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ABSTRACT

An extensive field program has been carried out to investigate
the effects of large, fossil fuel plants on the air guality environment
in California. Primary objectives of the program irciuded an evalu-
ation of the impact of the plants on surface 50, and XO ¢ concen-
trations and an assessment of the importance of SO znd NO
reactions in the plume. A number of organizations cooperated in the
field studies. These included Cazltech, Rockwell Air Nonitoring
Center, Environmental Measurements, Inc., and Meteorology
Research, Inc. The program consisted of S¥; tracer releases from

=1

three differ ent power plants and downwind sampling of SO,, 5I;:,

and sulfates on the ground and in an instrumented aircraft. NO, and
other pollutants were also sampled in the aircrait.

The MRI portion of the studies consisted of airborne and meteor-
ological measurements. Analyses of the data include an estimate of
the impact of the plume on surface concenirations, derzils of the plume
behavior and reaction estimates within the plume. '

N ‘

With only one major exception the plumes from the plant were
confined fn the low-level mixing layer and impacted af ground levels
from 13 to 24 km downwind of the plant. On one day (September 10)

2t Moss Landing the plume peneirated z2bove the mixing layer and chd
not significantly affect ground level concerntrations. FPeak hourly C(round
concentrations were found from the tracer studies to range between
0.009 :and 0. 082 ppm of equivalent SO, for 2 given power plant on the
‘sampling days. An unusual feature of the Haynes-Alzmitos studies was
. the consistency of the plume direction from the plants. On 21l test days
: the plume direction during the early afternoon hours (when mixing to the
ground occurs most readily) was toward the northeast. Thus the area
affected by the plumes from Haynes-Alamitos tends to be con51stent and
~rather localized under typical seabreeze conditions.

The reaction of NO, N02 and O3 in the plumes occurred rapidly
and resulted in ozone deficits in the plumes. The conversiorn of SO, to
sulfate occurred too slowly to be detected within the downwind distance .
of the identifiable plumes.

This report was submitted by MRI in fulfillment of Contract

No. ARB 3-929 under sponsorship of the California ‘Air Resources
Board. Work was completed as of November 30, 1975.
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1. Conclusions

1, Observed plume heights generally ranged from 300 to
450 m msl. Environment test conditions at Hayne s-Alamitos are con-
sidered to be typical of seabrecze flow conditions in the area. Some-
what lower values of plume rise could be expected under extreme stability
conditions. At Moss Landing, strong temperature inversions characterized
the test program. Observed plume rises consequently may be lower than
would be considered typical.

2. On one day at Moss Landing the plume rise was suffici-
ently high (with attendant low level stability) that little tracer material
was observed at the ground. On one day at Haynes a portion of the
plume was apparently carried upward above the mixing layer. Other-
wise the plumes remained in the Jow-level mixing layer and mixed to
the ground as the result of surface heating effects downwind.

N\ -
3. Plume direction at Moss Landing during the afternoon

(when downward mixing can occur ) was somewhat variable from easteriy
to southeasterly. At Haynes-Alamitor the plume direction during the
early afternoon was con sistently to the northeast. This put the peak

ground impact of the Haynes-Alamitos plumes consistently at 2 digtance
of 15-20 km to the northeast of the plants.

' 4 On the basis of the observed SF ., concentrations, peak
equivalent SO, concentrations at ground level attributable to the total
SO, output from a single plant ranged from 0.009 ppm to 0. 082 ppm
for the various sampling days. '

5. Plumes were identifiable in the aircraft in the South
Coast basin to a distance of 18 km for SO; and 8 km for NOy.
Limitations on plume identification at farther downwind distances
were caused by background concentrations. This means that the
plume can be considered as a single source for approximately these
distances. Thereafter, the contribution of the plume can be treated
as an effect on the total pollutant budget of the basin.

6. The reaction of NO and ozone in the plume results in a
clearly defined O5 deficit for a distance of at least 8 km from the
plant. Thereafter, the ceffects of ambient hydrocarbons can be
expected to play a more deminant role in the NOy - Oy chemistry

of the plume.
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7. The SO, {o sulfate reaction occurred too slowly to be
measured quantitatively during the experiments. Changes in sulfate
concentration downwind appearecd to reflect changes in background
concentrations rather than reactions in the plume.
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2. Recommendations and Comments

Results of the study lead to certain recommendations and comments
concerning the impact of large power plants, particularly in the South Coast
Basin.

1. The immediate coastal areas may nct be the best environment
for the large SO, sources from an environmental standpoint. Although the
plumes are injected well into the mixing layer at the source, the plumes
reach the ground downwind due to surface heating effects inland. Peak con-
centrations occur consistently from 10-20 km downwind and in a surprisingly
uniform direction from the plants. At these Jownwind distances from the
coast, population density tends to be very high. Numbers of people affected
would be less for inland plant locations and the plumes might well be better
dispersed. Plant requirements for water, for example, and associated
problems are not being considcred in these remarks.

2. The plumes in the South Coast Basin were rather easily con-
tained within the mixing layer. This suggests that reasonably higher stack
heights would not greatly improve the situation. Cn only a small fraction of
the days will plumes penetrate above the mixing layer and be unable to affect
ground concentrations. Additional stack heights of more than 100 m would
probably Le needed to affect this {raction significantly. Higher .iack heights
would alss tend to deercase peoak ground concentrations. Again, increases
of 100 m or more would be needéd to reduce the concentrations by 30% or

more unless the top of the mixing layer were penetrated.

‘ 3 Estimates of the downwind ground impact of the plants do not in-
dicate local violations of pollution standards if low sulfur content oil (approxi-

mately 0.45%) continues to be used. Instecad, primary ground impact problems

result from the high frequency of impact occurrence in a rather localized
geographical area. If higher sulfur content oils come into use, standard
violations in these areas might occur.

The principal SO, impacts under present conditions, therefore,
are suggested to be the ultimate conversion to respirable sulfates and the
ultimate cffect of these aerosols on wisibility. These impacts can be defined
in terms of contributions to the total basin loadings rather than impacts in
localized arcas.

Control strategies directed at the total basin problems dictate
that reductions of SO, cof any magnitude would be bencficial. This concept,
however, may conflict with the growing problems of natural gas supplies. ‘
The compromisc position may be conversion to natural gas on an cpisodic
basis {for time intervals as short as onc day) in order to reduce SC, impact
specifically during those perieds when significant contributions to sulfates
and visibility can be oxpected. ’



3. Program Discussion

3.1 Introduction

Increasing attention has been devoted recently to the effects of
large, stationary sources on the air pollution environment in California.
Primary questions have been raised in connection with large, fossil-
fuel, power plants and their potential impact in air basins such as the

South Coast.

A major requirement for such information relates to the

effectiveness.of possible control strategics such as the use of alternate

fuels.

A multi-organizational pregram was initiated by the Air Resources
Board in 1974 to consider the ciffects of several fossil-fuel power plants
on air quality in California. Objective of the program was to examine
the chemistry, dispersion, and transport of pollutants from these plants.
Operational variations consisting of the plant use of oil vs gas and.
differences in the background pollutant environment were incorporated
into the program design. A key factor in assuring proper interpreta-
tion of the pollutant measurements was the release of a tracer gas, SFg,
from each plant.

' Areas of responsibility in the multi-organizational program included
the following: '

1.

2.

o

SF¢ release, sampling, and analysis - Caltech.

Ground observations of SO, and sulfates - Rockwell
Air Monitoring Center.

Sulfate analyses - Air and Industrial Hygiene Laboratory.

Correlation spectrometer measurements of SO, -
Environmental Measurements, Inc.

Airborne sampling and meteorological measurements -
Meteorology Research, Inc. '

The p.r‘ogram consisted of nine days of sampling; three each at
the Moss ILanding (Pacific Gas and Electric Co.), Haynes (Los Angeles
Water and Power), and Alamitos {Southern California Edison Co.)

plants.
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The present report discusses the MRI phases of the program.
Program design, operational details, and data reduction are described.
General descriptions of the meteorological environment on each day are
included. Airborne plume data together with plume impact at ground
level are also described.

3.2 Design of the Experiment
Basic components of the program consisted of the following:

1. SFé tracer release

2. SF¥g sampling (ground and airborne)

3. SO, concentrations (ground and airborne)
4. Sulfate sampling {ground and airborne)

5. Meteorological environment definition

6. Plant operating parameters.

A continuous release of SF; for a seven-hour period was made
into the power plant stack during each experiment. * Hourly values
of SF." were obtained at eighteen ground stations for the Moss Landing
tests and at nineteen stations in the South CToast Basin. Simultaneous
hourly SO, concentrations were m=zusured zat ten of these localions hy
the Rockwell Air Monitoring Center. * Sulfate samples were collected

by seguential filters on the ground and by a filter system in the a2ircraft,

The MRI sampling aircraft (a Cessna 206) was equipped to ‘
measure a variety of meteorological and pollutant parameters. A list
of the aircraft instrumentation is given in Table 3.1.

