r i f i c e  (20) 
comple tes  t h e  t r a i n  and  was used  t o  measure  i n s t a n t a n e o u s  
meter flow r a t e s .  The t h r e e  t h e r n o m e t e r s  (12) a r e  d i a l  t y p e  
w i t h  a range of 25" t o  125°F .  A f o c r t h  thermometer  i n  t h e  
h e a t e d  p o r t i o n  of the box hGs a r a n i e  u p  t o  5OO'F; The d u a 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 f i c e  i s  a n  i n c l i n e d -  
v e r t i c a l  t y p e  g r a d u a t e d  i n  h u n d r e d t h s  of an  i n c h  o f  w a t e r  
fran 0 t o  1.0 i n c h  and  i n  t e n t h s  from 1 t o  LO inches . .  

5. T e s t  ? r o c e d u r e  

P r i o r  t o ' t h e  s t a r t  o f  a t e s t  ser.ies f o r  e a c h  stack, the  p r e s s u r e ,  
t e m p e r a t u r e ,  and range,of v e l o c i t y  pr 'essures  were d e t e r m i n e d  
d u r i n g  p r e l i m i n a r y  p i i o t  tube and  t e m p e r a t u r e  t r a v e r s e .  

. . .  ... . .  

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

. . . . .  . . .  
. .  

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

- . . -  

During each t e s t  t h e  . ~ .  f o l l o w i n g  . r e a d i n g s  were taken a t  each p o i n t :  
. . .  . .  1. .. P o i n t  D e s i g n a t i o n  . . . . . . .  . : . .  

.2;'. C l o c k  Time . . .  
3.; 1 Dry gz's meter ' r e a d i n g  (CF) 
4; V e l o c i t y  head  ( A P  i n  i n c h e s  w a t e r )  
3. De.sired. pressure d r o p  a c r o s s  o r i f i c e  (3 I1 i n  'inches of  w a t e r )  
'6. Act 'ua l  p r e s s u r e  d r c p  a c r o s s  o r i f i c e  (3  H i n  i n c h e s  o f  w a t e r )  
.7.. Dry g a s  t e m p e r a t u r e  ("F) gas meter i n l G t  
8. ' Dry g a s  t e m p e r a t u r e  (OF) g a s  meter  o u t l e t  
9. . Vacuum pump gauge r e a d i n g  ( i n .  Hg) 

10.  F i l t e r  box t e m p e r a t u r e  (OF). 

11, Dry g a s  t e m p e r a t u r e  (OF] a t  t h e  d i s c h a r g e  o f '  l a s t  i m p i n g e r .  
12,. S t a c k  t e m p e r a t u r e  (OF) e :  

. .  . .  . . .  ... ... . I  - :: ' . .  : .  - . .  . .  
. . .  . . . .  
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. . . .  . . .  . .  . .  - .  . . .  
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The  r e l a t i o n s h i p  of A P r e a d i n g  w i t h  t h e  A H r e a d i n g  is a f u n c t i o n  
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 tempera ture  
3 .  9/5 mois tu re  i n  t h e  f l u e  gas 
(1. R a t i o  of  f l u e  gas  p r e s s u r e  t o  ba romet r i c  p r e s s u r e  

6. Sampling nozz le  d iameter  
. #  

. .  -... . .  J... S t a c k  t e m p e r a t u r e .  .. . .  

A nomograph bras used t o  c o r r e l a t e  a l l  the 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 L\ P and A H  could be d e t e r -  
mined by t h e  sampler w i th in  f i f t e e n  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  t e s t .  

6. Bas i c  Labora torv  Procedure 

The fo l lowing  paragrap;l b r i e f l y  d e s c r i h e s  t h e  methods used i n  
' t h e  l a b o r a t o r y  t o  o b t a i n  the r a w  da ta  used i n  t h e  c a l c u l a t i o n s  
of our r e s u l t s  J S  r e p o r t e d  i n  S e c t i o n  I11 o f  t h i s  r e p o r t .  

