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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 Steel Point Station
Steam Generator Nos. 1-6, stack No. 1, located in-
Bridgeport, Connecticut., Testing was conducted on
November 13 and 14, 1973.

Particulate testing was performed in accordance with

test methods and procedures as prescribed in the Fed-

eral Register, Vol. 36, No. 247, dated Decerber 23, 1971l.
Testing was performed by York Research Corpeoration of
Stamford, Connecticut, using a sampling train as descriked
in Appendix A.

Particulate emission test No. 3 was not completed on this
source due to a steam leak in Boiler No. S5 which started
midway through test No. 2. In telephone conversation,

on November 14, 1973, with Mr. Carl Dodge of the State of
Connecticut Department of Environmental Protection, the
test would be accepted as valid.

Nitrogen oxide emission testing was performed by the United
Illuminating Company Development and Test Laboratory using
a Dynasc1ence Model P-101 NOX Analyzer. Field data is
included 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 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 Portable

Gas Chromatograph.

York Research Corporation was retained to perform particu-
Ilate tests, together with a preliminary velocity traverse,
moisture determination, and fuel oil analysis. The United

Illuminating Company was responsible for the £lue gas analvsis,

nitrogen oxide analysis, and for accumulating boiler operating
data.

This test report includes the information required for item
numbers III, IV, VvV, VI, VII, VIII, IX, X, XI, XII, and XIII
from the Department of Environmental Protection's Intent to
Test form in compliance with the Department of Environmental
Protection's new Source Test Guidelines and Procedures
(received April 3, 1973}).
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1,

Sampling Train Information .
(Ref. Item VIII, "Intent To Test" Form)

a. Schematic diagram and description of sampling
train:

See Appendix A

bh. Media type used to determine gas stream
- components:

1. Nitrogen Oxides: Dynascience Model
P~101 NOx Analyzer

2. Particulates: Tared glass fiber filter.

3. Flue Gaé Analysis:s Analytical Instrument
Development Model 512 Portable Gas
Chromatograph

¢. Sampling Probes:

1. Nitrogen Oxides: Stainless steel tube.

2. Particulates: See Appendix A.

3. Flue Gas Analysis: Stainless steel tube

4. Probe cleaning method: See Appendix A.

Field Dzta Sheets

{Ref. Item IX, "Intent To Test" Form)
See Appendices A, B, C, D.

Description of Overation

“(Ref. Item X, "Intent To Test" Form)

The operation tested was Steel Point Station Steam
Generator Nos. 1, 2, 3, 4, 5, and 6, stack No. 1,
Registration Number St. Pt. 1-6, stack 1, having a
total BTU/hr rating of 388.4 MBTU .(averaged over
test period), burning No. 6 residual fuel oil at an
average rate of 2726 gal/hr for all six boilers,
and having a gas flow of 297,177 ACFM average for
the test period. See Table IV for fuel oil analysis.

Sampling Arca Description

(Ref. Item XI, "Intent To Test" Form)

Emission sampling was performed in the stack 150
feet above the stack foundation (7 stack diameters
above the breeching inlet and 2 stack diameters

down from the top). Emission sampling was performed




Sampling 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
12'-7" I.D.

a. .Stack Configuration:
See Appendix A

b. Sampling Port Location:
See Appendix A

¢, Sampling Point Position:
See Aépendix A

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

Six Babcock and Wilcox Three Drum Sterling Boilers
discharge flue gas into a common breeching which
enters the stack approximately 60 feet above the
stack foundation. These boilers do not have any

"precipitators connected to the flue gas ducts.

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

Electric utility steam generators burning No. 6

residual fuel o0il having rated capacities as registered.

L L
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PARTICULATE TEST
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V. SAMPLING METIODS

1. Port Location

The test port locations and the number of points samples were

calculated from the guidelines in the Federal Register, Volume
36, Number 247, December 23, 1871. Enough points were used to
assure accurate measurement of particulate emissions, tempera-
ture and velocity over the cross-sectional area of each stack.
(See Figures 1 to 4.)

2, Velocity and Temperature

s

Velocity was determined by pitot tube in accordance with EPA
Method 2. An "S$"-Type Pitot Tube (2) and thermocouple (3)

are rigidly attached to the sampling probe (See Figure 5). A
preliminary velocity traverse was made to establish isokinetic
sampling rates using EPA Method 5 sampling techniques.

3. Flue Gas Analvsis

Gas analysis for COp and 0, was conducted by UI using an Orsat
apparatus. Readings for each test are reported in the Summary
of Results. :

4, Particulate Samolinc Methods - EPA Method §

The sampling apparatus consisted of a nine (9) foot probe

heated filter, four impingers, dry gas meter, vacuum pump, and
calibrated orifice as shown in Figure 5. The stzcinless steel,
button-hook tvpe probe tip (1) was equipped with a 5/8 inch
diameter fitting connected by a stainless steel coupling (2)

with asbestos packing to the probe. The probe (3) consisted

of 1/2 inch inside diameter medium-wall stainless steel tube

with a ground steel joint on orne end. The probe was logarith-
mically wound from the entrance end with 26-gauge nickel-chromium
wire. During sampling, the wire was connected to a variable
transformer to maintain a gas tempevrature of 300°F in the probe.
The wire wound tube was wrapped with fiber glass tape and encased
in a l-inch-0D stainless steel tube for protection. The end of
the steel tube that does nct have the balljoint protruding has

a nut welded to it for connection to the stainless steel coupling
used to attach the nozzle. The probe connects to a very coarse
fritted glass filter holder (4) which holds a tared glass fiber
filter. The filter holder was contained in an clectrically heated
enclosed box (5) which is thermostatically maintained at 250-300°F
to prevent water condensation. Attached to the heated box was an.
ice bath (7) containing four impingers connected in series with
vacuum hose. The first impinger (8) receives the gas stream from

1
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the filter. This impinger is of the Greenburg-Smith design
modified by replacing the tip with a 1/2 inch ID glass tube
extending to 0.5 inch from the bottom of the flask. This im-
pinger was initially filled with 100 milliliters of distilled
water. The second impinger (9) .is a Greenburg-Smith impinger
with tip, and also filled with 100 milliliters of distilled
- water. The third impinger modified like the firsy, with no
water. The fourth impinger (11) is also a Greenburg-Smith type
modified like the first-and contained 300 grams of dry indicat- -~
ing silica gel. 3

From the fourth impinger (l1) the effluent stream flows through

a dial thermometer (12), a check valve (13); flexible rubber

vacuum tubing (14); vacuum gauge (15); a valve (1l6); a leakless
vacuum pump (l7), rated at 4 cubic feet per minute at 0 inches

of mercurv gauge pressure and 0 cubic feet per minute at 26

inches of mercury gauge pressure, and connected in parallel _
with a8 bypass needle valve (18); and a dry gas meter rated at -
.1 cubic foot per revolution (19). A calikrated orifice (20)
completes the train and was used to measure instantaneous

meter flow rates. The three thermometers (l2) are dial type

_ with a range of 25° to 125°F. A fourth thermometer in the

R ‘heated portion of the box has a range up to 500°F. The dual
manometer (21) across the calibrated orifice is an inclined-
vertical tvpe graduated in hundredths of an inch of water

fron 0 to 1.0 inch and in tenths from 1 to 10 inches.

S. Test DProcecdure

Prior to the start of a test series for each stack, the pressure,
temperature, and range of velocity pressures were determined
during preliminary pitot tube and temperature traverse.

During each test the following readings were taken at each point:

1. Point Designation
+ Clock Time
. Dry gas meter reading (CF) .
. Veloc;ty head (&P in inches water)
. Desired pressure drop across orifice (a H in inches of water)
.. Actual pressure drep 2Cross orifice (A H in 1nches of water)
. Dry gas temperature (°F) gas meter inlet

8. Dry gas temperature ( F) gas meter outlet

9. Vacuum pump gauge rcading {in. lg)

10. TFilter box tcmperature (°F) .

11. Dry gas temperature (°F) at the dlscharﬂe of last impinger.
E 12. stack temperature (°F) :

~SthunoWwWMN
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The relationship of A P reading with the & H'réading is a function
of the following variables:

1. Orifice calibration factor

2. Gas meter temperature

3., % moisture in the flue gas

4. Ratio of flue gas pressure to barometric prescure
5. Stack temperature

6. Sampling nozzle diameter

A nomograph was used to correlate all the above variables such
that a direct relationship between & P and AH could be deter-
mined hy the sampler within fifteen seconds and isokinetic con-
ditions maintained throughout the test. '

6. Basic Laboratorv Procedure

The following paragraph briefly describes the methods used in
the laboratory to cobtain the raw data used in the calculations
of ocur results as reported in Section III of this report.

e The clean up is done in the field according to EPA test procedure.
: The filters were previously tare weighed and recorded at the
laboratery. Upon return they are dried, cooled in a dessicator,
then weighed on an analytical balance and the amount of parti-
culate collected is the difference in the two weights. The
particulate wash solution (taken from the train in front of the
filter) is placed in a tared beaker, the wash solution is evap-
orated with an Infra-Red Heat Lamp and the bheaker weighed again.
The difference in weight is the weight of the particulate in

.the wash. This is combined with the filter catch as the weight
of the sample.

The impinger condensate is measured for moisture determination.

7. Calibration of Samplinc Equipment

" The equipment used on this assignment was calibrated one week
prior to field testing and recalibrated upon eguipment return
after testing. York Rescarch calibration is traceable to the
National Bureau of Standards. '

Lonzz Drecean oty CORPORATION :LEI.::":"f..:e.J

STAMFORD, CONNECTICUT
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APPENDIX C

BOILER OPERATING DATA
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APPENDIX D

SAMPLE CALCULATIONS




. =L T .

RO “* SAMPLE CALCULATIONS

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

Calculations regrosentative of Test #1.

l. Drv Gas Voluma

.<l7:7l °R ) vm (Pbar + /S,H) eq. 5-1

Vmstd

in.Hg.. 13.6

Tm

= 17.71 Or

73.430 ft3 (30.05 In.Hg. + 1.322 in. H20>

in.Hg.
13.5
532.0 °R
3
= 73.693 £t
2., Volume of Water Vavor .
vwstd = [0.0474 £t3 vlc . eq. 5-2
M‘ .
= 0.0474 ft3, 95.6 ml
M
= 4.‘531‘ft3 .
3. Moisture Content
Bws P Vwstd

Vwstd + Vmstd

_ 4.531 £t°

4.531 ££3 + 73.693 ft°

.0579 x 100% = 5.6%

I




4,

Molecular Weight (drv)’

Md = 0.44 (% C02) + 0.32 (% 02) ed. 3-2
+ 0.28 (%%,) + 0.28 (% CO)

= 0,44 -(8.93) 4 0.32 (8.50) + 0.28 (82.57)
: + 0.28 (0.00)

it

29.77 1b/lb-mole

Molecular Weight (wet)

Ms = Mad (1-Bws) + 18 Bws

1

29,77 (1-.056) + 18 (.056)

29.11 1b/lb-mole

]

Stack Gas Velocity

Ps x Ms

Vs = Kp Cp —\/A—E ( Ts > /2 eq. 2-2

(85.48}) (.84) (.514) 1085.8 1/2
: 30.02 x 29.11

== 41.15 F.P.S.

Gas Volumetric FPlow Rate, ACEFM

ACFM = Vs X As x 60 sec/min

~  41.15 x 124.3 ft2 x 60 sec/min

= 306,897 ACFM

Gas Volumetric Flow Rate, SCFM

0s = 60 (1-Bws) Vs Ag [(Tstd) [_Bs eq. 2-3
: Ts Pstd

= 60 (1-.056) (41.15) (124.3) [ _530 30.02
1085.8 9. 92

= 141,886 SCr'M




10.

11.

12,

Volumetric Flow Rate,

s

1b/hr

Particulate Concentrations,

Qs

141,886 SCFM x 60 min x 29.77 1b/lb-mole

x 60 min x
hr

Md

386 ft3

,

656,572 1b/hr

hr

386 ft°

ar/SCF

C's

Particulate Concentrations. 1b/ft

—

(

0.0154 gr.
mg‘

0.0154 gr.
mg.

Mn
vmstd

49.60 mg.
73.693 £t°

0.0103 gr/SCF

3

Cs

Il

(
(

1.48 x 10

1 1b.‘)
453600 mq .

Vmstd

1 1b.‘)
453600 mng.

73.693 £t

6

1b/SCF

Mn

49,60 mg.

Particulate Concentrations, 1lb/hr

Cw

Cs Qs x 60 mi

hr

(1.48 x 10”8

12.60 1b/hr

n

1b/SCF)

{141,886 SCFM)

eq. 5-4

eq. 5-5

60 mi

o |




13,

14,

15,

16.

Pafficulate Concentrations, 1b/MBTU

Er = Cw
Heat Input

i

12.60 1b/hr
386.7 % 10° BTU/M:

= 0.033 1b/MBTU

% Isokinetic Sampling

I = Ts (1.667 min) ((0.00267) Vic + Vm lear + _AH
sec Tm 13.6

)

69 Vs Ps An
eqg. 5-6

I = 1085.8 (1.667) ((0-00267) (95.6) + 73.43 (50.05 + 1,322
532.0 13.6

(120)  (41.15) (30.02) (5.324 x 1074

= 101.3%

NO,, Concentraticns, lb/hr

1b/hr = ppm x ¥w (NO5;) x Ws
Ma
= 114 x - 46 1b/lb-mole =x 656,572 1b
106 29.77 1b/lb-mole hr
= 115.7 1b/hr

NOy Concentrations, 1b/MBTU

1b/MBTU = 1b/hr
' Heat Input

386.7 x 10° BTU/hr

" 1b/MBTU 0.299 1b

10° BTU




'y

17.

18.

19.

20.

21..

ak

o .

Stack Pressure (BAbsclute) in.Hqg.

Heat Input, MBTU

Sp. Gr. x 8.33 1lb/gal x BTU/1b x gal/hr
0.900 x 8.33 x 19,458 x 2651 = 386.7 MBTU

Gas Density, 1b/ft3

Gas Density = mol wt gas (md) x [Istd X Pbar
386 ft3 Ts Pstd

— 29.77 x 530 °rR x 30.05 =
386 1085. 8 29.92

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

Nozzle Area (ftz)

Aan = .77 D2/4 — 0.785 (0.3125/12)% = 5.324 x 1074 £¢2

Stack Area (ft%l

As = o7D3/4 — o.785 (151 /12)% = 124.3 £t?

0.0378 1b/ft>




L

THE .UNITED ILLUMINATING COMPANY

SOURCE TESTING CALCULATICHN FORIS

rame of Firm - The United Illuminating Company
ocation of Plant_43 Fast Main Street, Bridgeport, Connecticut
'ype of Plant Steam Generating Station
. . . » 7
rontrol Equipment__ None
jampling Point Locations Stack
'ollutants Sanpled__pParticulates, mitfggen'OxiQes
‘ime of Particulate Test:
un Mo. 1 Date 11/13/73 Begin__ 11:51 End__ 16:40
un No. 2 Date  11/14/73 . Begin___ 9:19 End__ 12:55
un lo. 3 ‘ Date 11/14/73 Begin 14:41 End 16:33
PARTICULATE EMISSION DATA
un No. 1 2 3
£FE ¢ 1b.. ) %
Kp = 83.48 sec 1b mcle-®R 85.48 85.48 85.48
Cp = Pitot tube coefficien: (ca2lih.) 0.84 0.84 0.84
- Avarage velocity nead ori stack
VAP = gas, inches =20 0.514 . 0.478 0.488
Ts = Average stack temp., °R 1085.8 ~ | 1086.5 1078.5
Pb = Barcmeiric pressurs, "Hg Abs, 30.05 29.86 29.82
Pd = Gas duc: pressure, "H-O ~0.36 -0.36 -0.36
Lsolute stack gas pressure,
Ps = inches Hg . 30.02 29.83 29.79
Bws = % wmoisture in stack gas, by
volum : 5.6 9.6 13.9
MOIGCUIar weignt OL scack
Md = gas, dry
29.77 29.87 29.79
Ms = Molecular weight of stack gas
s d 29.11 28.73 28,15




v b1 .
L e e

®
« Stack

gas velocity}dF.P.S.

- VS = 41.15 38.65 39.74
5 CO2n ra 8.93 9.62 | 9.04
<5 02 8.50 8.29 8.47
<% CO 0.00 0.00 0.00
% N2 82.57 82.09 82.49
Total volume of liquid
Vice = c¢ollected in impingers .
and silica gel, ml. 95.6 150.6 115.7
Volume of dry gas sampled
Vm = at meter conditions, FT3 73.430f 67.272 34.580
: Volure of dgy gas sampled
std = at STP, FT 73.693] 66.877 34.087
Average dry gas meter ' )
"Tm = temp., °R 532.0 533.4 | 537.3
- Averzge pressure drop
AH = across orifice, inches E20 1.322 1.112 1.179
8 = Total Sampling Time, min. "120 120 60
Dn = Nozzle dia., inches 0.3125 | 0.3125% 0.3125
An = Nozzle area, FT2 x 10”4 5.324 }5.324 5.324
I = % of isckinetic sampling 101.3 102.7 106.2
Qs = Stack gas volume at STP
- .. (SCFM) 141,886 { 126,730} 124,858 131,158
Qa = Stack gas.volumé at stack
conditions (ACFM) 306,897 | 288,252 296,38} 297,177
Ws = Stack gas mass flow lbs/hr 656,572 | 588,408 578,164 507,715
Mp = Particulate-probe, washings, mg - - -
Mf = Particulate-filter (mg) - - -
Mn = particulate-total (mg) 49.60 | 113.10 | 127.20
Particulate Concentrations
C's = gr/scf 0.010 | 0.026 0.057 0.031
Cw = Particulate total emission 1lk/hr 12.6 28.3 60.7 33.9
Er = particulate emission rate, 1b/106
: BTU 0.033 0.072 0.158 0.088
C = NO, concentrations, PPM 114 120 114 116
Ch = NO. 1v/108mTU" 0.30 | 0.28 0.27 | o.28

-~}
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e .. Steam Generator No. 1 A

Bk by

" Stack Wo. B.H.S. 1 - . T TUEo
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(Ref. "Intent tc Test" Form Number 720049) R h

_ Test Conducted By L LT
The United Illuminating Company T
Development and Test Laboratory . e
. 80 Temple Street ’ . _
New Haven, Connecticut S
' 06506

United Illuminating Personnel Present

) J. Sombati ' ST
J. Hotchkiss . -
J. Macknis S
T. McAlee L -
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. ducted on April 12, 13 and 16, 1973.

Introduction

Emission tests for particulate and nitrogen oxides were’ -
conducted as required by Connecticut State Law on The United
IYluminating Company Bridgeport Harbor Station Steam Generator
No. @ located in Bridgeport, Connecticut.  Testing was con-

Source sampling was performed in accordance with test
methods and procedures as prescribed in the Federal Register;
Vvol. 36, No. 247, dated December 23, 1971. These tests were
conducted on the stack four diameters downstream of the

breeching inlet.

The primary contaminants tested for were particulates and
nitrogen oxides. Tests were also conducted to determine stack
gas velocity, moisture content and flue gas analysis. The pro-
cedures used in determining these various parametetrs, except
for flue gas analysis and nitrogen oxides, are those found in
the above mentioned Federal Register. Flue gas analysis was
performed by using an Analytical Instrument Development Model

" §12 Portable Gas Chromatograph, and nitrogen oxide emissions

were found by using a Dynascience Model P-101 NOx Analyzer.

This test report includes the information required for
Items IIY, IV, Vv, VI, VII, VIII, IX, X, XX, XII and XIII from
the Department of Environmental Protection's Intent to Test
form in compliance with the DEP's new Source Test Guidelines
and Proccdures, (received April 3, 1973). '

Sy POSPRFS F TR (AR A

4

f .
Btk
L un-L hix .

ISR

EON VT TN

0 Lo .-. -
Y W SN N -'.u:!‘um

]
bt

O

RN

il 3L




Ly

«. (Ref. Item VIII "Intent to Test" Form)

2. Sampling Train Information e

. @a.) Schematic diagram of Sampling Train:

Sée Figure 1
. Sampling Train used: -

Research Appliance Corporation Stacksamplr
Model 2343-5, Serial No. 1399, purchased
April 4, 1972.

‘_' b.)} .'Media type used to determine gas stream components:
© "' NOgx: Dynascience Model P-101l NOx analyzer

ST - Particulates: Reeve Angel 90CAF 11 CM
diameter glass fiber filter '

ERI Flue Gas Analysis: Analytical Instrument
Development Model 512 Portable Gas
Chromatograph .

c.) Sampling tuber
| Preliminary Moisture: 'ﬁeated pyréx.tﬁbe
. NOx: Stainless steel tube: ' .-
'Particulates: 12 foot stainless steel tﬁbe

Flue Gas Analysis: Stainless steel tube

‘d.) Probe cleaning method:

The .probe was first washed with acetone, after
which two to three 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 “Intent to Test" Form)

. See Appendix C
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EE nElectrlc utlllty steam generator burning No. 6 residual

-

R

Description of Operations - d ’ o ' o
(Ref. Item X “"Intent to Test" Form) : ' R
The operation tested was Bridgeport Harbor Station Steam 2
Generator 1, Registration Number B.H.S. 1, Stack 1, having <A
a BTU/hr rating of 895 x 106 (averaged over test period), A
burning No. 6 residual fuel oil at an average rate of 6277 3
gal/hr, and having a gas flow of 263,335 ACFM, average for L
test period. . See Table IV for fuel oil analysis. ‘ ' N fg
: ' ko
ampling Area Description 3
'(Ref Item XI "Intent to Test"” Form) R
: iy
Emission sampling was performed in the stack 43'-3" above f
the breeching inlet and 126'-6" down from the top of the =
stack. Sampling was done through two 4" diameter sampling E
ports spaced 90° apart c¢n the stack circumference. Eighteen :
sampling points per port were used in the test for particu- -
lates. The diameter of the stack at the sampling location -
was. found to be 8'-6". ‘ . : T3
a.) Stack Configuration ’ .ﬁ
= 3
See Figure 2 Uk
b.) Sémpling'Port Location j%
See Elgure 2 E
: c.): Sampllng P01nt Pos;tlons ;5
See Figure 3 :
Stack and Vent Descriptions
(Ref, Item XII "Intent to Test" Form)
Connected to. this boiler is a Research-Cottrell electro-
statlc prec1p1tator having an estimated collection efficiency
of 75% when burning No. 6 residual fuel ocil. The precipita- =
tor outlet duct connects into the 201' stack at elevation
55!_3" . . ‘
Ogeratlonal Parameters L
(Ref. Item XIII “Intent to Test"” Form) e

fuel -oil and having rated capacities as registered.

- - . ) . -
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 TABLE IV(a)

Analy's is Of

Representative Fuel Oll Sample

-
_,‘,.&""“J?"o"._..'q'r- -——.—-—-.— -

]mml S L Bl "m'mmmnmmumunmmmuummmuumu|nnmmmmumummummumum.ummmmmuunmmnum
FUEL ENGINEERING CO_MPANY

FUEL TESTING DEPARTMENT
TEST REPORT

April 27, 1973

DAIE

i API Gravity 260°F 27.3
Specific Gravity @60°F 0.8911 )
Sulfur 0.44%
Heating value 19255 BTU per Pound
142895 BTU per Gallon
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254979

REPORT NUMIER

10:15 AM.
4/12/73

On Sample Marked Unit 41,

$ampls Token by z:“-

feceived from United Illuminating Company
80 Temple Street
New Haven, Connecticut 06506
Attn: Mr. J. Scmbati

sl Enginvering Compony of Naw York
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TN TS T w7 - - TABLE IV(b)

 Ultimate Analysis Of

Regresentatlve Fuel Oil Sample
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f = May 3. 1073 FUEL ENGINEERING COMPANY 254978

g, . DATE . - ) | PUEL TESTING DEPARTMENT REPORT NUMBER

E  Ulcimate: ' TEST REPORT

= ' . . . .P Q. He.

= Carbon 84.93% On Sample Marked UMLT 1 oi1-HAY !

2 Hydrogen 12.65% 11:30 ALM. 5

£ sulfur 0.43% 4/13/73  Somple Taken by 0¥

& Nitrogen 0.18%

£ ash .0.036%

E Oxygen 1.77%

= . Recwived from United Illuminating Co.

2 BTU per Pound 19257 '80 Temple Strect

= BTU per Gallon 142521 New llaven, Connecticut 06506

E Attn: Mr. J. Sombati
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e w™ emio e+ el u-w . TABLE IV(c) i F T

¥ hnalysis of - -
Representative Fuel 0Oil Sample
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aprit 27, 1975 . FUEL ENGINEERING COMPANY 254980

CATE _ o FUEL TESTING DEPARTMENT REPORT NUMBER
TEST REPORT '

API Gravity Q60°F - @ 27.5 ' ‘ ) Yewr PO o,

SPECiFiC Gm\'it)' @GOOF 0.8899 On Somple Morked Qi1 Samplc For Test 23 BLUS
Sul fur 0.46% 1:00 P.M. From Unit.#2 HDR Qa;ch¢rﬂc
Heating Value 19226 BTU per Pound 4/17/73 Sommrtuhnby

142434 BTU per Galloen

Received fram United Illuminating Company
80 Temple Street
New Haven, Connecticut 06506
Attn: Mr. J. Sombati

Fusl Engincering Compony of New'Yark
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Stack Diameter:

Pipe Length: -

: g
. . o
VONOUHWN- g

——

36"

FACTOR

Sampling Point Positions

8'-6" = 102"

DISTANCE

1.4"
4.5"
7.7°
11.1°
14.9"
19.2"
24.1"
30.2"
39.0"
63.0"
71.8"
77.9"
g2.8"
87.1"
90.9"
94.4"
- 97.5"
100.6"

Fiqure 3-B

DISTANCE +
PIPE LENGTH

37.4"
40.5"
43.7"
47.1"
50.9"
55.2%
60.1"
66.2"
75.0"
99.0"
107.8"
113.9"
118.8"
123.1"
126.9"
130.4"
133,5" .
136.6"
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N ) Bridgeport Harbor Station Unit No. L ) o
.. . Test l . ) o _ -
- April 12, 1973 . N L L

SAMPLE CALCULATIONS e
NOTE: All equations used in these calculations are found in
‘the Federal Register, Vol. 36, No. 247, Dated December :
23, 1971. _ _ .5
Calculations representative of Test #1. o
1) Dry Gas Volume <

Vmstd = f17.71 OR Vm ,Pbar + _AH eq. ‘5-1‘
. inHg ( 13.6 o
. - Tm . -—.",';
) = fi7.71 oR) .173.64 £t3 ,29.94 in Hg + 3.56 in Hp

inHg 13.6
529.1 _ ©OR '
= 175.53 ft3

2) Volume of Water Vapor T
wstd = (0.0474 FT3) Vic - - eq. 5-2 |
. . M : . > -
= f0.0474 FT3\ 403.6 ML
~ M 5
= 19.13 FT° 5
. 3) Moisture Content
Bws = Vwstd . ' - ' _’
Vwstd + Vmstd ' : j B
= 19.13 FT3
19.13 FT3 + 175.53 FT3

= .098 x 100% = 9.8%




Ty

4Y Molecular Wéight (drg} ' ; ff-

M = 0.44 (% CO2) + 0.32. (% 02)
+ 0.28 (% N) + 0.28 (% CO)

=- 0.44 (11.33) + 0.32 (5.05) + 0.28 (83.62)

+ 0.28 (0.00)

LY

= 30.01 Ib/lb-mole

-.5) Moleculg; Weight (wet) -

M3 = M43 (l-Bws) + 18 Bws
= 30.0l (1-.098) + 18 (.098)

_ 28.83 1b/lb-mole

6) Stack Gas Velocity a .
vs = kpCp VAP (_Ts. ) k%
s Ms

‘= (85.48) (0.783) (1.26) 745.5
T ) - \29.91 x 28.8

= (83.48) (0.783) (1.26) (0.,930)
= 78.4 F.P.S.

7} Gas Volumetri¢ Flow Rate, ACFM

"ACFM = Vs x A x 60 se@/min _

= 78.4 x 56.72.FT2 x 60 sec/min

266,811 ACFM

It

)

eq.

2-2




8) Gas Volumetrlc Flow Rate,

530

29 91

745.