" The aircraft was flown in two different sampling modes:

w1, Vertical spirals - Soundings were made from the ground
(or lowest practicable level) to an altitude of about 1500 m
(msl). Principal objective was to define the vertical
structure of the environment with particular emphasis on
the depth of the mixing layer and the associated vertical
mixing characteristics. QCccasional spirals were made
through the plume itself. A typical spiral soundlng for
Moss Landing is shown in Fig. 3.1.

2. Plume traverses - After identification of the plume,
horizontzl traverses were fiown through the plume and
perpendicular to the wind direction at plume height.

~ SI'y samples were obtained during the plume traverses
by a syringe technique. These traverses were generally




TABLE 3.1. AIRCRAFT INSTR UMENTATION

1. MRI Integrating Nephelometer
2. Environment One Condensation Nuclei Monitor (Rich 100)

3. REM 612 Ozone Monitor

- 4. Monitor I.abs 8440 NO-NO, Monitor

5. Andros 7000 CO Monitor*
6, Theta Sensor LS-400 SO, Monitor

7. - MRI Airborne Instrument Package
»\
\ Temperature
Humidity
Turbulence
Altitude

Indicated Air Speed
&. . Metrodata M/S VOR Analog Converter {uses aircraft radio)

fj, . Metrodata 620 Data Logger (20 channels)

* Used occasionally,
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made at 200-foot (61 m) height intervals down to an
altitude below the base of the plume or as low as™ - "
practicable in the area involved. '

Pibal wind observations were made hourly during each test:
period except when low clouds prevented visual tracking of the
balloon. In both test areas, one observation was made near
the plant location with the other observation located about
20-25 km inland. This permitted an assessraent of changes
in mixing layers and parcel trajectories as the plume moved inland.
Hourly values of surface winds were obtained from nearby locations,
as available, in order to define surface wind trajectories.

3.3 Operational Phases of the Program

Dates of the sampling program are shown in Table 3.2.

Flight times for each day are 2lso included, together with comments
on instrumentation problems and the number of SF, samples obtained
in the aircraft.

N\

Table 3.2 gives further details on the MRI portions of the field
program. Periods of pibal operation each day are shown, together
with the number of pibal observations carried out. Times of vertical
soundings and times and locations of the horizontal cross-section
patterns are also included in Table 3.2. Detailed data for each
observational day can be found in a separate Data Volume.
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4, Environmenial Characteristics
4.1 Surface Streamline Patterns

Typical surface wind patterns for each plant location are given in
Figs. 4.1 through 4.6. Characteristic winds at 0300 and 1500 PST are
shown in the figures.

The wind flow patterns in each area are dominated by diurnal sea
breeze effects. In the Moss Landing arca a weak, disorganized flow
exists at 0900." In the immediate coastal arca a light, onshore wind is
evident while winds in the inland areas reflect the land breeze flowing
toward the northwest down the Salinas Valley. During the afternoon
(Fig. 4.2) the sea breeze dominates the entire area in the form of steady,
onshore winds from the northwest.

In the Southern California area the two streamline patterns for 0500
PST (Figs. 4.3 and 4.5) are similar in showing very light, onshore
winds.in the South Coast area near the plant sites (LOAL). Light offshore
winds exist in the area north of Palos Verdes. Wind velocities are charac-
teristically light throughout the basin.

Dur.ng the afternoon the sea brceze flow becomes the dominant
feature of the patterns in the South Coast arvea. Near ihe piani sites ihe
onshore winds are characteristically from the southwest. The surface
streamlines downwind of the plants show a divergent pattern with one
branch turning to a more easterly direction and passing through Corona
and Chino. The other branch of the flow turns toward the northwest along
the foothills of the San Gabriei Mountains.

4.2 'Meteorolo_gical Test Conditions

"The meteorological and background pollution conditions for each test
are summarized in the following scctions. The mixing layer heights are
estimated {rom the characteristics of the vertical aircraft soundings.
Generally, the temperature and turbulence characteristics provide the best
indications of the effcctive mixing layer. In all cases, however, the verti-
cal profiles of the pollutant parameters werce also examined in order to
obtain a consistent pattern for the mixing layer depth.

A bricf description of the overall weather conditions is included for
cach test. In addition an estimate of the wind speed at plume height is
given together with the appropriate Pasquill stability category as defined
by the temperature differcence from the top of the stack to the top of the
plume.

12
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Background pollutant data are shown for plume height levels but in
areas outside of the plume. These data indicate a wide variation in back-
ground levels with the three sampling days at the Haynes Plant repr esent-
ing the highest levels. '

4.2.1 September 10, 1974 (Moss Landing)

Fog and low clouds extended inland beyond Salinas during the early
morning, clearing by 1100 PDT. A well developed sea breeze was present :
during the afternoon with maximum winds at 13 kts at Salinas. A strong.
temperature inversion existed on all vertical soundings. An example is o !
shown in Fig. 3.1. The 1407 sounding was made near the coast while ]
the 1700 PDT sounding was made over the golf course at Salinas and in-
dicates the inland modification of the temperature profile. Top of the
temperature inversion was 400-500 m.

Winds at plume height were light easterly through 1200 PDT, changing
to west to west-northwest for the balance of the afternoon.

Mixing Heights 1

Time Location Elevation of Top
: (PDT ) ‘ (m msl)
: 1132 _ E of plant _ 290
- 1251 E of plant 200
- 1407 ‘ NE of plant 135
" 1655 Golf Course 170

Plume Environment

Wind Speed at Pasquill Background Concentrations

Time Plume Height Stability (O N NO x SO, bscat
(PDT) C (m/s) | (pphom)  (ppm)  (ppm) (X 1073)
1132 1.5 F 1.0 . - 0.01 0.2
1251 1.0 ' 1.0 - 0.01 0.2
1407 2.5 ¥ 2.0 - 0.0 0.3
1655 6.5 ¥ 3.5 0.2

- 0.03
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4.2.2 September 11, 1974 {Moss Landing)

Skies were generally clear inland during the day until fog and low
clouds developed about 1800 PDT., A moderate north to northwest flow
developed by noon. Concurrently (in the late forenoon), a stratus cloud .
bank moved into the plant area and persisted for the balance of the day.
. This cloud bank extended about 8 km downwind of the plant. Winds at
plume height indicated a trajectory toward the south at 1100 PDT
shifting to southeast by 1300 PDT. A strong inversion was present on
both soundings with a top of 500-600 m.

Mixing Heights
Time Location Elevation of Top
~(PDT') -, {m msl)
.\
1121 E of plant 135

1414 E of plant 260

Plume Environment

Wind Specd at Pasquill Backpground Concentrations

Time Plume Height ~ Stability O, NO SO, bscat
(PDT) (m/s) : {(pphm)  (ppm) {(ppm) (x ig:;”)
1121 3.8 F T 6.5 0.03 0,0 0.9
1414 : 5.0 ¥ 7.5 0.03 0.02 0.9
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4.2.3 September 12, 1974 (Moss Landing - Gas)

Fog and low clouds existed over the area until late rorning.
Scattered to broken stratus clouds were present throughout the after-
noon. A moderate temperature inversion was present, based at around
500-600 m. The low clouds prevented cxtensive pibal observations, but
the available winds indicated northwesterly flow at the golf course and
west-northwest winds near the plant.

Mixing Heights

Time Location Elevation of Top
(PDT) (1 msl)
1432 Salinas Airport 505

1659 Plant 685

Plumc Environment

) Wind Spced at Pasquill Backeround Concentr ations
Time Plume Height Stability (OIN NO 4 SO, bacat
(PDT) (m/s) (pphm) (ppm) (ppm) (X }Q:i)

m
1432 8.0 D 4.0 0.03 0.0 1.8
1659 7.4 E 3.5 0.025 .0 1.4
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4.2.4 October 1, 1974 (Haynes)

" Fog and low clouds persisted during the morning, clcaring about
noon along the coast. Visibilities remained low (< 10 km) throughcut
the basin except for the immediate coastal areas during the afterroon.
Surface wind patterns showed a typical sea breeze in the southern
portion of the basin (south of Whittier), but with remnants of offshore
flow in the northern sections. Calculated trajectories at plume height
showed southwesterly winds with a slight tendency for the winds to
become more west-southwest during the late affernoon.

