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Availability of Reference Materials Cited in NRC Publications

Most documents cited in N RC publications will be available from one of the following sources:

1. The NRC Public Document Room,1717 H Street, N.W.
Washington, DC 20555

2. The NRC/GPO Sales Program, U.S. Nuclear Regulatory Commission,
Washington, DC 20555

3. The National Technical information Service, Springfield, VA 22161

Although the listing that follows represents the majority of documents cited in NRC publications,
it is not intended to be exhaustive.

Referenced documents available for inspection and copying for a fee from the NRC Public Docu-
ment Room include NRC correspondence and internal NRC memoranda; NRC Office of Inspection
and Enforcement bulletins, circulars, information notices, inspection and investigation notices;
Licensee Event Reports; vendor reports and correspondence; Commission papers; and applicant and
licensee documents and correspondence.

The following documents in the NUREG series are available for purchase from the NRC/GPO Sales
Program: formal NRC staff and contractor reports, NRC-sponsored conference proceedings, and
NRC booklets and brochures. Also available are Regulatory Guides, NRC regulations in the Code of
Federa! Regulations, and Nuclear Regulatory Commission issuances.

Documents available from the National Technical Information Service include NUREG series
reports and technical reports prepared by other federal agencies and reports prepared by the Atomic
Energy Commission, forerunner agency to the Nuclear Regulatory Commission.

Documents av'ailable from public and special technical libraries include all open literature items,
such as books, journal and periodical articles, and transactions. Federal Register notices, federal and
state legislation, and congressional reports can usually be obtained from these libraries.

Documents such as theses, dissertations, foreign reports and translations, and non NRC conference
proceedings are available for purchase from the organization sponsoring the publication cited.

Single copies of NRC draf t reports are available free upon written request to the Division of Tech
nical information and Document Control, U.S. Nuclear Regulatory Commission, Washington, DC
20555.

Copies of industry codes and standards used in a substantive manner in the NRC regulatory process
are maintained at the NRC Library, 7920 Norfolk Avenue, Bethesda, Maryland, and are available
there for reference use by the public. Codes and standards are usually copyrighted and may be
purchased from the originating organization or, if they are American National Standards, from the
American National Standards Institute.1430 Broadway, New York, NY 10018.
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EXECUTIVE SUMMARY

This study effort was required as a preliminary step prior to
initiation of field measurements of atmospheric dispersion in coastal
regions.

NRC is in the process of planning an extensive field measurement
program to generate data which will serve as improved data bases for
licensing decisions, confirmation of regulations, standards, and guides,
and for site characterizations. The study being reported here is an
effort directed to obtaining as much information as is possible from
existing studies that is relevant toward NRC's objectives. This is being

done in an attempt to minimize the need for new data, as well as to
improve the measurement programs that may still be needed.

For this present study, reports covering research and
meteorological measurements conducted for industrial purposes, utility
needs, military objectives, and academic studies have been obtained and
critically reviewed in light of NRC's current data needs. This present

report provides an interpretation of the extent of existing us;able
information, an indication of the potential for tailoring existing
research toward current NRC information needs, and recommendations for

several follow-on studies which could provide valuable additional

information through reanalysis of the data. Recommendations are also
offered regarding new measurement programs.

Emphasis has been placed on the identification and acquisition of
data from atmospheric tracer studies conducted in coastal regions. A

total of 225 references were identified which deal with the coastal
atmosphere, including meteorological and tracer measurement programs,

I theoretical descriptions of the relevant processes, and dispersion

models. Most of the identified references have been o btained and are
j represented in this critical review.
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1.0 BACKGROUND

The study being reported here was conducted to identify any
information that could be employed to satisfy or partially retisfy
current NRC needs. Specifically, these NRC needs relate to field
measurements of atmospheric dispersion in coastal regions.

This study involved identifying, obtaining, and reviewing past
field studies and research efforts that were applicable to atmospheric
dispersion in coastal regions. These endeavors could be used to yield
information that is relevant to the objectives of NRC's Atmospheric
Dispersion Research Program which is being carried out by the Office of
Nuclear Regulatory Research. The studies have been reviewed according to
NRC's specification for data which will improve the bases for licensing
decisions and for improvement of the concentration prediction models
being implemented for emergency planning and site characterization.

