e — -

| . AD=AON1 099 LOUISIANA STATE UNIV BATON ROUSE COASTAL STUDIES INST F/8 8/2
ATMOSPHERIC DISPERSION CHARACTERISTICS IN THE LOUISIANA clmm.—c'rcw:
FEB 77_S A HSU uooou-rs-c-u
I.lti.lﬂ!!ﬂ!b TR=229

END
i I“.F
7 =77

 —




S 2 iz
H Rz

(1) E
ml nm%

LS flis e




o

Coastal Studies Institute
@ Center for Wetland Resources

Lovisiana State University
Baton Rouge, Louisiana 70803

ADAG41099

‘ Technical Report No. 229

ATMOSPHERIC DISPERSION
CHARACTERISTICS IN THE
LOUISIANA COASTAL ZONE

By S. A. Hsu

This research was supported by the Office of Naval Research Ilmw’oly Contract
NOCO14.75.C-0192, nder Project NR 388 002. e

Reproduction in whole or in part is permitted for any purpose of the United States
Government. Approved for public release; distribution unlimited.

~ February 1977

BBC riLE copy

Au I




Unclassified
Secunty Classificarion

[~ DOCUMENT CONTROL DATA - R
. 14 i ! ind index ng annota’ n nt t be "v' v & tvsified)
5 P 2o 5§ A ATION
Coastal Studies Institute ™ ! Unclassified
i i State (University F7~~‘ or
e, Lowisiana 70803 | Unclassified

 A;HOiPdEULC DISPERSION CHARACTERISTICS TN THE LOUISIANA COASTAL ZONE

i i - - — o

T et WATES (TNpe ofrepcii andnectumive datEs) .

o Y |7a. T TAL NO. OF PAGES . NO. OF K€

S . {
o Fehpagms 3977 ' ! 2

T e e—— e Y = S = P
< o s a0 g 38, CRIGINA R'S REFOR NUMBE RI1S)

e
w
(@)

/ NO0O14-75-C-9192 |- i
| e o, oSSR
|

Technical Report No. 229

-

/

3 D AR 0 | P
i NR 388 002 | { ] & ) s
| 42 e T E R RE P O® T s e 1l lr T nil mrs that may be as - igred
. I this report
i |
\ l AR N A NT = —— ==

Approved for public release; distribution unlimited.

-~
>

- = — - — e e m — S

Published originally asq's = SNSRI TARY EETIVIT Y
5 I Geography Programs

Office of Naval Research @
Arlington, Virginia 22217 :

ter for Wetland Resources, Sea Grant
L3U-T-76-011 (CZM series)

. — ]
-
bl
p
£
(ad
]

“WAtmospheric dispersion characteristics in the coastal zone are unique in that

3 y P 11 cesses of air, sea, and land combine at the shoreline to create motions

3 H les wirich differ in important respects from processes over land or

g : er water. Some of these differences in coastal Louisiana are reviewed. Synoptic-

3 : le characteristics indicate that the coastal zone is superior to areas farther

{ i vd for dis llutants. However, mesoscale and microscale studies

W X that diur ition of land-breeze and sea-treeze systems and the

A y mer boundary layer because of aerodynamic roughness changes
3 ¢ i ¢ the shoreline may act y increase pollution concentration in the nearshore
‘ Y repion. Spacil studies on these scales of atmospheric motion in relation to

| tl imum siiing for industrial plants are outlined and recommended.

ASS

i B I

Ty

AR : j‘l ; : .
Unclassified

Security Classification




e

%

(#0’1*“"?

KWy

L

gl 4 o

Unclassified

Se 1t C issit ation

. -
Z
*
=

ouisiana
Louisiana coastal zone
nagenent

oastal zone m

1

atmospheric dispersion

e oY -
poiilution

-

DD 251473 tea




3

Coastal Studies Institute
Center for Wetland Resources
Lovisiana State University

Baton Rouge, Lovisiana 70803

Technical Report No. 229

ATMOSPHERIC DISPERSION
CHARACTERISTICS IN THE
LOUISIANA COASTAL ZONE

By S. A. Hsu

Reproduction in whole or in part is permitted for any purpose of the United States

Government. Approved for public relsase; distribution unlimited.

