STACK GAS DISPERSION CAUSED BY THE
ARCHITECTURAL LIGHTHOUSE AT
B. L. ENGLAND STATION

by

W. W. Lil. Je As Pet:er'l':a2 and J. E. Cermak

3




STACK GAS DISPERSION CAUSED BY THE
ARCHITECTURAL LIGHTHOUSE AT
B. L. ENGLAND STATION

by

W. W. Lil, J. A. Peterka® and J. E. Cermak’

Prepared for

Stearns Catalytic Corporation
Centre Square West
1500 Market Street
Philadelphia, PA 19102-2197

Fluid Mechanics and Wind Engineering Program
Fluid Dynamics and Diffusion Laboratory
Department of Civil Engineering
Colorado State University
Fort Collins, Colorado 80523

CSU Project 2-9 6580
March 1986

CER85-86WWL~JAP-JEC25

1 Research Associate, Colorado State University.

2 Professor, Fluid Mechanics and Wind Engineering Program, Colorado
State University.

3 Professor and Senior Counsel, Fluid Mechanics and Wind Engineering
Program, Colorado State University.



TABLE OF CONTENTS

Chapter

ACKNOWLEDGEMENTS . . . « « . . .
LIST OF FIGURES . . « « ¢« ¢ « « &
LISTOF TABLES . . +« ¢« ¢ « « & &
LIST OF SYMBOLS . ¢ « ¢« ¢ o o« « «
INTRODUCTION . . . ¢ ¢« & « o« « &
1.1 Purpose and Scope of Study .
1.2 Simulation of Boundary Layer
Dispersion . . « + « ¢« « «
Data Reduction . . . . . . .

PROGRAM AND RESULTS . . . .

Test Program . . +« « o« « « &

Architectural Lighthouse . .
SUMMARY . . . .+ v v v « o ¢ 4
REFERENCES . . . ¢ ¢ ¢ ¢ « « « &
FIGURES . . . . . ¢« + ¢« ¢ v o« « &
TABLES ¢« ¢ ¢ ¢ 4+ o o o o o« « o« &

APPENDIX — Concentration Data .

Dispersion from the Existing
Dispersion from the 144.8 m Stack With/W1thout

Atmospheric

Stack . . . . .

Page
ii

iii

vi

10
26

36



ACKNOWLEDGEMENTS

The support of Stearns Catalytic Corporation in carrying out this
study 1is gratefully acknowledged. Mr. D. D. Ross and Mr. Q. Roberts
helped in data acquisition and wind-tunnel operations. Gratitude is

extended to Ms. G. Burns and Ms. B. Jones for their careful typing.

ii



LIST OF FIGURES

Figure Page
1 Mean Velocity and Turbulence Profiles Approaching
the Model [ * . L] L] - L] L ] [ ] L] . [ - [ - L] . . . . * L . L] . L] 1 1
2 Photographs of the BLES model in the Meteorological Wind
Tunnel (a) Upwind View (b) Downwind View . . . ¢« « « « &« +» « 12
3 Flow Visualization (a) Run 303 (b) Run 304 . . . . . . . . . 13
4 Longitudinal Ground—-level Concentration Profiles from the

Existing Stack; Hs = 76.2 m, Full Load, 198°, 30.3 mph
at 60 m Height, Density Ratio Simulated . . . . . . . « . . . 14

5 Ground-level Concentrationsofor the Existing Stacks;
Hs = 76,2 m, Full Load, 198, 30.3 mph at 60 m Height,
Froude Number Simulated . « « ¢ ¢« « ¢ ¢ ¢ o « s « o 2 « o « o 15

6 Variation of Ground—leve% Concentration for the 144.8 m
Stack, Minimum Load, 270, Froude Number Simulated, 45 mph
at 60 m Heigrlt - -* - . L ] E ] . . . L] . L ] . [ ] * L] - L] L] L ) ] * L 16

7 Variation of Ground-leve% Concentration for the 144.8 m
Stack, Minimum Load, 270 , Froude Number Simulated, 37.5 mph
at 60 m Heigllt L] 3 ] L] L] L] - . - - L] . - L] . * . L L] . L] . L] 17

8 Variation of Ground—leve% Concentration for the 144.8 m
Stack, Minimum Load, 270, Froude Number Simulated, 30.3 mph
at 60 m Height . . . . L] . . . . L] . . . L] . . L ] . L] . . » L] 18