)

29,92

hr 386 FT3

Qs. = 60 (l-Bws) Vs A (?std
P
=~ 60 (1-.098) (78.4) (56.72) (
= 171,038 SCFM
9) Gas Volumetric Flow Rate, 1b/hr
'Ws-r=: Qs x 60 min xX Md
' hr 386 FT3
= 171,038 SCFM x 60 min x 30.01 1b/1b-mole

"'797,853 1b/hr .

10) Particulate Concentrations, ar/SCF

C's:

(§.0154 qr Mn
mg Vmstd

0.0154 gr 30.6 mg
mg 175.53 F13

0.003 gr/SCF

11) Particulate Concentrations, 1b/FT3

Cs

]

1 ;Q;) mn
453600 mg
Vmstd

1 _L_lg) 30.6 mg

453600 mg
175.53 FT3

0.38 x 10~% 1b/scr

)

eq.

-Tﬁ::ﬁeq.

2 -3

" eq. 5-3

-

5-4
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12) particulate Concentrations, 1b/hr

S .'n
ok

Cw = Cs Qs x 60 min
hr

" *

= - (0.38 x 10~6 1b/SCF) (171,038 SCFM) 60 min

= 3.9 1b/hr

[
("

- TELT :-‘ =
O e M s B

13) Particulate Concentrations, 1b/MBTU

-

Er = Cw
o " Heat Input
= 3.9 1b/hr

906.4 x 109 BTU/hr

= .004 lb/MBTU .

14) % Isokinetic Samnlinq.

I = Ts (1L.667 min} 60.00267) Vlic + ¥m (Pbar + ATL)
: sec Tm 13.6

© Vs Ps An

. 1. : . .
T T S s N . Sarr toe
oo PN A G RIS AR B e Akﬂ'ﬂl-rﬁsm.“ib‘;n\: Wolall T

. eg. 5-6

I = 745.5 (1.667) 60.00267) (403.6) + 173.64 (29.94 + 3.S6>
: 529.1 13.6

(180) (78.4) (29.91) (0.000325) g

= 99.54% | 4

15) NO, Concentrations, lb/hr | . - s
1b/hr = PPM x Mw_(NO) x Ws

' Md . k

_ 234 x 30 lb/lb-mole x 797853 lb 3

106  30.13 lb/lb-mole hr "

= 185.9 lb/hr

. ..
-l vadtae L




17)

18)

19)

20)

1b/M:B'1_'U

NOy Concentrations, 1lb/MBTU.

1b/MBTU = 1b/hr
Heat Input

- _185.9
906.4 x 10© BTU/hr

0.21 1b
106 BTU

Stack Pressure

Pss = Pb = P4 ~ _ 29.94- 0.40" Hp0 = 29.91
13.6 . 13.6

Nozzie Area

An = 77 D2 = O. 785 (0 244)2 = 3.25 x 1074 ‘.E‘t2

Stack Area

as = Y p2 _ .785 102 56.7 FT?

.

Heat Imput: 6343.3 gal/hr x 142,895. BTU/gal = 906.4 MBTU

[P .;1 . : -,
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I TN ]
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.. .. . THE UNITED ILLUMINATING COMPANY

;v..... e }:—‘ et .u...

Wiz . SOURCE TESTING CALCULATIGN FORMS - = ..

. -

Name of Firm The United Illuiinating Company

Test No. B.H.S. 1, Stack L - - . ... - - Ho. Runs___3

Location of Plant 10 Henry Street, Bridgeport, Connecticut

Type of Plant__Steam Generatinc Station

Control Equipment Electrostatic Precipitator

Sampling Point Locations Stack : .

Pollutants Sampled_ particulates, Nitrogen Oxides

wime of Particulate Test:

1719 -

Run No._ 1 - Date_ 4/12/73 Begin_ 1402 End
Run No._ 2 pate 4/13/73 _Begin_ 1300 End 1609
Run No.___ 3 Date__4/16/73 Begin_ 1326 End_ 1637

. PARTICULATE EMISSION DATA

Run No. : | 1 2 3
_ £E 1b. ) % . . o
__Kp = 85.48. sec 1b mole=“R ' 85.48 85.48 85.48
. Cp = Pitot tube coefficient (calibd.)! 0,783 0.783 0.783
- Average velocity head of stack 1. :
~AP = gas, inches #H20 1.26 -1.25 - 1.24
Ts = Average stack temp., °R 745.5 735.0 746.6 .
Pb = Barometric pressure, "Hg Abs. 29.94 30.10  30.38
Pd = Gas duct pressurs, "H-0 -0.40 | -0.52 -0.48
Absolute stack gas pressure,
Ps = .inches Hg . ~ 29.91 30.06 30.35
Bws = % moisture in stack gas, by ; ‘ |
volume °.8 |~ 9.7 10.0
MoIccular welgnt OL scack . —
Md = as, ary ' '
gas, ory 30.01 30.13 29.93
Ms = Molecular weight of stack gas )
28.83 28.95 28.74

.
, 5.9




Run Ko, 1 2 3 -
Vs = Stack gas veloc:.ty, F.P.S. 78 .4 76.9]1°  76.9
% 02 ~11.33]  11.85 10.09
% 02 5.05]  5.89 7.99
% CO 0.00 0.00 0.0d ‘
% N2 83.62] 82.26 81.92

Total volume of liguid
Vlc = collected in impingers )
and silica gel, ml. 403.6] 400.5 366 .4
Volume 'of-dry gas sampled
Vm = at meter conditions, FT3 173.63% 170.381] 153.761
- Volume of diy gas sampled
Vstd = -at STP, ET 175.53  175.29] 154.89
~ Average gry gas meter :
Tm = temp., R 529.1 522.5|  537.¢
Average pressure drop :
- AH = across orifice, inches H0 3.56 3.46 2.79
8 = Total Sardpling Time, min. 180 180 180
Dn = Nozzle dia., inches 0.244 0.244 0.242
“ o e, . =2 )
An = Nozzle area, ET 0.000325/0.000325 |0, 000318
I = % of isokinetic sampling 99,54 99.37 90 .58
Qs = Stack gas volm..e at STP :
- -(scr) . 171,038/ 171,145} 169,546
Qa = Stack gas volume at stack §
conditions (ACFM) 266.811] 261,580} 261.612
Ws = Stack gas mass flow lbs/hr 797,853! 801,544 | 788,784
Mp = Particulate-probe, washings, mg 15.9 . 1l4a.8 A3.7
Mf = Particulate-filter {(mg) 14.7 11.1 13.3
Mn = Particulate-total (mg) 130.6) 25.9 57.0
Particulate Concentrations

C's = gr/scf 0.003] 0.002 0.006
Cw = Particulate total emission lb/hr 3.9 33 8.2
Er = Particulate emission rate, 1lb/106 , .

BTU 0.004] 0.004| 0.009
¢ = NO, concentrations, PPM 534 19 167
Cn = NO. 1b/10%u 0.21]. 0.20 .0.15

v = ===_h-
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Test Results
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Bridgeport Harbor Station , ' ;'- -
Steam Generator No. 2 - _ E

Tegst Conducted on
December 11, 1973




Introduction

Emission tests for particulates and nitrogen oxides were - > ST
conducted as required by Connecticut State Law on The : - -
United Illuminating Company Bridgeport Harbor Station Steam *2
Generator No. 2, stack No. 2, located in Bridgeport, Connecti- L
cut. Testing was conducted on December 11, 1973. N

Particulate testing was performed in accordance with test =
methods and procedures as prescribed in the Federal Register,
Vol. 36, No. 247, dated December 23, 1971. Testing was

.performed by York Research Corporation of Stamford, Connecti-
“cut, using a sampling train as described in Appendix A.

Nitrogen oxide emission testlng was performed by the United
Illuminating Company Development and Test Laboratory uSLng
a Dynasc1ence Model P-101 NOy Analyzer. Pield 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 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 Portable Gas. Lol
Chromatograph. : o

York Research Corporation was retained to perform particulate
tests, together with a preliminary velocity traverse, moisture
determination, and fuel c¢il analysis. The United Illuminating
Company was responsible for the flue gas analysis, nitrogen
oxide analysis, and for accumulating boiler operating data.

This test report includes the information required for Item
Nos. III, IV, V, VI, VI, VIII, IX, X, XI, XII and XIII

from the Department of Environmental Protection's Intent to Test
form in compliance with the Department of Environmental Pro-
tection's new Source Test Guidelines and Procedures, {received
April 3, 1973).

*
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Test

Date~

Carbon

Hydrogen
Nitrogen-

Ash |

Sulfur

Spécific Gravity
BTU/1b

BTU/gal

TABLE IV

FUEL OIL ANALYSIS

STEAM GENERATOR NO. 2

STACK_NO. 2

1

12/11/73

2

- 12/11/73

3

12/11/73

Composition (% by Weight)

86.10.
12.61
0.1.
0.019
0.348
0.909
19, 452

. 147,290

86.10
12.61
0.1
0.019
0.348
0.90¢9
19,452
147,290

g86.10
12.61
0.1

0.019

0.348

0.90%
19,452
147,290




1.

Sampling Traln Information’

(Ref. Item VIII, “"Intent To Test™" Porm)

2.. Schematic Diagram and descrlptzon of sampling
train: e ——

See Appendix A.

b. Media type used to determine gas. stream
components:

1. NOyx: Dynascience Model P-101 NOx
: Analyzer :

2. Particulates: Tared glass fiber filter.
3. Flue Gas Analysis: Analytical Instrument
Development Model 512 Portable Gas
Chromateograph
c. Sampling Probes: .
1. Nitrogen Oxides: 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 IX, "Intent To Test" Form)

See Appendices A, B, C, D.

Description of Operation
(Ref. Item X, "Intent To Test" Form)

The operation tested was Bridgeport Harbor Station
steam generator No. 2, stack No. 2, Registration Number
BHS2, stack 2, having a total BTU/hr rating of 1806.7
MBTU/hr (averaged over the test period), burning No. 6
residual fuel o0il at an averaqe rate of 12,267 gal/hr,
and having a gas flow of 610,218 ACFM, averagc for the
test pcriod. See Table IV for fuel oil analysis.
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4. Sampling Area Description _
{(Ref. Item XI, "Intent To Test" Form) .

Emission sampling was performed in the stack 170

feet above the stack foundation (8 stack diameters

above the breeching inlet and 6 stack diameters

down from the top). Emission sampling was performed
using four - 4" diameter sampling ports, spaced 90°

apart on the stack circumference. A total of twelve
sampling points (3 per sampling port) were used in the
test for particulates. The inside diameter of the stack
at. the sampling location was found to be 12'-10-3/4" I.D.

X étack:Configufation:
 See-Appendix A,

b-"Sampling:PQrt Locaticn:
-Seé Appendix A. _

'c; .Sampling Point Position:

See Appendix A.

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

One Babcock and Wilcox Cyclone fired Radiant Reheat Boiler
discharges flue gas:. through two breechings into the stack.
Attached to the outlet of the boiler is a Research-Cottrell
electrostatic precipitator, having an estimated collection
- efficiency of 60% when burning No. 6 residual fuel oil. '

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

Electric utility steam generators burning No. 6 residual
fuel oil having rated capacities as registered. '
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V., SAMPLING METUODS

1. Port Location
The test port locations and the number of points sampled were
calculated from guidelines in the Federal Register, Vol., 36,

No. 247, dated December 23, 1971. Enough points were used to
assure accurate measurement of particulate emissions, temperature,
and velocity over the cross-sectional area of each stack (See
F;oures 1-4), :

2. Velocitv and Temperature . . o -

Velocity was determined in accordance with Guidelines in Method
2 of the Federal Register, A preliminary velocity traverse was
made to establish isokinetic sampling rates using EPA Hethod S
sampllna techniques (See Figure rﬁ)

3ﬁ’ Flue Faa Analvsis

Gas analysis for CO and O was conducted by UT using an Orsat
apparatus. Readings for each test are reported in the Summary
of Results. : : ’

4. Partiéulate Sampline Methads - EPA Method S

" The sampling apparatus consisted of a nine (9) foot probe on
Unit 2 and a fifteen (13) foot probe ob Unit 3, heated filter,
four impingers, dry gas meter, vacuum pump, and calibrated
orifice as shown in Figure 5. The stainless steel, button-hook
tyvpe sampling nozzle' (1), Type “S" pitot tube (2), and thermo-
couple (3), cxtended from the samplinz end of the probe, which
consisted of % inch inside diameter medium-wall stainless steel
tube with a ground steel joint on one end. The probe was loga-
rithmically wound from the entrance end with 26-gauge nlckel—
chromium wire. During sampling, the wire was connectcd to a
variable transformer to maintain a gas temperature of 230°F in
the probe. The wire wound tube was wrapped with fiber glass
tape and encased in a l-inch-0D stainless steel tube for pro-
tection. The end of the steel tube that does not have the ball~
joint protruding has a vut welded to it for connection to the
stainless stecl coupling used to attach the nozzle. The probe
connects to a very coarse fritted glass filter holder (B) which
holds a tared glass fiber filter., The filter holder was con-

=X Dorap o, CORPORATION (T3}  sTAMFORD, coNNECTICUT
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tained in an electrically hcated enclosed box (#) which is
thermostatically maintained at a minimum temperature of 250°F 1
to prevent water condensation, Attached to the heated box

with tvgon tubing was an ice bath (7) containing four impingers
connected in series with vacuum hose., The first impiosger (8)
receives the gas stream from the filter. This impincer is of
the Greenburg-Smith desizn modified by replacing the tip with a

L inch.ID g¢lass tube extending te 0,5 inch from the bottom of

the flask., This impinger was initially filled with 100 milli-
liters of distilled water. The second impinger (9) is a Green-
burg-Smith impinger with tip, and also filled with 100 milli-
liters of distilled water. The third impinger {10) mndified

like the first, with no water. The fourth impinger (11} is

also a Grecnbur"-bmlth type modified like the flrst and contained
300 grams of dry indicating silica gel.

From the fourth impinger the efFfluent stream flows through a
dial thermometer (22), a check valve (13}; flexible rubber
vacuum tubing (14); vacuum gauge (15); a valve (16): a leakless
vacuum pump (17), rated at 4 cubic feet per minute at 0 inches
of mercury gauge pressure and 0 cubic feet per minute at 26
inches of mercury gauge pressure, and connccted in parallel
with a byvpass needle valve (18); and a dry gas meter rated at - b
.1 cubic foot per revolution (19). A calibrated orifice (20)
compleLeq the train and was used - to measure instantaneous meter
flow rates, The three thermometers (12) are dial tvpe with a
range of 25° to 125°F. A fourth thermometer in the heated .
portion of the box has a range up to 300°F. The dual manometer
T (21) acruss the calibrated orifice is an inclined-vertical type
graduated in hundredths of an inch of water from G to 1.0 inch
and in tenths from 1 to 10 inches.

5. Test Procedure

Prior to the start of a test series for each stack, the pressure,
temperature, and range of velocity pressures were determined
during preliminary pitot tube and temperature traverse.

During each test the following readings were taken at each point:

Point Desitmation
Clock Time :
Dry gas meter reading (CI)

"Velocity head (AP in inches water) ) _ N
Desired pressure drop across orifice (Al inches water)
Actual pressure drop across orifice (AIll in inches water)
Dry gas temperature (°F) gas meter inlet
Dvy gas temperature (°I) gas meter outlet, . :
Vacuum pump gauge reading (in. Hg). - R 2
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10. Filter box temperature (°F) : :
11. Dry gas temperature (°F) at the discharge of last impinger
12, Stack. temperature (°F) '

-

The relationship of AP reading with the A It reading is a function
of the following variables: _ o il .

. Orifice calibration factor

. Gas meter temperature

% moisture in the flue gas .

. Ratio‘of flue gas-pressure to barometric pressure
. Stack temperature : : . .

. Sampling nozzle diameter

g E W
.

A nomograph was used to correlate all the above variables. such
that a direct relationship hetween AP and Al could be deter-
mined vy the sampler within fifteen seconds and isokinetic
conditions maintained throughout the test. '

6. BASIC LABORATORY PROCEDURE

The following paragraph briefly describes the methods used in
the laboratory to obtain the raw data used in the calculations
of our results as reported in Section III and VI of this report.

“ The clean up is done in the field according to EPA test procedure.
The filters were previously tare weighed and recorded at the '
laboratory. (pon return they are dried, cooled in a dessicator,
then weiched on an analvtical balance and the amount of particu-
late collected is the difference in the two weights. The part-
ifculate wash solution(taken from the train in front of the
filter) is placed in a tared beaker, the wash solution is evap-
orated with an Infra-Red leat Lamp and the beaker weighed again.
The difference in weight is.the weight of the particulate in the
wash. This is combined with the filter catch as the weight of
the sample. :

The impinger condensate is measured for moisture determination.

CALIBRATION

-

The equipment used an this assighment was calibrated one weck
prior to field testing aud re-calibrated upon eguipment return
after testing. York Research calibration is traceuable to the
National Bureau of Standards.
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APPENDIX B

NTTROGEN OXIDE TEST

FLUE GAS ANALYSTS
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APPENDIX C

BOILER OPERATING DATA

i

Sty M gl



b~ | I N AL TR CLE B L B

: . ! S B AYE 0y | - {dg) dual
AT R A S . ) oI i L weas ¥y Jrausy
BN T o . , Lt .._\\.... . 2 P.,\? 1 N iy C‘uﬁumu -,..mqamm
ey - - F L . -~ N ] } JiT?a3g .31 -...u..u.L Bt
: . C . ) , (do0) duisl
. . -
: 1 : B ,I.ﬂ\. : ®es3g _321ur—525Yay
IR 1 _ AL (/72/ amﬁmou *3301d
) 8 “y 7 o et { q 7 ) :
Tt 5 . N . . 0 g \g ‘ © Weajls.39Tur_3e3t3d
S N . ...ﬁ..nmv\_“.:,.. ﬁ................... .‘.,...,.‘.\...,Qu . S T auov D_wn..um..
L ] : T : - Ve . : . tI293S5 3ITXI IA[TOEZ
Tl S SN A W SO . (Bysd) . *s$s5392d
mu ... . . ! .... o . .‘.IMM. . B un\.» . . o ...- . . .... . - . Emm m u.mx\‘. Huﬁ.-ﬂom

-

. - T —77%. Sr 7 |.ore (5500 TaEK) (Jo) dud]
m g V3 ‘.. m. .. ) ey : ..... ... R u...r., . D i - Ty L R L - - . . . - .Haums GUU.H uo.ﬂc._- ‘HO.H rOM-
. u...k.. - e I YN IR I Er— R mcﬂzoam 3G0S

. . ] - . .. — = T ‘7. .\,..... r:.\.. ] Qv NC S59IX
L T T S| BT et @

i

°t) XYY sSs30xd

. : . -. Tt - - . " .

‘ - - — - — s 1 il #D XT3
ol EEERERMEN [ IR SN \\n\\\...\ Y w._p._. ‘11 cov CUL...\ = ._.* ey 14 21
3 ST R T NS Bt Sn W4 WIST : oo oyEN Y L .ﬂuﬂd.r&lvom,wlsoim eIt

. * ' .. - . - N c o - N s [ | - p
o OV PNFRSRTY 7 VA A OIS D TS P IACY R & :.:kdﬁ, PoTa tend

?.5 5eoT oW

. .-... . ' . .- . . .\......-\ -!ﬂ.\h’.m -.\ ﬁ:_ ‘'t -.\M\\\ ..\.\f.

. SRR DU S - —7 e 1) peo] SS019
N I R P L T v
: S P N \ o e \,m M.\\,\ 4060 - yIsyeueIed
...w... L K . . .\ o ...... , ] I . . - . r .

y . ST : : : - ] FRIRENEE Y I; : :o “QUO‘H ugﬂ.ﬂ
e \ [ i on vl o e LRSS 2 u@ SRR
R - ... - .... , -~ - - . . . - . q - HU%Z \.HUH.MG

M\.ﬁ wx ~\\ ﬂﬁ\ oumn T | . R — W..Wsﬁ@ uaﬂnsz :.oﬁumuﬁ:ucum.a el

:J

[] . -
oty Ch S . .... . - . ' . \\
0L L, . ..” L - BN TITANGT BNTIVHTAOD HRI1TOa . .




e ol

cduy Luiqueo.

.‘pwu obr31oa DurjLady

(utw/syaeds) azeyd Hie

(utw) potaod a[dAD burdct

.dm.ﬁ mwﬂhm \h.w. {ogH ut) @2anssoad 2T

< . R " (do) duar 3213
' TSy vt/ tse {do) aual 391
R R R B L

A _ F{TL i9ul

’ . S (TT-i/ndi

. ) o - 23ey 3ecd IO

N ?m,. - le {do) aﬁmﬁ 17 JUILGY

Catbta L Wmmt& [ b (PH Uj) 9115593d orI3avoa

— MIL.. — i . Ajtpre

. L DATIBIOY ITY IUIIG

r . b . (do) cwoy 2

= \wwh . .TV.. LS - 33TUI 33e1g Pad=x
o .k‘ {n) 2pe3fon uad
. — W — {sawe) 3juaxan) ued
— — | — {0¢H Uy) @81y 21Inssaiad ued

. —— . — J— {a) ®beatoa ued °(
e ¥ A R gdu 313 .

. .m:h.u\n a.uxm\n t e<€ﬁc _ {(odue) 3ju umsu ued *°d

“)s Cr “{0ZH Y

c . ) 9Ty ®aInssaiyd ued

Gl IR BTV LI (do) <Y

£ o Sl - \.;.o 3t _sen ontd JIaT]

: < )G LS iy RN T {do) du

o il A T 99TUT ITY 2914

' - s LS ‘IEQYLwnE.rILv#a.&lmc.-.ﬂn

: K \M..N..u\\ ERT O IR ' ‘gI9joucieg ,



—1= . do) cudd
.o, * . . . o . .l.\... ! ) : . _ ﬂ-couw _ u hcu.ﬂm

- . — ¥ T — T pmlmm.m. Tsuo1d
— | SRS B SR | Y pena5-aTHAI3RAVIY

(dp) ©:=idl
EE . RE TN LR AL A o)
po . . .. ) ' — ..a..m.unﬁmn: .
_ m P o © Em0S  IoJUL

!

e ﬂmou

- ST R XL R .t . wesas ard L,:M
.+ : ’ e : te oo . . . . . " - — ) T L gl A-&Oy Qf_nurm.
. . . ' . o . ) ' ,... ...mu (s \\.\rﬂ . . - Joaye ﬁUU.m HUACH I3(X cd

-am®
-
»
-
~
-

-
b Y
*
a

-
*
-

—

— " N puj~oTl 3003

s

b R _ . - .. \ .\u (%) ¢0 s593%

G\uu hﬂ< mMOUs.u

P ey N
’
-
.
r

by
a

»
- —
. .
-
.
-
A~
.
-

b : : . — 7o1d 1%

L ... H o K . . - —- ?..nvﬁ:.m“”u)#ﬂ.-n&\mu,.u.\....ﬁ
—d : .. A N .“3...., AT - a. N -

) v - .w: H.l.. .
M i IR Loer L - 1 : n .\H - ) mhpﬁ\ﬁ: FO{d Weals
i - i . N T ._f..- _. v ....l:...ﬁ. ] . M “.‘ A .\ .

. - SECE IR S e e D ;..:. T_ﬂp :w.oﬁ 1o0d

ey o f Be, sag N PR ..\..
1 : I U . e U ...r >l EE& w...p.&.. .

r - (¥ .
: ....... Lo S T B : — hmﬂ puol 30N
e e __ . . . . . .,._. . .... ...... - . . . t e ... ﬁ .-...—w ﬂv.ﬂOA mmohnw
\ . - - 7 . . .
- — . R e Sgel | v/ " gisjoueaed
R . T . ., . . -
| . ’ . : . ! X ) . . *
) Lo \. S : . . _ : ... . 57300071 \..Em.nm
- - T " ) LT et -, R .l-“u ....\....... <, . \
; e . i i e, S T L.. P T : - L ' L - R
SR > €8 R .\ Soenr e L i : . - Jaqumil XI3TFOE

- . _ . —zoqump UCFIESTFFIUILT AIEI
om....e.ﬁa o | R R

. . ..“ ..._ ...n h .
. -..-... . - N ‘l‘llll‘l!l‘lﬁln‘[l‘ll‘ll . . s \M
: J.”a J . i+  EHOTIIGNOD DNIJLVHJdOo ¥I1I0W



w . \ | . , - o ‘....‘..cn.lu_
By ] PRSP ST Ty P S e _ AT T T

QQ ¥ . . , _ _ R e sduy DUTILLI W

,. . ﬂ\ ) | | R . AB:. ommu.ﬁo_p mc.ﬂuauu..n.u

W\ ., | Ve 0O k (utw/s)aeds) ajey yaeds

. \F.ﬁ.c . .\\n..am\. — . - i {utw) potaeg 9104 Butdaey

0c < , .. | = AR 3~= Uf) axnssoxd 391Ul

o/ | . : . . "(Jo0) Gual 39130

i . W\ — o NER R S T ) (Jo) GdoL I5(0T
:: : . . | 7 sad PSS
N uwt....\ . n . . S S G0 1Y+
= : : N .. (A7 nLd)

. L A Co S 23y 3JvoH 2o1tod

o — ]

T ; .. 1T _ . - ] . (do) duBag 31y Juaiquy

e it

' . .. . oo R B ] \m\_w.c.q m;..w..x»ﬁ_ (bPH u}) 921Fssasd drajoauoarg

S 0 ey

Tat R . . h . -~
LATRTURNE PRI . oot . . . B r A3tprenii]
s S - 3 : : . o T : . abaumauz ITY judTqUy
.-M. . . . \,.... . . . ﬁ\r. ) —\\\ N , . R'WOM Q.L.Urm.\ Hﬂ-xw
7 . : o —_- e 2T Y4 - © 99TUT 3321 pIo10d
e - . — . . () 8beiroa ueRd dl

T (4

’ .. . - ‘ : : , .o . ‘ . : dmo..hm- JuoIaInd uvd gl

AONE uy) umam 21nssalxd uel dil

I | : 4 : . {a) ammuﬁo> ued -q-d|

Lo . \ . e . . . . ....,..m,.‘.....““.. u_”nm\n:.m. ?Q.Em.,. jua1any ued "d 4

~ ECVSEN By - (oTu :.:.
\ 1 : . . . t A ‘ DSTY DINSSII ] g |

N . _ ST BN (20) Fus1
\ : : ST r......\L-w 3Ix3 se9. anyI JO1107

. L L ||.|
. \.N.r.\\ﬂ; et L R A m\i A .HQ* ﬂhCU,H.

f v ' o . . ....‘ o JJHCH b § '<jl.u..‘.u|,.—.-mmm

o= . ¢ ' . M \\\\\ . . \ ﬂl \t%yyﬂﬂflruc v HOOU

...n- . .. [ . * . \ . I \n. .f .w“\ M H.. N- \ . . | . -.w.H&.u.mEm.Hmm . . . |



ammann by e e it

| . . - ! * . . .
erwﬁa i . = ‘ o Lb Al (d5) €und

VIR S R m . i e o R3S TR ARSUIY
*, o T .o L N . o . : fo * ] * i) -
e e T . oo .\u.ﬁm L.M¢ L (bted) rssoxd

L e Dt

dn) Cuol
i : | . . eed3s 10U I—523Uay
T Loac e X O (brsd} -sso2id
. N L. . ) N AL | L A . .
: . ‘ 5 - . / \V . - Wweaj§-3o[uUI._Iedusy
. B T R [ (4o} duol
S . : . _ . " - L . SR 7R By T J : wes1s AT¥E] Joa1108
sy : R EEE Wb NG : : : Ao“mmu T6301d
R R . . CoL . . Sk I . ¢ v+ 'wedls tx3 19110d
et Lt S L o RN 1y Yo 00 . (do) dudl
‘ , ’ Tt R T il . uuumz muOm 40TUT _J97t07

a3y . _ | - i - . Xe91g -1 TIeaUs

\

; .

..mm. . h.um.ms. Cyoo SESENTE IR mf_.. ——— N pugrmoU 3003
: . ’ . ) * Coe et ..... ' A : g . ST N AN A ...\ * .

N T Y B B NMT\¢ 1.WMQ+W lhﬂérutn?. m~\TM—ﬂu wc.mmouam

=) XTY Sssadxji

ORI ER I R e NP AR P f.\ B ....‘;..._. K d.nqnﬁn\ﬂ.vl?oﬂ.wlhvhw 2 poTY

.ammﬂ H ..._w mfm;h.qw Y _ .., nhz\ﬁﬁu ~01d weals

S K57y R TRV EEARVE coA o U ER LT

T . my.,“,m ;mw. T — . — — ﬁx:..mmoq 351

RN A B y NES (3 o . .