NRC, in their endeavors to meet the data requirements to improve
the bases for licensing and emergency response planning process, have
correctly determined that there is a need to generate new data upon which
to base those improvements. Further, they have recognized that some past
measurement and research efforts, although generally pursued for

objectives different than NRC's current objectives, can contribute
information that is relevant, if properly reanalyzed. This project then,
is an important step in the efforts being conducted by NRC prior to
full-scale initiation of new measurement programs.

The review of publications (termed " critical review"), along with
the summaries of those reviews, comprise the " Findings" section of this
report. The reviews will identify the status of knowledge about
dispersion in coastal regions, identify needed new measurements, and

) indicate the potential to derive more information from the past studies e

through carefully designed reanalysis schemes. These reanalyses in turn
will be employed to fill some existing information gaps, to broaden, and
to generalize the findings expected to result f rom NRC's new measurement
programs.

|
|
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2.0 OBJECTIVE

The overall objective of the study is to identify, obtain, and
review existing information about atmospheric dispersion and atmospheric
trajectory studies conducted in coastal regions. The reason for
reviewing this information is to determine the status of knowledge about
atmospheric processes in coastal regions such that this knowledge can
serve to identify current NRC field data needs. These data needs are
those related to efforts in progress to upgrade models employed for
prediction of emissions that may occur from nuclear plants located in
coastal regions.

Primary emphasis is placed on information about atmospheric
dispersion and particularly on data from atmospheric tracer field
measurements. Secondly, data from atmospheric trajectory measurements is
also of interest.

I
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3.0 METHODS

3.1 PREVIOUS RELATED WORK

Initial effort is devoted to establishing the extent and nature of
direct and related work :that applies to transport and diffusion
(dispersion) of ' airborne materials in coastal regions. This base of
information is interpreted to determine the extent'to which existing work
can assist in' describing the atmospheric processes which control
transport of airborne materials and their diffusion properties in coastal
regions._ Methods -already developed to describe and predict the
dispersion of airborne materials are identified and reviewed so as to
judge their value in light of current NRC needs.

Several significant programs have generated very useful
information. Particularly noteworthy programs are those related to the
electric producing utilities and military programs--several related to
field behavior of chemical and biological warfare agents and others
related to various aspects of missile programs.

A number of U.S. Army program data reports were obtained through
negotiations with the Commander, U.S. Army Dugway . Proving Ground, Utah.
These data reports contain extensive analyses of numerous field tests
conducted to evaluate, in some cases, the effectiveness of munitions, and
in other cases, the behaviors of simulant agent materials in differing
coastal field conditions. Other military field measurements were !

conducted specifically to determine atmospheric dispersion conditions
where degrees of ' coastal terrain complexity were tested to determine |
their specific influences on the dispersion processes. These measurement j

programs span a time frame of nearly thirty years. The later programs
were of course more sophisticated and employed morr modern measurement
and analytical technology. Essentially all these Army programs were>

originally either security classified or were security sensitive and thus
were not released to the scientific public. Recent security

h classification downgrading has relaxed the original level of sensitivity |
'

and thus these data reports' have become available. 'Since these data
reports are now available and have been included in the data base for
this present report, there is a significant body of dispersion data that
is "new to the field." This new data, being of significant extent, is
due in large part to the cooperative assistance of the Commander, Dugway
Proving Ground and his staff.

Other military measurement programs were not originally restricted |
from the scientific public and thus a re not necessarily new to -the
field. These program reports are also included here in order that this
critical review will represent all the significant measurements available
at this time. An example of this latter group of unrestricted military
programs lies in those projects conducted by or for the U.S. Air Force to
generate dispersion information applicable to the safety aspects of
missile launch operations.
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Last, the open literature itself has yielded numerous reference.
papers dealing with the meteorology, the dynamics, and the theories of
atmospheric behavior in coastal regions.