9 Variation of Ground—leve% Concentration for the 144.8 m
Stack, Minimum Load, 270, Froude Number Simulated, 25 mph
at 60 m Heigl]t . L ] L] L] . - L ] L L] -« L ] L ] £ a . . L] . . e L] * - 19

10 Variation of Ground—leve% Concentration for the 144.8 m
Stack, Minimum Load, 270, Density Ratio Simulated, 37.5 mph
at 60 m Height . L] . - . . L ] . . L] L] a . . - L] L) L] . - - [ ] . 20

11 Variation of Ground-leve% Concentration for the 144.8 m
Stack, Minimum Load, 270, Density Ratio Simulated, 30.3 mph
at 60 m Height L ] . . . . . . . . . - . . - Ll . L] L] - . - L L] 21

12 Variation of Ground—leve% Concentration for the 144.8 m
Stack, Minimum Load, 270, Density Ratio Simulated, 25 mph
at 60 m Height L] * L] L] - a L] . - . * L] L] L] . . . . . . . L ] . 22

13 Variation of Ground—-level Concentration for the 144.8 m

Stack, Minimum Load, 2700, Density Ratio Simulated, 20 mph
at 60 m Height . ¢ ¢ ¢ ¢ ¢ & ¢ 4 ¢ o o o o o o « « o o« o« o« « 23

iii



Figure
14

15

LIST OF FIGURES (con’'t)

Page

Variation of Ground-level Concentrat%on With Wind Speed for
the 144.8 m Stack, Minimum Load, 270, Froude Number
Simul ated - - L . . . . L) . . L] . L] . . [ ] L] . . L] - L] L] . L] . 2 4

Variation of Ground-level Concentration With Wind Speed for

the 144.8 m Stack, Minimum Load, 2700, Density Ratio
Simulated [ ] i d Ll . L] e . - L2 . . . L] . - a - - L] * L] e . - - L] 2 5

iv



LIST OF TABLES

Table
1 Run numbers and model parameters used in BLES wind-
tunnel tests . & & ¢ ¢ 4 6 v e 4 s e e e e e e e e e s
2 Prototype operating criteria used in model
calceulations . « ¢ ¢ ¢ ¢ e s s e e e 6 s e s s e e s e .
3 Model and prototype parameters for the BLES
evaluations . & & ¢ ¢ ¢ ¢ ¢ 6 4 e 0 e @ e 2 4 e s 4 e
4 Run numbers and model parameters of flow visualization
study in BLES wind-tunnel tests . . . « ¢« 4 « ¢« o ¢ « &
S Variation of ground-level concentration due to the
architectural lighthouse attachment on the 144.8 m
stack L] > . * . L] L] . L 2 L] L] . L . . . L] L - a L] L L] . L]
6 Reduction of ground-level concentration with/without the

architectural lighthouse attachment on the 144.8 m stack
(Froude number simulation) . . . ¢« ¢« ¢« ¢« ¢ ¢« &« o o o o o

Page

27

29

30

32

33

35



Symbol

(g
()

Subscripts

How g e

LIST OF SYMBOLS

Definition

Stack or flue diameter
Stack height

Power law exponent
Pollutant emission rate

Froude number, ws

v 8AyD
Wind speed

Mean speed of ambient wind at HS
Speed of stack gas emission
Gravitational acceleration
Cartesian coordinates

Density of stack gas

Density of ambient air

Kinematic viscosity of ambient air
Kinematic viscosity of the effluent

(p -p_)g — difference in specific weight of
.S .
am%lent air and stack gas

Boundary layer thickness
Volumetric concentration of pollutant
Model value

Prototype value

Ambient
Model
Prototype
Stack
Total

vi

Dimension



1. INTRODUCTION

1.1 Purpose and Scope of Study

Previous wind tunnel studies of B. L. England Station (BLES) stack
dispersion detailed the ground-level 802 concentration and selection of
Good-Engineering-Practice stack height as reported by Cermak, Peterka
and Beatty (1984) and Li, Peterka and Cermak (1985) (hereinafter LPC).
In addition, Atlantic City Electric Company (ACE), which owns and
operates the BLES Units 1, 2 and 3, is investigating the engineering,
economic, and regulatory aspects of installing an architectural 1light-
house fixture on the new 144.8 m stack. Therefore, the purpose of this
study is to examine the influence of the architectural 1lighthouse
attachment of the 144.8 m stack at BLES on plume dispersion. Primary
effort is to acquire additional data on ground-level concentrations
resulting from stack emission at BLES with and without the architectural
lighthouse attachment.