Mixing Heights

Time Location ' Elevation of Top
-APDT) {m msl)

1401 SW of Plant 230
1528 Los Alamitos Airport 625

1626 . 5 Fullexton Airport g 685
- 145R Santa Ana Canyon 595

Plume Environment

Wind Speed at Pasquill "Background Concentrations
Time ~ Plume Height Stability O, NO 4 SO, bsgcat
(PDT) (m/s) ' (pphm)  (ppm) (ppm) (X ]n(');:di)
1401 3.0 E 15,0 0,07 0.0 5.2
1528 . 4.6 E 12,0 0,055 0.0 3.9
1636 4.0 D 4.0 0.110 0.0 2.4
1655 4.9 D 8.0 0.065 0.0 4.0
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4.2.5

Fog and low clouds were present in the morning and only partial
Vigibilities were

October il, 1974 {(Haynes)

clearing occurred along the coast in the afternoon.

less than or equal to 10 km throughout the area during the entire day.
At the surface, a typical sea breeze pattern covered the entire basin
by mid afternoon. Trajectories at plume height showed a weak, dis-~
organized pattern beginning at 1100 PDT. The czlculated track of the
plume would have indicated weak movement toward the west, followed
by a reversal of the flew to 2 more easterly direction after 1400 PDT.
After this time, the calculated trajectorics indicated movement from

the west-southwest,

Mixing Heights

Elevation of Top

Time Location
__(PDT) (m msl)
1418 Los Alamitcs Airport 440
1701 Santa Ana Canyon 565
1717 Fullerton Alrpoert E05
1802 Los Alamitos Airport 595
1829 Riverside Airport 960
Plume Environment
Wind Spced at Pasquill Backoround Concentraticns
Time Plume Height Stability Oa NO SO, bseat
(PDT) (m/s) o (pphm)  (ppm) (ppm) (x lrvoq"l)
1418 1.4 E 8.0 0.05 0.0 4.8
1701 2,2 D 11.5 0.085 0.0 7.3
1717 2,0 E 10.5 0,075 0.0 7.5
1602 2.5 E 13.5 0.06 0.0 5.2
1829 3.0 D 19.0 0.075 c.0 10.0

23



%

4,.2.6 October 17, 1374 (Haynes)

The South Coast basin was generally clear all day with unusually
good visibilities. Exceptions were the Torrance-Hawthorne area in the
morning and the eastern portion of the basin in the late afternoon. The
day represented the end of a sequence of wealk, offshore wind conditions.
Calculated trajectories at plume height indicated plume movement toward
the northeast.

Mixing Heights

Time Location Elevation of Top
{(PDT) (m msl) .
N :
1537 , Los Alamitos Airport 215
1650 Fullerto» Alrport : 230
1713 | Shepherd Airport - 565
1724 : . El1 Monte Airport ‘ 535
~ 1758 - Chino Airport ‘ _ 440
1821 Los Alamitos Airport 200

Plume Environment

. Wind Speed at Pasquill ‘ Background Concentrations
Time Plume Height Stability O, NO SO, bsgcat
(PDT)) (m/s) {pphm) (ppm)  (ppm) (X ]]91':.4]'_)
1537 2.9 E 6.5 0,02 0.0 0.7
1650 2.8 E 5.0 0.025 0.0 0.5
1713 2.1 D 6.5 0.03 0.0 0.5
1724 2,3 D 6.5 0. 03 0.0 0.5
1758 2.5 E 5.5 0,025 0.06 0.5
1821 2.5 i) 5.0 0.02 0.15 2.0
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4.2.7 October 25, 1974 (Alamitos)

Skies were generally clear in the South Coast basin. Therc was
little significant restriction to visibility except in the eastern basin,
Otherwisc, visibilities were seven to ten miles or more. The sea
breeze flow developed in a classic manner throughout the area. Tra-
jectories calculated at plume height were consistently toward the

northeast.
Mixing Helghts
Time Location Elevation of Top
(PDT) ' {rmm msl)
N _
1315 Los Alamitos Alrport 655
1657 Fullerton Airpoxt 990
1750 : . Santa A.a Canyon L

- Plume Environment

Wind Speed at Pasquill Background Concentrations
Time Plume Height Stability O3 NO SO, . bsecat
(PDT) (m/s) {(pphm) {(ppm) {ppm) | {x 11(1)1 ':_"'1) :
1315 3.4 D 5.5 0.015 0.0 1.2
1657 6.0 D 2.5 0.035 0.0 0.8
7.7 D 2.5 0.030 0.0 0.8

1750




4.2_. 8 October 30, 1974 (Alamitos)

Skies were clear throughout the basin. Visibilities were very good
everywhere except for slight restrictions in the earlv rnorning along the
coast. Trajectories calculated at plume height showed plume directions
toward the north-northeast until around noon, gracrally shifting toward
the northeast during the afternoon. Temperature lzsse rates observed
showed little signs of stable layers. -Mixing heights were defined in terms
of turbulence and condensation nuclei. '

Mixing Heights

Time Location ‘ Elevation of Top
(PDT) (m msl)
1243 _ Los Alamitos Airport 595

1554 Fullerton Airport 840

1641 , Santa Ana Canyon 715

Plume Environment

Wind Spced at Pasquill Backrround Concentrations
‘Time .  Plume Height Stability O, NO SO, bgecat
(PDT) {m/s) (pphm) {(ppm) (ppm) (X 1791:4‘1)
1243 4.6 D 4.5 0.025 0.0 0. 80
1554 4.0 D 4.5 0. 02 0.0 0.90
1641 3.3 D 4.5 0.0 1.2

0.03
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4.2.9 November 7, 1974 (Alamitos)

Skies were clear in the basin with excellent visibilities throughout
the day. A moderate, westerly sea breeze develeped during the after-
noon. Temperature soundings showed no significant stable layers.
Calculated trajectories for the plume showed movement toward the north-
east, but with a shift to an easterly direction beginning at 1600 PST.

Mixing Heights

Time - Location . Elevation of Top
{PDT) : ) {m msl)
1345 Los Alamitos Airport . 410

1557 Fullerton Airport 335

Plume Environment

. Wind Speed at Pasquill Background Concentrations
Time Plume Height Stability O, NO SO, bgeat
{(PDT) {m/s) ' ‘ {pphm)  (ppm) (ppm) (X }g o)

1345 3.5 D 2.5 - 0.0  0.60
1557 6.4 - D 305 ‘ had 000 0- ()0
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'5, - Plume Characteristics

Vertical cross sections of the SOz plumes obtained at the three
sites are shown in Figs. 5.1 to 5.6 for those days when detailed sampling
was carricd out. Each data point on the cross sections represents the
maximum concentration observed during a horizontal traverse through
the plume. Repeated traverses through the plume at one downwind dis-
tance give an indicztion of the vertical section at that distance. Repeated
vertical sections downwind were made as shown. Although the horizontal
traverses were noi made simultaneously the figures approximately repre-
sent the plume cross section if a steady state condition is assumed. Also
shown in each figure is a verticaltemperature sounding and wind profile
appropriate to the plume environment.

SO, plumes (Figs. 5.1 to 5.6) are definable to greater downwind
distances than the NO, plumes. This reflects the higher NO, backgrcund
levels encountered in the ambient environment. Under these conditions it
was usually not possible to define the NOy plume at downwind distances
greater than about 8 km. Otherwise, the SO; and NOx plumes exhibit s

- gimilar &haracteristics.

Takblie 5.1 summarizes the péak SOz concentrations observed 2t var-
sous downwind distances at the plume centerline. Also given in the table are
‘he observed heights {msl) of the centerline and the dimensions of the plume
at each location. Dimensions are given in terms of a standard deviation (o)
computed as though the concentration distribution (vertically and horizontally)
across the plume could be considered as Gaussian. Some difficulties were
encountered in defining the vertical depth of the plumes due to restricted air-

_craft operations below 1000 ft. above terrain.

Figures 5.7 through 5. 15 show estimated plume trajectories each
sampling day. These trajectories were found by utilizing observed winds
at plume height (pibal observations) to construct a probable trajectory for
plumes leaving the specific plant site at several different times of day. An
inherent assumption in the plume trajectories is that the pibal wind obser-
vation at the plant site is representative of conditions along the entire plume
path, ' '

Estimated plume trajectorics in the Moss Landing arca shown an
easterly path on September 10 and a south {o southeasterly path on Sep-
tember 11. Low clouds precluded the pibal observations on September 12,
In the Southern California arca the trajectorics generally indicate a path to
the northeast but with some variable wind directions indicated for stack re-
leases made prior to 1230 PDT on October 11 and Novemnber 7.
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TABLE 5.1 PLUME DIMENSIONS AND
' MAXIMUM CONCENTRATIONS

SO, Plume
Date Time Distance X masx Centerline 2.150y 2.15 g,
(PDT) (km) (ppm) m (msl) {m) {m)

Moss Landing
Moge Lahtlls

9/10/74 1227 1.6 1.0 457 626 70
1428 1.6 1.9 335 313 61
1524 6.4 1.2 335 684 >107
1606 - 16.1 0.97 366 403 > 91
9/11/74 1142 1.6 1.0 457 . 962 36
9/12/74 1626 1.6 0.18 335 581 >107
N Haynes

10/1/74 31418 0.8 0.35 325 407 > 30
- 1450 4.8 0.24 407 183 > 30
10/11/74 1350 0.8 0. 35 527 445 >107
C 1428 4.8 0.31 281 1136 >122
1516 9.6 0.09 366 1540 - 183
1554 19.3 0.15 518 - | -
S 1634 30.6 0.11 549 971 | -
10/17/74 1456 0.5 0. 84 305 188 --
v 1605 11.3 0.14 366 -——- -
1634 22.5 0.18 396 1966 -
1738 32.2 0.19 457 .- -