February 1977




s

Lo

ey

Acknowledgment

Ef forts toward implementation of coastal zone management in Louisiana
have enlisted the interest and participation of many public agencies and
institutions. As a cornerstone for this program, scientific information
from every available source is being compiled and digested in a series
of Coastal Zone Management reports. The collection is ultimately intended
as an authoritative central reference source for persons involved in
administration of an operational CZM program.

The information presented in this report has been synthesized from
research efforts performed mainly under a contract with Geography Programs,
Office of Naval Research, and the Center for Wetland Reso rces of Louisiana
State University. Editorial, manuscript, and publication services were
provided by the Louisiana Sea Grant Program, sponsored cooperatively by
the NOAA Office of Sea Grant, U.S. Department of Commerce, and by the
state of lLouisiana.

Special acknowledgment is made to Drs. William G. McIntire, Associate

Dean, and Jack R. Van Lopik, Dean, Center for Wetland Resources, Louisiana

State University, Baton Rouge.

{
|
|
|




-

T -

P e g

i 2

NP - -
.

Abstract

Atmospheric dispersion characteristics in the coastal zone are
unique in that physical processes of air, sea, and land combine at the

shoreline to create motions on many scales which differ in important

respects from processes over land or over water. Some of these differ-

ences in coastal Louisiana are reviewed. Synoptic-scale characteristics
indicate that the coastal zone is superior to areas farther inland for

dispersing pollutants. However, mesoscale and microscale studies reveal

that diurnal circulation of land-breeze and sea-breeze systems and the
development of an internal boundary layer because of aerodynamic roughness

changes across the shoreline may actually increase pollution concentra-

tion in the nearshore region. Specific studies on these scales of

atmospheric motion in relation to the optimum siting for industrial

plants are outlined and recommended.
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Introduction

In the design, planning, and determination of the location of
industrial plants and urban developments for a given region, the dis-
persion characteristics of the atmosphere must be considered. This
aspect is particularly important in the coastal zone as compared to
inland or offshore areas because the atmosphere behaves differently as a
result of the triple air-sea-land interactions. The role of the atmos-
pheric sciences in the Texas coastal zone has been discussed by Jehn
(1974). Knecht (1975) has outlined data needed for coastal zone manage-

ment.

Many atmospheric models have been proposed, depending on specific
need (see, e.g., Hosler, 1975). However, there is no one model that is
superior in all statistics (Turner et al., 1972). General collections
of data on air-pollution meteorology and related subjects can be found
elsewhere (e.g., Smith, 1968; Slade, 1968; Turner, 1970; World Meteoro-
logical Organization, 1972; American Meteorological Society, 1975).
Some specific topics related to the coastal region have been discussed
by Hsu (1975), Lyons (1975), and Raynor et al. (1975). It is not the

purpose of this report to review various models, theories, or specific

experiments. Rather, it is directed toward the general understanding of
the atmospheric dispersion characteristics in the coastal zone of Louisiana.
Some recommendations are also made to further our knowledge in coastal

meteorology as a means of improving coastal zone management.




Basic Concentration Formulas

Since one of the major onshore impacts of offshore oil and gas
development is the optimum siting of energy-related industry such as
refineries, the most frequent pollutants, sulfate dioxide and particu-
late matter, should be considered simultaneously. Among various existing
models the Climatological Dispersion Model (CDM) is generally regarded
as the most adequate and is widely used by existing refineries. CDM
computes long-term (seasonal or annual) quasi-stable pollutant concen-
trations at any ground level receptor, using average emission rates from
point and area sources and a joint frequency distribution of wind direc-
tion, wind speed, and stability for the same period. A user's manual
for CDM was prepared by Busse and Zimmerman (1973); it contains companion
papers by Calder (1971) on the technical details of the model and by
Turner et al. (1972) on validation.

The basic concentration formula consists of contribution by both
point and area sources. The total concentration for the averaging
period is the sum of concentrations of the point and area sources for
that averaging period.