3.2 ATMOSPHERIC PROCESSES

An area that is investigated for this present report is one dealing
with the level of understanding . of the atmospheric processes which
control transport and diffusion in coastal regions. The efforts pursued
by way of field measurements and model developments have resulted in the
development of a certain level of understanding of these processes.
Particular attention to this ' level of understanding is given for this
present analysis in order that specification' of future needs will reflect
the proper emphasis. It is also important to take account of this level
of under.tanding as it relates to the predictability of atmospheric
processes which are needed for model inputs to enable . use of the models
to derive predictions of dispersion and concentrations.

i

3.3 DISPERSION MODELS
,

Mathematical model developments or adaptations have accompanied
many of the field measurement efforts either as part . of the original
projects or as follow-on analysis endeavors.- Modeling approaches have

| included both the fitting of models to field data and development of
model input parameters from field data. These modeling efforts are
reviewed for this present report and areas that are inadequately
developed or are outmoded by recent advances are identified so that.such ,

information will help to- specify requirements for new study areas. |
|

3.4 DATA AND MODEL GAPS j

The information that has been assembled and reviewed, is viewed in ,

I continuum so as to assess its completeness. Specific note is taken of
the extent of field measurements, the thoroughness of the analyses, and'

the degree to which modern technology has been applied to describe L
_

transport and diffusion of airborne materials in coastal regions. From -

this view, specific shortcomings of field measurements, models (source
configurations, short-term, long-term, concentration, dosage, etc.), and
model evaluations are identified.

'

3.5 MEASUREMENT NEEDS

Having identified the degree of completeness of existing
information about dispersion in coastal regions and its level of
modernization, the new measurement requirements are identified in light
of NRC program objectives.
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4.0 FINDINGS

4.1 ORGANIZATION 01< MATERIAL

The list of papers and reports collected for this study is
considered to be a thorough, although hardly exhaustive, collection of
materials dealing with atmospheric processes in coastal . regions. It is
seen that a broad spectrum of measurements, analytical studies, and
theoretical treatments are included in this list. In order to evaluate
the - breadth of these many works, a categorizing scheme was developed to
assist in the review of the collected material. The categorizing scheme

1

was developed around a chronology of the processes involved, then the
works within each group were reviewed so as to evaluate the status of
knowledge about that particular aspect. The order was established as
follows:

o Overview or Summary Papers
-o Theoretical Studies
o Meteorological Studies Including Trajectory Studies
o Tracer Studies

The paragraphs of this section comprise a discussion and summarv of each
of these four categories.

4.2 OVERVIEW PAPERS

From an initial screening of the many papers collected, it became
evident that there existed a category of articles which did not involve
detailed measurements or theoretical solutions to observed atmospheric
phenomena, but were primarily narrative discussions of atmospheric
processes in coastal zones. These generic descriptions of coastal

g meteorology were grouped together as " overview" papers and were
considered to be relevant to the objectives of the NRC as they
demonstrate the current level of understanding of the processes involved
in dispersion of effluents in coastal regions. Recognizing that this
topic has received a great deal of attention in recent years, it is not
the intent of the present discussion to develop a primer on coastal
meteorology, but rather to compile a list of works that have been
prepared to date.

Atmospheric transport and diffusion processes in coastal zones have
generated considerable interest in the years following World War II,
judging by the number of reports published since that time. Possibly the
best of the early overview papers was written by Prophet (1961) who
reviewed the papers from the 1940's and 1950's and prepared a treatise on
the " state of knowledge." He obtained information from a variety of
sources, described the basic processes involved in dispersing effluents
in coastal zones, de scribed trajectories under both onshore and offshore
flows, and computed vertical eddy diffusivities under varying lapse
conditions, at different coastal locations.

5
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Other works published in the 1960's include those by Van der Hoven
(1967) and Schroeder, et al, (1967).

Lyons (1975) presented a very detailed treatise on transport and
diffusion in coastal regimes at the AMS Workshop on Meteorology and
Environmental Assessment. He discussed the general processes involved,
including the development of mesoscale subsidence inversions and the
turbulent internal boundary layer (TIBL), reviewed some of the various
tracer and meteorological measurement programs conducted in shoreline
environments, and presented a model to account for fumigation processes
of smoke plumes intersecting the TIBL. The model was applied to a power
plant plume on the western shore of Lake Michigan and calibrated against
measurements of S02 under lakeshore fumigation conditions.