.

;ﬂ o ...m. n ﬁ.y\. w...m.. . «ﬂ&ﬁ%\ wWAMd\ . . paojoueaxed ) .ﬂ

W.L ., : . Lot o , . : .. . . . . . ’ . o . . :

cul oL ) ....\,... S . . - . .
s ..p.»...o.... R . : . - L . .. . . . e — . . . _ . e

..n.. : .... - et \W .l-\ m. m R .. ....,L \ . - ot ... "".... e | PTRR R , . : SAREE \\\ . .w..&..\.,&\. _ e C.O.m..deO.H \...v
At D .3. - — 7 ...mw . uunﬁsz\uuﬂﬁ

r 2l ¢ \\\ m.\ oo . “zoqunil USTTESTITIVIRL X2

<:. i RN - I S Y R
i o W.Whumm.z d..m;ﬂ .. - 'TEFOTLIGNGD DNILV¥ado 4a110d o 4R



SRy

: ' R | e e | L

scuy Duijuia-

' e I B
W € - obeytoa Dburjraodyg
— (VY g ..\\\\.. ..\\l.\ll A>Vmw n—.ﬂ >
o (utw/syzeds) ojeY N1273

. Jin [
' ‘ | . i : (utu) potaad 3[>AD butdawy

~

. \«..\s. .
. : e T (OZH uf) 3Inssaad IA[U]

(do) dual 3913r¢

LV’
!
o

(do} nEwE\ude

: /) - atcly o b S farel 0
: .\¢mw . _\nﬁ. : - FTTL douiig

Lo ¢os |- . o R :
2 - — : - {(AY-rei/nLd
. S, T ——— S 931y Ie0H 19110

/ / .
2 3 S = (do) dust a{4 3Iusiqu
A . : _ . . ﬁb\& : : .

(BH Uf) 94158914 OlX39=0I%

g . : : v A3Tpiwn

. e b T . - 2ATIUTON JXTY JUSIQ
. — . _ Ahoy aust It
. . — : : ) . . - 391Ul 3II2xd padl1o0
. . gw— (A) 2be3lon Ued a
u 1 e - T {5que) Fusain) ued
o S — — {0zl UF) o514 @inssaid uad
. . [ (A) 2beafoa ued “d°
7 | . pjeng | WO fIE (sdue) 3ueaand ued °d
— , = _ T (0ZH uy
\ | B | . \m. .\mm : auﬂm 9anssaxd ued "4’
: _ : . . _ X 5 BT (do) <ud
' t ....\.\.. (¢ A . H.nuam sen Oﬂ.ﬁ.m Xal1g

/I .
. . T e 1 T ¢ e 0 (da) dud
. BaVA £ ‘ _391ug_11¥ I91IC
uSImcwion

T .... . - . ) \ w \Inm_‘ j A . .

-~

) .‘ ..“_ :LMMV¢\W \w\:w\ ' gaejsueled e .




amdan T -

B e T o A —————

oMbl i Bl - 1 . 1
o o

R T &,

Sﬁzxa«?_'gﬂi.i‘u.ﬁ{‘ﬂdﬁ_]i B I BT IS S S

—
-

APPENDIX D
SAMPLE CALCULATIONS
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; ,
ALY

-t
- -

- -7 saMPLE carcurarions

NOTE: All equations used in these calculatioris are found B =
in the Federal Register, Vol. 36, No. 247, dated ’ IR
December 23, 1971.

Calculations ‘repre'sentative ot Test #l1. o Coe Lo

1. Dry agas Volume - ' .

Vmstd = (17.71. _ °r | Vm ,Pbar + AH eq. 5-1
) in.Hg, 1.3.6 A ;
m ‘.‘-.

-

= (17-71 _°R ) 37.605 £t3  /29.92 in.Hg. + 1.279 In. HyO
- in.Hg. | S 13 4

511.4 °R

= 39.087 f£t3 | - SR S

2. Volume of Water Vapor

Vwstd = (0.0474 ftsﬁ).

M Vie - eq. 5-2

= (0.0474 fts-) 60.2 ml o '_ . N _,

M

= 2.853 ft3

- a o Eh

3. Moisture Content . 2

Bws = Vwstd o ' ’
Vwstd + Vmstd

- 2.853 ft3

]
2.853 £t” 4+ 39.087 ft3

[T 2 T T

== 0.068 x 100% = 6.8%

IS M

IR O N b S

o b
PP LN P

)
1
.
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7.

8.

-t . .
- . x ) . * . ' -

Molecular Weight (dryl

M3 = 0.44 (% COz) + 0.32 (?602)
"I' 0.28 (%Nz) + 0.28 (% CO)

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

+ 0.28 (0.00)

= 30.17 1lb/lb-mole

Molecular Weight (wet)

Ms = Md (1-Bws) + 18 Bws
= 30.17 (1-.068) + 18 (.0€8)

29.34 1b/lb-mole

Stack Gés Velocity

Ps x M

Vs = KpCp‘\/'E—ﬁ.(Ts- ) 1/2
. S : .

29.88 x. 29.3

—  (85.48) ' (.86) (1..129_)( 710 )
: | ;

= 74.70 F.P.S.

Gas Volumetric Flow Rate, ACFM

ACFM = Vs x Ag x 60 sec/min

2

= 74.70 x 130.5 ft< x 60 sec/min

= 584,901l ACFM

Gas Volumetric Flow Rate, SCFM

Qs = 60 (l-Bws) .Vs Ag Tstd
B , Pst

eq.

2-2

1/2 |

ea

29.88

60 (1-.068) (74.70) (130.5) ( ) (
710

= 406,382 SCFM

29.92

)

2-3
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1l
‘-

9. Gas Volumetric Flow.Rate; lb/hr

Ws

Qs X 60 min x Ma
hr 386 £t3

. 406,382 SCFM x 60 min x 30.17 1b/lb-mole

hr 386 f£t3

1,905,784 1b/hr

10. Particulate Concentrations, gr/SCF

¢'s = [0.0154 gr _Mn
mg Vmstd
= (0.0154 gr 76.4 mg
' mg)  39.087 £t

0.030 gr/SCF

'11. Particulate Concentrations, 1b/ft3

Cs

A

( 1 Q) Mn
7453600 me
Vmstd ’
1 Lb_) 76.4 mg
453600 ma )

39.087 £t3

4.30 x 107°% 11/5¢F

12. Particulate Concentrations, lb/hr

Cw

—
—1

Cs Qs x 60 min
hr

(4.30 x 10~% 1b/scr) (406,382 SCFM)

104.85 1lb/hr-

50 min

hr

eq. 5-4

=3

. r'.-

I I

N,

L )
bl




13‘.\ Particulate Concentrations, 1b/MBTU
Heat Input
- = 104.85 1b/hr
1805.3 x 10° BTU/hr )

‘= 0.058 1b/MBTU

l4. % Isokinetic Sampling

I = Ts ((1.667 min) (1 (0.00267) Vic + ¥m (Pbar + Z{:

13.6

3)

sec Tm
S Vs Ps An '

I .~ 710 (1.667) '(}o.oozsv) (60.2) + 37.605

511.4

' eq.

'(29 .92 + 1.279

13.6

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

o = 109,2%
15.: NOy Concentrations, 1b/hr

Ib/hr = PPM x Mw (NO,) X Ws-
Md.

2= 255 x 46 1b/1b-mole x 1,905,784 1b
hr

105 30.17 1b/lb-nole
== 741.0 1lb/hr
le. Néx Concentrations, 1b/MBTU

1b/hr
Heat Input

1b/MBTU

= 741.0 1b/hr
1805.3 x 10° BTU/hr

- 1b/MBTU = 0.410 1b
-+ 10° BTU
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oo,

17.

- 18.

19.

20.

21.

.Ps = ©Pb.+ Pd = 29.92 + (-0.6) = 29.88 in._Hq.

L
L

- .-
.
. .

T e Sy

Stack Pressure {Absolute) in.Hg.

13.6 "13.6 | L

Nozzle Area (ft2) j?
A — D%/4 - 0.785 (0.1875/12)2 = 1.916 x 107* £t B
Stack Area (ftz) :
As = D2/4 = o0.785 (154.75/12)2 = 130.5 f£t®
Heat Inﬁut, MBTU nE
Sp. Gr. x 8.33 lb/gal x BTU/1b x gal/hr
0.909.x 8.33 x 19.452 x 12.257 = 1805.3 MBTU/hr ¥
Gas Density, 1b/ft3 L
'Gas Density = Mol wt gas (md) x Tstd X Pbar .
' 386 £t Ts. Pstd | . :

= 30.17 x 530 98 x 29.92 = 0.058 lb/ft> - x

386 . 710 29.92 -




R - - | THE UNITED ILLUMINATING COMPANY

L)
- . . *
L © ' SOURCC TESTING CALCULATICH FORMNS ‘
;':st. No._Bridgeport Harbor Stack #2 ; - No. Runs 3
‘ame of Firm The United Illuminating Company
ocation of élant 10 Henry Street, Brid‘gép‘ort, Connecticut’
ype of Plant. Steam Generating Station
ontrol Equipment__ Electrostatic Precipitator
ampling Point Locations Stack ' .
oliutants Sumpled Particmlates, Nitrogen Oxides
ime of Particulate Test: . |
un Mo. 1 Date 12/11/73 Begin 10:10 End 11l:19
an Mo. 2 Date 12/11/73  Begin____12:08 End ___ 13:20
i No._ 3 Date  12/11/73 Begin__13:43 ~ ° Eng___ 14:47
) " PARTICULITE EMISSTON. DATA
n o, 1 2 3
1o, }y % R ;
Ko = 33.48 sgec lb =0la-~R- : 85.48 - 85.48 85.48
Co = pPitot tu‘e:a ccefificient (caliz.) 0.86 0.86 0.86
- Avarase velocit)y neadd 0z stack .
VAP = qas inc es. 1150 1.129 - 1.207 1.190
’_.'-:‘;‘: Average stack temn., °R 710 710 710
P55 = Barc:.'..at*"c pressure, "Hg Ahs. 29.92 29.85 22.87
Pd = Gas duct oressurg, "E-O -0.6 =0.6 -0.6
Absclut2 stack ¢gos prassure, ~ .
Ps = 1i1nches I—Aq . - 29.88 29.81 29.83
sws = ¢ moistura in. stac]' gas, by .
volune . 6.8 8.4 - 7.1
— MO IeTUTaY woigne OL Scdch +
1d = a5, a .
- 9 v {  30.17 30.15° | 30.14
Is = Molecular weight of. stack gas ‘
29.34 29.13 29.28




¢

un No. 1 2 3 Average .
Vs = Stick gas velocity, F.P.S.. 74.70 | 80.23|. 78.87
% co2 11.91 11.77] 11.71
J
% 02 6.57 6.66 6.69
% CO 0.00 | 0.00 0.00
% N2 81.52 | 81.57| 81.60
Total volume of ligquid
Vie = collected in impingers
and silica gel, ml. 60.2 78.9 66.5
Volume of dry gas sampled
Vm = at meter conditions, FT3 37.605 | 38.724] 39.009
" Volume of dry gas sampled - '
/std = at STP, FT 39.087 40.616| 40.946
| A ] g
. Average dry gas meter ' |
T = temp., °R 511.4. | 505.8 | 505.7
- Average pressure drop - e
AH = across orifice, inches 02 1.279 1.438 1.397
@ = Total Sempling Time, min. 60 60 60
IDn = Mozzle diz,, inches 0.187sS 0.1875 0.‘1875
An = Nozzle area, FT? x 107% | 1.916 | 1.e16 | 1.916
I = % of isokinetic sanpl:l.ng "109.2 107.8 | 108.9
Qs = Stack qas volume at STP . ) :
: {sernw) - e T ¥.406, 382) 427,969 426,971 420,441
Qa = Stack gas ‘volume at._sﬁack L a '
‘conditions (ACFM) 584,901} 628,201{ 617,552} 610, 21¢
Ws = stack gas mass flow 1bs/hr 1905784 |2005689{2000348 | 1970607
Mp = Particulate-probe, washings, mg ' - - -
Mf = Particulate-filter (mqg) - - -
Mn = Particulate—total {mq) 76.4 - 51.6 59.5
Particulate Concent.rat:.ons R '
¢'s = gr/scf 0.030 0.020 0.022 0.024
. Cw = Particulate total emission 1lb/hr -104.85 71.90 81.98 86.24
Er = Particulate emission rate, 1lh/106G ‘ )
: BTU 0.058 0.040 0.045 0.05
¢ = NO. concentrations, ‘PPM. 255 252 246 251
cn = NO. 1b/10%nTU 0.410 | 0.426 | 0.416 | 0.42
e e ——— = -
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- Tntroduction

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 Nos. 7, 9 and 11, stack No, 3 located in New Haven,
Connecticut. Testing was conducted on December 26 and
27, 1973.. '

Particulate testing was performed in accordance with test
methods and procedures as prescribed in the Federal Register,
Vol. 36, No. 247, dated December 23, 1971. Testing was
performed by York Research Corporation of Stamford, Connecti-
cut, using a sampling train a5 described in Appendix A.

Nitrogen oxide emission testing was performed by the United
Illuminating Company Development and Test Laboratory using
a Dynascience Model P-101 NOx Analyzer. Field data is in-
cluded in Appendix B.

‘Tests were also conducted to d2termine stack gas velocity,

moisture content, and flue-gas analysis. The procedures
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 Develcopment Model 512 Portable Gas
Chromatograph.. ;

York Research Corporation waz retained to perform particulate
tests, together with a prelln_nary velocity traverse, moisture
determination, and fuel oil analysis. The United Illuminating
Company was responsible for the flue gas analysis, nitrogen
oxide analysis, and for accurulating boiler operating data.

This test report includes the information required for Item
Nos. III, IV, V, VI, VII, VIII, IX, X, XI, XII, and XIII

from the Department of Environmental Protection's Intent to Test
form in compliance with the Department of Environmental Pro-
tection's new Source Test Guidelines and Procedures, (received
April 3, 1973)}. :




1.

3.

Sampling Train Information
(Ref. Item VIII, "Intent To Test" Form)

a. Schematic Diagram and description of sampling
train: ‘

See Appendix A.

b. Media type used to determine gas stream
- components:

l. NOyx: Dvnascience Model B-101 ﬁOx
Analyzer

2. Particulates: Tared glass fiber filter.

3. Flue Gas Analysis: Analytical Instrument
Development Model 512 Portable Gas
Chromatograph

¢. Sampling Prcbes:

1. NOg: 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 IX, "Intent To Test" Form)
See Appendices A, B, C, D.

Description of Operation »
(Ref. Item X, "Intent To Test" Form)

The operation tested was Englich Station steam
generator numbers 7, 9, and 11, stack 3, Registra-
tion Number E.S. 7, 9, and 11, stack 3, having a
total BTU/hr rating of 381.8 MBTU (averaged over
test period), burning No. 6 residual fuel oil at
an average rate of 2385 gal/hr and having a gas
flow of 159,264 ACFM average for the test period.
See Table IV for fuel o0il analysis.




Sampling 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 diameters
down from the top). Emission sampling was per-
formed 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 dia-
meter of the stack at the sampling locaticn was
found to be 14'-7-1/4" I.D.

a. Stack Configuration:
See Appendix A

b. Sampling Port Location:
See Appendix A

¢. Sampling Point Position:
See Appendix A

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

Three Bahcock and Wilcox c¢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 any precipitators
or other stack ¢leaning apparatus connected to the
flue gas ducts.

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

Electric utility steam generator burning No. 6
residual fuel o0il having rated capacities as
registered.
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;o FUEL_OTIL ANALYSIS

STEAM GENERATORS 7, 9, 11

STACK_NO. 3

Tast 1 2 3
Date 12/26/73 12/27/73 1 12/27/73
Composition (% by Weight)
Carbon 86.40 86.37 86.37
Hydrogen 12,30 12.35 12.35
Nitrogen <0.1 <0.1 <0.1
Ash 0.022 0.017 0.017
Sulfur 0.378 0.366 0.366
Specific Gravity 0.910 0.912 0.912
BTU/1b 19,447 19,451 19,451
BTU/gai 147,414 147,768 147,768

2




APPENDIX A

PARTICULATE TEST
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V. SAMPLING METHODS

1. Port Location - h ' o . -

All test ports are located in the stack and the number of
points sampled were calculated on the guidelines in the Federal
Register, Vel. 36, No. 247, dated December 23, 1971l. Enouch
points were used to assure accurate measurement of particulate
emissions, temperature, and velocity over the cross- sectlonal
area of each stack. (See Figures 2,4,6 and 8, )

2. Velocitv and Temnerature

Velocity was determined bv pitot tube in accordance with Western
Precipitation Company Bulletin "WP-50". An S-tyvpe Pitot Tube (2)
and thermocouple (3) are rigidly attached to the sampling probe
(See Figure 9). A preliminary velocity traverse was made to
establish isckinetic sampling rates using EPA Method 5 sampling
techniques. .

3. TFlue Gas Analvsis

Gas analysis for (0, and 0p; was conducted by the UI using an
Orsat apparatus. Readings for ecach test are reported in the
Summary of Results.

YOorK REsEARCH CORPORATION

-v—-'q-w——

‘th} STAMTFORD, CONNECTICUT
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Y, Particulate Samnling Methods - EPA Method S

The sampling apparatus consisted of a nine (9} foot probe heated
filter, four impingers, dry gas meter, vacuum pump, and calibrated
orifice as shown in Figure 9. The stainless steel, button-hook
type probe tip (1) was eguipped with a 5/8 inch diameter fitting
connected by a stainless steel coupling with ashestos packing to
the probe. The probe consisted of 1/2 inch inside diameter medium-
wall stainless steel tube with a ground steel joint on one end.

The probe was logarithmically wound from the entrance end with
26-gauge nickel-chromium wire. During sampling, the wire was con-
nected to a variable transformer to maintain a gas temperature of
300°F in the probe. The wire wound tube was wrapped with fiker
glass tape and encased in a l-inch-0D stainless steel tube for
protection. The end of the steel tube that does not have the ball-
joint protruding has a nut welded to it for connection to the
stainless steel coupling used to attach the nozzle. The probe
connects to a very coarse fritted glass filter holder (4) which

‘holds a tared glass fiber filter. The filter holder was con-

tained in an electrically heated enclosed box (5) which is
thermostatically maintained at a minimum temperature of 250-300°F
to prevent water condensation. Attached to the heated box was an
ice bath (7} containing four impingers connected in series with
vacuum hose. The first impinger (8) receives the gas stream from
the filter. This impinger is of the Greenburg-Smith design modi-
fied by replacing the tip with a 1/2 inch ID glass tube extending
to 0.5 inch from the hottom of the flask. This impinger was
initially filled with 100 milliliters of distilled water. The
second impinger (9) is a Greenburg-Smith impinger with tip,' and

" also filled with 100 milliliters of distilled watcr. The third

impinger (10) modified iike the first, with no water, The fourth
impinger (1l1) is also a Greenburg-Smith type modified like the
first and contained 300 grams of dry indicating silica ‘gel.

From the fourth impinger the effluent stream flows through a dial
thermoneter (12), a check valve (13); flexible rubher vacuum

. tubing (14} ; vacuum gauge (15); a valve (168); a lezkless vacuum
pump (17), rated at U cubic feet per minute at 0 inches of mercury

gauge pressure and 0 cubic feet per minute at 26 inches of mercury
gauge pressure, and connected in parallel with a bypass ncedle
valve (18):; and a dry gas meter rated at .1 cubic foot per
revolution (19). A calibrated orifice (20) coanpletes the train

and was used to measure instantaneous meter flow rates. The three
thermometers (12) are dial tvpe with a range of 25° to 125°F. A
Tfourth thermometer in the heated portion of the box has a range

up to 500°F. The dual manometer (21) across the calibrated orifice
is on inclined-vertical type graduated in hundredths of an inch of
water fron 0 to 1.0 inch and in tenths from 1 to 10 inches.

Yor Riscarcil CORPORATION

ST
1,

T STAMFORD, CONNLECTICUT.




5. Test Procequre _ N - —

Prior to the start of a test séries for each stack, the pressure,
temperature, and range of velocity pressures were determined
during preliminary pitot tube and temperature traverse.

During each test the following readings were taken at each point:
1. Point Designation

‘2. Clock Time

3. Dry gas meter readlnﬂ (CF)

4y, Velocity head (4o P in inches water)
S. Desired pressure drop across orifice (A-H in inches water)
6. Actual pressure drop across orifice (a H in inches water)
7. Dry gas temperature (°F) gas meter inlet.

8. Dry gas temperature (°F) gas meter cutlet.

~ 9. Vacuum pump gauge reading (in. Hg).

10. Filter box temperat ure (°F)

11. Dry gas temperature (°F) at the discharge of last impinger.

12.. Stack temperature (°F)

The relationship of A P reading with the AH reading is a
function of the following variables:

l.. Orifice calibration factor -

" 2. Gas meter temperature

.3, 9% moisture in the flue gas -

4. Ratio of flue gas pressure to barometric pressure
§. Stack temperature

6. Sampling nozzle diameter

A- nomograph was used to correlate all the above variables such
that a direct relationship between & P and 2 H could be deter-
mined by the sampler within fifteen seconds and isokinetic
conditions maintained throughout the test.

6. Basic Laboratorv Procedure

The folloﬁing paracraph briefly describes the methods used in
the laboratory to obtain the raw data used in the calculaticns
of our results as reported in Section III of this report.

The clean up is done in the field according to EPA test pro-
cedure. The filters were previously tare we;nhed and recorded
at the laboratory. Upon return they are drled cocoled in a
dessicator, then weighed on an analytical balance ang the apount
of pdrthU]BtC collected is the difference in the two weights.
The paLLlculate wash solution (taken from the train in rLom. of
the filter) is placed in a tared beaker, the wash scolution is
evaporated with and Infra-Red lleat Lamp and the beaker weighed




.. . ce T P b L ) . el et . *
! . .. . - L : .

The differencé in weight is the weight of the particulate

'2gzl:;sh. This is combined with the filter catch as the weight
of the sample. I '
The impinger cond9nsé£e is measured for moisture determination.
7. Calibration S R
-. The eguipment used on this assigmnment was calibrated one week

d prior to field testing and re-calibrated upon equipment return
after testing. York Research calibration is traceable to the
National Bureau of Standards.
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APPENDIX B

NITROGEN OXIDE TEST

FLUE GAS ANALYSIS




THE _UNITED . HHH.CZHK?A.HZQ COMPANY

ORSAT DATA & CALCULATION SHEET

x Identification Number SIPCE 3

pate PCC. 26, /1973

of dry stack gas =

ar Number ﬂ\nw -1 Time /300
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b1ing Point Location v . f\\\w,_n;\/l _
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2, % Vol (dry) /0. 60 /0. 70 y/B0) 7070 | _44/100 Y. 208
h, % Vol (dry) 0 . o e .00 | 287100 _|tQ .0 )
2, % Vol (dry) 7.5/ | 748 7.5 .\w.o\\ _32/100 |#2: 403
2, % Vol (dry) s1.86 | 8] 8Y 51.63 $/.27 | 28/100_.. 122,20/
. Jhvg. molecular Wt w0~0~|1
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THE UNITED ILLUMINATING COMPANY

ORSAT DATA & CALCULATION SHEET
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hling Point- Location STACK, v
i ’ .
. JESI 2~
s ———
I L §
Analysis | Analysis | Analysis | Analysis m _ lwt/mole.
1 2 3 4 Average -|X mole wt] {dry] ’
oy o , . g
2, % Vol (dry) fo.mf | 10,25 } 1040 103N | dazi00 4 LSS _
b, % Vol (dry) 0O ¢ O _28/100 |+ __
: -~ - .y ] “ _.
2, % Vol (dry) : 7.%% 7072~ 778 ). 790 | 327100 |+ 2 !_.Ji,.
: - — Ly ) . , ‘ "
2, % Vol (dry) YA 2.0 /%S she'd | opzino |+ z m.g.;_
JAtvg. molecular wt. 24, nw\u
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APPENDIX C .

BROILER OPERATING DATA
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APPENDIX D

SAMPLE CALCULAT IONS




1.

BRI LD U T T

NOTE: All equations used in these calculations are found
in the Federal Register, Vel. 36,
December 23, 1971l.

No. 247, dated

Calculations representative of Test #l.

Dry Gas Volume

Vmstd =

(}7.71 °r ‘) Vi Pbar + _AH eq. 5-1

in. Hg

13.6

17.71  °Rr 40.01 ££3 /3
" in. Hg

0.08 in.Hg + 0.540 in. Hzo

)

13.6
531.3 °R
. 3
= 40,170 £t
Volume of Water Vapor
Vwstd = 0.0474 ft3 Vic eq, 5-2
ml.
= 0.0474 £t5 83.2 ml..
ml..
= 3.944 f£t3 )
Moisture Content
Bws = Vwstd eqg. 5-3

Vwstd + Vmstd

3.944 £t

3.944 f£to + 40.170 f£t°

0.089 x 100% = 8.9%




7.

vd = 0,44 (% COqp ) + 0.32 (% 03)
4 0.28 (% .N2) + 0.28 (% CO) eqg. 3-2
= 0,44 (10.70) + 0.32 (7.51) + 0.28 (81.79)
: +0,28 (0.00)
= 30.01 1lb/lb-mole
Molecular Weight (wet)
Ms . M4 (l1-Bws) + 18 Bws
= 30,01 (1l-.089) + 18 (.089)
= 28.94 1b/lb-mole
Stack Gas Velocity
Vs = Kp Cp /AP Ts 1/2 eq. 2-2
: - Ps Ms
= (85.48) (.84) (.210) Q10 1/2
30.07 x 28.%9%4
= 15.42 F.P.S. '
Gas Volumetric Flow Rate, ACFM ol
ACFM = Vs x Ag x 60 sec/min
= 15.42 x 167.4 ft2 x 60 sec/min
= 154’878 ACEM
Gas Volumetric Flow Rate, SCFM
Qs = 60 (l-Bws) Vs eqg. 2-3

Ag {Tstd Ps
Ts Pstad

Slo

et et e

29.92

= 60 (1-.089) (15.42) (167.4) (530_) (30.07)

= 82,588 SCFM




10.

s ¥ min ___Eg_j_
hr 386 ft '

82,588 SCFM x 60 min x 30.01 1b/lb-mcle
hr 396 f£t°

385,284 1lb/hr

Particulate Concentrations, gr/SCF

C's

="

(?.0154 gr.

0.0154 gr. Mn
ng. Vmstd

36.1 mg. .
mg. 40.17 £t3

0.0138 gr/scCr

11. Particulate Congentrations, 1b/ft3

12,

13.

Cs

(

1 ;Q,) Mn

453600 mg.

(

1 ;p,)
453600 mg.

Vmstd

36.1 mg.

40,17 ft°
1.98 x 10-% 1b/scF

Particulate Concentrations, lb/hr

Cw

Cs Qs x 60 min
hr

(1.98 x 10-% 1p/scF) (82588 SCFM)

9.81 1b/hr

Particulate Concentrations; 1b/MBTU

Ex

Cw
Heat Input

9.81 1b/hr
406.0 x 10° BTU/hr

0.024 1b/MBTU

60 min

hr

eq.

eq.




i 4. % Isokinetic Sampling. '_: '

SRS N TS (1.667.m 1n) ( (0: 00267) Vle + Vm (Pbar + _AH

' e sec 13. 6
- e .- © Vs Ps An

= el S enasn; e e —
T, - - e il -
—— et e phl i —_— . -
-, P At s —n . T —e - - - . - A

?_:.;-_--._ : — g o T T - eg. 5-6

—— L e e lmtte— — =

L 531.3 13.6
- -(100)  (15.42)  (30.07)  (7.666 x 107 )

TZTL = 910 (1.667) ((o 00267) (83.2) + 40.01 (30.08 + 0.540))

Sile e TN
- 15-‘ﬁerf0ncentrat:10ns. 1b/hr |

lb/hr PPM X Mw (NO3 ) x Ws

Ma T
-.:-:-ﬂ-.:-—'- = Hg x 46 ib/ i1b-mole . x 385,284 1b
ST 108 30.01 lb/lb-mole hr

. . = B8IL.5 lb/hr . -

16. '*Nox"c.'bncehtrations, 1bL/MBTUT

—1b/MBTU = 1b/hr _ |
Heat Input : I

e — a—r e

-~ = — 81,5 1b/hr
406.0 x 10° BTU/Mx

- = 0,201 1b .
" 10° BTU _ .