1.2 Simulation of Boundary Laver and Atmospheric Dispersion

The wind tunnel facility and boundary layer augmentation devices
were kept exactly the same as they were in LPS., Reference velocity was
monitored with a Datametrics Model 800LV linear flowmeter with probe,
Figure 1 shows the mean and turbulence velocity profiles observed in
this phase of study. The mean velocity profiles reprcduced the desired
boundary layer with & = 100 cm and n = 0,14, Detailed information con—
cerning the characteristics of the boundary layer is referred to LPC.

Two simulation techniques of plume rise are adopted in the present
study to examine the impact of the architectural lighthouse attachment
on the 144,.8 m stack dispersion, Simulation of effluent-to—air density
ratio, pS/pa, (according to Lawson and-Snyder (1983}) and simulation of

Froude number, Fr, (according to Snyder (1981)) are conducted for the



BLES model with and without architectural lighthouse attachment. The
simulation criterion for density ratio and Froude number are referred to
Section 2.2 and Section C.2.1 of LPC, respectively.

A circular area about the BLES, 457.2 m in diameter, was modeled on
a scale of 1:300 for use in the wind-tunnel tests. The model was com-
pletely described in LPC. The model was slightly modified to include
the new design for duct work which connects the three units and the new
stack. The lighthouse fixture was constructed to scale to easily slip
over the stack., Photographs of the modified BLES model are presented in
Figure 2.
1.3 Data Reduction

Concentration data obtained in the wind tunnel may be related to
those 1in the prototype through the nondimensional concentration coeffi-
cient, K = XUL2/Q, where

X = volumetric concentration of pollutant (ppm, parts tracer gas per

million parts air),
U = reference wind speed (LT°1),

L = characteristic length (L), and

31

Q = pollutant emission rate (ppm L°T ~).
The relation between prototype and model concentration beyond a few

diameters from the source is thus

wenle) (@)

As a result of the simulation techniques, concentration data obtained in
the wind tunnel are presented in two different formats. Firstly, the
data can be reduced in a format, consistent with Lawson and Snyder

(1983), XUS/Q. i.e.,



XgUsg (l> - (RAW-BG) (uv-s) . CAL.FAC(ppm/pv-s) Usm(m/s)

QG \n? S-5(ppm) (s-F)?2 o (x’/s)

Secondly, the data may be reduced in a format consistent with Snyder

1981), , i.e.,
( ) xp

< CAL.FAC< £ tracer ls)
X ( 8 2) _ {RAW-BG) (uv-s) 10" £ tracer "
P\nlair/ s-s (——-" ’;‘"a"‘e") (s-F)?
102 air

. Usm(m/s) Qp(gsozls)
Usp(m/s)

Qm(msair/s)

where:

(RAW-BG): integrator values of a tracer sample minus a background
reading measured in microvolts ¢ seconds,

CAL.FAC: calibration factor of the gas chromatograph which pro-
vides a baseline to compensate for changes in operation
and also compensate for the use of tracers with varying
molecular weights,

S-F: prototype—~to—model length scale,
S+S: source strength of effluent,

stack-height velccity of the wind-tunnel test,

Usp: stack height velocity of the prototype,
Qm: volumetric flow of the tracer through a model stack, and
Qp: emission rate from the prototype stack.

Total SO2 concentration at each sampler location was summarized and
presented 1in addition to the foregoing calculation made for each stack
output. The total *''dimensional’’ concentration coefficient, XTU/QT’ is

evaluated as



XTUSQ - Xlgusg 3;2 . XZEUSQ Egg + X3gnsg Egg
Qp Yy Y Yy Y Gy 9
where: QT = le + sz + Q3p’
=X, * X

Xep 1ip 2p * X3p’ and

1, 2, 3 indicates quantities corresponding to Stack 1, 2 and

3, respectively.