The c l e a n  up i s  done i n  t h e  f i e l d  a c c o r d i n g  t o  EPA t e s t  p rocedure .  
The f i l t e r s  W?L-P prev ious ly  t a r e  weighed and recorded a t  t h e  
l a b o r a t o r y .  Upon r e t u r n  t h e y  a r e  d r i e d ,  cooled i n  a d e s s i c a t o r ,  
t hen  weighed. on a n  a n a l y t i c a l  h a i a n c e  and t h e  ;mount o f  p a r t i -  

p a r t i c u l a t e  wash ' so lu t ion  ( t aken  from t h e  t r a i n  i n  f r o n t  of  the  
. f i l t e r )  is placed i n  a t a r e d  beaker ,  t h e  wash. s o l u t i o n  i s  evap- 
o ra t ed  wi th  an Infra-Red Heat Lamp and t h e  beaker  welghed a g a i n .  

, t h e  wash. T h i s  is combined w i t h  t h e  f i l t e r  c a t c h  a s  t h e  weight  

t culate c o l l e c t e d  i s  t h e  d i f f e r e n c e  i n  t h e  two we igh t s .  The 

. The d i f f e r e n c e  i n  weight  i s  t h e  weight o f  t h e  p a r t i c u l a t e  i n  

. . . .  . .  
. .  L of. the .  .sample. - 

.The impinger condensate  is measured f o r  mois ture  d e t e r m i n a t i o n ,  

j 7 .  : C a l i b r a t i o n  o f  Samnline E q u i p r e n t  
. . .~ . .  . _  . .  - .  . - . .  , .  

.The equipment u s e d  on t h i s  ass ignment  was c a l i b r a t e d  one week 
p r i o r  t o  f i e l d  t e s t i n g  and r e c a l i b r a t e d  upon. equipment r e t u r n  
a f t e r  t e s t i n g .  York Research c a l i b r a t i o n  i s  t r a c e a b l e  t o  t h e  
N a t i o n a l  Bureau of  S tanda rds .  ' .  
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APPENDIX B 

NITROGEN OXIDE TEST 

FLUE GAS AXALYSIS  
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APPENDIX D 

SAMPLE CALCULATIONS 
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SAMPLE CALCULATIONS 

- 
NOTE: All equat ions  used i n  these c a l c u l a t i o n s  a r e  

found i n  t h e  Fede ra l  Register,  V o l .  36, N o .  
247, d a t e d  December 23, 1971. 

C a l c u l a t i o n s  r e p r e s e n t a t i v e  of T e s t  #1. 

1. Drv Gas Volume 

V m s t d  = eq. 5-1 
i n  .Hg . 13.6 

Tm 

90.921 f t 3  9.31 In.29. + 1.609 in. HzO) 
13.6  

531.5 OR 

= 89.155 f t ”  

2 ;  Volume o f  Water Vapor 

V l C  eq. 5-2 0.0474 ft 
M 

106.5 in1 
- - 

M 

- - ’ 5.048 €t3 

3. Moisture Content  

Bws = VWStd 
V w s t d  + V m s t d  

3 - - 5.048 ft 
5.048 f t 3  + 89.155 €t3 

- - 0.0535 X 100% = 5.4% 

. 

. .  , 



. 
. .  .. . .- . 4.' .Molecular tleiqht (drv)  ~ - .  . 

Md = 0.44 (% C02) + 0.32 (% 02) 
eq. 3-2 + 0.28 (% N2) + 0.28 (% c o )  

= 0.44 (8.76) + 0.32 (8.92) + 0.28 (82-32) - 
+ 0.28 (0.00) 

. .  . .  = 29.76 lb/lb-mole .. 

5. Moelcular Weiqht (wet) 

Ms = Md (1-Bws)  + 18 BWS 

= 29.76 (1-.054). + 18 (.OS41 

= 29.12 lb/lb-&ole 

6. Stack Gas Velocitv 

eq. 2-2 

= 16..28 F.P.S-  

7. Gas Volumetric F l o v  Rate, ACFM 

ACFM = vs x x 60 seclmin . 
=-16.28 x 178.6 ft2 x 60 sec/min 

. .. . .  - 
= 174,456 ACFM .-. 