The average concentration EA due to area sources at a particular
receptor is given by

o I'l6 6 6
CA ey f z qk(p) z Z ¢(k92 ,m)S(p,z;Ul aPm)] dp (@D)
o

16
2m k=1 2=1 m=1

where k = index identifying wind direction sector

qr(p) = f Q(p,0) d6 for the k sector

]

Q(p,0)

emission rate of the area source per unit area

and unit time
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p = distance from the receptor to an infinitesimal
1 area source
3 6 = angle relative to polar coordinates centered
on the receptor
%2 = index identifying the wind speed class
m = index identifying the class of the Pasquill

stability category

R ¢(k,2,m) = joint frequency function
h S(p,z; Uy,Pp)= dispersion function defined in Equations 3 and 4
. z = height of receptor above ground level

Uy = representative wind speed

} P, = Pasquill stability category

For point sources, the average concentration C, due to n point sources

is given by

n 6 6
Cc = 16 b T 5 :(knlf’m)cns(ﬁnainq,Pm) (2)
P20 n=1 g=1 m=1 oL
where kn = wind sector appropriate to the nth point source
G, = emission rate of the nth point source
3 pp = distance from the receptor to the nth point
|5 source

If the receptor is presumed to be at ground level, that is, z = 0,

A
’ then the functional form of S (p ,z; U, ,Pm) will be
i s
13 2 0
2 L h -0.692
; S(p,0;U,,P.) = — exp |- = - exp | ———==0 (3)
TR T, 0, (p) 2 \9,(p) UTq/2
if o,(p) 2 0.8 L and
6
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S(p,03Uy,Py) = —L— exp :]M 4)
UL UyT1 /5

if 0,(p) > 0.8 L. New terms in Equations 3 and 4 are defined as follows:

oz(p) vertical dispersion function, i.e., the

standard deviation of the pollution concen-

tration in the vertical plane

h = effective stack height of source distribution,
i.e., the average height of area source
emissions in the kth wind direction sector at
radial distance p from the receptor

L = the afternoon mixing height

Tl/2 = assumed half life of pollutant, hours

The possibility of pollutant removal by physical or chemical processes
is included in the model by the decay expression exp (—0.6929/UkT1/2).
Some important characteristics of the atmospheric diffusion related

to the parameters listed above are discussed in the following sections.

Synoptic Scale Characteristics

Three major dispersion characteristics in the synoptic scale are
the atmospheric mixing height, the representative wind speed averaged
through this mixing layer, and the frequency of inversion. Equation 4
shows that the concentration is, among other things, inversely propor-
tional to the product of these two parameters, namely the ventilation
factor. Based primarily upon regular measurements of temperature and
winds aloft at 62 National Weather Service stations throughout the 48

contiguous states, Holzworth (1972) has compiled some needed information

on mixing height and wind speed which is shown in Figures 1 through 5.
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It is clear that on an annual basis (Fig. 1) the ventilation factor is
larger in the coastal region than farther inland. Therefore, the concen-
tration should be smaller for the former than for the latter. Further
examination of the seasonal and diurnal variations in the coastal zone
(Figs. 2 through 5) reveals that the ventilation factor is larger in the
afternoon in winter and spring than in the morning and that the reverse
is true in summer and autumn. Moreover, this factor decreases from
autumn, to summer, to spring, to winter. An autumn morning has the
least concentration of pollutants and a winter morning has the greatest
concentration in the Louisiana coastal region.

Atmospheric stability also plays an important role in estimating
pollution concentration. The worst stability condition is usually
associated with stagnation of anticyclones, which can be represented by
the combination of low surface wind speed and the least amount of cloud
cover, particularly during nighttime. Some examples are shown in
Figures 6 and 7. The data were taken from Hosler (1961). It can be
seen that the frequency of dispersion of pollutants is superior in a
nearshore region such as Galveston, Texas, to that which occurs in areas
some distance inland, such as Lake Charles, Louisiana. This prediction
is further supported by a comparison between Burrwood, Louisiana (Fig.
8), which is located near the mouth of the Mississippi River, and Lake

Charles, Louisiana (Fig. 9), particularly during the nighttime.