Los Alamitos
10/25/74 1402 0.8 0.84 305 157 84
- 1417 4.8 0.23 305 752 > 38
.1519 14.5 0.08 305 157 --
10/30/74 1250 0.8 1.00 205 250 > 89
. 1328 4.8 0.23 335 1008 > 61
1453 16.) 0.09 396 1253 -
11/7/74 1249 0.8 0. 30 305 - 1018 >107
1349 1.8 0.22 305 1409 > 61
1444 16. 1 0.07 366 537 -
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TABLE 5.1 PLUME DIMENSIOXNS AND

MAXIMUM CONCENTRATIONS
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S0, Plume

Date Time Distance ¥ max: Centerline 2.150y 2.15 oy

(PDT) {km) {ppm) m (msl) {m) {m)
Moo Londing
9/10/74 1227 1.6 1.0 457 626 70
1428 1.6 1.9 335 313 61
1524 6.4 1.2 335 684 >107
1606 16.1 0.97 366 403 > 91
9/11/74 1142 1.6 1.0 457 962 36
9/12/74 1626 1.6 0.18 335 581 >107
Haynes
10/1/74 1418 0.8 0.35 335 407 > 30
. 1450 4.8 0.24 407 183 > 30
10/11/74 1350 0.8 0. 35 427 448 >107
: 1428 4.8 0.31 381 1136 >322
1516 9.6 0.09 366 1540 >183
1554 19.3 0.15 518 . -
Lo 1634 30.6 0.11 549 971 .-
10/17/74 1456 0.8 0.84 305 188 --
. ) 1605 11.3 0.14 366 - -
1634 22.5 0.18 396 1966 -
1738 32.2 0.19 457 - .-
Los Alamitos

10/25/74 1402 0.8 0.84 305 157 84
. 1417 4.8 0.23 305 752 > 38
.1519 14.5 0.08 305 157 -
10/30/74 1250 0.8 1.00 305 250 > 89
1328 4.8 0.23 335 1008 > 61
1453 16.1 0.09 396 1253 -
11/7/74 1249 0.8 0. 30 305 1018 >107

i 1349 4.8 0.22 305 1409 > 61 -
1444 16. 1 0.07 366 537 -



Aircraft sampling paths are shown in Figs. 3.7 through 5. 15.

- Indicated on each sampling path, where appropriate, is the location or
locations where the plume was encountered by the zircraft. In the
Southern Czlifornia area, particularly, correspoadence between com-
puted trajectories and observed airborne plume locations is generzlly
good. -

N ST
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6. Plume Analyscs
6.1 Plume Trajectories
Pibal winds at 1000 ft. above ground level for El Monte (noon ob-

scrvations) have been added to Figs.5.10 to 5.15 to indicate the general
flow pattern over the South Coast Basin at the plume level. It can be

.seen that the Il Monte winds provide a useful 1nd1cat10n of the plume

traJectorlcs for concurrent intervals of time.

As a result of this correlation between El Monte winds and plume-
trajectories a climatological summary of 1 Monte winds has becen pre-
pared. This summary appears in Table 6.1 and represents the available
noon wind directions at 1000 ft. above ground level for 1973 and 1974.

“The consistency of these wind directions is striking, particularly for

June through September. During these months over 60% of the wind
directions at El Monte are from the southwest. These data indicate.

that the plume directions observed during the test program were typical
of the most frequent dircctions to be expected during the spring, summer,
and fall months. Only Decerber and January fail to show high wind di-
rection frequencies from the southwest. This suggests that the plumcs
from thc Haynes and Alamitos plainis can be expected lo affect & rather
localized downwind area on a frequent basis.

6.2 - Plumec Diffusion Charactcristics

i Measured plume widths as given in Table 5.1 for each site location
have been plotted in Figs. 6,1 to 6.3. Data from individual horizontal
traverscs have been plotted on a standard dispersion graph and labeled
by the appropriate stability category as shown in Section 4.2. It can be
seen from the figures that the plume widths at short downwind distances
generally cxceed the widths corresponding to their respective stability
categories. At farther downwind distances the widths are in much better
agrecment with classical diffusion cstimates. It is of interest to note that
the apparent downwind growth of the plume is not as rapid as indicated by
the dispersion graph.

Table 6.2 gives the peak SO, concentrations shown in Table 5.1
but normalized to 2 maximum Xu/Q valuc for the various distances
shown so that individual tests can be compared. Also shown in the table
are stability catepories, wind speeds and an estimated value of xu/Q .
The latter values have been determined from standard dispersion graphs®
using specificd wind speeds and stablhty categories and refer to 10-minute
average coencentrations rather than the instantancous peak re: 1(31“;_;5
mecasured by the aircraft (modified by 1nstl ument time responsc).
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Comparison of the observed and cstimated values for Xu/Q indi-
cates good agreement for long distances downwind but lower observed
values then cstimnated at shorter distances. This is in agreement with
the comparative plume widths described above which indicate larger
widths than given by dispersion graphs for short downwind distances.

It is suggested that this difference results partially from the rapid
dilution which cccurs near the stack and results from the gas velocity
and initial buoyancy of the plume. The plume therefoterinitially cannot
be considered as emanating from a point source but must be considered
to have internal diffusive encrgy which is gfadu-a.lly‘dis sipated as the
plume travels downwind. ‘

6.3 Plume Rise

Downwind ground concentrations from a tall power plant stack are
strongly controlled by the extent of the plume rise above the stack. The
plume rise, inturn, is controlled by height of the stack, stack gas vel-
ocity and tempecrature as well as the environment parameters of wind
speed and temperature stability. Although newer plume rise models
are b'e‘ing dcvelopog, the most frequently used models have been sum-
marized by Briggs™

Two plume rise models given by Briggs bave been used most ex-
tensively. 1hesc are:

1/3
F
Ah = 2.4(-*) ‘ (1)
us
and
1/3
Ah = 1.6 x 2/3 (2)
u
where
Ah = plume rise above the stack top
2 Ty - Ta
¥ = R™Wg -‘g-,i:-”—-'-'- = {lux paramcter
g ‘. ‘ -
R = radius of stack



w = gas velocity

Tg = stack gas temperaturce
Ta = ambicnt temperature
T AZ
a
u = 'avcragc wind specd between stack top

and plume top

downwind distance .

"
n

Table 6. 3 shows the appropriate parameters used in calculating
plume rise from Briggs' models, Table 6.4 gives the results of the two
estimation techniques compared to the observed plume heights. As sug-
gested by Briggs, x has been taken to be 10 times the stack height for
the purposes of calculating the final equilibrium height of the plume.

~Table A.4 indicates that Equation' (1) provides adequate estimates
of plume height except for conditions of near-neutral stability (low values of
S) and, to some extent, with low values of wind speed. Equation (2) gives
an improved estimate of plume height under conditions of low stability but
téndé to overestimate plume height for low wind speeds. In addition, the
higher stack height (152 m) for the Moss Landing plant contributes to
Ial-gér overcstimates for September 10 and 11 using Equation (2).

The data in Table 6.4 suggest that the standard plume rise formulaes
provide useful estimates of plume height for various ranges of environmen-
tal conditions. TFor extrcme cascs of low wind speed or low environment
stability, consideredable care must be used. It is under these more ex-
treme conditions where the newer, hydrodynamic models may be morc
useful,

6.4 Characteristics of Peak Ground Concentrations

Table 6.5 gives peak ST ground concentrations as obtained by the
Cal Tech sampling. Peak concentrations are given in terms of a normal-
szed value {Xu/Q) whichis a function of stability category and downwind
distance only. Obsecrved values in the table were determined from the
obscrved 5% ground concentration (X) divided by SFg rate of release
(Q) and multiplicd by the appropriate wind speed (u) at plume height.
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TABLE 6.3 PLUME ENVIRONMENT OBSERVATIONS

Average

- Downwind Wind 1/3

Date Time Distance Speed AB/AZ F
9/10/74 1524 PDT 6.4 km 2.2m/s 2.22°C/100m  14.37
9/11/74 1142 1.6 3.0 2.46 14,06
9/12/74 1626 1.6 7.7 1.02 13,87
10/1/74 1450 4.8 3.0 0. 40 10. 34
10/11/74 1428 4.8 1.0 0.47 10. 72
10/17/74 1542 6.4 3.5 1.10 10.79
10/25/%4 1417 4.8 3.4 0.10 13,08
10/30/74 . 1328 psT 4,8 4.8 0.33 12,63
.1i/7/?4 1349 4.8 5.0 0.03 12, 86




TABLE 6.4 PLUME HEIGHT COMPARISONS

Observed Height

Calculated HeightA

Calculated Height®

9/10/74 = _ 335 m msl 444 m msl 1369 m msl
9/11/7a ™ 455 400 982
9/12/74 NS 335 393 378
LpinEY 405 411 459
10/11/74 yegno” 380 552 1429
10/17/74 K 305 314 411
10/25774 4 305 708 471
10/30/74 F 335 441 322
Y 305 - enl 31k
, F 1/3
A - Calculated from: Ah = 2.4 (;g) |
8 - Calculated from: Ah = 1.6 rlu/3 x2/3
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TABLE 6.5

PEAK SF; GROUND CONCENTRATIONS
AND LOCATIONS

Peak Ground Concentration

(normalized) Downwind
_ Time yu/Q Distance
Date (pm) Obs. Est. Obs. Kst.
9/10/74  5-6 PDT 1.79 5 10- 7m® 5% 10"m¥, 12.7km 17km
9/11/74 2-3 PDT  12.2 1.6 16.0 27
9/12/74  3-4 PDT 12.2 5. 16,4 17
10/1/74 4-5 PST 12. 1 2. 17. 4 23
10/11/74  3-4 PST 3.32 3. 24.0 21
10/17/74 12-1 PST 4,27 7. 17.4 13
10/25/+74  4-5 PST 6.53 7. 17.4 13
.10/30/74 4.5 PST  10.5 5. 15.4 17
11/7/74 2-3 PST  7.21 7. 21.5 13
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There was some ambiguity about the wind speed in some of the tests
where the wind speed increased downwind as the plume moved inland.