17.. Stack Pressure (Absolute), :.n Hg
Ps =  Pb+ _Pd_ = 30.08 +(-0.20) = 30,07 in. Hg.
-—~ 1l3.6 13.6 :

18. Nozzle Area (th]- ) —

. 2 . :
An =  7D2/4 = 0.785 x (0.375/12) = 7.666 x 10”4 pe.?

TN I BT LY AT .
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20.

210

L J
-
- v e e e e —— - p et Ee e e ——— .-—.4\--.-.- P . s L L
g

Stack Area (ft?) T SO s LT

e . . R o T T
As = qD%/d = o.785 (175.25/12)%7 = 167,43 £t?

P . —_—— QRIS

Sp. Gr. x 8.33 1b/gal x BTU/16 x gal/hr . -
.0.910 x.8.33 x 19447 x 2754 406.0 x 10° BTU/hr.

Gas Density 1b/£t3

Gas Density = Mol wt gas {(md) x Tstd x Pbar
. T e n .. 386 fES Ts . -_..Pstd

— = 30.01 x 530°R  x 30.08 <= 0.046 1b/ft3
3 T 910 29.92,
~
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Lo | - SOUICE TESTINCG CALCULALLION FOLNS
;J "l;.l‘) -, '
Y _
rest Mo.English Station # ' o NO.
dame of Firm Inited T1lnminating Company

Locabion aof Pluent 510 Grand Avenue, Neg“ﬁgzgn, Connectigut

TYpea O Plant_ _ _ Steam Generating Stat&gn

Centrol Eqv1ﬁ”““t None

Szmnling Point Lozztions Stack

Poliuianits Sampled Particulates, Nitrogen Oxides

Time of Particulate Test:

Run MNo. 1 ' Date. 12/26/72 Begin 1355 Fnd 1545
Run No. 2 Date  12/27/73 Begin 1018 End 1209
Run Ko. -3 Date 12/27/73 - Begin 1235 End 1426
PARTICULATE EMISSION DATA
Run No. 1 2 .3
s ( 1. ) 3
Kp = 83.48 s=ac 1b noiz--R 85.48 85.48 85.48
Cp = Pitot tuhe coefficient (calik.)] 0.84 0.84 0.84
- Averae velocity nead ol stack
/AP = ¢aas, inches 3.0 0.210 - 0,223 0.214
me = Averaqe stack temp., Or "910 910 910
Ph = Barcmeitric pressure, "Ig Ans. 30.08 30.01 30.00
pd = Gas dauch oresqyl . "H-0 -0.20 ~-0.20 -0.20
T Absoluie stack ¢gas pressure,
Ps = inches Hg . 30.07 30,00 29.99
Bws = % noisture in stack gas, by |
volune 8.9 " 8.5 8.8
M ITUUIIEY weidht of scacy -
MA = gas, dry | 30.01 29.97 29.91
Ms = Molecular welgit gf stack gas 28.94 28. 96 28. 86

i
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Emission Test Report ’ :
English Station Stack No. 1 A
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Emission Test Report

English Station Stack No. 1
Steam Generator Nos. 1, 3, 5
(Ref. "Intent to Test" Form Number 720060)

Test Conducted bv
‘" The United Illuminating Company
Development and Test Laboratory
80 Temple Street
New Haven, Connecticut
06506

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: _”1 /J /fffx////
Lt [ [ il -

J. S. Sombati
Development & Test Laboratory Supervisor

J. W. Hotchkiss{ ér27éiy5k/. /£4;Zi2;££pa

Assistant Mechaﬂjfél Engineer
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Chief Mechanica& Engineer

Checked by: —




Test Resulkts

English Staticn Steam Generator
Nos. 1, 3, S

Tést Conducted on
December 13, 14, 1973.




' . Introduction

Emission tests for particulates and nitrogen oxides were
conducted as reguired by Connecticut State Law on The
United Illuminating Company Enolish Station Steam Genera-
tor Nos. 1, 3, and 5, stack MNo. 1 located in MNew Haven,
Connecticut. Testing was conducted on December 13 and
14, 1973. :

Particulate testing was performed in accordance with test
methods and procedures as prescribed in the Federal Register,
Vel. 36, No. 247, dated December 23, 1971l. Testing was
performed by York Research Corporaticn of Stamford, Connecti-~
cut, using a sampling train as described in Appendix A.

Nitrogen oxide emissicen testing was performzd by the United
Illuminating Ccmpany Development and Test Laboratory LSl?g
a Dynascience iiodel P-101 NOy Analyzer, Field data 1s in-

cluded in Appendix 3B.

Tests were also conducted to determine stack gas velocity,
moisture content, and flue-gas analvsis. The procedures
used in determining these various parameters, except IZor
flue gas analysis, are those found in the akcove mentioned
rFederal Register. The stack flue gas was analyzed bov using
an -Analytical Instrument Development Model 512 Portable Gas
Chromatograph.

York Research Corporation was retained to oerform particulate
tests, together with a preliminary velocity traverse, moistur
determination, and fuel oil analysis. The United Illuminatin
Company was responsible for the flue gas analysis, nitrogen
oxide analysis, and for accumulating koiler operating data.

g

This test report includes the information required for Item

Nos. IXI, IV, Vv, VI, VII, VIII, IX, X, XI, XII, and XIIT
from.the Department of Environmental Protection's Intent to Test
form in compliance with the Departmwment of Envircnmental Pro-
tection's new Scurce Test Guidelines and Procedures, {received
April 3, 1973).

~
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TABLE IV

FUEL OIL ANMALYSIS

STEAM GENERATORS 1, 3, 5

STACK 1
Test ! _ 1 _2 _3_

Date 12713773 12713773 12714773

Composition (% by teicht)

Carbon . 86.73 86.73 86.65
Hydrogen 12,31 12.31 ‘ 12.48
Nitrogen - 20,1 _ 0.1 0.1
Ash 0.015 0.015 0.014
Sulfur 0.45_ 0.45 0.46
Sspecific Gravity '0i903 . 0.903 0.903
BTU/1b 19,847 ‘19,847 19,835

BTU ‘gal. 149, 289 149, 289 149, 199




1. Sampling Train Information
(Ref. Item VIII, "Intent To Test" Form)

a. -‘Schematic Diagram and description of sampling
train:

See Appendix A.

b. Media type used to determine gas stream
components:

1. NOy: Dynascience Model P~101 NOy
Analyzer

2. Particulates: Trred glass fiber filter.

3. Flue Gas Analysis: Analytical Instrument
Development Model 512 Portable Gas
Chromatograph

¢. Sampling Probes :

1. NOy: Stainless steel tube.

2. Particulates: See Appendix A

3, Flue Gas Analysis: Stainless steel tube.

d; Probe Cleaning Method:

See Appendix A

.2. PField Data Sheets
(Ref., Item IX, "Intent to Test"” Form)

See Appendices A, B, C, D.

3. Description of Oweration
(Ref. Item X, "Intent to Test" Form)

The operation tested was English Station steam
generator numbers 1, 3, and 5, stack 1, Registra-
tion Number E.S. 1, 3 and 5, stack 1, having a

total BTU/hr . rating of 441.0 ¥BTU (averaged over
test pericd), burning No. 6 residual fuel oil at

an average rate of 2954 gal/hr. .for.all three boilers,
and having a gas flow of 205,006 ACFY average for

the test period. See Table IV for fuel oil analysis.




Sampling 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 diameters
down from the top). Emission sampling was per-
formed using four 4" diameter sampling ports spaced
90° zpart on the stack circumference, A total of
twenty sampling points (5 per sampling port) were
used in the test for particulates. The inside dia-

.meter of the stack at the sampling location was

found to be 14'-7-1/2" I.D.

a. Stack Configuration
See Appendix A

b. Sampling Port Location
See Appendix A.

c. Sampliﬁg Point Position
See Appendix A.

Stack and Vent Descriptions
(Ref., Item XII, "Intent to Test" Form)

Three Babcock and Wilcex cross drum inclined tube
boilers discharge flue gas into two ducts which enter
the base of the stack 180° apa?t on the stack circum-
ference. These bojlers do not bhaue any precioifalars
or other stagl P1n1%&ﬁq—a§§er=“ws copneceed to the
flue gas ducts. '

Operational Parameters
{(Ref. Item XIII, "Intent to Test" Form)

Electric utility steam generator burning Yo. 6
residual fuel oil having rated capacities as
registered.




APPENDIX A

PARTICULATE TEST
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V. SAMPLING METHODS

1. Port Location K ' . " -

All test ports are located in the stack and the number of
points sampled were calculated on the guidelines in the Federal
Register, Vel. 36, No. 247, dated December 23, 197%1. Enough
points were used to assure accurate measurement of particulate
emissions, temperature, and velocity over the cross-sectional
area of each stack. (See Figures 2,4,5 and 8.)

2, Velocitv znd Temnerature

Velocityv was determined by pitot tube in accordance with Western
Precipitation Company Bulletin "WP-50". An S-type Pitot Tube (2)
and thermocouple (3) are rigidly attached to the sampling probe
(See Figure 9). A preliminary velocity traverse was made to
establish isokinetic sampling rates using EPA Method 5 sampling
techniques. : : ,

3. Flue Cas Analvsis

Gas analysis for (O, and 0, was conducted by the UI using an
Orsat apparatus. Readings for each test are reported in thé
Summary of Results. .

- T,

. o
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§, Particulzte Samnlinc Methods - EDPA Methed §

The sampling apparatus consisted of a nine (9) foot probe heated
filter, four impincgers, dry Zas meter, vacuum pump, and calibrated
orifice as shown in Figure 9, The stainless steel, butten-hook
type probe tip (1) was equipped with a 5/8 inch diameter fitting
connected by a stainless steel coupling with asbestos packing to
the probe. The prone consisted of 1/2 inch inside diamcter medium-
wall stainless steel tute with a ground steel joint on one end.

* The probe was logarithmicelly wound from the entrance end with
26-gauge nickel-chromium wire. During sampling, the wire was con-
nectnd to a variable transiormer to maintain e was temperature of
300°F in the probe. The wire wound tube was wrapﬂed with £fiber
glass tape and encased in a l-inch-0D stainless steel tube for
protection. The end of the steel tube that dees not have the ball-
joint protruding has a nur welded to it for conhection to the
stainless steel coupling used to attach the nozzle. The probe
connects to a very ccarse fritted glass filter holder (4) witich
‘holds a tared glass fiker filter. The filter holder was con-
tained in an elect rically heated enclosed box (5) which is
thermostatically maintained at a minimum temperature of 250-300°F
to prevent water condensation. Attached to the heated box was an
ice bath (7} containing four impingers connected in series with
vacuum hose. The first impinger (§) receives tne gas stream frem
the filter. This impinger is of the Greenburg-Smith design modi-
fied by replacing the tip with a 1/2 inch 1D glass tube extending
to 0.5 inch from the hottom of the flask. This impinger was
initially f£illed with 100 milliliters of distilled water. The
second impinger (9) is a Greenburg-Smith impinger with tip, and
also filled with 100 milliliters of distilled water. The third
impinger (10) modified like the first, with no water. The fourth
impinger (ll1) is also a Creeno;r0-~mngh tvpe medified like the
first and contained 300 grams of dry indicating silica gel.

From the fourth impinger the effluent stream flows through a dial
thermometer (12), a check valve (13); flexible rubber vacuum
tubing (L4); vacuum guuge (15); a valve (L6); a leakless vacuum
pump (17), rated at 4 cubic feet per minute at 0 inches of mercury
gauge pressure and 0 cubic feet per minute at 26 inches of mercury
gauge pressure, and connected in parallel with a bypass needle
valve (1S); and a dry gas meter rated at .1 cubic foot per '
revolution (19). A calibrated orifice (20) conmpletes the train

and was used to measure instantaneous meter flow rates. The threce
thermoneters (12) are dial type with o range of 25° to 125°F. A
fourth thermemeter in the heated portion of the box has a range

up to SO0°F. 7The dual manomncter (21) acress the calibrated orifice
is an inclined-verticzl type graduated in hundredths of an inch of
water fron 0 to L.0 inch and in tenths from 1 to 10 inches.
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5.

T

Prior to the start of a test series for each stack, the pressure,
tempecrature, and range of velocity pressures
during prelimina

Durihg each test the following readings were taken at each point:

1. DPoint Designation
. .2, Clock Time :
3. Dry gas meter reading (CT) '
y, Velocity head (A P in inches water)
5. Desired pressure drop across orifice (A H in inches water)
6. Actual pressure drop across crifice (Al in inches water;
7. Dry gas temperature (°F) gas meter inlet
8. Dry gas temperature (°F) gas meter Outht.
9, Vacuum pump gauge reading (in. Hg).
10. TFilter box temperature (°F)
11. Dry gas temperature (°T) at the discharge of last impinger.
12. 'Stack temperature (°F)
The relationship of A P reading with the £l reading is a .

function of the following variables:

1. Orifice calibration factor
2. Gas meter temperature
-3, % moisture in the flue gas
4y, Ratio of flue gas pressure to barometrlc pressare
5, Stack. temnewature
6. Sampling nozzle diameter

Test Procedure

.

were determined
ry pitot tube and temperature traverse,

A nomograph was used to correlate all the above varisbles such
that a direct relationship between AP anda H could be deter-
mined by the sampler within fifteen seconds and isokinetic
conditions maintained throughout the test.

6. Basic Laboratorv Procedure

The follewing paragraph briefly describes the methods used in
the laboratory to obtain the raw data used in the calculations
of our results as reported in Section IIT of this report.

The clean up is done in the field according to EPA test pro-
cedure. The filters were previously tore weighed and recorded
at the labeoratory. Upon return they are driced, cooled in a
dessicutor, then weighed on an analvtical balance and the amount
of particulate collccted is the diiference in the two weights.
The pdlt’CUlatQ wash solution (teken from the train in LtonL of
the filter) is placed in a tared beaker, the wash salution is
evaoporated with and Infra-Red Heat Lamp and the beaker weighcd

YoRr1K RESEARCH CORPORATION STAMFORD, CONNECTICUT
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again. The difference in weight is the wcight of the particulate in
the wash. This is combined with the filter catch as the weight
of the sample.

The impinger condensate is measured for moisture determination.

-

7. Calibrati'on ' R .

. The equipment used on this assignment was calibrated one week
prior to field testing and re-calibrated upon equipment return
after testing. York Rescarch calibration is traceahle to the
National Bureau of Standards.

STAMPORD, CONNECTICUT
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APPENDIX B

NITROGEN OXIDE TEST

FLUE GAS ANALYSIS
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TEST NO. 3
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APPENDIX C

BOILER OPERATING DATA
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APPENDIX D

SAMPLE CALCULATIONS




‘ » ' ENGLISH STATION STACRK L
@ TEST 1
wi.' ) SAMPIE CALCULATICNS
NOTI: ALl caultions uszd in theze c¢nlculaticons are found

. in the raderal Register, Vol. 36, No. 247, dated
Dacember 23, 1971. .

Calculations repfesentative of Test #1.

’

l. Dry Gas Volume

Vmstd = (17.71 °Rr ~ Vm Phar + AH ' eq. 5-1
in. Hg 13.6
Tm
o 3 :
= (17.71 __ "R - 49.27 ft\\ 29.99 'in.Hg + 0.875 in H,C
. Hg / 13.6

504.9 R
51.94 ft°

4
2. Volume of Water Vanor

Vwstd = {0.0474 ft3 Vie ' - eq.5-2
. ml. .
0.0474 f££3 97.7 ml.
mll. '

= 4.63 ft°

it

3. Moisture Content

Bws

|

Vwstd + Vmstd -

_ 4.63 £t

"4.63 £t3 + 51.94 ft°

= 0,0818 x 100% = 8.2%




- . *
+ 4.0 Molecular Weight (drv)

[

. Md, = 0.44 (%CO2) + 0.32 (%02) -
: +0,28 (%Nz) + g.28 | (%CO) eq. 3-2

= 0.44 (l1.12) <+ 0.32 (7.22) + 0.28 (81.66)
+ 0.28 (0.00)

= 30.07 lb’lb-mole

5. Molecular Weight (wet)

Ms = Md (l-Bws) + 18 Bws
= 30.07 (1-.082) + 18 (.082)

= 29.08 1lb/lb~mole

6., Stack Gas Velocitv

——— # s
Kk cp VvV A P { Ts ) 172 eq. 2-2

Vs

]

Ps Ms

i

(85.48) (.84)' (.266) 903.8 172
- 29.97 x 29.08

19.48 F.P.S.

7. Gas Volumetric Flow Rate,'ACFM

ACFM = Vs X Ao X 60 sec’min

2

= 19.48 x 167.9 ft° x 60 sec’min

8. Gas Volumetric Flow Raﬁe, SCFM

Qs = 60 (l-Bws) (Vs) (Ag) [Tstd Ps eq. 2-3
Ts Pstd

. T
= 60 (1-.082) (19.48) (167.9) 530 29.97
o ' | 903.8 29.92

=~ 105,819 SCFM




9, a8as Volumetric Flow Rate, 1b‘hr

-~

Ws =

]

==

Qs x 60 min x ___Md |
hx 186 ft3

105,819 sCFM x 60 min x 30.07 1bh/lb-mole

hr.

494,608 '1b ‘hr.

10. Particulate Concentrations, agr /SCF

1.

12.

13.

-

C's =

—
=

0.0154 gr. Mn
mg, Vmstd

0.0154 gr. 42.8 mg
T\ Mg/ " 51,94 £t

0.013 gr /sCF

Cs * =

Particulate Concentrations, lb’ft3
( 1 gg.) Mn
453600 ng.)
Vmstd
1 ;Qﬁl 42.8 mg.
453600 _ ma .
51.94 £t°

= .

1.81 x 10~%  1n/gcF

Particulate Ceoncentrations, 1b‘hr

Cw =

Cs Qs x 60 min
hr

(L.81 x 107 1b‘/scr) (105,819 SCFM) x 60 Min

11.49 lb/hr

Particulate Concentrations;,lb7MBTU

‘Er =

Cw
Heat Input

11.49 1b‘hr
440.0 x 10° BTU ‘hr

0.026 1b/MBTU

386 ft

3

eq.

eq.

hr

5-4




' -
- 14. . % Isoltinetic Samnlingy

~

15.

16.

17.

18.

I= Ts (1.667 min ) ((0.00267) Vlie + Vm- (Pbar + AH
" sec Tm 13.6

© Vs Ps An

‘ eqg. 5-6
~ 903.8 (1.687 0.00267 97.7) + 42.27 (9.99 :—.-_e.li)
I 90 ( ) <k y | ) R 2 S
(100) (1948)  (29.97) (7.67 x 1079
= 107.5%
NOy Concentrations, 1lb‘hr
ib’hr = PPM x Mw (NOp) x Ws
Md
_ 165 x 46 1b’lb-mole x 494,608 1b
6 30.07 1lb/1b-mole hr
10
= 124.8 lb"hr
NOy Concentrations, 1b "MBTU
1b ‘MBTU = 1b ‘hr
- Heat Input
- 124.8 1b’hr
440.0 x 10° BTU'hr
1b ‘MBTU = 0.284 1b
106 BTU
Stack Pressure (Absolute}, in;.Hg
Ps = Pb + Pd = 29.99 + (=0.27) = 29.97 in. Hg. .

l3-¢ 6 l3 96

Nozzle Area (th)




19.%

20.

21.

2)

FAl

Stack Area (ft

“ 2
As = b2 = 0.785 x (175.5) - 167.9 ft>
4 12 '

Heat Input, 106 BTU

Sp. Gr. x 8.33 #/gal. x BTU’/lb. x gal’hr
0.903 x 8.33 #’gal x 19,847 BTU’lb x 2947 gal’hr =
440.0 x 10° BTU hr.

Gas Density"(lb/ftB)

Gas Density = Mol wt gas x Tstd x Pbar
386 ft3 Ts Pstd

= 30.07 b4 530 x 29.99 =
386 903.8 29.92°

— 0.0457 1b/£e>

e 4 e s ew———— e e s




st e e

, . THE UMITED ILLUMIVATING COMPANY .
t. -
v : SOURCE TESTINC CALCULATICH FORMS
o7 13 (ha .
st Ho._English Station Stack 1 No. Runs 3

zme 0f Firm_ The United Illuminating Company

rcabion of Flanc 510 Grand Avenue , New IHaven, Connecticut

sre of Plant Steam Generzting Station
ontrol Eguipment None

Stack

ILocczations

sliviants Somumled Particulates, Nitrogen Oxides

ims of Particulzte Test
un No. 1 Date 12713773 Begin_ 11:09 End 13:03
un Ho. 2 Date 12713773 Begin 13:47 End__ 15:40
un 'o. 3 Date 12714773 Eegj_n 9.42 End 11:3C
PARTICULATT EQISSION DATA
n No 1 2 : 3
£t ¢ lb. ) % -

Ko = 33,48 s=c ik molz-“R 85.48 85.48 85.48

Co = Pitcit tuhe coefficient (calib.) 0.84 0.84 0.84
- Averaye velocity nead OL stack
VAP = «cas, inches E20 0.266 0.295 0.271

Ts = Average stack temp., °R 903.8 906.5 903.5

P> = Earometric pressure, "Zag Abs. 29.99 29.96 29.60

Pd = Gas duci dressure, "H-0 =0.27 -0.27 -0.26

arscluce stack ¢as opressure,

Ps = inches =g 29.97 29.94 29.58

Bws = % moisture in stack gas, by
volune 8.2 8.5 8.2
MO L2 CUIAal waldilv OrL Sctack
= gas, dry - '
30.07 30.09 30.06 __ |\ o__._..__._.
= Molecular weight of stack gas ' ' .
29.08 29.06 29.07




gas velocity, F.P.S.

v/ 19.48 21.64 19.95
% B2 cﬁz . 11.12] 11.25 11.06
s 02 7.22 7.2 7.25
o CO 0.00 0.04d 0.00 -
% N 81.66 81,53 81.69 ‘
Total volumes of liguid
Vlc = collected in impingers
and silica gel, ml. 97.7 111.14 95.0
Volume of drv gas samplaed
Vm = at meter conditions, FT3 49.27 53.817 50.490
Volume of diy gas sampled
std = at STP, FT 51.94 56.37 50.46
Average dry gas meter
Tm -~ temp., °R 504.9 507.9{ 525.7
Avefage pressure drop
Al —~ across orifice, inches H2) 0.875 1.05% 0.898
8 = Total Sampling Time, min. 100 100 100
Dn = Nozzle dia., inches . 0.375% 0.3751 0.375
' > 7.67 % 7.67 x| 7.67 x
An = Noeele aree, FTT 104 10 154
I = % of isokinetiz sampling 105.2 105.9 103.2
Qs = Stack gas volume at STP
(SCFM) 105,819 (116,594 | 106,997} 109,802
Qa = Stack gas volume at stack
conditions (ACFM) 196,242 |217,800 | 200,976] 205,006
Ws = Stack gas mass flow 1lbs/hr 494,608 |545,334 | 499,948] 313,297
Mp = Particulate-probe, washings, mg - - -
Mf = Particulate-filter (mg) - - -
"N := Particulate-total (mg) 42.8 47.7 48.4
Particulate Concentrations
C's = gr/scft 0.013 0.013 0.015 0.014
. = Particulate %total emission 1lb/hr _ll 49 13.03 13.55} 12.89
Er = Pparticulate emission rate, 1lb/106 .
' : BTU . 0.026 0.029 0.031 0.03
__ C = KO, concentrations, PPM 165 165 171
Ch = NO. 1b/10%Ty 0.284 0.312| 0.296 | 0.30
, :
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General
Introduction

Emission tests were conducted on The United
Illuminating Company Steel Point Station Steam Gen-
erators 25, 26 and 27. All three steam generators
discharge emissions into a common stack, Stack #7.
Steam Generators 25 and 27 are connecied to a common
‘flue gas duct which discharges into the base of Stack :
#7. The flue gas éuct of Steam Generator 26 is con-
nected to Stack 7 approximately 20 feet from the top
of the stack. Due {to this unigue stack configuration,
it beceme necessary Lo sample each flué gas duct for
emissions.

Emission tests for Particulates and Nitrogen
Oxides were conducted on each flue gas duct. The
weighted averages of Particulates and Fitrogen Cxide
emissions are summarized on the following page.
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TEST RESULTS

Steam Generator No. 26
(Ref. Intent to Test Form No. 720047)

Test Conducfed Oon
Dzcember 18, 19, 20, 21, 28, 1972




Introduction

Emission tests for Particulates and Nltrocen Oxides were con-—
ducted as required by Connecticut State Law on United Illhmlnatlng
Company Steel Point Station Steam Generator 26, located in Bridge-
port, Connecticut. Testing was conducted on December 18-21 and
on December 28, 1972,

Source Sampling was performed in accordance with test methods
and procedures as prescribed in the Federal Register, Vol. 35, No.
247, dated December 23, 1971. These tests were conducted cn the
flue gas duct downstream of the precipitator outlet and upstream
of the stack inlet. This site location was chosen due to the im-
practicality of source sampling in the stack due to stack configur-
ation, It should be noted at this time that this stack #7 also
handles the emissions produced by Steam Generators 25 and 27, which
have been previocusly tested on December 5, 6, and 7, 1972 (Report

" No. 720045)., A copy of that test report was forwarded to the State

Department of Environmental Protection on December 26, 1972,

The primary contaminants tested for were Particulates and
Nitrogen Oxides., Tests were also conducted to determine stack gas
velocity and volumetric flow rates, flue gas analysis and moclecular
weight and moisture content of the flue gas. The procedures used
in determining these various parameters, except for nitrogen oxides,
are those found in the above mentioned Federal Register. Nitrogen
Oxide emissions were found by using a Dvnacrlence Model NX- lJO \Ov

Tavrrms Sammdmad m vamasemar blnm eIl S -1 T L I B TR Y mro 3 o=
i

Do
F4'94394 _t‘.a\-&. ilnL.oCTlao oI b ed ded b Ciic HAIMLJ\JJ.MJ.-JH-LJ‘U&L.L\.- b e R e M e e ke e

stated in Method 7 of the above mentioned Federal Register.

T™wo tests fox determination of particulate emissions are re-
ported, Results of these tests comply with the State Law on
emission rates. Due to an operational malfunction of the electro-
static precipitator, the results from ona test were disregarded as
not being representative of normal emissions from the source. After
mechanical and electrical maintenance was periformed, the unit was
tested with the results shown as Test 3B.

This test report includes the information required for Items
Iir, 1Iv, v, VI, VI1II, IX, X, XI and XII from the Department of En-
vironmental Protection®s "Intent to Test" form in compliance with
the DEP's Scurce Test Cuidelines _and Proceduras.

Source Test Form #2 was not availzable at the time of the
writing of this report.
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Samolina Train Information
(Ref, Item VII "Intént to Test" Form)

a.) Schematic diagram of sampling train: See
Fig. 1. Sampling Train used: RAC Stack-
samplr Model 2343, purchasecd April-4, 1972.

" b.) Media type used to determine gas stream
components. NOx: DynaScience Model NX-130
NOx Analyzer, Particulates: Reeve hngel
.900 AF, 11 cm diameter glass fiber filter.

c.) Sampling tube: Stainless steel for par-
- ticulates, glass probe for NOy, moisture,
and orsat analysis.

'd.) Probe cleaning method: Wash probe with
acetone and store in sealed container.

Description of Ornerations

(Ref. Item IX "Intent to Test" Form)

The operation tested was Steel Point Station Steam Gen-
erator #26, Registration Number S.P. 26, Stack 7, having
a capacity of 420.4 x 10® BTU/hr, burning #6 fuel oil at
a rate of 2888 gal/hr., and having a gas flow of 147323 ACFM.
See Table IV for fuel oil analysis.

Samnling Ares Nescrintion

[T - 1. N Tt mee e b MEew b It T ey amem )
Viv-L o .L\.\.-&s s dieene wo LCOC - 1Y)

This flue gas discharges into Stack 7. Also discharging
into this stack are Steam Generators 25 and 27. Due to
stack configuration, it is necessary to sample Boiler 26
in this proposed location. (Intent to Test Forms for Steel
Point Station Steam Generators 25 and 27 were mailed on
October 30, 1972. Included were prints showing Boilers 25

-and 27 flue gas duct configuration at Stack 7).

a.) Stack Configuration

{(See Viestcott and Mapes drawing
Number 2022A Project Mumber 47001.)

b.) Sampling Port Locations
(See drawing rcfnrewccd above. )

c.) Sampling Point Positions for Each Port

{See drawing referenced above.)