Mesoscale Characteristics

Although synoptic-scale characteristics indicate that the coastal
region should have less pollution concentration than areas farther
inland, mesoscale atmospheric phenomena in certain coastal regions play

a dominant role in dispersion characteristics. Among the most important

itk s s i
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such phenomena in the Gulf coastal are land-breeze and sea-breeze systems
(Hsu, 1970, 1973). On the basis of observations of the Texas Gulf Coast
land breeze/sea breeze from a mesoscale station network between Galveston
and Port Arthur (summers of 1965-1967), Hsu (1970) synthesized a model
of the coastal air circulation system (Fig. 10). Onshore and offshore
wind components are shown at 3-hourly intervals during the day. The
lower portion of the onshore flow is the sea breeze, and that of the
offshore flow is the land breeze. The maximum wind speed and its approxi-
mate height in each current are depicted by arrows. The elliptical
shapes in the figure illustrate the horizontal and vertical extent of
the land-breeze/sea-breeze circulation.

A brief explanation of this coastal air-circulation system follows
the sequence shown in Figures 10a-10h. For more detail see Hsu (1970).
At 0900 LST the air temperature over land is cooler than that over the
sea, and the land breeze is blowing. By 1200 LST the land has become
warmer than the water, and the circulation has reversed. A line of
small cumulus clouds may mark the sea-breeze front. At 1500 LST the sea
breeze is fully developed, and rain showers may be observed at the con-
vergence zone, 30 to 40 km inland. Because of low-level velocity diver-
gence, there is pronounced subsidence near the coast. Note that this
sea-breeze-induced mesoscale subsidence inversion is different from the
synoptic subsidence inversion discussed previously. At 1800 and 2100
LST the sea breeze is still clearly present but is gradually weakening
in intensity. By 0000 LST the sea breeze is barely evident aloft and
the surface wind is nearly calm over land. Temperature inversion in the
atmospheric surface layer and occasionally fog appear over land. After
the land again becomes cooler than the water, a land breeze develops (by

0300 LST) and reaches its maximum intensity near 0600 LST. A weak land




breeze convergence line and associated line of cumulus clouds develop

e

offshore near sunrise. The land breeze continues until midmorning, when
the sea-breeze cycle starts over.

Large lakes also are affected by pronounced land-sea breeze circu-
lation. Figure 11 summarizes the various features associated with a
typical lake breeze near the shore of Lake Michigan (Lyons and Olsson,
1973). The generalized streamlines of a well-developed circulation cell
g{ (Fig. 11A) are shown for a lake-breeze cell that has penetrated 15-20 km
inland by midafternoon. Potential temperature patterns (Fig. 11B)
usually reveal three inversion surfaces over the lake. The highest is a
slightly depressed synoptic-scale inversion. A mesoscale subsidence
inversion is found near the top of the inflowing layer, overlying a
surface-based conduction inversion, the strength of which depends on the

air-water temperature contrasts.

Because the internal boundary layer is important, it is treated in
the next section. Smoke patterns associated with well-developed lake
breezes are sketched in Figure 11C. Frequently, a wall of smoke marks
the inland-rushing wind shift line, or the sea-breeze frontal zone. The
trajectories of gases and various-sized aerosols are shown in Figure

: 11D. More research is required to determine the fraction of gases and

B

A particulates actually recirculated within the cell. This alternation of
flow occurs also with sea breezes and land breezes, which move air back

i and forth across the shoreline. For example, in Los Angeles (Neiburger,

i <

1969) the air moved inland rapidly in the afternoon, slowed and reversed
in the evening, and gradually moved inland the following morning.
During its slow back-and~forth movement over the areas of heavy traffic

and industrial activity, accumulation of high concentrations of pollution

was observed (Neiburger, 1969).

10
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Microscale Characteristics

There are many microscale characteristics associated with pollution
dispersion, but the most important parameter concerning the coastal
region is the internal boundary layer. Because the coastline consti-
tutes a discontinuity in terms of the roughness of the underlying surface,
the wind must readjust as it passes such areas. The flow does not
immediately adapt itself at all levels to the local surface roughness
but does so only in the layer adjacent to the surface. The height of
the layer in which the influence of the new roughness is felt, the so-
called internal boundary layer, increases with distance downwind from
the point of change in roughness (see, e.g., Blom and Wartena, 1969).
Measurements of the boundary layer have been made by Hsu (1971) on a
beach and by Panofsky and Peterson (1972) on a narrow peninsula sur-
rounded by bays of varying widths.