8 . .  Gas Volumetric F l o w  Rate, SCFM 

eq. 2-3 QS = 60 (I-BWS) VS As 

- (178.6) '( 530, ), (29-31) .29.32 
994.6 

- 60 (1--054) (16-.28) 

=.  86,151 SCFM 



9.. Gas Volumetric Flow Rate, lb/hr 

Ws = Qs x 60 min x Md 
h r  . 386 f t 3  

= 8 6 , 1 5 1  SCFM x 60 min x 29.76 lb/lb-mole 
h r  386 f t 3  

= 398,526 lb/hr 

10. Particulate Concentrations, qr/SCF 

C ' s  = ( 0 . 0 1 5 4  c$) Mn 

- - ( b . 0 ~ 4  gj 
Vmstd 

1 5 6 . 7  mq 
8 9 . 1 5 5  f t 3  

= 0.027 gr/SCF 

3 11. Particulate Concentrations, l b / f t  

V m s t d  

lb  1 5 6 . 7  mg = (453;OO - mq) 

89.155 f t 3  
. .  

- - 3.87 x lb/SCF 

eq. 5-4 

eq. 5-5 

. 
12. Particulate Concentrations, l b h r  

Cw = C s  Qs x 60 min 
1 .  h r  

= (3 .87  x lb/SCF) ( 8 6 , 1 5 1  SCFM) 60 min 
hr 

= 20 .00  l b h r  



. .  . 
13. .Par t icLi la  t e  C o n c e n t r a t i o n s ,  Lb/I.IBTU 

. .  _ . .  ... 
.A . 
Er = cw 

H e a t  I n p u t  r:' . 
- .  - 20.00 lb/hr . .  

290.8 x LO6 BTU/'nr 

= 0.069 lb/MBTU 

14. % I s o k i n e t i c  Samul inq  

P b a r  + fi 
13.6  -9 I =  T? (1.667 ) (0 .00267)  V l c  + 

sec Tm 
8 Vs Ps An 

eq. 5-6 

- - 994.6 (1 .667)  (0 .90267)  (106.5)  + 9 0 . 9 2 1  2 9 . 3 1  + 1 . 6 0 9  
531 .5  13 .6  

(135) (16 .20)  (29 .31 )  (0 .001363)  

100.4% 

15. NUX Concent ra t ions ,  lbfir- 

lb/hr = ppm x Nw (NO21 x Ws 
Md 

._.._. 
= Z06.5 x 46 lb/lb-mole x. 398,526 a 

29. i 6  lb / lb  -mole hr 106 
. .  . .. . .  - 

= 5 5 . 6  ib/h= , '  

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

16.. NOX C o n c e n t r a t i o n s .  IbYMBTU 

lb/M?3TU = lb/hr 
8 .  

. .  
H e a t  I n p u t  

- - 65.6 lb/hr 
290.8 x . lo6 BTU/hr 

lb/MBTU = 0 . 2 2 6  l b  
loG BTU 



!' 
17. S tack  Pressure ( A b s o l u t e ) ,  in.Hq. 

p s  = pb +a = 29,.31 f (:-) = 29..31 in.Hg. 
13.6 13.6 

18. Nozzle Area (ft ' )  

I 13.63 x f t2  2 
An = ' i j D 2 / 4  = 0.785 (0.500/12) 

19. Stack  A r e a  ( f t 2 )  

As = 7fD2/4 = 0.785 ( 1 8 1 / 1 2 ) 2  = 178.6 f t2 

20. H e a t  I n p u t ,  MBTU 

Sp. G r .  x 8.33 l b / g a l ' x  BTU/lb x g a l f i r  

0.895 x 8.33 x 21,276 x 1833 gal/hr = 290.8 MBTU 

21. G a s  Dens i tv .  l b / f t 3  

Gas D e n s i t y  = m o l  wt q a s  (md) x - Tstd x Pbar 
Ts Pstd  386 f t 3  

= 29.76 x 530°R x 29.31 = 0.040 l b / f t 3  
386 994.6 29.92 

. 