In thesec cases, the wind speed at the plant site at plume height was

used for the time period closest to the observed ground maximum con-
centration. Downwind distances to the peak SFg concentration are also
given in the table. These maximum values occur at 12 to 24 km down-
wind although the resolution of the downwind distance is not very good
due to the limited number of ground samples.

The obscrved values of peak ground values xu/Q have been com-
pared in Table 6.5 to valucs estimated from a dispersion graph given in
Meteorology & Atomic Energy”. These estimated valucs are appropri-
ate for D stability and the plume heights given in Table 6.2. D stability
was used in all cases since it was apparent from the meteorological con-
ditions that neutral lapse rates existed in the lower portions of the plume
and resulted in mixing of the plume to the ground. FPlume rise, on the
other hand, (Section 6. 3) is influcnced by stability aloft near the stack
and was found to range between D and F during the test program.

\Cornparison ‘of observed and estimatedXu/Q values and downwind
distances show good overall agreement but some variability between tests.
In view of the wind speed variationy, lack of a dense network for the ground
samples and dewnwind variotions in the diffusion environment, the agree-.
ment is considered to be satisfactory.

. Table 6.6 utilizes the peak SF,; ground concentrations to estimate
the S0z impact of cach plant at the peak downwind locations. Values of
SO, output refer to all units at cach plant. Ilquivalent peak SOz con-
‘centrations arc given in ug/m® and ppm and refer to one-hour averaged
values.
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TABLE 6-6 SO; GROUND CONCENTRATIONS
ESTIMATED IFROM SI'; VALUES

ok Dilution {actor Equivalent SO 2 concentralions-
Date Windspeed Ernissions® (from pecak SFg) (one hour)
u Q va/Q X

9/10/74 4.5wm/s 570 g/s 1.79 x 10~"m-* 22.6 ug/m® .009 ppm-

9/11/74 4.7 630 1.22 x 10-° 163.5 . 062

9/12/74 7.7 --- am——— ——- —--

10/1/74 4.2 425 1.21 x Io-® 122. 4 . 047

10/11/74 3.0 540 3.32 x 10=7 59. 8 .023

10/17/74 3.0 455 4.27% 10-7 647 .025

10/25/74 5.9 - 685 . 6,53 10-7 75.8 .029
| 10/30'/;14 3.6 740 105y 10-°  215.8 . 082
11/7/74 5.7 790 7,21y 10-7 100.0 .038 ’

* - Total for plant.
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6.5 Corrcspondence Between SF, and SO,

During the sampling periods, SF, was injected into one stack
at a uniform rate by Caltech personnel. On each sampling traverse,
the MRI aircraft collected a sample for later SF, analysis at Caltech.
The samples were collected with a syringe which drew in air at a
constant rate throughout the traverse. The measured SF4 concen-
trations, therefore, represent an average for the traverse, both
within the plume and without.

The recliability of the SF, as a tracer for the emissions of
the power plant was checked by comparing the SFg plume averages
with the continuous SO, concentrations recorded by the Theta
Sensors, Inc. (TSI)instrument onboard the aircraft. A computer
routine (TINT) was wrilten to average the continuous aircraft data
over each traverse to make this comparison possible. The results
of this compzrison are summarized in Tables 6.7 through 6.16
which show the average SO, concentrations measured on traverses
downwind of the plant and the corresponding average SO, concen- -
trations calculated from SF¥, concentrations.

The calculated values for SO, are based on the formula

| Qso2 - MWep,
[s0O.] (Calculated) = s X e X [sFsl,
where MW , MW are the molecular weights of SO, and .
L SO, SF ¢ ‘
SFg, and Q ‘and Q are the mass emission rates of SO, and

SO, SFg

SF¢ at the plant. The emission rate for SFg was calculated from
the amount released and the emission rate for SO, was calculated
from stack concentrations and air flow rates or from the fuel flow
rate and sulfur content. ‘ ‘

Tables 6.7 through 6.16 show comparative obscrved and calcu-
lated SO, data for threce sampling days. There was gencrally good
correlation between measured and calculated SO, averagces; that is,
between SF,; and SO,. From this obscrvation, we can infer that:
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a. At the distances sampled, little SO, is lost to sinks
such as aerosol and surface deposition.

b. At the distances sampled, the SF, tracer is falrly
well mixed into the plume.

c. Most of the SO,; encountered in the apparent plume
was from the power plants.

TABLE 6.7 COMPARISON O OBSERVED AND CALCULATED
AVERAGE SO, CONCENTRATIONS

‘September 10, 197< (0.8 km downwind)

 Altitude Measured SO, Calculated SO *
. (m msl) . (ppm) . (ppm)

427 - 0.040 | 0.017

397 ‘ 0.170 0.193

366 0.247 s 0.512

355 | 0.146 | 0.116

305 0.040 0.007

275 0.020 - 0.005

244 | ' - 0.040 0,007

% Contribution of Units 5 and 6 as calculated from SI'g concentrations.

%% Instrument over-ranged.

60



TABLE (.8 COMPARISON OT OBSERVED AND CALCULATED
AVERAGE SO, CONCENTRATIONS .

September 10, 1974 (6.4 km downwind)

Altitude Measured SOz Calculated SOz *

(m msl) (ppm) (ppm)
488 0.041 | 0.013
427 0.078 0.072
366 . 0.175° ©0.250
. 335 0.116 0.177
s '0“.0'35 0.130

e

% Contribution of Units 5 and 6 as calculated from SF, concentrations.
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TABLE 6.9 COMPARISON OF OBSERVED AND CALCULATED
AVERAGE SOg4 CONCENTRATIONS

September 10, 1974 (16 km downwind)

Altitude Observed SO, Calculated SOz
m msl (ppm) (ppm)
488 ~0.049 0.004
457 0.053 - . 0.007
| 427 0.061 0.018
N
t 397 0.049 1 0.007
366 © 0.086 - 0. 055
335 0.079 - “ 0.051
305 0..090 0.077

* Contribution of Units 5 and 6 as calculated from SFg concentrations.
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TABLE 6.10 COMPARISON OF OBSERVED AND CALCULATED
- AVERAGE SO, CONCENTRATIONS

October 11, 1974 (0.8 km downwind)

Altg’.c.{ide Obscrved SO, Calculated SOp *
- m msl (ppm) (ppm)
518 0.057 | 0.042
488 ) 0.038 - 0,036
- 457 0.033 0.022
N\ 421 1 0.055 0. 067
_ 397 0,041 0. 044
366 0,047 | V. 037
335 0.044 | msg

% Contribution of Hayncs plant calculated from SFg concentrations.
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TABLE 6.11 COMPARISON OF OBSERVED AND CALCULATED
AVERAGE SO, CONCENTRATIONS

October 11, 1974 (4.8 km downwind)

-

Altitude Observed SO Calculated SO, *

(m msl) (ppm) (ppm)
549 0.016 0.026

488 0.031 - 0.021
| 442 0.027 0.018
S s ‘: 0. 037 | 0.028
305 o 0.022 N 0. 020

% Contribution of Haynes plant as calculated from SFg concentrations.
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TABLE 6.12 COMPARISON OF OBSERVED AND CALCULATED
AVERAGE SO, CONCENTRATIONS

October 11, 1974 (9.6 km downwind)

~

Altitude Observed SOy Calculated SOz *

(m msl) (ppm) (ppm)

671 0.006 0.008

610 - 0.017, 0.011

549 0.011 0. 009

R 489 0.021 | 0.012
427 g 0.016 | 0.014

366 0. 020 0.021

305 0.022 0. 014

% Contribution of Haynes plant as calculated from SFg concentrations.
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TABLE 6.13 COMPARISON OF OBSERVED AND CALCUILATED
AVERAGE SO, CONCENTRATIONS

October 25, 1974 (0.8 km downwind)

~

Altituae Obscrved SO, Calculated SO,

m msl (ppm) ' (ppm)

518 0.015 0.001

488 . 0.009 - 0.001

457 0.019 0.018

N 427 0.032 0.020
357 0.038 |  0.054

366 0.065 SL | 0. 021

335 0,041 " 0. 067

305 o 0.055 | 0.081

% Contribution of Alamitos plant as calculated from SFg concentrations.
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TABLE 6.14 COMPARISON OF OBSERVED AND CALCULATED
AVERAGE SO, CONCENTRATIONS

October 25, 1974 (4.8 km downwind)