Stack and Vent Descriptions C s
(Ref. Item XI “Intent to Test" Form)

connccted to this boiler is a Research-Cottrell electro-
static precipitator having an estimated collection efficiency

Of approximately 60% when burning residual fuel oil. The

outlet of the precipitator discharges through a flue gas duct
into Stack #7. Emission sampling was conducted in sampling
ports installed in the flue gas duct located hetween the opre-
cipitator outlet and the stack. (See Westcott and Mapes
drawing Number 2022A referenced above.)

Operational Parameters
(Ref. Item XII "Intent to Test" Form)

Electric utility steam generator burning No. 6 residual fuel
o0il, having rated capacity as registered.




- -y ﬁu\ o .R e Jﬂ% n‘l.u\.\.,_. -wu ..nu\

TL6T ‘€T X9quUsSS

4

*ON

~
[

P

/’

$3593

03umommmn
*Toa ‘Ioxsthoy 2w

¥¢ CUOILIN

0ZH JT°T ©3 2070 | £

S

x (L¥SY¥0) € COHLIN

ATy SS0OXT SiLs: ¢

-

o
o

P

QOULSW YUSNIANOD

%E "0 £

()
o~
o

3INTETON

¥G CQOULIW

- %018 §0T/AT S0°0 | €

o
(o]
™~

S

TR REEELE

OFT-%N 000N doNdLOSUNAG

fld o0L/d% £€1°1 G

=0x

[rm——y—— - el

b

Ta feovorma TOTIaNE tegatg
[T R R Y -
LoTsman Lrwusy wulsalodi]

Ele T

o wplfetdim vouad

ﬁhhdnoguvmou:ﬁpouoh"howoaw

=y L o o e DT S TR ARSI WSt

SUOTATIJUCOUC) POINSTE

{€ Jo uvy

e 4 L8

JO JIoCuf

HE G &9

ik

AuiucLl

IR

gz "ON XO3uicuad wWedls

s3Lnsay 1s5<), FJO AIvumng

ittt

I &T9=4




Al: w....u I - oy .\..h.m.—...m
5 J. : _

ﬂ\: ...:..u ’ (J -
€T°0 -
LYETT -
S0'0 $0°0

»x59°81 €T1°9T
++£20°0 610°0
v L *Y¥°N
0206¥Y L6997 .
£2596 €6200T
8zcasT 895791
ZL/82/21
abexsay CEEER?

97 -ON J03B1DUDD WIS
SHTNSdY IO AJRuming

IT a1 gvd

hwmuwbd ¢ 1503 pue T 359I JO oBTIDAWxx
RIOMN4 2 u%drtimhwv

PO32TNOTED 20Ny

.\ﬁﬁd+unruwtnw
) fG i S =L
Y : : [ax0)
€T°0 1T1°0 £ET°0 n14a1/4q1
SO HTT 6L°LOT $9°81T . wdd
SUOTSSTWH SPIXO usbOIFTN
- * G0°0 nLar/gqu .
- * LITTT 24/qt
- * 920°0 Jos/35
SUCTSSTIWY @3evTndT3I2d
yeL TLeL ST L. jutod 3833 @ 0 5S90XT %
TLH9SY 2E062¥ BLEEDY IYy/qr ‘moTd Hoe3s
986L6 88126 £2956 WIDS ‘MOTd 3DOU3S
8LEBST PLTEST Z616ST WIDOY ’'MOTH 3oe3s
_Nh\ﬂm\ma ZL/0z/z1 zL/61/21 a3ed
CEEER AECEN T 3590




£€50°0 260°0
L°T1€ 6°62¢€
T:0002 T:0002
DUON OGOZ
0°¥ 'Y
000'09¢ 000'09€
888°'C 8v8°‘C
000°02E 000°0Z€
8" €€ YN
eL/82/2T . TL/1T/eT
ac 359l CTECEN

250°0 250°0

¢ 9z€ 9-9zE | " do
1:0002 . 730002

SUON SUON

5°€ 8¢

000 ¥VE 000 ‘SVE

008°2 sy8’e
000 ‘¥1¢€ C00’'91¢€
“y'N g €€
zL/02/2T  ¢L/6T/TT
7 359L ECEN

Spotxad 350

T 303 eaed burielado I9110d SBeIOAY

III

IEYdL

m.um\QH AaTsuad sed

sxnaexadual sevo MOEIR

(.0DSHHD.) 238U dATITPDY

puTrOTE 2008

(%) €0 s592XF
xu/qr ‘moTd ATV
ay/Teb ‘moTd TTO
ay/qr ‘moTd WeI3IS
M ‘pROl £5035

oaed




TABLE IV

Ultimate Analvsis OF ai-w-.
Representative Fuel 0il Samnle

i (R HHBHHITIE T R R R RN AR A S AN N R A ER AR R HER T MR LARI U O D G T HH T H AT M N M TR

: © FUEL ENGINEERING COMPANY
Januaryv 12, 1973 - 2541139
DATE S !'?_ FUEL TESTING DEPARTAMENT REPORT NUMBER
- - . . ‘a . - - .
Ultimate Analvsis o . TEST REPORT :
Carben = 85.37% ~ Your P.O. No
Eyvdrogen = 12,24% OnSomple Merked  Sreel Point #£26 Special Test
Sulfur = 0.41% - : : ) oo
Nitrogen = 0.27% Somgle Token b, o
Oxvgen = 1.71% Eh _
API €60°F = 23.6 *
Specific Gravity = 0,9123
- ' o Received frem pnjted Illuminating Co.
BTU per pound = 19,159 80 Temple Street
BTU per gallon = 145,551 New Haven, Conn 05506
’ Attn: Mr. J. Scmbhati
-
Fucl Engingering mpany of New York -

.}x./:/'-" .
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"'Moisture Determination S

Moisture determination in stack gas is used in the calcula-

tion of isokinetic conditions. The amount of moisture in the

stack gas was found by using the following procedure.

The gas sample is aspirated through a pyrex glass probe
which is electrically heated and encased in a stainless steel
tube, The probke is inserted into the flue gas duct and heated
electrically using a variable transformer. The gas sample is
drawn through the probe, and through a glass pre-weighed tube
filled with silica gel. From the silica ¢el tube the gas passes
through a rotometer, through the asvirating pump, and through a
dry gas meter, and passes into the atmosphere. The rotometer 1is
used to control the flow rate of the gas. By averaging the temp-
erature of the gas through the dry gas meter, and recording the
volume of gas passed through the meter, the amount of moisture can
be determined, -

The volume of water absorbed by the silica gel tube is con-
verted to the vapor state by using the ideal gas law ecuation:

Vwt = MaRTm

Pm Mw

where Ma = mass or welght of water abqorbed, grams
R = gas law constant, 21.83 in Hg -
1b mol - OR
’ Tm = average outlet temperature of the dry gas
meter, O©OR

Pm = barometlic pressure, in Hg

Mw = 18 1b/1b mol
The proportion by volume of the stack gas that is water >

vapor (Bws) is found by using the equatiocn:

"Bws = Amount of water ahsorbed in the silica ael tube
Amount of water absorbed + Amount of metered c¢as

Orsat Analwvsis

A Burrell CGas Analvzer was used to cdetermine 0,, CO3, CO, anrd
No concentrations of the flue gas. The gas sample was aspirated
through a stainless stecl probe, packed with glass wool at the in-
let of the prove. Teflon tubing connected the stainless steel
prcbe to the orsat analyzer. »After a sufficiant sam»le was drawn
through the probe, tubing, and orsat manifold, a sample of gas was
analyzed




', Velacity Traverseé e

-. A preliminary velocity traverse was made of the flue gas
duct in order to determine a correct nozzle size used in deter-
mining particulate concentrations with the RAC-Staksamplex. It
was noted that four traverse points had a negative delta "P".
These four areas, located at port 1, points 7 and 8 and at port 6,
points 7 and 8 were not used in the test for particulates. In-
stead of using 48 traverse and sampling points, only 44 sampling
points were used.

Since these traverse points indicated negative delta "P," the
total cross-sectional area of the flue gas duct was also reduced
by the amount of the area occupied by these four sampling arcas.
The cross-sectional area of the duct was, therefore, reduced from
49,9Ft2 to 45.8Ft2, :

1

Particulate Determination

The apparatus used in determining particulate emissions was
a RAC Staksampler Model 2343-5, Serial No. 1399. The procedure
followed in this test is Method 5 of the Federal Register, Vol.
36, No. 247, December 23, 1971.

Used in this test was a 10 foot stainless steel probe and pitot
tube, recalibrated by the Research Corporation of New England. The
pitot tube coefficient cbtained from the calibration of this pitot
tube was 0.817.

Two modifications were made to the RAC Staksampler by the UI
co. The heated box housing the four-inch fiber filter was fitted
with a 00-3000F indicating thermometer. This enabled the equip-
ment operator to bes aware of the exact box temperature during the
sampling period. :

Also modified was the glass elbow from the filter to the fir
impinger. This was fitted with a tee connection into which a the
mometer with a glass ground joint was insertced. This enabled the
operator to check the gas temperature leaving the filter and make
any corrections if need be in the probe heating transformer,

After running one test for particulate concentrations, it
was found that the anount of silica gel in the fourth impinger
had nearly been scent., To insure in future runs of this test that
the effectiveness of the silica gel would not be depletced, 300
grams instead of 200 grems was uged. This was found to give a
greater wargin of safety in making sure that there was no moisture
carry-over inte the dry gas meter.




_NO;: Determination T

Nitrogen oxides were determined by using a Dynascience NOx
‘Bnalyzer, Model NX-130, Serial No. 418. A stainless steel probe,
packed with glass wool at the inlet, was inseérted approximately
3 feet into the center of the flue gas duct. After calibrating
the instrument with a known concentration of NO gas, the flue
gas sample was drawn through the instrument which gave a direct
read-out on the meter scalz. The instrument was operated for
fifteen minutes for each test, with readings taken every minute,
At the conclusion of the test, the NOy concentrations in PPM were
averaged, and used in the firal NOyx calculations.
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SAMPLE CALCULATIONS .

NOTE: All equations used in these calculations are found
in the Fedecral Register, Vol, 36, No. 247, dated
December 23, 1971. e
Calculations representative of Test #l.

1) Dirv Gas Volume

Vmstd = 17.71 ORr Vm Pbar + AH eqg.5~1
: inHg 13.6
Tm
= (17,71 __°R 162.055 ££3 /29,93 in Hg + 2.066 in H.0
inHg 13.6
553,6 OR
= 155,84 ft3
2) Volume of Water Vavor
vwstd = (0.0474 pT3 Vlic eq. 5-2
a .
2N\ |
= [0.0474 T3 389.4 ml
M
= 18.46 FT3
3) Moisture Content

. Bws = Vwstd
- Vwstd + Vmstd

= 18.46 FPT3 .
18.46 FT3 + 155.84 FTO

= 0.106 x 100% = 10.6%




44) *

5)

6)

7)

8)

Holecular Weiaght (dlLL

‘Mad = O. 44 (% CO2) + 0.32 (% 03) g

- 4 0,28 (zo Nz) -+ 0.28 (% CO) ed. 3-2

= 0.44 (10.0) + 0.32 (7.15) + 0.28 (82.85)
+ 0.28 (0) co o

= 29,87 1b/lb-mole

1

Molecular Weicht (wet)

MS = Md (1-Bws) <+ 18 Bws
= 29.87 (1-.106) + 18 (.106)

= 28,61 1b/1lb-mole

Stack Gas Velocity

Vs = Kp Cp VAp Ts 3 eq. 2-2
Ps ls _
= (85.48) (.817) (.864) 786.56 i
29,835 x 28.61

= 57.93 F.P.S.

Gas Volumetric Flow Rate, ACFM

ACFM = Vs x A x 60 sec/min
— 57.93 x 45.8 FT2 % 60 sec/min

= 159,192 ACFM '

Gas Volumetriec Flow Rate, SCFM

. Qs = 60 (1-Bws) Vs A T td eq. 2-3
PS\. .

= 60 (IL-.106) (57.93) (4s5. {530 29.835
786.56, - 29.92

= 95,623 SCFM




‘9) . Gas Volumetric Plow Rate, 1b/hr T

Ws = Qs x 60 min x _ Md =
hr 386 P13

i

95,623 SCFM X 60 min x 29.87 1b/1b-mole
hr ' 386 FT3

= 443,978 1b/hr

10) particulate Concentrations, qr/SCF

C's = @.015495 Mn | . eq. 5-4
mg vmstd
= 0.0154 gr 261.2 mg
mg 155.84 FT3

0.026 gr/SCF

11) Particulate Concentrations, 1b/FT3

.Cs = 1 ;g{\ mn eqg., 5-5
453600 e :
7
vmstd
1 ;§>\ 261.2 mg
. 453600 -mg

155.84 Fr3

= 3.69 x 1076 1b/SCF

12) Particulate Concentrations, 1b/hr

Cw = Cs 0s X 60 min
hr

1

(3.69 » 10~% 1b/sCr) (95,623 SCFH) GO min
) hr

= 21.17 1b/hr

13) Particulate Concentrations, 1b/MBTU

Er = Cvi
I[Ieat Input

= 21.17 o/hr
414.2 x 10% 51U/hr

= 0.051 1b/MBTU




_14) % Isokinctic Sampling

I = Ts (1.667 min) ((0.00267) VIE #7Wm ([pvar + AOH
sec Tm 13.6
*8 Vs Ps An
eq. 5-6
I = 786.56 .(1.667) [((0.00267) (389.4) + 162,055 (%9.93 + 2.06;\
553.6 13.6

+ (220) " (57.93) (29.835) (0.00034)

99.84%

15) NOy, Concentrations, lb/hr

1b/hr = PPM x Mw (NO) x Ws
: ) md

I

118.65 x 30 1b/lb-mole x 443,978 1b
106 29.87 1b/lp-mole hr

= 52,9 1b/hr

16) NOx Concentrations, 1b/MBTU

1b/MBTU = 1b/hx
Heat Input

= 52.9 1b/hr
414.2 x 10° BTU/hr

1b/MBTU = 0.128 1b
106 BTU




o . CTHE UNITED ILLUMINATING COMPANY

SOURCE TESTING CALCULATIGH.FOR!S

Test No. St. Pt. 26, Stack 7 ' : . - No. Runs 3

Hame of Fimn The United Illuminating Company

iwcation of Plant_Steel Point Station

Type oL Plant Steam Generatlon

Zontrol Equipment Electrostatic Precipitator.

Sampling Point Locations Stack Entrv Duct .

-

ollutants Sampled Particulates, Nitrogen Oxides

vime of Particulate Test:

Aun Mo. 1 - Date 12-19-72 Begin 1425 End

1230
Run No. 2 Date 12-20-72 _Begin__ 1457 End__ 1320
“un No. 35 pate 12-21-72 Begin ' - End
xun No. . 3F Date 12-28-72 Begin 1493 : End 1756
' : : PARTICULATE TMISSION DATA
un No, 1 2 33 33
£t lo. - . ) :
Kp = 85.48 sec " 1lb mol2-PR 85,48 85.48 85,48 85,43
Cp = Pitot tube coefficient (calib.) .817 .817 .817 817
— Average velocity nead of stack
VAP = «gqas, inches 20 . 864 - ,834 .330 LES82
Ts = Average stack temp., °R 786.56 786.27 785.91 771.7°
Pb = Barometric opressure, "Yg Abs. 29.93 29,97 30.06 29,64
Pd = Gas duct pressure, “"H-0 ‘ -1,3" =-1.2" -1.3" -1l,.2z
Absolute stack g¢gas pressure,
Ps = inches Eg - 29.835 29,882 22. 985 2. 817
Bws = % moisture in stack gas, by
volune 10,6 © 10,6 . 8.4% 9.2
hoIb Ay werghtT O stack
29.87 29,94 29,97 29,453
s = Molccular weight of stack gas ' aws.
28.61 28.67 25,96 ??._5
(u"

*Silica gel tube method To.




LT o, " - s

t

;;Ys‘é.sﬁack gas velocity, F.P.S. 57,93 55.74 1 55.12 59,12
#cop TUH8e6-1-- 10.3] 10.45 ] 10.25%
% 02 | 7.15 7.72 7.4 7.42%
% CO . ' 0700 b 0,12 0.03 0.05*
% N - | s2.85 81.85| £2.13 82.28*|

Total volume of licuid

Vlc = "collectad in impingers :
and silica c¢el, =1, 1 389.4 373,2 - 373.8

i

| Volume of drv gas sampled

' Vm = at peter conditions, TS 162.055 1151,941 ~ 161.903

- . Volume of dgy gas sampled :

vstd = at TP, FT ' 155.84 }149.51 - 161.43

§ Average dryv gas meter

i im = temp., "R 553.6 541, - £33.7

% Average pressure 4drop .

 AH = across oriiice, inches H2 2.065 1.31 - 2102

: (4] = Tptal Sa"‘tpling Time, min. 220 ?20 - 220

!

' Dn = Nozzle dia., inches : 5 95 _ 55

E Iy = T - o e o = "_"""2

[ Gn T Wozzlc area, fT .00024 | 05334 - .50534

B

5? I = % of isokinetic sampling $9.84 99,40 - 98.70

g Qs = Stack cas volume at STP )

f' (SCri) 95,623 | 92,108] 97,985 | 100,203

. Qa = Stack gas volume at stack

: conditiong (ACFM) 159,192 | 153,1741152,378 | 162,538
Ws = Stack gas mass flow lbs/hr 443,973 | 429,032 455,271 | 465,597
¥Mp = Particulate-probe, washincs, mg ©100.9 _ 70.7
Mf = Particulate-filter (mg) 160.3 - 125.0
Mn = Particulatz-total (mg) 261.2 - 195.7:

i . Particuvlate Concentrations .

' C's = gr/sck - 0.026 - 0,019
Cw = Particulate total emission 1k/h» 21.17 - 16.13
Er = Particulate emission rate, 1b/105

BTU 0.05 - .04
C = NO, concentrations, PP ) '.!1,.9 a5 1.07.7%1 114 .65 .
Cn = NO. 1b/10%rU 0.13| 0.1l 0.13]  0.12
: : !




TEST RESULTS

Steam Generator Nos. 25 and 27
(Ref. Intent to Test Form No. 720045)

Test Conducted On
December 4, 5, 6, 7, 1972




Introduction

Emission tests for Particulates and MNitrogen Oxides were
conducted as required by Connecticut State Law on United Illum-
inating Company Steéel Point Station Steam Generators 25 and 27,
located in Bridgeport, Connecticut. Testing was conducted on
December 4-7, 1972,

Source Sampling was performed in accordance with test
methods and procedures as prescribéd in the Federal Register,
Vol. 36, No. 247, datad Decembsr 23, 1971. These tests were con-
ducted on the flue gas duct downstream of the precipitator outlet
and upstream of the stack inlet. This site lccation was chosen
due to the impracticality of source sampnling in the stack due to
stack configuration. This . Stack #7 also handles the emissions
produced by Steam Generator 26, which was tested on December 18-
21 and on December 28, 1972, A copy of that repcrt is enclosed.

The primary contaminants tested for were Particulates and
Nitrogen Oxides. Tests were also conducted to deternire stack
gas velocity and volumetric flow rates, flue gas analysis and
molecular weight and moisture content of the flue gas. The pro-
cedures usead in deternmining these varisus poramcters, soXcg
nitrogen oxides, are those found in the aknove mentionea
Reg:ster. Nitrogen Oxide emiscions were found by using a Dyna-
science Model MX-120 NOy Analyzer instead of using the phenold-
isulfenic acid procedure as stated in Method 7 of the above
mentioned Federal Register.

This test report includes the information recuired for Items
III, IV, V, VI, VII, DX, X, XI and XII from the Department oI En-
vironmental Protection's "Intent to Test” form in compliance with
the DEP's Source Test Guidelines and Prccedures.

Source Test Form #2 was not available at the time of the
writing of this report. :




Y. Sampling Train Igformaﬁion
. (Ref, ltem VII "Intent to Test® Fogm)

a.) Schematic diagram of samplingv£féin: See
Fig. 1. Sampling Train used: RAC Stacx-
samplr Model 2343, purchgscd Darll 4, 1972.

b.) Media type used to determine gas strL m Com-
ponents. NOyx: DynaScience Model NX-130 NOyx
Analyzer. Particulates: Reeve Angel 900 AF
11 cm diameter glass fiber filter.

c.) Sampling tube: Stainless steel for par-
ticulates, glass probe for NOx, moisture,
and orsat analysis. :

d.) Probe cleaning method: Wash probe with
acetone and store in sealed container.

2. Descrivtion of Overations
(Ref. Item IX "Intent to Test" Form)

The operation tested was Steel Point Station Steam Gen~-
erators 25, 27, heglstraplon Number §.P. 25, 27, ack 7,
having a total capacity of 392.7 x 105 BTU /nl, burnlﬁg #o
fuel oil at a rate of 2725 gal/hr for both boilers, and
having a total gas flow of 217,350 ACrM., See Table IV for
fuel oil analysis.

3. Sampling Area Des

- LT t e e — i I aa Iy .
{Ref. JTtem X "inte

- 13 v-\ S, |
=5 1%,

5 1

ntio
t

1on
~ T
o

m

t
This flue cas discharges into Stack 7. Alsc discharging
into this stack is Steam Generator 26. Due to stack con-
figuration, it is necessary to sample these boilers in the
flue gas duct upstream of the stack inlet.
a.) Stack Configuration

(See Westcott and Mapes drawing
Number 200-A, Project Number 41013.)

b.) Sampling Port Locations
(See drawing referenced above.)
c.) Sampling Point Positions for Each Port

(See drawing referenced above.)




Stack and Vent Descriptions
(Ref. Item XI "Intent to Test" Form)..

LI SR

connected to each hoiler is a Research Cottrell clectro-
static precipitator having an cstimated collection cfficiency
of approximately 609 when burning residual fuel oil. - The pre-
cipitatoxr outlct ducts merge together ‘into a common duct,
which is connected to the base of No. 7 stack. Emission
sampling was conducted in sampling ports installed in the
common flue gas duct joining the precipitator outlets to the:
stack. (See Westcott and Mapes drawing Number 200~-A refer-
enced above.)

Operational Parameters
(Ref. Item XII "Intent to Test" Form)

Electric utility steam generatbrs burning No. 6 residual
fuel oil and having rated capacities as registered.
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FUEL ENGINEERING COMPANY

January 3, 1973
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TABLE IV_(2) ..

Ultimate Analvsis OF

Representative Tuel 03l Samples

FUEL TESTING CEPARTMENT

FUEL GIL TEST REPORT

Your P.C. Me.
"ol Dogrees AL, EGF 25 .4 On Sample Marked 01l - Steel Point Special Test
' Samplo Tecken by ;ou
Spacific Gravity, 60" F 0.9018 Sompling Date  12—-5-72
flesh Point °F - OVER ! 230 Suppiier's Nacs )
Eoitom Sediment {incl, walar) 0. A0 [ Racsived frem L11t=.d Il 11.1"“11'13.5.»1‘15 Company
o | 46 80 Temple Strzet
[ Selphur s D-1552 ! 0. New Haven, Connecticugz 05835306
] | ., Attn: Mr., A Henvichzen
BE.T.U. Per Povnd D-240 19062
BT.U. Fer Gellon 143156
visesity @  122°F 58T 56.3 Ultimate: Carbon 35.81%
. Hydrogen = 12,83%
Ash .029 . Nitrogen = 267
. Q)'vgen = 0.66%
fuel Enginearing Compony of How York Vanadium = 4 PP

e

godium

= 47 PP

SRR R TH IR IR HIH IR ILIIIHHIIIIHIIIH'II:!-H'Illil R R I T H ML B S BT MM TR

THITNATEY 7550

2

T HH I H RS T HH S G T S T H T HH R DHTHD

€2
phpinnnnan |_J




TABLE IV (b)

Analysis Cf

: " Representative Fuel 0il Samples
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SR TABLE IV (c)

Analvysis Of
Representative Fuel 011 Samples

Eortcrn Sediment (incl. woter)
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Moisture Determination _ AL

{oisture determination in stack gas is used in the calculation
of isokinetic conditions. The amount of moisture in the stack gas
was found by using the following procedure.

The gas sample is aspirated through a pyrex glass probe
which is electrically heated and encased in a stainless steel
tube. The probe is inserted into the flue gas duct and heated
electrically using a variable transformer. The gas sample is
drawn through the probe, and throuch a glass pre-weighed tube
filled with silica gel. From the silica gel tube the gas passes
through a rotometer, through the aspirating pump, and thrcugh a
dry gas meter, and passes into the atmosphere, The rotometer is
used to control the flow rate of the gas. By averaging the temp-
erature of the gas through the dry gas meter, and recording the
volume of gas passed through the meter, the amount of moisture
can be determined.

The volume of water absorbed by the silica gel tube is con-
verted to the vapor state by using the ideal gas law equation:

Vwt =— MaRTm

Pm Mw
where Ma = mass or weight of water absorbed, grams
R = gas law constant, 21.83 in Hg - FT
ib mol - ©OK
Tm = average outlet temperature of the dry gas

meter, ©R
Pm = barometric pressure, in Hg
Mw = 18 1b/1b mol

The proportion by volume of the stack gas that is water
vapor {Bws) is found by using the equation:

Bws = Amount of water absorbed in the silica gel tube
Amount of water absorped + Amount of metered gas .

Orsat Analvsis

A Burrell Gas Analyzer was used to determine 02, CO2, €O, and
N2 concentrations of the flue gas. The gas sample was asvirated
through a stainless steel probe, packed with glass wool at the inlet
of the probe. Teflon tubing connected the stzinless steel probe
to the orsat analyzer. After a sufficient sample was drawn through
the probe, tubing, and orsat manifold, a sample of gas was analyzed.




LI

'Veloc1tv Traverse : -ﬁgﬁggfvh

A preliminary velccity traverse was made of the flue gas duct
in order to determine a correct nozzle size used in determining
particulate concentrations with the RAC Staksamplr. It was noted
that threec traverse points had a negative delta "P". Thesc three
areas, located at port 1, point 1, and at port 5, points 1 and 2,
were not used in the test for particulates. Instead of using 50
trzoverse and sampling points, only 47 sampling points were used.

Since three traverse points indicated negative delta "P", the
total cross-sectional area of the flue gas duct was also reduced
by the amount of the area occupied by these three sampling areas.
The cross-sectional area of the duct was therefore reduced from
64.9Ft2 to 61.0Ft2.

Particulate Determination

The apparatus used in determining particulate emissions was
a RAC Staksamplr Model 2343-5, Serial No. 1399. The procedure
followed in this test is Method 5 of the Federal Register, Vol. 36,
No. 247, December 23, 1971.

Used in this test was a 10 foot stainless steel probe and
pitot tube, calibrated by The Research Corporation of New England.
The pitot tube coefficient obtained from the calibration of this
pitot tube was 0.8109,

- Two modifications were made to the RAC Staksamplr by the United
Illuminating Company, The heated box housing the four-inch fiber
filter was fitted with a 0©-3000F indicating thermomater., This
enabled the eciipment operator to be aware of the exact box temp-
erature during the sampling period.