2. TEST PROGRAM AND RESULTS

2.1 Test Program

It was demonstrated in LPC that minimum plant-load operation is
more likely than full load to cause excessive ground-level concentration
near the critical wind speed, 30.3 mph at 60 m height. Examination of
the stack geometry and surrounding buildings indicates that the light-
houée fixture maybe at an elevation too high to interact with the build-
ing wake but will influence the wake structure behind the stack. The
stack aerodynamic effect states that low pressure in the wake of the
stack may cause the plume to be drawn downward behind the stack and thus
increase the ground-level concentration. It 1is generally recognized
that plume downwash won't occur for WS/Us greater than 1.5 (Hanna, et
al., 1982) for a typical stack; however, it is not clear that this cri-
teria 1is valid with the lighthouse fixture in place. The test program
is thus designed to concentrate on the minimum plant-load operation
which might result in higher ground-level concentration by the presence
of lighthouse attachment on the stack.

Table 1 summarizes the run numbers assigned to wind—-tunnel tests,
model parameters, BLES configurations, plume simulation criterion and
model wind speeds used in the present study. Model flow rates, wind
speeds, effluent-to-air density ratios and Froude numbers were calcu-
lated using plant operating conditions for minimum power—loads as con—
tained in Table 2, Table 3 1lists model and prototype parameters
employed in the present study.

Data from 34 separate concentration measurements are tabulated in
the Appendix in terms of mass concentration (ug/ms) if Froude number is
simulated or dimensional concentration coefficient (1/m2) if effluent-

to—air density ratio is simulated.



Flow visualizations were performed on some representative runs,
The test parameters/conditions which were documented on the video tape
are summarized in Table 4. Figure 3 shows the mnmulti-flue effluent
release with and without the lighthouse attachment, No substantial
difference is observed.
2.2 Dispersion from the Existing Stacks

Two test runs were performed for the existing 76.2 m stack with
units 1, 2, and 3 operating at full load for a 198° wind. Concentration
data were collected at a distance 2.7 km downwind of the stack (Somer's
Point). These data provide a reference for establishing that EPA cri-
teria has been satisfied as well as an examination of repeatability
between the present measurements and previous measurements. Present
concentration data are in good agreement with data reported in LPC for
both simulation techniques as shown in Figures 4 and 5. Mass concentra-
tion at Somer’s Point observed in the present study was 1860 ug/m3 which

replicated the previous observation of 1900 ug/ms.

2.3 Dispersion From the 144.8 m Stack With/Without Architectural

Lighthouse

Dispersion measurements for the 144.8 m stack emission were con-
ducted to establish effects of the lighthouse elements on ground-level
concentration. Data were obtained for various wind speeds and two wind
directions (198o and 2700). Attention was focused on finding the max-
imum ground-level concentration and its 1location for the worst wind
direction, 2700, which resulted in highest ground-level concentration as
reported in LPC, Measurements of plume dispersion for a 198° wind were
aimed to provide concentration level at Somer’s Point.

Figures 6 through 9 show the ground-level concentration with and

without the lighthouse attachment for different wind speeds with Froude



number simulated. Similar results are presented in Figures 10 through
13 with effluent-to—air density ratio simulated. Table 5 summarizes the
effects of the lighthouse elements on ground-level concentration. The

effect may be seen in the ratio of X

with lighthouse/

Xwithout lighthouse’
This ratio varies from 90% to 112% in terms of mass concentration and
91% to 119% in terms of dimensional concentration coefficient. The max-—
imum variation occurred at wind speed 25 mph. At this wind speed, Table
6 clearly shows the concentration 1level is far less than 40% of the
reference concentration (i.e., ground-level concentration observed at
Somer’'s Point for a full-load, existing stacks emission).

Figures 14 and 15 display the variation of ground-level concentra-
tion in terms of wind speed for the 144.8 m stack. A horizontal line
has been drawn on Figure 14 at 40 percent of the 1900 ug/m3 (reference
concentration) to aid in determination of acceptability of results.
This 40 percent value represents the level of concentration which ACE
personnel have estimated is needed to prevent air quality standard
exceedances., Concentrations with and without lighthouse elements do not
exceed the acceptability criteria for a 30.3 mph wind on stack disper—
sion as shown in Figure 15. Figure 15 contains another horizontal 1line
specifying the 40 percent exceedance criteria outlined in U.S. EPA regu-
lations for GEP stack height. {Guideline for Determination of Good
Engineering Practice Stack Height, (Technical Support Document for the
Stack Height Regulations), with Addenda, U.S. EPA, November 1984.) The
line represents 140 percent of the maximum ground-level concentration
from a 144.8 m stack emission under conditions of minimum load, 270°
wind and no surrounding buildings. Again, the ground-level concentra—

tion does not exceed the acceptability criteria on the 144.8 m stack

dispersion irregardless presence of the lighthouse elements.