-

Altitude Observed SO; Calculated SOg*

(m msl) (ppm) (ppm )
427 0.009 0.001
397 0.013 . msg
366 0.021 - 0.023
\
Co335 0.022 0.017

305 E 0. 056 : 0,076

% Coniribution of Alamitos and Haynes Plants as calculated from SIg
concentrations. - .
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TABLE 6.15 COMPARISON OF OBSERVED AND CALCULATED
AVERAGE SO, CONCENTRATIONS

October 25, 1974 (16 km downwind)

Altitude Observéd SO, Calculated SOz
{m msl) (ppm) (ppm) :
671 0.005 0.003
610 0.006 0.001
579 0.011 0. 007
549 0.006 - " 0.004
. 518 0. 004 | 0.011
s 0.005 | 0.010
457 - 0.002 o001
427 0.005 | 0.001
396 0,002 | - 0.001
366 B 0.602 0.001
335 0.002 . msg
305 0.006 msg

% Contribution of Alamitos and Haynes plants as calculated from SFgq
concentrations. - ‘
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TABLE 6. 16 COMPARISON OF OBSERVED AND CALCULATED
AVERAGE SO, CONCENTRATIONS

October 25, 1974 (32 km downwind)

Altitude Obscrved SO; Calculated SOz

(m msl) (ppm) (ppm)
671 o 0.005 | 0,006 -
610 0.005  0.016
N 549 0.001 10,001
488 | 0,001 0.001
427 - . 0,001 | 5.001

ST

% Contribution of Alamitos and Haynes plants as calculated from SFgq
concentrations.
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It should be mentioned at this point that a small number of
syringes taken on traverscs where all continuous monitors (502,
NO, NO,, Oj) showed background levels were found to contain
high concentrations of SFz. These few syringes were assumed to
be contaminated. ‘

6.6 Contribution of Plumes to Concentrations Aloft

Flight plans were designed so that the aircraft sampled roughly
rectangular cross-wind sections at several distances downwind of
the power plants. Tables 6.17 and 6.18 show the average and
maximum concentrations of SOg, NO, and NO, sampled in each
cross-section. The prominence of a plume in the data can generally
be judged by comparing the peak concentrations with the averages.

Also shown in Tables 6.17 and 6.18 are the estimated
contributions of the power plants to the observed average concen-
trations of SO, and NO,. These are scaled from the measured
average SFg concentrations as described in Section 6.5 and
reprcsent only those units for which NO,, emissions were reported.
As observed in Section 6.5, the calculated SOy contributions of
the plumes are similar to the SO, concentrations actually measured.
This is not the case with NOy. Averaged over an entire cross-
section, ihe power plants appear gencrally o have contributed '
relatively small fractions of the NOy encountered in the Los Angeles
basin.

Close to the stacks, the NO, emissions of a power plant are

largely in the form of NO, as can be secn by comparing the NO and

NO, maxima. At 0.8 km downwind, there is good agreement
between measured NO concentrations and the calculated NOy contri-
bution of the plume. In the los Angclcs_basin, the {raction of
ambicent NO which can be attributed to the plume drops with
increasing distance from the stacks and the cross-wind averages
quickly approach an 'urban background' level.

6.7 A Mass Balance for SO, and SFg

The discussions of the preceding two sections were based on
comparisons of the relative concentrations of S¥g, SOg, NO, and
NO, measurcd in the ambicnt air to the relative concentrations of
these gases in the power plant emissions. An advantage of this
approach was that conclusions could be drawn for well mixed plumes -

on the basis of a partial sample. In the present scction, we attempt

a mass balance for SFg and SO; in the plume to determine the extent
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TABLE 6.17 COM.PARISONVIOF PEAK AND AVERAGE
PLUME CONCENTRATIONS - ‘

Calculated *
Downwind Maximum Avcrage Average
Distance Concentration Concentration Concentration
{km) Parameter (ppm) (ppm) (ppm)
» Scptember 10, 1974
0.0 S0, 1.9 0.08 0.12a
6.4 SO, 1.2 0. 06 0.13
16.0 SO, G.97 0.05 0.03
September 12, 1974
0.8 NO 0.12 0.009 0.005b
0.8 NO 0.18 0.03 0.005
.. October 11, 1974
0.8 SO, 0.35 0.045 0.023c
4.8 SO, 0.11 0.027 0.015
g.6 S5O, 0.09 0.016 0,007
. 0.8 NO 0.44 0.025 0.019
0.8 NO 0,62 _- 0.126 0.019
4.8 . NO 0.11 0.022 0.012
4.8 NO % 0.22 0.098 0.012
9.6 NO 0.06 0.017 0.006
- 9:6 NO « 0.20 0. 080 0.006
~19.2 NO 0.06 0.013 0.002
" 19.2 NO 0.15 0.082 - 0.002
32.0 NO 0.06 0.008 0.001
32,0 NO x 0.15 0.087 0.001

.

% Calculated concentrations werce scaled from measured ST s concentrations
and represent the estimated contributions (assuming no losses) of:

a)~- Moss Landing Units 5 and 6
b)- Moss Landing Units 6 and 7
c)- Haynes Units 4 and 6
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TABLE 6.18 COMPARISON OF PEAK AND AVERAGE
PLUME CONCENTRATIONS

October 25, 1974

Calculated
Downwind Maximum Average Average

Distance Concentration Concentration Conceniration
(km) Parameter (ppm) {(ppm) (pp11y)
0.8 SO, 0. 84 0.029 0.026
4,8 SOz 0.23 0.021 0.011
16.0 Sdg 0.08 0.005 0.002
32.0 SOz -- 0.002 0.002
0.8 NO 0. 40 0.018 0.018
.8 NOy 0.46 0.036 0.018
a8 NO o ' 0.011 0.007
4.8 NO4 0.15 0.028 0.007
16,0 NO 0.10 0.014 0.002
16.'.0 NOy 0.16 0.049 0.002
32,0 . NO 0.02 0. 006 0.002
32.0 NOy 0. 06 0.038 0.002

T
ay

% Calculated concentrations were scaled from measured SFg concentrations
and represent the estirnated concentrations {assuming no losscs) from
Alamitos Units 5 and 6. ' '
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to which emissions are, in fact, accounted for in the aircraft
sampling data.

_ The emission rates of SFg on each day were monitored by
Caltech personnel. In-stack measurements of SO, concentrations
confirmed that SO, emission rates can be calculated with sufficient
accuracy from fuel flow rate and sulfur content. Tables 6-19
through 6.21 give the emission rates of SFg and SO, obtained in
this way for cach flight.

Measured ambient concentrations (g /m?®) need to be converted
to emission rates (g/scc). Multiplying the average concentration
measurcd in o sample rectangle by the area of that rectangle gives
the integral f (concentration) dy dz. The product of this integral
(g /m) and the wind spced (m/sec) normal to the rectangle is a mass
flow rate (g/sec) which can be compared with the emission rate.

Tables 6. 19 through6.21 show the mass flow rates calcu-
lated in this manner for sample rectangles at increasing distances
downwind. Since winds were not always in a steady state, the wind
speed chosen for each calculation was that measured at plume level
near the plant at the approximate time of emission of the material
sampled in the rectangle. It is this initial wind speed which governs
the longitudinal dispersion of the plume. ‘

There is a good deal of scatter in the tables and there appears
to be no consistent relationship with downwind distance. However,
there is a strong differcnce between the results for Moss Landing
and the results for the L.os Angeles area. While the observed SI'g
and SO, flow rates in the Moss Landing plumes are comparable with
the plant emission rates, both the SFg and SO» flow rates observed
in the Los Angeles plumes are much smaller than emission rates
would indicate. The deficiency suggests that substantial fractions
of the Los Angeles plumes were below the altitudes sampled by the
aircraft. This interpretation is supported by examination of the
datain Figs. 5.3 and 5. wherc it is apparent that the lower portions of
the plume are not adequately sampled due to the minimum altitude
flying restrictions.
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TABLE 6. 19 MASS FLOW RATES (g/scc)
Moss Landing 9/10/74

SFs SO4
Emitted by Plant* 9.7 570
Measured Downwind*
0.8 km ' 10.3 . 440
6.4 km 23.8 840

%

SFs value monitored by Caltech personnel; SOz value calculated
from sulfur content of fuel.