' 5  THE UMITED ILLUI.!IXAT I PIG C Oi4PAXY . .  

y s  = Averaqe s tack  temn., OR 
u 

- 
Pb = BarcT.ietric DrP-ssurz, "Xq ASS.  

pd = Gas <act  n ressu re ,  "E-0 

ps '= i n c h s s  IT? 

--- 
---- 

Abscii lce s tzzk G a s  p x s s G r c , .  
- 

Bvs + % n o i s t u r e  in ,  stack gas, by 

-KTI7iXECLTa.TcJht GZ s cack 
bid = gas,  d r y  

MS = Molecular  we igh t  of ' s t a c k  g a s  

vo 1w.e 

. .  ... 

994.6. 995.2 1003.7  I . 
29.31  30.01 30..01 

-0..01 -0 ..01 -0.01 - 

29 .31  30.01 3 0 . 0 1  

5 . 4 .  ' 4 . 9 -  5.2 

29 .76  2 9 . 5 9 .  . 29.72 

29.12 29.02 29 .11  

No. Runs 3 

amc OE Firm- The . United I i l u rn ina t inq  - Company 

oca+:ion of pl.ank 4 3  E a s t  blain S t r e e t ,  --- BridaeDor t ,  Connect icu t  

ype O E  P l a n t  Steam Generatinc: S t a t i o n  

o n t r o l  Equipimnt None 

cinplinq P o i i i t  Locztion; S tack  

o l l ~ t a n t s  sa;771ed P a r t i c u l a t e s ,  N i t rogen  Oxides 

'imo of Parti .cu:ate T e s t :  

Date 11/17/73 B e g h i  a: 56 End 11:41 :un N o .  2 

I --- --- 
'lil NO. 1 2 3 -- - 

8 5 . 4 8  85.48 85.48 . 
ft lb . 1 %  

Kp = 83.49 SEC ( lb i n o l ~ - ~ R  
I 

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



:cn N O .  . Y - - 
V s  & Stack gas  ve loc i ty ,  F.P.S.  16.28 

% c02 8.76 . 
% 02 

% co 
% N 2  

8Z '7 

8.92 

0.00 

82.32 

Tota l  volume of  l i q u i d  

and s , i l i c a  ge l ,  ml. '  
V l c  = co l l ec t ed  i n  inp ingers  

106.5 

16.50 18.32 

7.50 8.42 

9.76 9.42 

0 :oo 0.00 

82.74 82.16 

1Q6.0 121.5 

Qa = Stack gas  volume a t  s tack  
c o n d i t i o n s  (ACF."!) 174,456 176,814 196.31: 

Ws Stack gas  mass flow l b s /h r  398,526 413,121 455,36: 
* 

Volume of d I gas sanpled 
vstd = a t  STP, FT F 89.155 98.095 104.535 

Average dry gas meter 
mn = temp., OR 531.5 

- Average pressure drop 
m = across  o r i z i c e ,  inches H23 1.609 1.721 

6 = Total  Sampling Time, min .  135 140 

0.500 0.500. Dn = Nozzle d i a . ,  inches 

An = Nozzle a rea ,  F T ~  13.63 13.63 

I = 4'. of i s o k i n e t i c  sampling 100.4 102.2 

- 

. 

2.026 

135 

0.500 

13.63 

103.0 

' Mp = Part iculate-probe,  washings, ng - - - 
- - - Mf = p a r t i c u l a t e - f i l t e r  (mg) 

Mn = P a r t i c u l a t e - t o t a l  (mq) 156.7 115.4 355.6 

c i s  gr/scf 0.027 0.018 0.052 
. P a r t i c u l a t e  C o n c e n t r a t i o n s  

.Qs = Stack aas volume a t  STP 
. _ _  (SCEM) 86,151 89,819 

cw , . p a r t i c u l a t e  t o t a l  emis s ion  lb /hr  1 20.00 1 13.96 44.30 
I I I 

98,570 

Er = P a r t i c u l a t e  emission r a t e ,  l b / l O G  
BTU 

I c = NO, concent ra t ions ,  PPM 90 93 
I I 

jp 

1 
i 
I 

4 2 2 , 3 3 7  
I 

26.00 

0.105 

'36.5 ' 