3. SUMMARY

Additional data acquisition was conducted in the Meteorological
Wind Tunnel at Colorado State University for a 144.8 m stack dispersion
with and without the architectural lighthouse attachment. The present
study replicated simulations of atmospheric boundary layer and disper-—
sion used in Li, Peterka and Cermak (1985). Detailed descriptions of
the simulated boundary layer, experimental facilities and instrumenta—
tion are referred to that report.

The influence of the lighthouse elements on stack dispersion is
small. The acceptability criterion for ground-level concentration, both
in mass concentration and dimensional concentration coefficient, remain
unexceeded irregardless presence of the lighthouse elements, No con—
sistent trend was found to support special consideration for the 1light-

house elements on stack dispersion.
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(b)

Figure 2. Photographs of the BLES model in the Metecrological
Wind Tunnel (a) Upwind View (b) Downwind View
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(a)

(v)

Figure 3. Flow Visualization (a) Run 303 (b) Run 304
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TABLE 1.

Run numbers and model parameters used on BLES wind-tunnel tests.

SIMU-

Run Power Wind Tunnel | LATION MODEL UNIT #1 UNIT #2 UNIT #3 Wind  Concentration  Data
No. Load Dir. Speed Fr Py BLDG LIGHT- | Stack Stack Vol. Stack Stack Vol. Stack Stack Vol. Speed Measurement File
(m/s) 3 HOUSE | Ht. Temp. JFlow . Ht.  Temp. gFlow . Ht.  Temp, Flow . | at 60m
a (cm) (F) (m”/3x10 )| (cm) (F) (m~/sx10 ") [ (om) ("F) (n”/3x10 ") { {(mph)
301 Min 270 2.00 No Yes IN OuT 48.3 260 152.0 48.3 260 158.1 48.3 260 152,0 30.3 Ground, 7Tm-16m BLEMO1
302 Min 270 2,00 No Yes IN IN 48.3 260 152.0 48.3 260 158.1 48.3 260 152.0 30.3 Ground, 4m-15m BLEMO2
303 Min 270 1.63 Yes No IN IN 48.3 260 120.0 48.3 260 128.0 48.3 260 128.0 30.3 Ground, 3m-15m BLEMO3
304 Min 270 1.63 Yes No IN OuT 48.3 260 120.0 48.3 260 128.0 48.3 260 128.0 30.3 Ground, 3m-15m BLEMO4
305 Min 270 1.34 Yes No IN ouT 48.3 260 120.0 48.3 260 128.0 48.3 260 128.0 25.0 Ground, 3m-15m BLEMOS
306 Min 270 1.34 Yes No IN IN 48.3 260 120.0 48.3 260 128.0 48.3 260 128.0 25.0 Ground, 3m-15m BLEMO6
307 Min 270 2.02 Yes No IN IN 48.3 260 120.0 48.3 260 128.0 48.3 260 128.0 37.5 Ground, 3m-15m BLEMO7
308 Min 270 2.02 Yes No IN ouT 48.3 260 120.0 48.3 260 128.0 48.3 260 128.0 37.5 Ground, 3m-15m BLEMO8
309 Min 270 2.42 Yes No IN out 48.3 260 120.0 48.3 260 128.0 48.3 260 128.0 45.0 Ground, 3m-15m BLEMOS
310 Min 270 2.42 Yes No IN IN 48.3 260 120.0 48.3 260 128.0 48.3 260 128.0 45.0 Ground, 3m-15m BLEM10
311 Min 198 2.42 Yes No IN IN 48.3 260 120.0 48.3 260 128.0 48.3 260 128.0 45.0 Ground, 9m BLEM11
312 Min 168 2.42 Yes No IN ouT 48.3 260 120.0 48.3 260 128.0 48.3 260 128.0 45.0 Ground, 9m BLEM12
313 Min 198 2.02 Yes No IN ouT 48.3 260 120.0 48.3 260 128.0 48.3 260 128.0 37.5 Ground, 9m BLEM13
314 Min 158 2,02 Yes No IN IN 48.3 260 120.0 48.3 260 128.0 48.3 260 128.0 37.5 Ground, 9m BLEM14
315 Min 198 1,63 Yes No IN IN 48.3 260 120.0 48.3 260 128.0 48.3 260 128.0 30.3 Ground, 9m BLEM1S
316 Min 198 1.63 Yes No IN ouT 48.3 260 120.0 48.3 260 128.0 48.3 260 128.0 30,3 Ground, 9m BLEM16
317 Min 198 1.34 Yes No IN ouT 48.3 260 120.0 48.3 260 128.0 48.3 260 128.0 25.0 Ground, 9m BLEM17