%% Calculated by integrating measured concentration over sampling
rectangle and multiplying by wind speed at time and location of
emission, ’

A,

—~
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TABLE 6.20 MASS FLOW RATES (g/sec)
Haynes 10/11/74

SFs SO

Emitted by Haynes™ 4.8 ' 540
Emitted by Haynes and Alamitos™ 4.8 1210
Measured Downwind ™™ :
\ 0,8 km 0.7 80

‘ 4,8 km 0.5 60

1.0 150

9,6 km

—

% SFg value monitorcd by Caltech personnel; SO, value calculated
from sulfur content of fuecl, '

%% Calculated by integrating measured concentration over sampling
rectangle and multiplying by wind speed at time and location of
emission, :
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TABLE 6.21 MASS FLOW RATES (g/sec)
Alamitos 10/25/74

~ SFe SO,
Emitted by Alamitos® | 9.0 700
Emitted by Haynes and Alamitos™ 9.0 1170

Measured Downwind*¥

0.8 km 3.0 180
4,8 km 1.3 70
16.0 km 0.9 140

% . SFg value monitored by Caltech personnel; SO, value calculated
from sulfur content of fucl,

%% Calculatcd by integrating measured concentration over sampling

rectangle and multiplying by wind speed at time and location of
emission.
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7. Chemistry of the Plume

An objective of the present program has been to examine the
chemical transformations in the plume. Principal among these were
the conversion of SO, to sulfate and the cffect of the plume on the oxi-
dant chemistry in the atmosphere. The {former reaction is expected to
be reclatively slow, the latter much more rapid. Due to the relatively
short downwind scale of the experiment, only the more rapid reaction
could be examined. Data on SO;-sulfate comparisons are shown but
the conversion rate is judged to be too slow to be evident in the present
experimental data with the relatively short downwind travel distances
where sampling could be carried out.

7.1 Ozone-Nitrogen Oxide Chemistry of Plume

In those cases where the plumes could be identified in the SO, data,
the ozone concentrations within the plumes were lower than outside. In
this-section these ozone "deficits! are related to the basic photochemical
kinetics of an NO-NO;-03 system. ‘

The absorption of UV radiation by NOz drives the following set oi
reactions (Stephens)® : ‘ :

ki |
NO; + hv NO + O (1)
kg '
O+0; +M—03 +M (2)
‘ k3 :
O3 + NO NO, + Oz . (3)

While chains of reactions involving reactive hydrocarbons and their
products play an cssential role in the build-up of ozone, rcactions (1) -
(3) are fast enough that NO, NOz, and O3 arc generally in a quasi-
equilibrium determined by the rate constants ki - ksz. This is the so-
called photostationary state, in which (Step‘ncns)sz ' |

[03] [NO]/[NO-‘;] =k /ky . ‘ (4)
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The relationship in Equation (4) is not by itself sufficient to deter-
mine the concentrations of NO, NOz, and O, . A sccond relationship is
imposed by the conservation of oxidizing species in reactions (1y - (3):

[0] + [0s] + [NO:z] = C . (5)

The constant C in Equation (5) is actually a slowly varying function

C = Cl(x, y, z, t) of space and time, reflecting the participation of free
radicals in the photochemical system, The half-life [or atomic _oxygen
in reaction (2) is about 13 4 sec in the atmosphere (Williamson)v .

so that we can approximate Iquation (5) with:

[0s] + [NO,] = C' . (5")

- " Table 7.1 and Figure 7.1 show how the concentrations of NO, NOx
and O3 measured one-half, 3, and 5 miles downwind of the Haynes plant
on 10/11/74 conformed to the theoretical relationships (4) and (5'). The
relatively uniform values cf [NOJ021/[NOz] and [NOz] + [03] appearing
in Table 7.1 and Figure 7.1 contrast with the widely varying pcllutant
concentrations evident in Figures (.2, -3, and 7-4, which show typical
plume traverses at the three distances.

: Based on chamber studies of k3 and ks, 2 value of 10-25 ppb would
be predicted for [NO][02]/[NOz]. The measured values are in this range,
-except for those in Table 7.1 taken one-half mile from the stack and those
‘in Figure 7.1 taken as the aircraft first penetrated the plume. Becausc
of the steep conceniration gradients involved in these instances, the data
may have been distorted by.the transient response characteristics of the
monitoring instruments,

Figure 7-1 indicates that to a first approximation the oxidant con-
centration C can be considered constant across the plume at the sampling
distances under considerzation. With this assumption, Equations (4) and
(5') can be solved for [NO], [NOz], and [Os] as functions of {NOg] =
[NO] + [NOz]:

. 1 ) ’
[NO:] = 5 {c + Ky fka + [NOx]

127 ©
| | | ,
. ((c 4y /ks + [NOx])© - 4 C[NOx] ) }
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TABLE 7.1 NOy CONCENTRATION AND DERIVED CON-
CENTRATION PARAMETERS [NOz] + [Oa]
AND [NO] [05]/[NO:] AT CENTERLINE OF
HAYNES PLUME ON 10/11/74.

Distance
from stacks [NOy ] [NO.] +[0s] [NOJ[0,]1/[NO;]

Pass (miles) (ppb) (ppb) (ppb)
1 1/2 358 - 195 40
2 1/2 358 190 64
3 1/2 350 162 41
4 1/2 .. 384 176 53
5 1/2 516 195 37
6 - 1/2 326 150 56
7 1/2 234 161 25
10 3 175 160 - —18-
ar 3 1197 138 12
12 3 210 164 | 15
j13f 3 209 173 12
G 14 3 163 142 25
17 5 126 166 17
18 5 145 165 17
19- 5 180 180 13
20 5 196 174 10
21 5 200 173 13

.
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[NO] = [NOx] - [NOz] | (7)

[0;] = C - [NOz] . o ®

The specics NOx is chosen as the independent variable in the model be-
causec it can he considerced conservative over the distances and travel
times under consideration. Its concentration is thercfore determined
solely by the physical mechanisms of dilution and advection.

Figure 7.5 compares calculated and measured concentrations of
NO and Os for the traverse downwind of the Haynes plant shown in Fig-
ures 7.) and 7.3. The parameter values used in these calculations were
C = 140 ppb, ki /ks = 20 ppb. As expected from Tigure 7.1, our model
performs well, the largest discrepancies occurring at the point where
the zircraft first penetrates the plume.

N A

\

It should be emphasized that the above model is based on reactions
(1) - {3}, and does not take into arcount free radical chemistry within
the plume. It appcars from the present study that this model adaquately
describes the effect of power plant plumes on ambient ozone concentra-
fionrs oul to a distance of at least 5 miles, or about onc hour, downwind.
At larger distances or travel times, the accuracy of the model may be
influenced by reactions involving ambient hydrocarbons within the plume.

Observational data to cvaluate the O, concentrations beyond & km were

‘not available due to the presence of significant background values.



0,1, (eph)

[NC], (ppb)

NOy , {ppb)

100 .

go +

PO S

60 -

60

40 +

20 |-

180 \ o O

160

“on o] o
1TV
o %0
: (@]
120 fe) (o} (o]
o]
fe) C
100 |~ : (o]
: o]
8o b= . o
. o]
o0 °
60 - Co0
40 |-
20 §-
1 1 3 ] 1 1 1 { H
144150 200 210 220 230 240 250 300 144210
) Time {(PDT)
Caiculated
0 .0

(o 2ale] Measured

Fig. 7.5.

trations predicted by model described in text,

87

Portion of horizontal cross wind traverse at 1800 ft msl, three
miles downwind of Ilayncs power plant on 11 October 1974,
sured concentrations of NO and O5 are comparced with the concen-

Mea-

i
H
¢
£
H
:
:



o

7.2 Sulfur Chemistry of Plume

The sulfatc analyses of the filters collected by the MRI aircraft
are summarized in Table 7.2. Each {ilter was exposed during all of
the passes at a given distance from the stacks, so that thesc sulfate
concentrations represent averages over the sampling rectangle. Cor-
respondingly averaged SI g, SO ,, and bgecat concentrations are shown
in Table 7.3 for comparison.

The concentrations of sulfates found outside the plume were var-
jable and oftecnhigh. As an illustration, the highcsit sulfate concentra-
tions measurcd at Moss Landing occurred on 9/12 /74, when the plant
was burning sulfur-frec gas. Similarly, highest sulfate concentrations
in Los Angeles were found on days with high aerosol (bgcat) backgrounds.
In contrast, the fractions Sparticula.tc/stota.l in Table 7. 3 indicate that
most of the ambicnt sulfate at Moss l.anding on 9/10/74 could be account-
ed for by primary sulfate directly emitted by the plant.

The variability of the sulfate background makes it difficult to esti-
mate the ratc at which sulfate is produced within the plume. An upper
bound for the fraction of SO, converted to SO, can of course be obtained
from the column Sparticu]ﬁtclstotal in Table 7.3. Taking the low-back-
ground days 9/10/74 and 10/25/74, ond subtracting out primary sulfate,
one gcts the foliowing estitnates for the fraction o of SC, converted to
sulfate ten miles from the stacks:

; 9/10/74: o< 2.3% - 1.5% = 0.8%
B 10/25/74: o< 12.9% - 1.8% = 11.1%.