Also modified was the glass elbow from the filter to the
first impinger. This was fitted with a tee connection into which
a thermometer with a glass ground joint was inserted., This en-
abled the operator to check the gas temperature leaving the filter

and make any corrections if need be in the probe heating trans-
former. :

After running one test for par;iculate concentrations, it
was found that the amount of silica gel in the fourth lhﬁlaqer had
nearly been spent. To insure in future runs of this test that the
effectivenass of the silica gel would nct bhe depleted, 300 grams
instead of 200 grams was used. This was found to give a greater
margin of safety in making sure that there was no moisture carry-
over into the dry gas meter. -

NOyr Determination

Nitrogen oxides were determined by using a Dynascience NOy
Analyzer, Model NX-130, Serial No. 418. A stainless steel probe,




]
*

packed with glass wool at the inlet, was inserted
three feet into the center of the flue-gas duct. After cali-
brating the instrument with a known concentration of NO gas, the
flue gas sample was drawn through the instrument which gave a
direct readout on the meter scale. The instrument was operated
for fifteen minutes for each test, with.readings taken cvery
minute. At the conclusion of the test, the MOy concentrations in
PPM wore averaged, and used in the final NO« calculaticns.

approximately

4




R : - PHE UNITED ILLUMINATING COMPANY

SOURCE TESTING CALCULATICH:FORMS

P

Test No. §S.P. 25, 27 S . - No. Runs 3

ame of Firm The United Illuminatinc Comodanv

Location of Plant Steel Point Station, Bridoevort

’

Type of Plant__Steam Generatctinc Station

Control Eguipment Electrostatic Precicitators

Sampling Peint Locations Flue Gas Duct After Precivitators

Pollutants Sampled Particulates, Nitrogen Oxides
Time of Particulate Test:

Run No. 1 Date 12/5/72 Begin 1517 End 193%

Run Ko.___ 2 Date_12/7/72 _Begin___1051 End_ 1522
Run No.__ -3 pate 12/7/72 Begin___ 1656 End 2113

. PARTICULATE EMISSION DATA

:an No, ' 1 2 3
_ft 1b. -y % _
Kp = 85,48 sec 1b molz-~°R 85.42 85.48 £5.48
Cp = Pitot tube coefficient {(c2lib.})| n 3319 0.819 0.819
— Average velocity heaa of stack
VaP = gas, inches H30 0.9205 0.845 0.951
Ts = Average stack temp., ©R 831.5 835.3 £35.7
Pb = Barcomeiric pressure, “Hg Abs, | 30.13 30,54 30.58
Pd == Gas_éuct pressure, "H-0 -1.4 -1.,04 =0, 97
aAbsolute stack gas pressure, : )
Ps = 1inches Ha 30.08 30.446 30.51

Bws = <t molsture in stack gas, by
volume 7.5 8.2 . 7.8

Mloleculary weignt OL StTacxk
Md = gas, dry :
29.59 29.G2

n
$»]
L)

o
(9,1

o
1

Molecular weight of stack gas

28.72

o
0
L]

)
~J
0]
2
L]

~J
"
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tack gas velocitv, F.P.S.. - ..

02

% N2

Vic

Il

Total volume of 11qu1d
colleczed. in impingers
and silicza gel, wml.

Vn

QJ

Volumre of r;

d
at mater cord 3

'-.l.[q .
r1 fu

S
io

n m_

e
T

l'rj l"' |

S
n

Vstd

Volume of drv gas sampled
at STp, T

Average dry gas meter
temp., °R

Average pressure 4rop
across orifice, inches H2)

Total Sampling Tim2, min.

Nozzle dia., inches

'-"""2

b it

- . - e = -
oML L LT LR T a, L oL

% of isokinetic sampling

Stack cas volume at STP
{SCFi)

Qa

Stack gas volume at stack
conditions (ACFM)

s

Stack gas mass flow lbs/hr

Mp

. Particulate-probe, washings,

ME

Particulate-£filter (mg)}

Particulate-total (mg)

Particulate Concentrations
ar/sct

Particulate total emission 1lb/hx

Particulate emission rate, 1b/106

RO, concenirctions, PP

NO. 1b/10%nry

-*“62"15

o
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movaﬁ Niurber

Plant Location xk‘ﬂ\au‘\ ] m.M“ :
i
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} o
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Analysis

X mole wk

wt/mole.

{axrs)

c02, % Vol (dry)
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44/100

co, % vol T\?O

(¢ry)

28/100

3.,/7%

; RS

vol (divy) \ e

~28/3100

7

. -
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/07
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: et . THE UNTTED TLLUMINATING COMDANY

— "/ © " ORSAT DATA_& CALCULATION SHEET P o
mnmoﬁ Hmmnrpmvnmnwo: zEﬂ&mn T T . Date .qu “\ \Q VN\
Boiler Number - - NAV ~ 2~ U - . Time \\\DD \B.\A
Plant Location | ﬁ.?\NB \ - LT,

ﬁ .
Sampling Point H...A..unmﬂwo j\.\ = A
L ,:‘_ KA o Ly ,

wnm‘wmwm Analysis

) Zeay)

coz, m\o Vol (éry) \,,C\N\ \N \_Q
418 | 1ol

02, % vol (ary) - OV -], 0% %0

' ! Nk o FL AN
w2, o vol (drv)  /Jin St 51,9 T,

Average |X mole wt| (drv)
7/ 2| aa/100 ‘330
w0 28/100 |+ O
2042 sas100 s 3.36
m?m\___h §197 | saz0n  |¢ ?2: 79

co, % vol (dry) mv

. . -, , 'R -~
] Q- /0130 /0,00 /9.5 \nf.w(\ (02
. . T + _Avg. molecular. wt. - ‘29. 6 {2
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\ L \ THE UNITED ILLUMINATING COMPANY
.\.... - / ORSAT DATA & CALCULATION SHEET
" stack Identification \zﬁ,&mu ., pate % m\ \Q\\.‘N.
Boiler Number \ 285 ~2-"7 . _H_En \brﬂ P 54
Lo ! ‘.
Plant Location - / wq.\Nﬁ \ \ \.3 ﬂl
/ - v M\.
npling Point Locatio ack let o\ vel” = ot 3, .w,_%. /I .
. . . .. Oth_ + .....:... . : . : N e Al . ) )
r Anclysis |- Analysis | Analysis "Analysis . |wt/mole.
1 2 3 4 Average (X mole wtl {drv)
. ’ s e - e ; . .
c02, % Vol (dry) 7.7 g 520 Yy 7.7 | aazi00 | 2%
co, % Vol (dry) : \.v GO 5.4 § 5 2, O7 | 28/100 |+ | O_m
02, % Vol (dry) g0 /1§ /813 /55 |7 /0.5 32/100 + ,w.bmu
., oy ~ -~ 3 ‘ | .
12, < vol (dry) At bR L HL $i.5 | 1721 282100 |4 bu.m__m
L L ~ .
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P _Avg. molecular. wt. ‘ [
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THE USITED ILLUMINATING COMPANY
MOTSTURE DETERMINATION
SILICA GEL METIIOD

Sy . . .
Stack Hmu:numwnmnpon Number m, \v Nlmw.\.u\\.\ Umn.m Jv..‘.w\..q. ‘n\\ \Ww 2
Boiler tumber:’ .‘Un.!_..u..d. IV e A Fr - Operator
plant Mu,\\\ TR AT | Amb. Temp. (OF) &) .
Location . . | o Bar. Press. "Hg ~ v G
Analysis | Anzlysis Analysis
ool ) 1 A 2 mw 3
Time 1: w\ /.v._..ﬁ Srw ve - UM.%WHN
B Tube ‘ \\_ &
m.pni wth Tube . ST | Lal. M ¢ 22,0 .
_ Hifﬂ k. Tube Syl m\\ﬂ LYy f : N
Wt. no;wnno& it w.mnCHo ‘aru g AJ\v\u D . .Na m‘ :
7 : )
© 1D G Final = 73 104 o5 A m.
‘ D GH Huwﬁmﬂ 0 ..,‘..QQQ..\.. a3 ,. \e\....mh A
_ volume of am.um. (vm) 7 : 5, 2- H,§
| Meter Inlet .H.?..J AmE \M.\,._..,.:.. L, q Qu,\
’ Heter Outlet Temp (°F) \?w..h. . QHN ~.:...._n”_,
. [ Vel, of 0 Absorbed (Ywk) , 257 ) 354
. Water S_moﬁ. %) of Gas (Bws) \\\,\ \:J.\\ .
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Test Results

English Station Steam Generator
No.. 13

. Test Conducted on
December 28, 1973
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.;ntroduction

Emission tests for particulates and nitrogen oxides were
conducted as réquirad 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. 247, dated Decemb&r ‘23, 1971l. Testing was
performed by York Research Corporation of Stamford, Connectl-
cut, u51ng a sampling train as described in Appendix A.

Nitrogen oxide emission testlng was performed by the United
Illuminating Company Development and Test Laboratory using
a Dynasc1ence Model P-101 NOy 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 for
flue gas analysis, are those fourid in the above mentioned
Federal Register, The stack flue gas was analyzed by using
an Analytical Instrument Development Model 512 Portable Gas
Chromatograph.

.York Research Corporation was retained to perform particulate
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.

This test report includes the information .required for Item
Nos. III, IV, V, VI, VII, VIII, IX, X, XI, XII, and XIII .
from the Department of Environmental Protection's Intent to Test
form in compliance with the Department of Environmental Pro-
tection's new Source Test Guidelines and Procedures, (received
April 3, 1973).
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TABLLE IV

FUEL OIL ANALYSIS

STEAM GENERATOR NO. 13

STACK NO. 5

e ———— ——— A —

Test U 1 2 - 3
Date 12/28/73 12/28/73 12/28/73

(Composition (% by Weight)

Carboh

86.46 86.46 86.46
Hydrogen 12..20 12.20 12.20
Nitrogen . <0.1 <0.1 <0.1
Ash 0.022 0.022 0.022
Sulfur 0.335 0.335 0.335
Specific Gravity 0.909 0.%09 0.909
BTU/1b 19,438 19,438 19,438
BTU/gal 147,184 147,184 147,184




1., Sampling Train Information
(Ref. Item VIII, "Intent To Test" Form)

‘a; Schematic Diagram and description of sampling
train:

See Appendix A.

b, Media type used to determine gas stream
. components: '

1., NOy: Dynascience Model P-101 NOy
Analyzer Ay

2, Particulates: Tared glass fiber filter.

" 3, Flue Gas Analysis: Analytical Instrument
Development Model 512 Portable Gas
Chromatograph

¢. Sampling Probes:
1. NOy: Stainless steel tube
2. Particulates: See Appendix A
3. Flue Gas Analysis: Stainless steel tube.

d., Probe Cleaning Method:

See Apperidix A

2. Fiéld Data Sheets
. (Ref. Item IX, "Intent To Test"™ Form)

See Appendices A, B, C, D.

3., Description of Operation: :
(Ref. Item X, "Intent To Test" Form)

The operation tested was English Station steam
generator number 13, stack 5, Registration Number
E.S. 13, stack 5, having a total BTU/hr rating of
401.1 MBTU (averaged over test period) burning

No. 6 residual fuel o0il at an average rate of

2725 gal/hr; and having a gas flow of 166,929 ACFM
average for the test period. See Table IV for fuel
oil analysis. :

A




4.

5.

6.

Sampling Area Description
(Ref. Item XI, "Intent To Test" Form)

Emission sampling was performed in the stack 106
feet above the stack foundation (8 stack diameters
above the breeching inlet and 3 stack diameters down

'from the top). Cmission sampling was performed using

four - 4" diameter sampling ports spaced 90° apart

on the stack circumference. A total of twelve sampling
points (3 per sampling port) were used in the test for

particulates. The inside diameter of the stack at the

sampling location is 9'-4" I.D.

s
a. Stack Configuration:
See Appendix A
b. Sampling Port-Location:
| See Appendix A
€. Sampling Point‘Position:

See Appendix A

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

One Babcock and Wilcox Radiant Type Top-Fired Balanced
Draft boiler discharges flue gas through a Research-
Cottrell Electrostatic Precipitator to the stack breech-
ing. The stack height is 133* with the breeching inlet
located 103 feet down from the top of the stack.

Qpérational Parameters '
(Ref, Item XIII, "“Intent To Test" Form)

Blectric utility steam generator burning No. 6 residual
fuel o0il having rated capacities as registered.

iy e n s
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APPENDIX A

PARTICULATE TEST
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. PAGE 6

V. SAMPLING NETHODS

1. Port Location

points were used to a
emissions, temperatur
area of each stack.

| n e e e ————g—- w—— .

 aw
]

R e LR

All test ports are located in the stack and the number of
points sampled were calculated on the guidelines in the Federal
Register, Vcl. 36, No. 247,

dated December 23, 1971. Enougn

ssure accurate measurement of particulate
e, and velocity over the cross-sectional
(See Figures  2,4;6 and 8.) .

and thermocouple (3)
(See Figure 39).
establish isokinetic
techniques.

3. Flue Gas Analvsis

2, Velocitv and Tempersture .

Velocity was determined by pitot tube in accordance with Western
Precipitation Company Bulletin "P-S0".

An S-tvpe Pitot Tube (2)
are rigidly attached to the sampling probe

A preliminary velocity traverseé was made to

sampling rates using EPA Method 5 sampling

Ll
- "

-

Gas analysis for €O,
Orsat apparatus. Rea
Summary of Results.

and 0, was conducted by the UI using an
dings for each test are reported in the

Nori RESEARCH CORPORATION ;@Eé STAMFORD, CONNECTICUT
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' L. Lt to. . T . T : . -t

¥, Particulate Samnline Methodé ~ EPA Method S

The sampling apparatus consisted of a nine (9) foot probe heated
filter, four impingers, dry gas meter, vacuum pump, and calibrated
orifice as shown in Figure 9. The stainless steel, button-hook
type probe tip (1) was equipped with a 5/8 inch diameter fitting
connected by a stainless steel coupling with asbestos packing to
the probe. The probe consisted of 1/2 inch inside diameter medium-
wall stainless steel tuke with a ground steel joint on one-end.

- The probe was logarithmically wound from the entrance end with
26-gauge nickel-chromium wire. During sampling, the wire was con-
nected to a variable transformer to maintain a gas temperature of
300°F in the probe. The wire wound tube was wrapped with fiber
glass tape and encased in a l-inch-0D stainless steel tube for
protection. The end of the steel tube that does not have the ball-
joint protruding has a nut welded to it for connection to the
stainless steel coupling used to attach the nozzle. The probe
connects to asvery coarse fritted glass filter holder (4) which
‘holds a tared glass fiber filter. The filter holder was con-
tained in an electrically heated enclosed box (5) which is _
thermostatically maintained at a minimum temperature of 250-3C0°F
to prevent water condensation. Attached to the heated box was an
ice bath (7) containing four impingers connected in series with
vacuum hose. The first impinger (S) receives the gas stream from
the filter. This impinger is of the Greenburg-Smith design medi-
fied by replacing tha tip with a 1/2 inch ID glass tube extending
to 0.5 inch frcm the bottem of the flask. This impinger was
initially filled with 100 milliliters of distilled water. The
second impinger (9) is a Greenburg-Smith impinger with tip, and

_also filled with 100 milliliters of distilled water. The third
jmpinger (l0) modified like the first, with no water. The fourth
impinger (l1) is also a Greenburg-Smith type mecdified like the
first and contained 300 grams of dry indicating silica gel.

From the fourth impinger the effluent stream flows through a dial
thermometer (12), a check valve (13); flexihle rubber vacuum
tubing (14); vacuum gauge (15); a valve (l6); a leakless vacuum
pump (17), rated at 4 cuhic feet per minute at 0 inches of mercury
gauge pressure and 0 cubic feet per minute at 26 inches of mercury
gauge pressure, and cennected in parallel with a bypass needle
valve (18); and a dry gas meter rated at .l cubic foot per

- revolution (19). A calibrated orifice (20) cohpletes the train
and was used to measure instantaneous meter flow rates. The three
thermometers (l2) are dial type with a range of 25° to 125°F. A
fourth thermometer in the heated portion of the box has a range
up to 500°F. The dual manometer (21) across the calibrated orifice
is an inclined-vertical tvpe graduated in hundredths of an inch of
water from 0O to 1.0 inch and in tenths from 1 to 10 inches,
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Prior to the start of a test series for each stack the pressure,
temperature,

purihg each test the following readings were taken at each point:

. -2. Clock Time -

3. Dry gas meter readlng (cr) ?

4, Velocity head (A P in inches water)
5. Desired pressure drop across orifice (A H in inches water)
6. Actual pressure drop ac¥oss orifice (A H in inches water)
7. Dry gas temperature (°F) gas meter inlet.
8. Dry gas temperature (°F) gas meter cutlet.

. 8. - Vacuum pump gduge reading (in. Hg).

10. Filter box temperature (°T)

11. Dry gas temperature (°F) at the discharcr of last impinger.

12. Stack temperature (°F)

The relationship of A P reading with the Al reading is a

function of the following variables:

1., Orifice calibration factor
" 2. Gas meter temperature
3. % moisture in the flue gas
‘Y, Ratio of flue gas pressure to bharor: -ssure
5. Stack temperature
6. Sempling nozzle dlameter

and range of velocity pressures were determined
ng preliminary pitot tube and temperature traverse.

L

Point Designation

-

A nomograph was used to correlate all the al ovz variahles such
that a direct relationship between A~ P and &4 H could be deter-
mined by the sampler within fifteen seconds and isokinetic
conditions maintained throughout the test.

6. Basic Laboratorv Procedure

.

The following paragraph briefly describes the methods used in
the laboratory to obtain the raw data used in the calculations
of our results as reported in Section III of this report.

The clean up is done in the field according to EPA test pro-
cedure. The filters were previously tare weighed and recorded
at the laboratory. Upon return they are dried, cooled in a
dessicator, then weighed on an analytical balancc and the amount
of particulate collected is the difference in the two weights.
The partlculate wash solution (taken from the train in front of
the filter) is placed in a tared beaker, the wash solution is
evaporated with and Infra-Red Heat Lamp and the beaker weighed

YORK RESEARCH CORPORATION (TiL] STAMFORD, CONNECTICUT
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again. The difference in weight is the wcight of the particulate in
the wash. This is combined with the filter catch as the weight
of the sample. '
The impinger condensate is measured for moisture determination.
7. Calibration .

.. The equipment used on this assignment was calibrated one week
prior to field testing and re-calibrated upon equipment return
after testing. York Research calibration is traceable to the
‘National Bureau of Standards.
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SAMPLE CALCULATIONS




SAMPLE CALCULAT IONS

Ll
-

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

Calculations representative of Test #1.

1. Dry Gas Volume

in. -Hg. 13.6

vmstd = -(17.71_. g ) vm (Pbar + A1 eq. 5-1

17.71 T__Sﬁ;) 19.172 ft3 29.89 in.hg + 0.324 in H,O
in. Hg,. 1376

525.9 °R

3

19.313 £t

2. Volume of Water Vapor

Vwstd =-(?.0474 Fts) - Vie ‘ eq. 5-2
ml. ‘

= [0.0474 Ft3 31.1 ml. S
ml.

= 1.474 Ft°

3. Moisture Content ..

Bws = Vwstd ' eq. 5-3
: Vwstd + Vmstd :

1.474 Pt

1.474 Ft> + 19,313 Ft

i

3

= 0.070% x 100% = 7.1%




6.

8.

L]

.4, Mglecular Weight (dry)

MAd = 0/44 (% COp) + 0.32 (% 0jp) .
+ 0.28 (UN32) + 0.28 (% CO) eq.
= 0.44 (11.53) + 0.32 (6.98) + 0.28 (81.49)
+ 0.28 (0.00)
= 30.12 1b/lb-mole )
5. Molecular Weight (wet)
*Ms = Md (1-Bws) + 18 Bws _
= 30,12 (1-.071) + 18 (.071}
= 29.26 lb/lb-mole
-Stack Gas Velocity
Vs = Kp Cp ~/AP (__Ts 1/2 ' eq.
Ps x Ms : :
= (85.48) (.84) (.589) 765.8 - 1/2
_ 29.87 x 29.26
= 39,59 F.P.S.
7. Gas Volumetric Flow Rate, ACFM
ACFM = Vs xA; x 60 sec/min
—  39.59 x 68.38 Ft2 x 60 sec/min
= 162,430 ACFM
Gas Volumetric Flow Rate, SCF'M K
Qs = 60 (1-Bws) Vs Ag (Tstd Ps ' eq.
s Ts Pstd

— 60 (1-.071) (39.59) (68.38) (530) (29.87)

765.8

= 104,260 SCFM

3-2

2-2




. 9.

10.

11.

12,

13.

Sas Volumetric Flow Rate, 1b/hr

WS = Qs x 60 min x __Md -

~hr- 3

386 Ft

= 104,260 SCFM x 60 min x 30.12 1b/lb-mole
hr . 386 Ft>

488,131 1b/hr .
. .
Particulate Concentrations, gr/SCF

c's = [0.0154 gr. Mn eq.
ng. Vmstd
- AV AVL e
= 0.0154 gr. 25.3 mg.
( mg . 19.313 Ft°

= 0.0201 gr/SCF

Particulate Concentrations, lb/Ft3

cs = 1 ;p) Mn | ' eq.
| 453660 ma ) ' -

Vmstd

_____1~&)
453600 mg 25.3 mg.

' o

3
19.313 Ft

6

= 2.88 x 10~° 1b/SCF

Particulate Concentrations, lb/hr

Cw = Cs Qs x 60 min .
hr
—~  (2.88 x 10°°% 1b/SCF) (104,260 SCFM) 60 min

_ hr
ra 18.02 1b/hr

Particulate Concentrations, 1b/MBTU

Er Cw'

Heat Input
18.02 1b/hr
401.1 x 10° BTU/hr

=  0.045 1b/MBTU




"l4. ' % Isckinetic Sampling

‘I = Ts (1.667 min) ((0.00267) vie + UM (Pbar+ A)
sec Tm &

© Vs Ps An

eg. 5-6
765.8 (1.667) (0.00267) (31.1) + 19.172 29.89 +(0.324
‘ 5759 3

I
13.

i

(60) (39.59) (29.87) (1.916 x 107 )

= 110 2%

15, NOy Concentrations, lb/hr

RAFS BV L

1b/hr =  PPM x Mw (NO,) x Ws
Md

= 109 x 46 1b/lb-mole x 488,131 1b
109 30.12 1b/lpo-mole. arc

= 81.3 1lb/hr

16. NOy Concentrations, 1b/MBTU

- 1b/MBTU = 1b/hr
. Heat Input

- 81.3 1b/hr
401.1 x 10° BTU/Mr

|

0.203 1b
106 BTU

17. Stack Pressure (Absolute) in. Hg.

Ps = Pb + Pd = 29.89 + (-0.31) = 29.87 in. Hg.
13.6 13.6 .

18. Nozzle Area (th)

| 2 -
An = q(D%/4 = 0.785 (0.1875/12) 1.916 x 1074 re?

i




* .
)
.

- [ 4

19. Stack Area (Ft£2)

As -

20. Heat Input, MBTU

s D%/4 = 0.785 (112/12)°

F

—~ 68.38 Ft

Sp.+Gr. x 8.33 1b/gal X BTU/16 x gal/hr

0.909

21. Gas Densitvy, lb/Ft3

Gas Density =

x 8.33 x 19,438 x 2725

R P

mol wt gas (md)

3

386 Ft

= 30,12
386

*

- At —— b 7 = A o "

x 530 R x 29.89 =

765.8

-

2

6

401.1 x 10° BTU

x Tstd x Pbar

Ts

29.92

Pstd

0.054 1b/Ft>




v : " THE WUMITED ILLUMINATING COMPANY

- . e - SOURCE TESTING CALCULATICH FQR
2stt No._English Station #5 . No. Runs
me of Firm United Illuminating Companv

yeation of. Plant 510 Grand Avenue, New Haven, Connecticut

‘A
/pe of Plant Steam Generating Station

ntrol Equipmenﬁ Electrostatic Precipitator

ampling Point Lccations Stack ' ' .

*

- ' e APS : ‘
sllutants Sansled Particulates, Nitrogen Oxides
ime of Particulzte Test:

i No. 1 Date 12/28/73 Begin 1350  End

1504
wm No.___. 2 pate_ 12/28/73 Begin__ 1535 End___1645
an No. 3 ‘bate  12/28/73 Begin_ 1714 End__ 1823

PARTICULEITE EMISSION DATA

n HMNo. . 1 2 3

] £E 1h. )y % : -

Kp = 83.48 sec 1b noi2-“R 85.48 85.48 85.48
Cp = Pitct tuse coefficient (calix.) 0.84 0.84 0.84
- Average velocity neaa of stacxy| . _

VAP == gas, inches £20 0.589 i 0.596 0.619
Ts = Average stack temp., °R 765.8 767.1 ©770.0
Pob = Baromatric .oressure, "Hg Abs. 29.89 29.89 29.90

. Pd = Gas duct pressure, "H-0 -0.31 -0.30 -0.35

‘Absolute stack gas prassurse,

Ps = inches Eg _ 29.87 29.87 29.87
Bws = % moisture in stack gas, by )
voluile 7.1 - 9.1 12.6
MOIECUlar WeldNt OL Scach —
Ma& = gas, dry :
30.12 30.12 30.10

Ms = Molecular weight of stack gas

29.26 29.02 28.58




4 ¥

Vs = Skd&ck gas velocity, F.P.S. 39.59| 40.2¢ 42,21
-t ,_.'_‘A
% CO02 © 11.53 11.51 11.35
% 02 6.98 6.98 7.11
% CO 0.00 0.00 0.00
% N2 81.49{ 81.51} 81.54
Total volume of ligquid
Vlc = collected in impingers :
and silica gel, ml. ' 31.1 67.1 103.3
Volume of dry gas sampled B
Vm = at meter conditions, FT3 19.172| 31.675 | 33.637
Volume of dEQ gas sampled - . '
'std = at STp, FT 19.313| 31.710 | 24.051
Average dry gas meter
Tm = temp., °R 525.9 | 530.2 524.5
Average pressure drop .
AH = across orifice, inches HXO 0.324 | 1.018 | 1.098
8 = Total Sampling Time, min. 60 60 60
! . .
Dn = Nozzle dia., lqches 0.1875 0 250 6 230
CAn = Nozzle area, ¥E2 (x 107%) 1.916 3.407 | 3.407
1 =% of isokinetic sampliag T 110.2 102.4 | 109.5
Qs = Stack gas volume at STP ' : _
S - . (SCFM) - : 104,260 }[103,566 | 104,008| 1C2, 945
' Qa = Stack gas volume at stack oL ) :
conditions (ACFM) T 162,430 {165,179 | 173,179| 166, 929
~Ws ¥ stack gas mass flow 1bs/hr™ 488,131 |484,882 | 486,628l 486,347
Mp = Particulate-probe, washings, mg - - -
ﬁf' = Particulate-filter (mg) - - -
Mn = Particulate-total (mg) © 25,3 16.1 36.9
particulate Concentrations _ .
C's = gr/sct - 0.020 0.008 | 0.017 0.015
Cw = Particulate total emission lb/hr | 18.02 6.90 14.85S 13.26
-.Er = Particulate emission rate, 1lb/l06 ' ‘
ST - " “BTU 0.045 0.017 | 0.037 0.03
¢ = NO, concentrations, PPM 109 108 108
cn = NO. 1b/10%pTU 0.203 |.0.200 | 0.200 | 0.20




Emission Test Report
‘Bridgeport Harbor Station Stack No. 3

Steam Generator No. 3

4 bgl
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B ’ Introducticn

_ Emission tests for particulates and nitrogen oxides were con-
ducted as reguired by Connecticut State Law on The United Illuminat-
ing Company Bridgeport Harbor Station Steam Generator No. 3, Stack
No. 3, located in Bridgeport, Connecticut. Testing was conducted on
Februzry 21 and 22, 1974.

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

Nitrogen oxide emission testing was performed by the United
Illuminating Comoany Development and Test Laboratorv using a Dyna-
science Model P-10l NO, Analyzer. It 'is to be noted that the Nitro-
gen Oxide Test Results for test No. 1 indicate the unit to be in
violation. However, averaging all three test results show the unit
to comply with the allowable emission rate of 0.30 1b./MBTU. Field
data is included in Appendix B.

Tests were also conducted to determine stack gas velocitv, mois
ture content and flue-gas analysis. The procedures used in deter-
mining these wvarious parametars, except for flue gas analysis, are
those found in the abovementioned Federal Register, The stack flue
gas was analyzed by using an Analytical Instrument Development Model
512 Portable Gas Chromatograph.

York Research Corporation was retained to perform particulate
tests, together with @ preliminary velocity traverse, moisture
determination, and fuel oil analysis. The United Illuminating Com-,
pany was responsible for the flue gas analysis, nitrogen_oxide
analysis, and for accumulating boiler operating data.

This test report includes the information required for Item
Nos. III, IV, Vv, VI, VII, VIII, IX, X, XI, XII“and XIIT frcm the
Department of Environmental Protection's Intent to Test form in
compliance with the Department of Environmental Protection's new
Source Test Guidelines and Procedures, (Received April 3, 1973).

[T ——



TABLE I

e e et

SUMMARY OF TEST RESULTS

STEAM GENERATOR NO. 3

STACK NO. 3

[

Component Sampling| Duration Numbexr Measured Concentrations Method Employed to
Minutes Total of . Determine concentration
per Test Tests’ :
point Time
pynascience Model P-101
1) NO. 1% min. 3 0.30 H&\Hom BTU NO,, Analyzer
2} Particu-
late 5 60 min. 3 0.02 1b/108® BTU Method 5%
3) Moisture 5 60 min. 3 8.6% Method 4%
4) Gas ‘ . A.1.D. Model 512 Portable
Analysis 15 min, 3 339 Excess Alr Gas Chromatograph
5) velocity X 15 min. 3 1.1" HyO to 1.5" Hp0** Method 2%

* Federal Register, volume 36, No.