LT



TABLE 1 (cont.).

Run Power Wind Tunnel LSAI;{IUO‘N MODEL UNIT #1 UNIT #2 UNIT #3 Wind Concentration Data
No. Load Dir, Speed Fr p BLDG LIGHT- j Stack Stack Vol, Stack Stack Vol. Stack Stack Vol. Speed Measurement File
(n/s) ”58“ HOUSE | Ht, Temp, gFlow Ht.  Temp, gFlov . Ht.  Temp. gFlow o jat 60m
a {em)  (CF) (@ /sx10 )| (em) (F) (m/sx10 ") (cm) (F) (w/sx10 )| (wph)
318 Min 198 1.34 Yes No IN IN 48.3 260 120.0 48.3 260 128.0 48.3 260 128.0 25.0 Ground, 9m BLEM18
319 Min 198 1.46 | No Yes| 1IN IN 48.3 260 152.0 48.3 260 158.1 48.3 260 152.0 20.0 Ground, 9m BLEM19
320 Min 198 1.46 | No Yes| 1IN ouT 48.3 260 152.0 48.3 260 158.1 48.3 260 152.0 26.0 Ground, 9m BLEM20
321 Min 198 1.83 No Yes IN IN 48.3 260 152.0 48.3 260 158.1 48.3 260 152.0 25.0 Ground, Sm BLEM21
322 Min 198 1.83 No Yes| 1IN ouT 48,3 260 152.0 48.3 260 158.1 48.3 260 152.0 25.0 Ground, 9m BLEM22
323 Min 198 2.00 Ne Yes IN IN 48.3 260 152.0 48.3 260 158.1 48.3 260 152.0 30.3 Ground, Sm BLEM23
324 Min 198 2,00 No Yes IN ouT 48.3 260 152.0 48.3 260 158.1 48.3 260 ) 152.0 30.3 Ground, 9m BLEM24
325 Min 198 2.71 No Yes IN N 48.3 260 152.0 48.3 260 158.1 48.3 260 152.0 37.5 Ground, 9m BLEM2S
326 Min 198 2.711 No VYes| 1IN ouT 48.3 260 152.0 48.3 260 158.1 48.3 260 152.0 37.5 Ground, Sm BLEM26
327 Min 270 2.71 No Yes IR IN 48.3 260 152.0 48,3 260 158.1 48.3 260 152,0 37.5 Ground, 3m-15m BLEM27
328 Min 270 2.71 No Yes| IN ouT 48,3 260 152,0 48.3 260 158.1 48.3 260 152.0 37.5 Ground, 3m-15m BLEM28
329 Min 270 1.83 No Yes| IN IN 48.3 260 152,0 48.3 260 158.1 48.3 260 152.0 25.0 Ground, 3m-15m BLEM29
330 Min 270 1.83 No Yes] IN OUT 48.3 260 152,0 48.3 260 158.1 48.3 260 152.0 25.0 Ground, 3m—~15m BLEM3O
331 Min 270 1.46 No Yes| IN IN 48.3 260 152.0 48,3 260 158.1 48.3 260 152.0 20.0 - Ground, 3m-15m BLEM31
332 Min 270 1.46 No Yes IN ouT 48.3 260 152.0 48.3 260 158.1 48.3 260 152.0 20.0 Ground, 3m—15m BLEM32
333 Full 158 2.00 No Yes IN ouT 25.4 260 152.0 25.4 260 158.1 25.4 260 152.0 30.3 Ground, 9m BLEM33
334 Full 198 1,63 | Yes No IN 0uT 25.4 260 120.0 25.4 260 128.0 25.4 260 128.0 30.3 Ground, 9m BLEM34
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Table 2.