It must be emphasized that these numbers are strictly upper bounds, and
may greatly overestimate the extent of conversion if a substantial fraction
of the sulfate is from sources other than the power plant.
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TABLE 7.2 SULFATE CONCENTRATIONS (ANALYSIS
BY STATE OF CALIFORNIA AIR AND IN-
DUSTRIAL IYGIENE LABORATORY)

AIHL _ Distance

Sample Time I'rom Stack 3
Number Date (PHT) {miles) Sulfate, Ug/m
XA0340TV 9/10/74 1139-1242 1 <3.1
XA0342TV 9/10/74 1410-1433 1 6.1 14 4.5
YA0344TV 9/10/74 1448-1531 5 4.0 + 1.0
ZA0346TV .~ 9/10/74 1552-1636 10 6.3 +1.9
XB0348TV 9/11/74 1126-1636 1 <1.1
XC0312TV 9/12/74 1608-1642 1 <3.0
YC0310TV 9/12/74 1530-1548 10 2.0 +0.4
ZC0306TV 9/12/74 1445-1527 15 11.0 + 6.2
ZC0308TV 9/12/74 11.4 2,7
XD0370TV 10/1/74 1409-1421 0.75 14.9 £ 9.3
YDOX72TV 10/1/74 1433-1513 2-3 8.9 +3.0
ZD0374TV 10/1/74 1550-1614 20-25 4.1 +3.9
WIF0467TV 10/11/74 1331-1405 0.5 14.4 +2.5
XF0469TV 10/11/74 1423-1443 3 14.4 12,2
YF0473TV 10/11/74 1448-1524 6 14.3 + 1.9
ZF0475TV 10/11/74  1533-1607 12 8.9 +1.3
XG0483TV ~ 10/17/74 1459-1507 0.5

+YGO0485TV 10/17/74 1512-1526. | 1.3 +0.8
*ZGO487TV 10/17/74 1542-1613 6 .9 +0.5
WG0489TV 10/17/74 1622~1705 15 1.9 £0.3
XH0515TV 10/25/74 1322-1403 1/2 2.2 +0.8
Y10517TV 10/25/74 1417-1442 3 4.6 +1.2
ZI0519TV 10/25/74 1456-10607 10 2.9 0.6
WHO5Z1TV 10/25/74 1752-1813 20 3.5 +1.3
ZI0525TV 10/30/74 1250-1318° 1/2 4.5 + 1.7
YIO527TV 10/30/74 1323-1420 3 2.1 +0.4

—~ Obtaincd by flash vaporization with flame photometric detection
N 8
(Roberts) .

B8

-~ Times in PST,
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TARBLE 7.2 (Continucd)

AIHL Distance

Sample Time From Stack 3
Number Date (PDT) {miles) Suifate, Ue/m
ZI0529TV 10/30/74 1434-1531 10 1.6__-’[0.,'
WI0499 TV 10/30/74 1644-1705 20 0.8 +0.
WJ0501TV 11/7/74 1248-1324° 1/2 2.6 +0.4
XJO503TV . 11/7/74 1348-1430 3 1.8 +0.3
YJ0509TV 11/7/74 1439-1540 10 3.2 1 0.4
ZJO511TV 11/7/74 1631-1710 10 1.8 + 0.3

A

- Obtained by flash vaporization with flame photometric detection
(Roberts)®,

® - Mimes in PST.
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TADLE 7.3 AVERAGE CONCENTRATIONS

particulate

Calcu- Mea-

Distance lated sured scat St tal

From Stacks SO; 50, S50 3 : 4 I ota

Datc (miles) (ppin) (ppmy) _ (He/m7) (10 ) (7o)
9/10/74 1/2 J122" . 100 6.1 .43 1.5
9/10/74 5 .134% .091 4,0 .37 1.1
9/10/74 10 L0314 . 067 6.3 .27 2.3
10/11/74 1/2 .041° . 045 14. 4 5,43 7.5
10/11/74 3 .023° .027 14. 4 5.12 12. 0
10/11/74 6 .013° .016 14. 3 5.85 18.0
10/11/74 12 .005° - 8.9 6. 44 -
10/25/74 1/2 .032° . 029 2.2 1.54 1.8
10/25/74 3 ‘0252 .021 4.6 1.36 5.2
10/25/74 10 .003 . 005 2.9 1.28 12.9
° 3.5 1.14 _—

10/25/74 20 . 004 -

SOV 2 _—

centrations are scaled from measured SFg concentrations,
and.represent the cstimated S0, contributions (assuming no losses) of:

P U, S, B
LaLC il e con

) Moss Landing units 5 and 6
8) Haynes (all units)
c) Alamitos (all units)

o) Alamitos and Haynes (all units)
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8. Digcussion of Results

Wind flow patterns at the three plant sites arc quite similar.
Strong diurnal cffects are characteristic with licght, variable winds
antil late forenocon when a domninant scabrecze flow develops. . The
dircelion of the scabreeze flow appears to be somewhat more variable
at Moss Landing than in the Southern California coastal arca. In the
vieinity of the llaynes and Alamitos plants, the winds at plume beight
appear to be very ir cquently from the southwest as long as the sea-
breceze regime is dominant.

The mixing layer depths were generally lower at Moss Landing
in responsc to a strong ternperaturc inversion which persisted during
the test period. At Haynes and Alamitos the mixing layers were not
only somewhatl deeper but were occasionally not as clearly defined.
In both areas the mixing Jaycr height tends to increase with distance
inland during daytime conditions. This results in the afternoon being
the period of the day with most pronounced mixing of the plume to the
ground. During the night (beginning in late afternoon) the low levels
beconie more stable and mixing to the ground becomes less effective.
Somewhzat later in the evening the organized seabrecze flow at plumc
height decrecses and the inland tr ajectory of the plurne ultimately
changes to a light, variable (somect.mes offshore) direction. In saven
ot the nine tesis, the peak hourly SITy concentt ation urred be-

twecn 1400 and 1700.

., In summarizing the meteorological conditions affecting these
plants it is clcar that the plumes exist in an environment that changes
markedly on a diurnal as well as day-to-day basis. These changes
occur in wind direction, spced and stability. These variations ave
made morc significant as a result of the changing meteorological
conditions which typically occur in an inland direction from the plant
sites. In view of thesce sources of environment variability, it is
somewbat remarkable to find such a consistent plume-height wind
dircction at Flayncs-Alamitos during the carly afternoon period when
the ground impact of the plume is most significant.

Plume heights were similar at all three sites, ranging gencerally
from 300 to 450 ni msl. The cffcct of the added stack height at Moss
Landing (152 1n) was somewhat lost during the test period because of
the stronp temperature stability which existed. During onc of the test
days at Moss Landing (September 10) the plume was sulficiently high
into the temperaturce inversion so that little tracer material appeared
at ground level in spite of surface heating inland. In one casc at
Haynes (October 11) it appear cd that the upper porition of the plume
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may have penctrated above the mixing layer and may have been carried
off in a dircction different from the lower part of the plume. Other-
wise, the plumes were confined io the mixing layer and, in somec cases,
did not cven penctrate to the top of the mixing layer. Since the mixing
layer heights during the test period in the South Coast basin, at least,
were typical of scabreeze conditions, it would appear that the plumes

~are carried through the mixing layer only under rather infrequent,

extreme conditions.

Peak ground concentrations, as measured by the SFg, occurred
about 10-20 km downwind of the plant in all cases. These distances
and concentrations correspond reasonably well with calculations based
on observed winds, plume heights and D stability calegory. Peak
hourly ground concentraticns from each plant ranged from 0.009 to
0.082 ppm of SO, based on the observed SF, data,

Dimensions of the SO, plumes, mecasured by the aircraft, showed
larger widths (and lower concentrations) at short distances (1-5 km)
from the plant than would be estimated from classiczl dispersion graphs.
At larger downwind distances (10-15 km) the ditnensions and concentra-
tions were similar to the standard diffusion estimates. It was possible
to identify the SO, plumie to a distance of about 18 km from the plant
At this point (in the South Coast basin) the peak pilume concentration for

SO, was about 0.08 ppim.  The NO , plumes were identified to only
about 8 ki downwind in the South Coast arca. The dijference in these
distances was duc to the large background values of NO ¢ which made
identification of the plume difficult at low concentrations.

iP].ul"l'l(‘: risc heights, computed from observed environment and
stz}.ck pParameters, agree well with standard plume rise estimation tech-
niques providing the wind speed and/or temperature stability was not low.
In these cases, the calculated plumne height was higher than observed.

Plume chemistry observations reflected only changes duc to the
faster reactions. The ozone deficit in the plume (due to NO) was readily
appn.rdnt within the obscervations obtained. A simple chemical model of
this reaction was in agrcement with observations, at least to a distance
of § km downwind. SO, . to SF. » clationships showed no appreciable
change during the identifiable plume lifetime. Sulfate samples obtained
during cach test appear to reflect variations in background concentra-
tions from day-to-day. These occasionally were significantly large
(October 1, 11 and downwind on September 12) on days with moderate
amounts of pollution. There were no systematic sulfate data which cowuld
be attributed te the conversion of SO, to sulfate. This presumably
reflects the slow rate of this process rather than the non-existence of
the reaction.
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The impact of the SO., plumes in the South Coast basin appears
to exist as an identifiable plume to a distance of, perhaps, 2C km [rom
the plant. Thercafter, the contribution of the SO, plume merely adds
to the gencral backpround levels. Effects of the plants on the environ-
ment, therefore, can be modcled in a specific manner to about 20 km
downwind and in a general way {contribution to total basin SO, bﬁdgct)
at longer downwind distance. Peak ground SO, impact obscrved from
each plant did not exceed allowable standards but, (in the South Coast
basin) occurred consistently in a rather small geographical area.
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