*% Range of S-Type Pitot Tube pifferential

247, December 23, 1971




Test
Date
Stack Flow, ACFM
Stack Flow, SCFM
Stack Flow, lb/hr

% Excess 02

Particulate
gr/SCF
l1b/hr
1b/MBTU

Nitrogen Oxi
ppm
.1b/hr

1b/MBTU

at Test Point

Fmissions

-

de Emission

TABLE IT

SUMMARY OF RESULTS

STEAM GENERATORS NO.3

STACK NO. 3

_3
2/21/74
1,299,007

836,782

‘e

3,905, 994
7.88

0.0124
89.37

.0222
210
1256.3

0.313

2
2/21/74
1,274,732

820, 046
3,832,971

6.32

0.0106
75.28

.0193

3
2/22/74
1,287,362

825,816
3,880,479

5.57

0.0089
63.42

.0162

198
1169.1
0,299

Average

1,287,034

827, 548
3,873,148
6.59

.0106
76.02

.0192

199
1176.6
0,298




Test

Date

Steam Flow 1lb/hr
0il Flow gal/hr
Heat Input, MBTU/hr
stack Gas Temp.°F

Gas Density, 1b/ft3

TABLE JIT

AVERAGE BOILER OPERATING DATA FOR TEST PERIODS

‘e

STEAM GENERATOR NO.3

STACK NO. 3

L
2/21/74
uhw\
2,512,743

27,942

4011.4
290

.055

2
2/21/74
2,449,000
27, 000
3889.5
290

.056

3
2/22/74
2,449,800
27,140

3910.0

290

.054

. o e e tm A —
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.Test

Date

Carbon
Hydrogen
Nitrogen
Ash

sulfur

specific Gravity

BTU/lb

TABLE IV

SUMMARY OF RESULTS

STEAM GENERATOR NO.3

STACK NO.3
1 2.
2/21/74 2/21/74
Composition ﬂ& by Weight)
d 85.70 " . 85.59
13.07 12.68
0.1 0.1
0.018 10,019
0.34 0.37
. 0.90 0.90
19,149 19,215

2/22/74

B6.74
12,99
0.1
0.018
0.34
O.Wo

19,217

’n
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Sampling Train Information

(Rev. Item VIII, " Intent To Test" Form)
a. Schematic Diagram and description of sampling
train: . .

See Appendix A.

b. Media type used to determine gas stream

components:
l. NOyx: Dynascience Model P-10l1 NOx
Analyzer

2. Particulates: Tared glass fiber filter.
3, Flue Gas Rnalysis: Analytical Instrument
Development Model 512 Portable Gas
Chromatograpn
c. Sampling Probes:
1. Nitrogen Oxides: Stainless steel tube

2, Particulates: See Appendix A

3. Flue Gas Analysis: Stainless steel tube.

.d. Probe Cleaning Method:

See Appendix A

Field pata Sheets -

Ref. Item IX, "Intent To Test" Form)
See Appendices A, B, C, D.

Description of Oreration

Ref. Item X, “"Intent To Test" Form)

The operation tested was Bridgeport Harbor Station
steam generator No. 3, stack No. 3, Registration
Number BHS 3, stack 3, having a total BTU/hr rating
of 3937 MBTU/hr (averaged over the test period),
burning No. 6 risdual fuel oil at an average rate
of 27,360 gal/hr, and having a gas flow of 1,287,034
ACFM, average for the test period. See Table IV

for fuel oil analysis.
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Samnling Area Description

(Ref. ILtem XI,"Intent To Test" Form)

Emission sampling was performed in the stack 243
feet above the stack foundation (approximately 10
stack diameters-above the breeching irnlets and
approximately 15 stack diameters down from the top).
Emission sampling was performed using four 4°
diameter sampling ports, spaced 90° apart on the
stack circumference. A total of twelve sampling
points (3 per sampling port)were used in the test
for particulates. The inside diameter of the stack
at the sampling location was found to be 18'-7 7/8"

a. Stack Configurations:
See Apéendix A

b. Sampling Port Locatién:
See Appendix A .

c. Sampling Point Position:
See Appendix A

Stack and Vent Description ‘

Ref. Item XII, "Intent To Test" Form)

tne Combustion Engineering tangentially-Fired
Radient Reheat Boiler discharges flue gas through

"two breechings into the stack. Attached to the

outlet of the boiler is a Research-Cottrell elect-
rostatic precipitatof, having an estimated collect-
ion efficiency of 75% when burning No.6 residual ,
fuel oil. '

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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V. SAMPLING METIHODS

1. Port Location

The test port locations and the number of points sampled were
calculated from guidelines in the Federal Register, Vol. 36,

No. 247, dated December 23, 1971, Enough points were used to
assure -accurate measurement of particulate emissions, temperature,
and velocity over the cross-sectional area of each stack (See
Figures 1-4).

2. Velocitv and Temnerature

velocity was determined in accordance with Guidelines in Method
2 of the Federal Register. A preliminary velocity traverse was
made to establish isokinetic sampling rates using EPA Method 3
sampling techniques (See Figure =8). '

3. Flue Cas Analwvsis

‘Gas analvsis for C0s and O was conducted by UI using an Orsat
apparatus. Readings for each test are reported in the Summary
of Results. oo '

L

4., Pparticulate Samplinec Methods - EPA dMethod 5

The sampling apparatus consisted of a nine (9) foot probe on
Unit 2 and a fiftcen (13) foot probe on Unit 3, heated filter,
four impingers, dry gas meter, vacuum pump, and calibrated
orifice as shown in Figure 5. The stainless steel, hutton-~hook
type sampling nozzle (1), Tvpe ¥S" pitoet tube (2), and thermo-
couple (3), extended from the sampling end of the probe, which
consisted of % inch inside diameter medium-wall stainless steel
tube with a ground steel joint on one end. The probe was loga-
rithmically wound from the entrance end with 2b-gauge nickel-
chromium wire. During sampling, the wire was connected to a
variable rransforwer to maintain a gas temperaturc of 250°F in
the probe. The wire wound tube was wrapped with fiber glass
tape and encased in a l-inch-00 stainless steel tube I[or pro-
tection. The end of the stecel tube that does not have the ball-
joint protruding has a nut welded to it for conncction to the
stainless steel coupling used to attuch the nozzle. - The probe
connects to a very coarse fritted glass filter holder (5) which
holds a tared glass fiber filter. The filter holder was con-

o) STAMFORD, CONNICTICU
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tained in an electrically heated enclosed box (4) which is
thermostatically maintained at a minimum temperature of 230°F
to prevent water coundensation, Attached to the heated box
with t.on tubimg was an ice bath (7) containing four impingers
cannecrud in scries wich vuciuwun hose, The first impinger ()
-receives the gas stream Irom the filter, This impinger is of
the Greenburg-Smith desien modified by replacing the tip with a
Y inch ID glass tube extending to 0.5 inch from the bottom of

the flask, his impinger was initially filled with 10Q milli-
liters of distilled water, The second impinger (9} 1s a Green-
burg-Smith impinger with tip, and alse filled with 100 milli-
liters of distilled water. The third impinger (10) meodified

like the first, with no water., The fourth impinger (11) is

also a Greenburrr Smith tvpe modified like the flrst and contained
300 grams of dry indiecating silica gel. '

From the fourth impinger the effluent stream flows through a
dial thermometer (12}, a check valve (13); flexible rubber
vacuum tubinyg (1W); vacuum gauge (13); a valve (16); a leakless
vacuum pump (17}, rated at 4 cubic feet per minute at 0 inches
of mercury vauge pressure and 0 cubic feet per minute at 26
inches of mercury gauge pressure, and connected in parallel
with a bypass needle valve (18); and a dry gas meter ratcd at

.1 cubic foot per revolution (19). A calibrated orifice (20)
completes the train and was used to measure instantaneous meter
flow rates. The three thermometers (12) are dial tvpe with a
range of 23° to 1253°F. A fourth thermometer in the heated
portion of the box has a range up to 300°F. The dual manometer
J(2)) across the calibrated orifice is an inclined-vertical type
graduated in hundredths of an inch of water from 0 to 1.0 inch
and in tenths from,l to 10 inches,

P

5. Test Procedure

Prior to the start of a test series for each stack, the pressure
temperature, and range of velocity pressures were determined
during preliminary pitot tube and temperature traverse.

During cach test the foliowing readings were taken at each point:

1. Point Designation

2. Clock Time

3. Dry gas meter recading (CF)

4, Velocity head (AP in inches water)

5. Desired pressure drop across orifice (A H inches water)
6. Actual pressurc drop across orifice (&M in inches water)
7. Dry gas temperature {(°F) gas mecter inlet

8. Dry cas temperature (°F) gas mater outlet,

9, Vacuum pump gauge reading (in. Hg).

L'
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10, Filter box temperature (°F) C ' .
11, Drv ¢as tempevrature (°F) at the discharge of last impinger
12. Stack temperature (°F)

The relationship of AP reading with the &1l reading is a function
aof the following variables:

1. oOrifice calibration factor

2. Gas meter temperature

3. % moisture in the flue gas )

Y., Ratio of flue gas pressure To barometric pressure
S.. Stack temperature )

6. Sampling nozzle diameter

A nomocraph was used to correlate all the above variables such
that a direct relationship between A D and A1l could be deter-
mined by the sampler within fifteen seconds and isokinetic
conditions maintained throughout the test,

6. BASIC LABORATORY PROCEDURE

The following paragraph briefly describes the methods used in
the laboratorv to obtain the raw data used in the calculations
of our results as reported in Section III and VI of this report.

The clean up is done in the field according to EPA test procedure.
The filters were previously tare weigned and recorded at the
laboratoryv. Upon return thev are dried, cooled in a dessicator,
then weizhed on an analvtical balance and the amount of particu-
late collected is the difference in the two weights., The part-
iculate wash solution (taken from the train in front of the

filter) is placed 'in a tared beaker, the wash solution is evaps
orated with an Infra-Red Heat Lamp and the beaker weighed again,
The difference in weight is the weight of the narticulate in the
wash. This is combined with the filter catch as the weight of
the sample. .

The impinger condensate is measured for moisture determination.

CALINRATION

'The equipment used on this assignment was calibrated one week
prior to field testing and re-calibrated upon equipment rcturn
after testing. York Research calibration is traceable ta the
National Bureau of Standards.

YORrRIC RESFARCH CORPORATION STAMFORD, CONNECTICU
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TEST NO. 1
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THE UNITED ILLUMINATING COMPANY

ORSAT DATA & CALCULATION SHEET

’

. ...mﬂmnw Hmmsnwmw.nmﬂwo: Number .m%\ 3 o ,._\\ Date .‘U\\U \.\\M\‘. :
Boiler Nuber___ 77 3 Time /Do P ]
m.vwm:n Location \\.\:. ,.w.ﬁhx R \ . .

Sampling Point Location =T I .

wsmHmem Analysis | Analysis Analysis wt/mole.

. 1 2 3 4 Average |X mole wt]| (dry)
c02, % Vol (dry) T I o e 7.7 ) aa/100 /e

€0, % Vol (dry) , 28/100 |+ . . <
02, % Vol (dry) A RN i - 327100 |+l
N2, % Vol (dry) PV IEDN B4 RS A y =0 28/100 YA
: ayvg. molecular wt. vy a
‘of dry stack gas = o

U




TEST NO. 2




THE UNITED ILLUMINATING COMPANY

ORSAT DATA & CALCULATION SHEET

- - [ h.\.“..\\ .ln\.v " ' B - . . ’ . . .‘.v \...- ? ....\.I\ 1.‘\\ )
Stack Identification Number 77 - S - - . ) Date__ /'’ "
\\.h\ 2 . 2
Boiler Number T . . Time . - AN \b\u\\
Plant Location ...\.,\ ,n\_n\.f. Fer /s
Sampling Point Location SR
Analysis | Analysis | analysis | Analysis wt/mole.
1 2 3 4 Average |X mole wt (dry)
c02, % Vol (dry) L e LA o] 44/100 SRR
co, % vol (drv) S . 28/100 |+ .-
- Lt soue, Y e -3, 2 .
02, % vol (dry) o~ He ¥ it (.57 32/100 4+ . =
N2, % Vol (dry) 716 Vo S A 28/100__ |+ 5 =&
JAvg. molecular wt. SRR
. - of dry stack gasg =
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TEST NO. 3




- THE UNITED ILLUMINATING COMPANY

ORSAT DATA & CALCULATION SHEET

L
S

of dry stack gas

—
=

stack .Hmmdnwmwnm&wou Number nvv\r.w Feai = pate 2/P3 \“\Q :

Boiler Number 7 2 Pime /O 0

.wmeH Location \¢ﬁnxhw\. 575 NN\J . .

sampling Poipt Location 57t .

Analysis Analysls Analysis Analysis wt/mole.
1 2 3 4 1 Averaqe {X mole wtl (dry)
co2, % Vol (dry) S YO N /2. 52 a\,‘.., /2757 : 12.57% .p»\woo 57,530
co, % vol (dry) 0.0L X L8 o .\.w. o .00 28/100 + 0. A%
02, % vol (dry) | 5k ¢/, 5. 55 o | 5755 Yo 557 32/100 |+ 72 78Z
42, % Vol (dry) R R AN ) 5 s2.5¢ | 287100 |re2: 720
JAvg. molecular. wt. 40.a3.
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APPENDIX C

BOILER OPERATING DATA
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APPENDIX D

SAMPLE CALCULATIONS

',




ol

1)

2)

3)

"

SAMPLE CALCULATIONS

NOTE:: All eguations used in these calculations are found
in the Federal Register, Vol. 36, No. 247, dated
December 23, 1971.
Calculations representative of Test #1.
Dry Gas Volume _
vmstd = ((17.71_°r ) vm ((Pbar +_AH) \ eg.5-1
1an ' l3.6ﬁ}
: Tm
3 . -
o (17.71_"R. °r ) 34.52 f£t7 ((30.12 in Hg +.1.217 o 52
| 517.8 R /
— 35,46 ft°.
Volume of Water Vavor
vwstd — ((0.0474 FT3) Vie eqg.5-2
M - \
_ fto.0474 pr3 77 .6 ml
- M
_ 3.68  FT°
Moisture Content .
vwstd

Bws

=3.68 FT3 + 35.67 FTS3

Vwstd + Vinstd

3.68 FT3

.0934 x 100% . 9.34%




5)

6)

7)

' 8)

..

Molecular Weight ({(drv)

Md _, 0.44 (% cop) + 0.32 (% 032)
+ 0.28 (% N2} + 0.28 (% CO) eq. 3-2

- U.44 (10.72) + 0.32 (7.88) + 0.28 (81.40)

= 30.031b/1b~ mole

Molecular Weight (wet)

Ms _ Md (1-Bws) + 18 Bws
_ 30.03 (1-.0934) + 18 (.0934)

= 28.91 lb/lb-mole
Stack Gas Velocity

Vs _ Kp Cp /AP ( Ts ) % eg. 2-2

Ps Ms

(85.48) (.86) (1.161) ( 750 ) i
| 30.08 = 28.9

==‘ 7902 F-PQ-S‘-.

i

- Gas Volumetr‘ié Flow Rate, ACFM

ACFM = Vs X .AS x 60 sec/min
_ 79.2 x 273.386 FT2 x 60sec/min
‘= 1,299,007 ACFM

‘Gas Volumetric Flow Rate, SCI'M

Qs _ 60 (l1-Bws) Vs Ag ‘Tstd\(' Ps 'eq. 2-3
Ts /Pst_d '
— 60 (1-.0934) (79.2) (273.36) 530 30.08
750 29.92

= 836,782 SCFM




10)

11)

12)

13)

Gas Volumetric Flow Rate, 1b/hr

Wﬁ =08 x 60 min x Md
hr 386p73

— 836,782 SCFM x 60 min x 30.03 lb/lb-mole

hr 386
= 3,905,994 1b/hr

Particulate Concentrations, gr/SCF

mg/ Vmstd

_ f0.0154 gr\ _28.8 mg
mg 35.46 FT

= 0124 gr/scr

Particulate Concentrations, lb/FT3

453600 ma
Vmstd '
= 1 ;‘Q_) - 28.8 mg
453600 me
35.46 FTS

1.78 x 106  1b/SCF

Particulate Concenfrations, 1b/hr

Cw — Cs Q0s x 60 min
hr

pp3

_ 1.78 x 10~6 1b/SCF) (836,782 SCFM)

= 89.37 1b/hr

Particulate Concentrations, lb/MBTU

Cw
Heat Input

Er =

= 89.37 1lb/hr
4011.4 x 10® BTU/hr

= .022 1b/MBTU

eg - 5-4

eg.5-5

60 min

hr




L)

e/
79

Isokinetic Sampling

4 -

I = Ts (l.667 min ) ((0.00267) Vic -+ Vm (Pbar + j{)
sec Tm 13 &
Vs Ps An
o
I = 750 " (1.667) {(0.00267) (77.6) + 24,52 (30.12 + 1.217)
517.8 13.&
60 (79.20) (30.08) (.00192)
= 101.18%
15) NOy Concentrations, 1b/hr
lb/hr = PPM x MdeNoq_vaS
ﬁ_.gl%, x A4&1p/1b-mole x 3,905,994 1b
- 10 30.03 lo/lb-mole hr
= 1256 1b/hr
16) NOyx Concentrations, 1bh/MBTU
Heat Input
= 1256 lb/hr
4011.4 x 10° BTU/hr
1b/MBTU _ .313 1b
i 109 BTU
17) Stack Pressure ( Pbsolute) in Hg .
Ps _ Pb + Pd = 30.12 + (-.5) = 30.08 in Hg
13.6 13.6
18) Nozzle Area;jFTz) N
an _ ¥D%/4 = 0.785 ( .1875/12) 2 = 1.92 x 10~% Ft?2
19) Stack Area (FT?) o _ )
As - pp 2/4 0.785 (18.6562 /12)° _ 273.36 FT
20) Heat Input, MBTU
SP. Gr x 8.33 1b/gal x BTU/gal x gal /hr
0.90 x 8.33 x 19,149 x 27,942 = 4011.4 x 10° BTU/hr
21) Gas Density, 1b/ft3
Gas Density — Mol wt qas (md) x Tstd x DPbar
386 FT-> Ts Pstd
30.03 x 530°R x 30.12 = 55 1b/rt3
. = 7386 750 . 29.92 ) /




x5 S \ THE UNITED TLLUMINATING COMPANY -

SOURCE TESTING CALCULATICH FORNMS

‘est No._  BHS 3 ' o No. Runs 3

lame of Firm The United Illuminating Comapny

ocation of Plant = 10 Henry Street, Bridgeport, Connecticut

'vpe of Plant Steam Electric Generating Station

‘ontrol Equipmen£ Electrostatic Precipitator

sampling Point Locations _ Stack

?ollutants.Sampled Particulates, Nitrogen Oxide

Pime of Particulate Test:

Run No. 1 Date 2/21/74 Begin 1220 End 1404
Run Mo. 2 Date 2/21/74 _Begin___ 1517 End 1643
Run No. - 3 Date 2/22/74 Begin _ 0918 gng 1046

PARTICUILLTE EMISSISN DATA -

2n No. ' ) ' 1 2 3 ]
] It ¢ 1b. Yy 5 . '
{p = 83.48 Sec  1b mole-9R _ 85.48 85,48 85.48 !
Co = Pitot tube coefficiern:t (calilb.) 0.860 0.860 0.860 . |
- Averaze veloclity neag of stach :
AP = <¢as, inches =30 1.161 -1.143 1.142
Ts = Average stack temo., °R ‘ 750 ‘ 750 . 750
P> = Barcmetric pressure, “XHg Ass. 30.12 30.12 29.26 %
Pd = Gas duct pressure, "H-0 -0.5 ___-0.5 -0.5 |
ASsolule stack ¢as pressure, :
Ps = ' inches Hg . 30.08 30.08 29.22
Bws = % moisture in stack gas, by 9.34 9.45 7.05
volune :
rMolcculdry welghio oL scacdk
Md = gas, dry 30.03 30.17 30.23
Ms = Molecular weight of stack gas 28,91 29.02 29.37




l._ RIS .

I,

vs =Stack gas velocity, F.P.S. 79.25 | 77.72 | 78.49
% CO2. 1., 10.72 12.05 | 12.57
% 02 7.88 6.32 | 5.57
% CO 0.00 0 .00 0.00
% N2 81.40 81.63 81.86
Total volume of ligquid
Vlg = collected in impingers _
and silica cel, ml. 77.6 82.0 57.8
Volume of drv gas sampled
Vm = at meter corditions, ET3 34.52 35.35 | 35.62
Volume of dgy gas sampled
std = at 5TP, T 35.46 37.24 36.08
Average dry gas meter
™Tm = temp., “R 517.8 '507.8 513.1
—_ Average pressure drop
A}l = across orifice, inches H20 1.217 1.173 1.174
8 = Total Sampling Time, min. 60 60 60
Dn = Nozzle diz., inches .1875 .1875 .1875
An = Nozzle area, FT? .000192 000192 | .000192
I = % of isokinetic sampling- 101.18 | 107.78] L03.70
Qs = Stack gas volume at STP .
.. (SCFEFM) : '- 836,782 820, 046 825,81¢g 827,543
Qa = Stack gas volume at stack 1,274,732 |1,287,362{1,287,034
conditions (ACTM) 1,299,007 1 {
wes = Stack gas mass f£low lbs/hr 3,905,994 | 3,832,971} 3,380,479(3,873,148
¥p = Particulate-probe, washings, mg - - - -
Mf = Particulate-filter (mg) - - -
Yn = Particulate~total (mg) 28.8 25.8 21.0
Particulate cOncentrations 0.0124 0.0106 0.0089 0.C1L06
C's .= gr/scft /
(v = Particulate total emission lb/hr §9.37 75.28 63.42 76.02
Lr = Particulate emission rate, 1b/106]
' T ' BTU 0.0222 0.0195 0.0162 0.0192
C = NO, concentrations, PPM 210 189 198 199
Ch = NO. 1ib/10%pry- 0.313 .0.284 0.299 | 0.298

rd

[.rm
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Introduction

Emission tests for particulates and nitrogen oxides were
conducted as reqguired by Connecticut State Law on The

United Illuminating Company Steel Point Station Steam Genera-
tor Nos. 19, 20, 21, 22, stack No. 4, located in Bridgeport,
Connecticut. Testing was conducted on November 1€ and 17,
1973.

Particulate testing was performed in accordance with test
methods and procedures as prescribed in the Federal Register,
Vol. 36, No. 247, dated December 23, 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 Company Development and Test Laboratory using
a Dynascience Model P-101 NOy 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 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 Portable Gas
Chromatcgraph.

- York Research Corporation was retained to perform particulate

tests, together with a preliminary wvelocity traverse, molsture
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.

This test repoft includes the information required for Item
Nos. III, IV, Vv, VI, VII, VIII, IX, X, XI, ¥XII and XIII

from the Department of Environmental Protection's Intent to Test

form in compliance with the Department of Environmental Pro-
tection's new Source Test Guidelines and Procedures, (received
April 3, 1973).
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TABLE_ IV

FUEL OII AMALYSIS

STEAM GENERATOR HOS. 19, 20, 21, 22

STACK_NO. 4

Test 1 ' 2 3

Date | 11/16/73 11/17/73  11/17/73

Composition (% bv Weight)

carbon . 85.43 85.86 85.86
Hydrogen | 12t70 12.66 12.66
Nitrogen £0.1l £0.1 £0.1
ash 0.016 0.021 0.021

~ Sulfur _ 0.360 0.401 0.401
Specific Gravity 0.895 0.897 0.897
BTU/1b 21,276 - 19,328 19,328

BTU/gal 158,620 144,419 144,419




-

l. Sampling Trzin Information
(Rev. Item VIII, "Intent To Test” Form)

Q.

Schematic Diagram and description of sampling
rain: -

See Appendix A.

Media type used to determine gas stream-
components:

1. NOx: Dynascience Model P-101 NOyx
Analyzer

2. Particulates: Tared glass fiber filter.

3. Flue Gas Analysis: Analytical Instrument
Development Model 512 Portable Gas
Chromatograph

Sampling Probes:

1. Nitrogen Cxides: Stainless steel tube

2, Particulates: See Appendix A

3. Flue'Gas Analysis: Stainless steel tube.

Probe Cleaning Method:

See Appendix A

Field Data Sheets

(Ref. Item IX, “"Intent To Test" Form)

See Appendices A, B, C, D.

Description of Ooeration

(Ref. Item X, “Intent To Test" Form)

The operation tested was Steel Point Station steam
generator numbers 19, 20, 21, and 22, stack number

4, Registration Number St. Pt., 19-22, stack 4,
having a total BTU/hxr rating of 255.1 MBTU/hr

(averaged over test period), burning No. 6 residual
fuel oil at an average rate of 1706 gal/hr for all
four boilers and having a gas flow of 182,589 ACFM
average for the test period.

0il analysis.

See Table IV for fuel

§ s  rer oy s e A — A e



Sampling Area Descrintion

(Ref. Item XI, "Intent To Test" Form)

Emission sampling was performed in the stack 100

feet above the stack foundation (5 stack diameters
above the breeching inlet and 2 stack diameters

down from the top). Emission sampling was performed
using four - 4" diameter sampling ports, spaced 90°
apart on the stack circumference. A total of twenty
eight sampling points (7 per sampling port) were used
in the test for particulates. The inside diameter

of the stack at the sampling location was found to

be 15'~1" I.D. '

a. Stack Configuration:
_ See Appendix A. |
b. Sampling Port Location:
See Appendix A.
c. Sampling Point. Position:
See Appendix A.

Stack and Vent Descrintion

(Ref. Item XII, "Intent To Test" Form)

Four Babcock and Wilcox Three Drum Sterling Boilers
discharge flus gas into a common breeching which
enters the stack approximately 20 feet above the
stack foundation. These boilers do not have any.
precipitatoxrs connected to the flue gas ducts.

Operétional Parameters

(Ref. Item X1III, "Intent To Test" Form)

Electric utility steam generators burning No. 6
residual fuel oil having rated capacities as registered.
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V. SAMPLING METHODS

1. Port Location

The test port locations and the number of points samples were
calculated from the guidelines in the Federal Register, Volume
36, Number 2u7, Decembsr 23, 13971. Enough points were used to
assure accurate measurement of particulate emissions, tempera-
. ture and velocity over the cross-sectional area of each stack.
. (See Figures 1 to 4.) -

2. Velocitv and Temperature

rs

Velocity was determined by pitot tube in accordance with EFA
Method 2. An "S§"-Type Pitot Tube (2) and thermocouple (3)

are rigidly attached to the sampling probe (See Figure 5). A
preliminary velocity traverse was made to establish isokinetic
sampling rates using EPA Method S5 sampling techniques.