Prototype operating criteria used in model calculations.

Stack Stack
SO2 SO2
Exit Ggs 3 Stack Exit Gas Stack Emission Conc3
Unit MW Fuel ACFM Temp. M7 /sec Diam.-M Velocity M/S Height-M Gr/sec Gr/M
Full Load Study Criteria
1 127 Coal 570,000 270 269.0 3.66 25.6 76.2 850 3.16
2 160 Coal 607,000 285 286.5 4.02 22.6 76.2 1050 3.67
3 160 0il 576,000 310 271.9 3.96 22.0 76.2 220 0.81
Minimum lLoad Study Criteria
1 60 Coal 250,000 260 118.0 3.66 11,2 76.2 400 3.39
2 60 Coal 260,000 260 122.7 4.02 9.7 76.2 400 3.26
3 40 0il 250,000 260 118.0 3.96 9.6 76.2 55 0.47
(a)
Stack Stack
SO2 802
Exit Ggs 3 Stack Exit Gas Stack Emission Conc3
Unit MW Fuel ACFM Temp. M™/sec Diam,-M Velocity M/S Height-M Gr/sec Gr/M
Full Load Study Criteria — Three-Flue Stack
1 127 Coal 570,000 270 269.0 4.14 20.0 GEP 850 3.16
2 160 Coal 607,000 285 286.5 4.26 20.5 GEP 1050 3.67
3 160 0il 576,000 310 271.9 3.96 22.0 GEP 220 0.81
Minimum Load Study Criteria — Three—Flue Stack
1 60 Coal 250,000 260 118.0 4,14 8.8 GEP 400 3.39
2 60 Coal 260,000 260 122.7 4.22 8.8 GEP 400 3.26
3 40 0il 250,000 260 118.0 3.96 9.6 GEP 55 0.47
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Table 3.

(a) Simulation of density ratio

Model and prototype parameters for the BLES evaluations.

MIN LOAD, 144.8 m STACKS, VELOCITY

AT 60 M HEIGHT = 30.3 MPH

Parameters Flue 1 Flue 2 Flue 3
Prototype Model Prototype Model Prototype Model
1, Scale 300 1 300 1 300 i
2, Free Stream Velocity, 17.24 2.00 17.24 2,00 17.24 2.00
{(m/s)
3., Effluent Velocity, 8.76 1.02 8.77 1.02 9.57 1.11
W_ {(m/s)
s
4. ngluent Temperature, 399.7 293 399.7 293 399.7 293
('K)
5. Ambient Temperature, 285.9 293 285.9 293 285.9 293
('K)
6. Density Ratio, 0.715 0.714 0.715 0.714 0.715 0.715
(ps/pa)
7. Effluent-to-Wind-Speed 0.567 06.567 0.567 0,567 0.619 0.619
Ratio at Stack Exit,
(H, = 144.8 m)
s
8. Stack Diameter, D(m) 4.14 0,0138 4.22 0.0141 3.96 0.0132
9. Volume Flow, Q(m’/s) 118.0 1.52x10"% 122.7 1.58x10™* 118.0. 1.52x1074
10, Froude Number, 2.58 5.19 2.55 5.13 2.88 5.78
ws
Fr
JeamD
11, Momentum Ratio, 0.00685 0.00685 0.00699 0.00699 0.00716 0.00716

D
H
s s

o

fg=;[fg]1/2w
H 21p
3

a
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Table 3 (cont.).