The thickness of the internal boundary layer is greater under the
influence of sea breeze, owing to stronger solar radiation (Hsu, 1973),
than that of synoptic onshore wind (e.g., gradient wind) (Fig. 12). The
relationship between the internal boundary layer and plume fumigation is
vividly illustrated in Figure 11 for sea breeze and in Figure 13 for
gradient onshore wind conditions. Thus, over land influenced by onshore
wind, mixing depths are considerably reduced but greatly variable and
are eminently favorable for day-long, continuous fumigation of pollu-~
tants. Most recently, a diffusion model which takes into account the
effect of the internal boundary layer was developed by Hsu and Whelan

(1976).

A Diffusion Nomograph for Offshore Operations
For various offshore operations such as waste burning by an incinera-

tor ship or oil-well burning resulting from an accident, a simplified

L1




model for quick estimation of the concentration downwind is needed.

Figure 14 shows a nomograph specifically developed for these purposes.

According to Roll (1965), Kraus (1972), and Hsu (1974), offshore weather

conditions related to diffusion may be classified into three categories:

Condition 1 (daytime): Wind speed 35 m/sec and cloud cover =3/8
cloudiness;

Condition 2 (day and night): Wind speed =5 m/sec, cloud cover 24/8
cloudiness; wind speed >5 m/sec, disregard cloud cover;

Condition 3 (nighttime): Wind speed S 5 m/sec and cloud cover =3/8

cloudiness.

3 Note that conditions 1, 2, and 3 are equivalent to the overland
l Pasquill stability categories C, D, and E, respectively (e.g., Slade,
‘! 1968). Figure 14 shows the relationship between this classification and {
rf effective emission height in order to estimate the distance from an

elevated source to the point of maximum ground-level concentration, Xpaxs

and values of maximum ground-level concentrction. This calculation was
made by proper analytical arrangement of Equations 3 and 4. For more

detail, see Hsu (1975).

-

f Summary and Recommendations ,
% For the coastal zone of Louisiana where potential sites for indus-

i. : trial plants and other structures are located, along with other considera-

;; tions such as geology, economics, availability of cooling waters, etc.,

ﬁ proper measurement of pertinent meteorological conditions should be

¥ made. The measurement program should include all microscales, mesoscales,

; and synoptic scales because of their varying temporal and spatial ranges.

¥
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On the basis of the dispersion characteristics discussed in the report,
it is possible to select an area where those adverse effects are minimal.
Some criteria are recommended as follows:
1) Places where there is a pronounced diurnal coastal air circulation
system should be avoided.
2) The upwind nearshore region should be relatively flat in order to
minimize the development of an internal boundary layer and a terrain-

induced vortex.

3) Spacing between storage tanks for oil and natural gas should be

i at least 5 to 10 times the height of the tanks themselves to
minimize hydrocarbon concentration.
4 4) Extra care must be given to design criteria in locations where
i hurricanes, cyclones, water spouts, or other catastrophic meteoro-
4
i logical phenomena may occur.

5) 1If the potential site is on the route of a storm track, the
offshore bottom slope should be gentle and bathymetrically uniform
to attenuate storm surges and wave effects.

6) Last but not least, experienced coastal meteorologists should

N :

: participate actively as integral members of interdisciplinary

s scientific and engineering teams striving for better understanding
*

1 and utilization of coastal and marine environments to best advan-

-
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Percent frequency

PERCENT FREQUENCY OF NIGHTTIME WITH SURFACE WIND < 7mph
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Fig. 6. Percentage of frequency of nighttime with surface wind €7 mph

at Lake Charles, Louisiana, and Galveston, Texas.
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PERCENT FREQUENCY OF NIGHTTIME WITH CLOUD COVER £ 3/10
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Fig. 7. Percentage of frequency of nighttime with cloud cover <€3/10 at
Lake Charles, Louisiana, and Galveston, Texas.
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BURRWOOD, LA.
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Fig. 8. Percentage of frequency of inversion at Burrwood, Louisiana.
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Fig. 9. Percentage of frequency of inversion at Lake Charles, Louisiana.
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land breeze near the shore of Lake Michigan (Lyons and Olsson, 1973).
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Fig. 12. Examples of the development of the internal boundary layer
under sea breeze and synoptic onshore wind influences on the shore of
Lake Michigan (Lyons and Olsson, 1973; Lyons and Cole, 1973).
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Fig. 13. The relationship between internal boundary layer and plume
fumigation under gradient onshore wind condition (Lyons and Cole, 1973).
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