3. Flue Gas Analvsis

Gas analysis for COp and Q, was conducted by UI using an Orsat
apparatus. Readings for each test are reported in the Summary

4. Particulaote Sampline Methods - EPA Method S

" The sampling apparatus consisted of a nine (9) foot probe
heated filter, four impingers, dry gas meter, vacuum pump, and
calibrated crifice as shown in Figure 5. The stasinless steel,
button-hook tvpe probe tip (1) was equipped with a 5/8 inch
‘diameter fitting connected by a stainless steel coupling (2)
with asbestos packing to the probe. The probe (3) consisted
. of 1/2 inch ingide dizmeter medium-wall stainless steel tube
with a ground steel joint on orne end. The probe was logarith-
mically wound from the entrance end with 26-gauge nickel-chromium
wire. During sampling, the wire was ccnnected to a variable
transformer to maintain a gas temperature of 300°F in the probe.
"The wire wound tube was wrapped with fiber glass tape and encased
in a l-inch-0D stainless steel tube for protection. The end of
the steel tube that does not have the balljoint protruding has
a nut welded to it for connection to the stainless steel coupling
used to attach the nozzle. The probe connects to a very coarse
fritted glass filter holder (U4) which holds a tared glass fiber
filter. The filter holder was contoined in an electrically heated
enclosed box (5) which is thermostatically maintained at 250-300°F
to prevent water condensation. ttached to the heated box was an
ice bath (7) containing four impingers connected in series with
vacuum hose. The first impinger (8) receives the gas stream from

. h . ] ’ t
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the filter., This impinger is of the Greerburw Smlth design
modified by replac1n~ the tip with a 1/2 inch ID glass tube
extending to 0.5 inch from the bottom of the flask. This im-
pinger was initially filled with 100 milliliters of distilled
- water. The second impinger (3) is a Greenburg-Smith impinger

I with tip, and slso filled with 100 milliliters of distilled
R water. The third impinger modified like the first, with no
water. The fourth impinger (11) is also a Greenburg-Smith type
modified like the first and contained 300 grams of dry indicat-~
ing silica gel. -. : -

S From the fourth impinger (11) the effluent stream flows through
: ' a dial thermocmeter (12), a check valve (13); flexible rubber
vacuum tubing (14); vacuum gauge (1S); a valve (1l6); a leakless
‘vacuum pump (l7), rated at 4 cubic feet per minute at 0 inches
of mercurv gauge pressure and 0 cubic feet per minute at 26
inches of mercury gauge pressure, and connected in parallel
with a bvpess needle valve‘(lB), and a dry gas meter rated at
.1 cubic foot per revolution (19). A calibrated orifice (20}
completes the train and was used to measure instantancous

meter flow rates. The three thermometers (12) are dial type
with a range of 25° to 125°F. A fourth thermometer in the
o heated portion of the box has a range up to 300°F: The dual
mancmeter (21) across the calibrated orifice is an inclined-
vertical type graduated in hundredths of an inch of water

T fron 0 to 1.0 inch and in tenths from 1 to 10 inches.

5... Test Procedure .
Prior to the start of a test series for each stack, the pressure,
temperature, and range of velocity pressures were determined

- during preliminary pitot tube and temperature traverse.

Durlng each test the followlng readings were taken at each point:

... P01nt De51gnatlon
2. . Clock Time ..

:a;'. . 3. . Dry gas meter reading (CF)
k. velocity head (AP in inches water) :
RSN 5. Desired pressure drop across orifice (a4 H in inches of water)

i. : ‘6. Actual pressure drep across orifice (A H in 1nches of water)
7. Dry gas temperature (°F) gas meter inlet

8. Dry gas temperature (°F) gas meter ocutlet

8. . Vacuum pump gauge reading (in. Hg)
10. Filter box temperature °B).
11. Dry gas temperature (°F) at the dlscharge of last impinger.
12.  Strack temperature (°F) ;

YORK RESEARCH CORPORATION (fiify STAMFORD, CONNECTICUT
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The relationship of A P réading with the o H reading is a function
of the following variables:

1. Orifice calibration factor

2. (Gas meter temperature

3. % moisture in the flue gas

4, Ratio of flue gas pressure to barometric pressure
S.. :Stack temperature _ , .
6. Sampling nozzle diameter - o . ' L e

A nomograph was used to correlate all the above variables such
that a direct relationship between & P and & H could be deter-
mined by the sampler within fifteen seconds and isokinetic con-
ditions maintained throughout the test,

b

§. Basic Laboratorv Procedure

The following paragrapn briefly describes the methods used in
the laboratory to obtzin the raw data used in the calculations
of our results as reported in Section III of this report.

The clean up is done in the field according to EPA test procedure.
The filters wore previously tare weighed and recorded at the
laboratory. Upon return they are dried, cooled in a dessicator,
then weighed on an analytical balance and the amount of parti-
! culate collected is the difference in the two weights. The
particulate wash solution (taken from the train in front of the
“filter) is placed in a tared beaker, the wash. solution is evap-
- orated with an Infra-Red Heat Lamp and the beaker weighed again.
. The difference in weight is the weight of the particulate in
.the wash. This is combined with the filter catch as the weight
. .of the .sample. = . . _ .- :

The impinger condensate is measured for moisture determination.

b

i7. Calibration of Sampling Fquipment ' -

‘The equipment used on this assigmment was calibrated one week
prior to field testing and recalibrated upon equipment return
"after testinc. York Research calibration is traceable to the
National Bureau of Standards. . ' :

—Camm o TIANT ﬁﬁﬁﬁh STAMFORD, CONNECTICUT
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APPENDIX B

NITROGEN OXIDE TEST

FLUE GAS ANALYSIS




VEé6C

= gebh yoeis Kap JO

s28/ 7/ AGY 230

Ry e
ey "

TS HOTIVINOIYD ¥ ¥ivd LusSuo

ANVAWOD SNILYNIWNIII dILINO JHD

*qM aernoajou “bay”
54A0es ¥| O0U/BT | C'y S e s Te'ry AL (K3p) 1on % ‘zH
FASSC T 001/7¢ o604 /105 269 3% (Xap) 1oA % ‘20
LT F| 00788 | 00 @ o o) O (X3p) TOA % ‘00
FASTE | 00U/ | D8 T 98 TS (Xap) 1Oh % ‘20D
(Aip)” |am o(ou X| abeaay 14 , £ [4 T
*a1ou/3M stsAteuy | stsdieuy stsAteuy | stsdAjeuy
| ST

S OIKLS uoTaed01 jurod m::memm..

. ..I\..b\\n.uﬁ\\ \QNHJ\ S UoT3eD0] Juetd

W\MN\ JuTd, 2L TC—-12-07 l\®\ JoqunN Ia1T04d

- A W. T aequni UOT3EDTITIUIPL IORIS

o




= geb oeis Aap IO

m\ﬂ\mmm iqm aernoatow “HA.
A I W AT 7hes | sre8 | £5C8 (Kxp) oA % "X
T 34 4 3L ©y'b 395 (Aap) TOA % ‘O
OO | 001/8¢C Qo' O 0, Q O (Axp) TOA % ‘0D
oo 'S 001/VvV o XA A co'l | .SL'L “(K1p) ToA % 'TOD
(AIp} w3 aTou X abexaay e € _ rd T
*aTow/3M sTsA{euy’ stsATeuy .e1sA1euy stsAyeuy
2 S2[ |
ENTES coﬁumomq jutod buyrdwes ..

G OO 7 oUF

TS el L/ Noy 2R

_lrred, 37LS

uot3e00T uRid

== - (2-07-bl

Joqunil I3T1T0H

\u “uw=$M:._ ummksz.:oﬂumvﬂuﬂu:mvw #umumm

TS ROTITIN0TI0 % Vivd 14su0

ANYAWOOD ONILVYNIWNITI adLINN JHL




~.

= geb joeas Axp 30

| ﬁ»&&q +3M ae(noafou *bay”
GhGUSCT| OBt T 9/ Creg | bved | eed |, (A3p) 1oA % "z
Zh705 F| OUTE | Ca b gL | oL b | Lbb (Kip) 1OA % 'TO
Y RABEEEA 2 a a O . (A3p) TOA % 02
SO | 00w | ¢k 3 —5g 028 | ¢h'é TR oA % 20
(AIp) |am siow X obeaaAY v € A T )

*aou/qMm

¢ (AL

sisAteuy stsAyeuy | sTsAjeud sTsATeuy

_ .¥U©$w - coaumwoa jurod putridues

. Juia], b uun.uT.W —uoj3ed0T ueld’

Jtm.QM;“ z SWTL ‘ .. =TT 170741 zoquny I3TTOH
TCLEL gy 2R _ \\ TEAT S cowmmuﬂﬁcmua_xuﬂm..

JA9HS NOILYTINDIND ¥ WLV LV SHO

R IH0D SNILUNIWTIIL 4aliNa 8L | S




1.1

ENAEE

(]

—— — =

TEST NO. 1




T LE A Gy Ned Kt erpraemst B W S Er e .ﬂ..wﬂ...an.ua...nhu.u.&.hnu—ni;.:

-

b o I o AR gl st TSR T

)
)
)
)

el Land
- [

N

~ ”~ LA
-~ m [ - - . ~ .
]

J
r"f'f‘_{

-~
o .
' -

Yall

4 -
J"'l'—"’
1 1
} fom
L
I TP

. ‘f__;_ .-.
1

.. H L . . .-
SR 33 | b : | i
! . “O } ./ . ! ﬂL | .
: NI L AT e TSN S I P
. : SR T I T .“ o .
B 100 T T 2 b _,
uq . . .. . _ Y . : _ PO Lllﬁw.\ \l-’j..l.. . A . _ ;
\ “ T T “ " ,\. BRU NS ﬂ S {
I b _ I R R e - _ B I R e
A i B _ ! . . . R T _ A 1 ~ B b ]
_ S f P i _. I_ RS B )
| RPN T .t il T
t R IR I R LS R : S R
: S | TP — ; I - N
R PR § S R _ : - R EERTIREIES
BERE R I BB 1 ST T - -
T - T | |.. " i | _5 - .“._.u_..v ¥
] . P R L STEEY VAN ML Tty Do Do
SREREP A » v ° N 0 o 4. - H.“.:..“ p—— 3%.1112...!44&11144?2.43.._3“.2..“,.,._“ ,.. _ LA q._ £ il
e ety T T T R 0 . FET

,. * . » [}
3 . i ¥ . .
.......... . .. vz 4 . .;...* .- . we 3} . -,
N “ ML & 1 sl b ol i L 5
. - ol - ' -
: - L . T g
. B . .
. _...o - C .
e . b Vrm .o T_‘&., ", '



-’ ':.. s .I' . L : j . - l_;__.._ ‘.1"‘23';'\\.: —+ _ ;'

B R S | s T _” obi.) I)
IR SR RS TFO N AN l | l ‘, e - A
RS j% O RSk S p—— . SRR YT - , !
R R S FFT |— | B S LA Sy
3 R B E — T - S j et e Redtast SR i
R I e e s 7, ¢t o | : :
- I , }{c.‘:‘:'k u l_ :
s 4 ¢ — 1 |

-

v

o

PRI T I

S -
]

0 e

el AR

o I M M- 5.4 i =
. | R ¢ ;
| o ‘..:f.{.f.,u_,

r
PR T
-
/
.‘I

o0
: _ 12 L
' e M —— :
T ' - R ; : 55
% ™ 4 TR '
..! P 14‘ e
5 ' -t

L . -t . . .
o e e e - .
ki . O P oy mert e e (-

[ O 0 LI MR IR T o UL St
o SO SPEI Y

=
N

;é:i';‘.hwf“‘

Wkt T L
-"il}}‘l-‘.:. AU e

i SR T _5‘7"0.6:'éw_ : _dfl_ - =
mab s . — o R S =
R < A ‘1
_:-‘_“_“:_;-_',1 .‘\__ ; ': = *_OL\i‘_Z‘SL li -:(
B |~ Nt
R e A
A — v g o
fe TUED C;,}Lk;'fc\'-ﬁ '\“;;t‘ N




- —

;'"L_ .
|
l

|e¥s

¢}

I R b

-—r

'
.- . oy

l}\l
wd
N

b ¥

| B

UL INSE
- * v, «

3
——

L

-
1
i

A e s

1

o .. . R

e ) |
RIS |- : |

W _ | “y . H
_ " g | _
1

.\J.-

e T ERT IO
e ye -y . p——— —y (XL A
1 N
. . o .
' Y PR
- T - ....ﬂ...h.... H .-w.—... v
! S REEAKCEER S O
T .. . . . -'.\ :
: -
R .. -

g
etk 14 I v

PR
BN B

o

..
"

g
)




TEST NO. 2




TR STRTIRTTATTATT TR T s ey a0 o A a a0 N e

| .
IR R I P O S A I DO EEFRA
\ . ] . . H +
; : ! ; ' . 4 v
[ ! ! - . ' __ " : _ ..-W - ! -
L : H .- ; b — e : mi.... ....... — 0 e e A
_ _ . m | " R L1
' - | T R
i ol ! . : . | [ L a1 , £3 ] .
. | ! o b 31y P
. /_ . [ ~ NI g _
t - 1 Ay '
b . L _ . [ ’ "
TN TR T Y
#/_ “ _ 4 : . _ ; " R
” . _ | OV.A_ i ! . m . m s . ” . .. .. “ M
: : : ' | ..
| i ] _ ]! i | - v
T | 1 ! ! o : s
: -t - | . " _ u
. : t

Q.. {pif .
7

] _ s - ! ﬂ B ' - : . - l" ....% \- .
N M ‘.3 - :!\N . ﬁ.N v - T .l...l w " -— .
AN &Y -r“ foging ) _ % fo i
- 9 c O | mﬂw 1
f o

R

—
£.
/Y

A
:'\J‘ff%"
e,

¥

'
L
T -h___._n_.;.aﬂ;
]
4

I
Lo
T —
*
3

L

-
===
.\.
S
-

- - . . . ' e . I . . ) P -

< [P . o - S I o B e I L AU Ny G ‘e - . v
__.
l‘

e & )
. L . A - ¢

- [ s 4 iyt ) 2 g - - =Y 1) g r—— YT T
g Y T Y A R T G O B T T A R T T T T T g LI R
' PR e B L - Y T R A Co RO Aot T T e . . B - .

¥ . . ; 2 Cg et [N RS
T e . 1. . . 3 . . A . : } P g . m
. NN : S s ; - i
- ’ . 4 ‘.
£l N
AR TR LS 1 ) DI e I
o ot L . Lot Ly : L TS I P R
. o ' ‘v PR N S S A STl I L .u- M A R L
‘ S R 1. Lae o 'K . KRR ..v.._.a Ceds ..L..N ¢ IR 4.—‘ i u...- .. e .
o R ety i : ' v . i . - -
3 . L : 7 : S
- . - v

a s ama,




vi

.
PP .
RER IR S SN

¥

]
U P

) '..v‘:j
£

et
ol
o
-’

L]
AN
1

i
3

L0

—l- - re— i S——

G PSRN SERN PY—
-1

I bl

- S ——

- e |-
Gf."“
- =3 .'-._- - -

u§ e et s —"

[ S AR B e — o

e | = —m— - s

t

- —

f

At

L2 LT [N SRR -
- / -—£‘15'7A ‘/_’_‘/O o _ i
. {/ /? ? — ] rrr——— - __,.

. o o e—— - -

. :.tl ol -‘
N - B ;
' E > 8 a '.|. .
R — ________9'\,‘6‘ g‘ﬂ, f
= 1 !
; | s ol |
[ ' ]

-;A,}.I . o  —————————-
i Y
1.1... N

: \ ————— {7 St
=
‘.01
,
2 | e
e ———
e
. ' . L] -
e e o
R 3 |




- . - , Ly LW Ly o Vol M W
w, e w9 w_oowo o w9 2 7.

.
"
-
Y
»
M
A
~
a
-~
o
'
.
-
a2

. 3
- | i . Ty ! |
EEEHE BEER T T
I | . ! _. i | s )
: R S D A . i m i R S NN N § § B ; .
“ : . ” - — ._
o i - : |
s \ 142 ‘ i 1R R ]
- - - . [ .Y _ PR Y i .. —
. _ AT
. o . m _

! i a...,...,...... ' :
: : m - h——le - A & '
J— : - > — hr.u..v ll.M:lﬂ \'m
- = { /..(w <
T - - _ > ! - *
. ;b ' Y gL ﬁd. ) nm.
- 00 S I Tl ol 17
: = R | S - || *«w
- v : 52 , ! AT
L | o i b Cglle) ] !
. S : , St | S
- .. i _ “ . . ~ l_ w Mw !
i N B o .ln.wJ : _ - : S SO ' c ', P :
B el SR - \J H - _ ! _ t n N : X \‘.-ﬂ\‘\-ll : -_.
- v | \ , . - | LIS G U I
L L ..#,i;__Tmu._ | L = T oyl
b __ ] i : B R : | Yy 1
- b= i ﬂ m ”...,.. _ »MJ m
o | [ : i U1 IS . - [,M W
— i T P ! S
| - . | _ _ | : . _ N : : ; i
- . 1 i Ty : . ! i n
- : : ! o . - : : | - ! 4
. L 1N A [ “ TR ,
.n....- T <.. — [»] ' ¥ ) ¥ ._.
e VIR o __ - o i
RN R =] - 3 _ - -

v 0 O

R S T B e
I R ey
LY ST
.
s "
\ .




-
. P
S

e " R ]

LT ST

'

+

.-

Ll .
1 .

S
Aval

o
HORTE

:L' ii

velitaa,

4

.
P

. a
PP BT

LY

— e 4

— e ——

o e vk -

whw s 4 P . g . S el S

- -

Hogupnger Detammenn b

oy o F
WL A

e
¥

yEix i

TRHN LY

3

1 e 8



TEST NO. 3




N T IR RS i e |

N .. érlg,’/r/M_ jo- 1 ! k.
. NN S
. AR A I IS

S TR O T A B A e 19 e m
. . L | ; : T

N 1 - | BN\ N YA ] S
EIEE “ e 3 R
U Rl E sy Al

- - n . , c S Sl
S e I B I B O i -
S - ~— 'e) g - e S SR
I S\
. . - .u.u‘ N P\ . . i - : )
| N By : " ELAR SR
| ol . S I f_ Y Bk

- ....,.p " N LD - W W (R I B B (e =Ty e - L.

Ci— =W — Qe

*.
(R

o

- M..&

_v-... B e ot b it s oadih o Lt S Sait o S - praresd e e S
. L , ! T v T L e,
! E C LY [P DL L R SE 11

A

I

b—

* v ‘

. . . ; : . , PR

3 i) X RTRY it o B —rt vru rer T & ch ko i ™ t nih L2 AR T trn (L0 o hirnd A
e e T T TR T T Y TS T A T AT e ot § A ODR SR ORI

R

L

H

LR I

e




w

4 m Uf . . L o . |
TR - 1T 7% b
; ' ! . i R N ' H Ahed i _
R || N g N oo )
1 - 4 { OO S S SN .
s 1. o e RIRCES
i N i ! ! W ! ; : K .
L b m ._ | — “ i ; .ﬁ . _...u././m _
BN 1| B A m Wy ]
2R | oy BARRE | D NEN O
. i . LS ‘ ' i [ H 1 . . . I A .!,\ “1/ T R
* . [ T 3 o L L 3 - n.‘J : (A ./ . i
' _ . ' { .- ' HE _ ! wJ _ - .__ N _ . «J 7/ y
N 2 UL S A N ..._L\.Tm R | I Y -_....r;-iml !
RN . I a_ LT R R P B S [ U | &
1 IR DRSE L E .,,..ﬁo i~ i
T e ".,e. : w\“ I ,..wlm ..m? 1 ﬁ mw,/,_:/m« | #/m
B " i KR . . ! — [ 4
R w TN ” b e _ RIRANE ; : T
N _ ' _ _ ! ..”Awf m_ : . _ ; Mpz ; | . _\.u"/..l.._@...lln.. MM
= . s 7 0 r i g INENE .7
Ve | PN b
. . t At : E “ : ; . . YO
SRR NN RS B IR R S A Wl gt
| __ I N R e A P I TR R -
- i1 i / ! I HRBE : .
_ : 2 _ | 5 S | N..: 1 R
ﬂ S s e ,L \ 11 »
” |\\ . - <L f\w ..||m|\\ ' — — r-.LJ_ - .,_..I . ) = -W -
. . . — ' T , BT D s_.d.‘u‘. : !
O ) o) Dyt e €3 - pp -3 - .._... B DY ¢ IR o BSS4 | G D R IO SR S R e
M R MC D 5,3411{.11113_-_.1.1.13!&.13!34331:4;:.3..3.:4:5143;“4im-.. ‘ P
) . . ....... . P i, " : e ab e
PSR CN £8 SR ITEIN T




TR SR R SRR S S —"—

I ———

. @ Lx:;—/u._'.-_-.

T——

P — __.___.E___L‘;_. ¢

O K s/

L

]
- .¢;-—_—....-....‘—.- i

E

— gt o | ————

LSS

r

X S Tt A4 e g

- ——— ————

+

A v s ki et

v v s

-,

-




APPENDIX C

BOILER OPERATING DATA
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APPENDIX D

SAMPLE CALCULATIONS




3.

NOTE:

.SAMPLE CALCULATIONS

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

Calculations representative of Test #l.

»

Dry Gas. Volume

Vmstd

. Yolume

17.71 __°R Vm (Pbar + AH ) eq. 5-1
in.Hg. 13.6
oL Tm :

{ 17.71 __°r ) 90.921 ft3 <ﬁ9.31 In.Hg. + 1.609 in
’ in.Hg. 13.6

. Hzo)_

531.5 °©R

89.155 ft°

of Water Vapor

Vwstd

(,0‘0474 ft3_) vic S | eq. 5-2
M

(0.0474 ft3> 106.5 ml
. M

5.048 ft°

Moisture Content

Bws

Vwstd
Vwstd + Vmstd

5.048 ft> -
5.048 £t3 + 89.155 ft3

0.0535 X 100% = 5.4%




.
Al
"

4. Molecular Weight (d:y). . i e

Md = 0.44 (% CO2) + 0.32 (% Q2)
+ 0.28 (% N2) + 0.28 (% CO) eq. 3-2

it

0.44 (8.76) + 0.32 (8.92) + 0.28 (82.32)
+ 0.28 (0.00) :

29.76 1lb/lb-mole

-

5. Moelcplar Weicht (wet)

Ms Md (l-Bws) + 18 Bws

= 29.76 (1-.054)- + 18 (.054)

= 29.12 1b/lb-mole

6. Stack Gas Velocity

Vs = Kp Cp /AP [_Ts. 1/2 . eq. 2-2
Ps x Ms : _
. = (85.48) (0.84) (0.210) 994.6 1/2
29.31 x 29.12

= 16.28 F.P.S.

7. Gas Volumetric Flow Rate, ACFM

ACFM — Vs x Ag x 60 sec/min

Il

. - 16.28 x 178.6 ft2 x 60 sec/min

= 174,456 ACFM

8. Gas Volumetric Flow Rate, SCFM

Qs = 60 (1 Bws} Vs Ag Tstd eq. 2-3
: Pstd '
= 60 (1-.054) (16.28) (178.6) [ _530 29.31
- -\ 994.6 59.92

86,151 SCFM




10.

11.

12,

i

86,151 SCFM x 60 min
. hr

398,526 1lb/hr

Gas Volumetric Flow Rate, 1b/hr
Ws = Qs x 60 min x M4 . .
hr - 3g¢ £t3

x 29.76 1b/1b-mole

386 f£t3

Particulate Concentrations, gr/SCF

C's

0.0154 gr Mn
mg Vmstd
(?.0154 g;) 156.7 mqg
mg 89.155 ft°

0.027 gr/SCF

Particulate Concentrations, lb/ft3

. Cs

1 _gg)' Mn
253600 g
~Vmstd
1 1b 156.7 mg
453600 mg_
 89.155 f£t°
3.87 x 10°% 1p/scr .

Particulate Concentrations, 1b/hr

Cw

Cs Qs x 60 min
hx

(3.87 x 10~% ib/scF)

20.00 1b/hr

(86,151 SCFM}

60 min

hr

eq.

" eq.

5-4

5-5




. . ]
13, .Particulate Concentrations, 1b/MBTU

- o»

-

Er = Cw .
Heat Input

= 20.00 1b/hr
290.8 x 10° BTU/hr

= 0.069 1b/MBTU

14. % Isokinetic Sampling

I = Ts {(1.667 min ) ((0.00267) Vie + Vm (Pbar + Q@
sec Tm 13.6

& Vs Ps An
eq. 5-6

= 994.6 (1.667) (10.00267) (L06.5) + 20.921 (29.31 + 1.609 |
531.5 13.6
(135) (16.28) (29.31) (0.001L363) . :

It

100.4%

15. .NOX Concentrations, 1b/hr

lb/hr = ppm.x'Mw (NO,;) x Ws
™Md
= 106.5 x 46 1b/lb-mole x 398,526 1b
106 29.76 1b/lb-mole hr
= 65.6 1b/hr

16.. ;ﬁéiméﬁnéenﬁfgfioné, 1b/MBTU

' . Heat Input

65.6 lb/hr
290.8 x 10%° BTU/hr

1b/MBTU = 0.226 1b
- 10% BTU




17.

18.

19.

20.

21.

R |
.

Stack Pressure {Absolute}, in.Hg.

Ps = ©Pb + Pd = 29.31 + (=0.01) = 29.31 in.Hg.
13.6 13.6 -

Nozzie'Area (ftz)

An = ~7D2/4 = 0,785 (0.500/12)2 — 13.63 x 104 £¢2

Stack Areé;jﬁtz)'

As —  op2/4 - 0.785 (181/12)2 = 178.6 ft?

Heat Input, MBTU

Sp. Gr. x 8.33 lb/gal x BTU/1lb x gal/hr
0.895 % 8.33 x 21,276 x 1833 gal/hr = 290.8 MBTU

Gas Densitv, 1b/ft3

Gas Density = mol wt gas (md) x Tstd x Pbar
386 ft3 Ts Pstd
= 29.76 « 530°R  x 29.31 = 0.040 1b/ft3




THE UMNITED ILLUMINATING COMPANY
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Steel Paint #4

est HNo.

ame of Firm

Tbe United Iiluminating Company

. SOURCE TESTING CALCULATICH FORIS

.

No.

Runs

acation of pPlant

ype 0f Plant

Steam Generating Station

43 East Main Street, Bridgeport, Connecticut

ontrol Equipment None

ampling Point Locations Stack

ollutants Sampled

'ime of Particulate Test:

particulates, Nitrogen Oxides

un MNo. 1 Date 11/16/73 Begin 11:07 Ena 1l4:21
wn No. 2 Date__ 11/17/73 _Begin 8:56 End__ 11:41
un tio. 3 Date 11/17/73' Begin 12:19 End 15:05
PARTICULITS EMISSION DATA
=n No 1 2 3
£t lb, ) % _
Kp = 83.48 s=c ib molz~"R 85.48 85.48 85.48
Cp = Pitot tuhe cozfficient (calis.) 0.84. 0.84 0.84
- Avaeraze veloclty A¢aa Qi stacs '
/AP = ¢as, inches Zz0 0.210 0.215 0.238
ms = Average stack temp., °R 994.6 995.2 1003.7
Pb = Barcwmetric pressure, "Yg Abs 29.31 30.01 30.01
Pd = Gas Guckt pressure, "H-0 -0.01 -0.01 -0.01
Ansclucve s:cack gas pressure,
Ps = 1inches Hg . 29.31 30.01 30.01
Bws = % moisture in stack gas, by
volune 5.4 . 4.9 5.2
“MOILEEHTdaY walght ©L scack
MA@ = gas, dry .
: 29.76 29.59 - 29,72
Ms = Molecular weight of 'stack gas
, 29.12 29,02

29.11




wn NO. . M

PR — 1
Vs & Stack gas velocity, F.P.S. 16.28 16.50 18.32
N )
% CO02 8.76 7.50 8.42
% 02 8.92 9.76 g.42
% CO .00 0.00 0.00
% N2 82.32 82.74 | 82.16
Total volume of liquid
Vlic = collected in impingers -
and silica gel, ml. 106.5 106.0 121.5
Volume of dry gas sampled
Vm = at meter conditions, FT3 90.921 | 95.978 {101.812
Volume of d§Y gas sampled
vstd = at STP, FT . 89.155 98.0%5 (104,535
Average ary gas meter .
Tm = temp., °R 531.5 522.2 |520.2
- Average pressure 4rop
AH = across orifice, inches H2) 1.609 1.721 2.026 .
8 = Total Sampling Time, min. 135 140 135
Dn = Nozzle dia., inches 0.500 0.500- | 0.500
An. = Nozzle area, FT? 13.63 |13.63 | 13.63
I = % of isokinetic sampling ) 100.4 |102.2 | 103.0
Qs = Stack qés volume at STP :
o © .. (SCFM) 86,151 |89,819 | 98,5701 91,513
Qa = Stack gas volume at stack : . _
' conditions (ACFM 174,456 | 176,814} 196,317 182,52¢
Ws = Stack gas mass flow lbs/hr 398,526 | 413,121} 455,363 422,337
Mp = Particulate-probe, washings, mg - - -
Mf = Particulate-filter (mg) - - -
Mn = Particulate-total (mg) 156.7 115.4 355.6
Particulate Concentrations | .
C's = gr/scf : 0.027 0.018 { 0.052
ow = Particulate total emission 1b/hr | 20.00 13.96 | 44.30 26.09
"Er = Particulate emission rate, 1b/106! - ) o
. : BTU 0.069 0.059 0.187. 0.103
c' = NO, concecntrations, PPM 106.5 90 93 96.5
cn = NO. 1b/10%pTy 0.226 | 0.244 | 0.276 | 0.249

]