(b) Simulation of Froude number

MIN LOAD, 144.8 m STACKS, VELOCITY

AT 60 M HEIGHT = 30.3 MPH

Parameters Flue 1 Flue 2 Flue 3
Prototype Model Prototype Model Prototype Model
1. Scale 300 1 300 1 300 1
2., Free Stream Velocity, 17.24 1.63 17.24 1.63 17.24 1.63
(m/s)
3. Effluent Velocity, 8.76 0.807 8.77 0.825 9.58 0.933
W_ (w/s)
s
4, Egrluent Temperature, 399.7 293 399.7 293 399,17 293
("’K)
5. Agmbient Temperature, 285.9 293 285.9 293 285.9 293
K)
6. Density Ratio, 0.715 0,279 0,715 0.240 0.715 0.188
(ps/Pa)
7. Effluent-to-Wind-Speed 0.567 0.567 .567 0.567 0.619 0.619
Ratio at Stack Exit,
(H = 144.8 m)
s
8. Stack Diameter, D{(m) 4.14 0.0138 4,22 0.0141 3.%6 0.0132
9. Volume Flow, Q(un’/s) 118.0 1.20x1074 122.7 1.28x1074 118.0 1.28x1074
10. Froude Number, 2.58 2.58 2.55 2.54 2.88 2.88
W
Fr ( - ')
JgArD
11, Momentum Ratio 0.00685 0.00428 0.00699 0.00405 0.00716 0.00367

Ln lgﬁl/zgn
H  2]p U Hy

8 a 3
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Table 4. Run numbers and model parameters of flow
visualization study in BLES wind-tunnel study.

Run Power Wind Tunnel MODEL Wind Stack
No. Load Direction Speed Speed Configuration
(m/s) BLDG. LIGHT- | at é60m
HOUSE (mph)
303 Min 270° 1.63 IN N 30.3 144.8 m stack
304 Min 270° 1.63 IN 0UT 30.3 144.8 m stack
307 Min 270° 2.02 IN N 37.5 144.8 m stack
308 Min 270° 2.02 IN OUT 37.5 144.8 m stack
301 Min 270° 2.00 IN OUT 30.3 144.8 uw stack
302 Min 270° 2.00 IN IN 30.3 144.8 m stack
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Table 5. Variation of ground-level concentration due to the

architectural lighthouse attachment on the 144.8 m stack.

(I) Froude number simulation

Maximum Ground-
level Concen-
tration and

W.D. = 270°, Wind Speed at 60 m Height

Lighthouse Locatiog,
Configuration ug/m 25 mph 30.3 mph 37.5 mph 45 mph
420 760 952 919
Without Lighthouse
' (2.7 km) (2.7 km) (2.1 km) (1.8 km)
471 684 1010 980
With Lighthouse
(2.4 km) (2.4 km) (2.1 km) (1.8 km)
With Lighthouse . 40, 112% 90% 106% 107%

Without Lighthouse

W.D. = 1980. Maximum ground—-level concentration

at Somer's Point

Without Lighthouse 420 706 761 733
With Lighthouse 450 690 726 738
With Lighthouse . ;.. 107% 98% 95% 101%

Without Lighthouse

£t



Table 5 (cont.).

(II) Density Ratio Simulation

Maximum Ground-
level Concen-—
tration and

W.D. = 270°, Wind Speed at 60 m Height

Lighthouse Locatian.
Configuration 1/m 20 mph 25 mph 30.3 mph 37.5 mph
127 x 104 .179 x 1074 .219 x 104 .268 x 104
Without Lighthouse : »
(2.7 km) (2.1 km) (2.1 km) (2.1 km)
a2 x 10t | 213 x 107 | 215 x 107% | .268 x 1074
With Lighthouse
(2.1 km) (2.1 km) (2.1 km) (2.1 km)
With Lighthouse
ﬁzzﬁbut Lighthouse x 100% 97% 119% 98% 100%
W.D. = 1980. Maximum ground-level concentration at Somer'’s Point
. -4 -4 -4 -4
Without Lighthouse .103 x 10 .154 x 10 .178 x 10 .218 x 10
; ; -5 -4 -4 -4
With Lighthouse .940 x 10 .168 x 10 .174 x 10 .229 x 10
_With Lighthouse . ;o 91% 109% 98% 105%

Without Lighthouse

ve
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Table 6. Reduction of ground-level concentration with/without
the architectural lighthouse attachment on the 144.8 m stack
(Froude number simulation).

Max GLC o
GLC at Somer’s W.D. = 270", Wind Speed at 60 m Height
Point*

Lighthouse

Configuration 25 mph 30.3 mph 37.5 mph 45 mph
Without Lighthouse 0.226 0.409 0.512 0.494
With Lighthouse 0.253 0.368 0.543 0.527

* Maximum ground-level 8oncentration at Somer‘’s Point is 1860 ug/ms,
full load, W.D. = 198", 76.2 m stack.
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APPENDIX

CONCENTRATION DATA
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