Another important overview paper was presented by S. A. Hsu (1975)
at the Third International Ocean Development Conference in Tokyo. Some
basic concepts of atmospheric dispersion were discussed in conjunction
with the coastal transition zone. The effects of internal boundary
layers, caused by discontinuities of surface heating and roughness
elements, on effluents released into the atmosphere were presented.
Other considerations, such as complex terrain common along many
coastlines, were discussed. Hsu concluded his report with a series of
recommendations on the proper siting of emission sources in coastal
environments.

Hsu (1977) extended his basic arguments presented in this 1975
paper to a specific application-the Louisiana coastal zone.
Climatological summaries of relevant meteorological parameters including
frequencies of wind and inversion depth were compiled from historical
records gathered at several Gulf stations.

Brookhaven National Laboratories have been conducting detailed
meteorological research programs for a number of years. Their research
has involved the collection and analysis of meteorological data,
including some tracer experiments, primarily in the coastal region of
Long Island, New York. The tracer experiment s and meteorological
measurements will be discussed later in this report, but some of the
findings of thi s research effort have been summarized by Raynor and
collaborators (1978, 1979). The characteristics of the meteorological
regime in coastal zones were discussed, with emphasis on diffusion
characteristics. Representative turbulence profiles and the development
of internal boundary layers were presented from measurements performed on
Long Island. The 1979 paper also included an overview of " state-of-the-
art" modeling approaches for estimation of ground-level effluent
concentrations, including algorithms tor coastal fumigation conditions.

4.3 THEORETICAL STUDIES

A second basic category of reports that became evident from the
initial screening process were studies that desc ribed meteorological

6
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events in coastal regions from a . theoretical standpoint. Papers
identified for this category involved the development of.an. equation or
set of equations, models, or objective schemes for describing the
characteristics of the coastal regime. . As can be expected, some reports
do not neatly fit into a particular category. Some reports that have
been categorized as " theoretical" deal with objective schemes based on
actual measurements. Similarly, papers categorized as being

" meteorological" studies or " tracer" studies were designed such that the
data collected would be used for the development or evaluation of a
model. Keeping this in mind, three basic groups of reports were-
identified which fit the theoretical classification: * hose whose primary

objective was to describe the purely dynamical aspects of coastal
circulations; those that' were concerned with interpreting the unique
synoptic situation; and finally, studies which dealt with dispersion of'
particles and gases in the coastal environment.

The unique aspects of coastal meteorology, in particular. the abrupt
discontinuity in surface heating and roughness, has evidently provided
considerable challenge to theoretical and dynamic meteorologists.
Several important works were published in the years following World
War II, which attempted to describe circulations in coastal zones
(especially the sea breeze circulation) through integration and numerical
solutions to -the basic equations of motion. The principal efforts
conducted during that time, and upon which more recent efforts have been
based, include the works of Schmidt (1947), Haurwitz (1947), De Fant
(1951), Stern (1954), Pearce (1955), Fisher (1961), and Estoque (1961,

1962). In general the models developed by these researchers attempted to
describe the circulations resulting frem the differential heating of the
surface in the coastal zone. The models, being simplified solutions to
the basic equations of motion, were generally linear (i.e. , they did not
account for advection of heat, with the exception of Fisher) and
two-dimensional (i.e., assumed straight or idealized shorelines). It

should also be noted that these models were generally applied to just the
daytime sea-breeze circulation and not the full diurnal cycle. This was
probably due to limitations in speed and storage capacity of computers in
that time period.

The model which has probably received the most attention since the
early 1960's is the one presented by Estoque (1961) and further refined
in 1962. His efforts were probably the first to describe the sea breeze
as a mesoscale phenomena embedded in a synoptic scale circulation. He
applied his model to assumed initial conditions of zero gradient flow,
gradient winds parallel to the shoreline, and both onshore and offshore
gradient flows.

Numerical modeling of the sea breeze conducted after 1962 were
generally improvements or expansions of Estoque's formulations.
McPherson (1970) expanded the basic equations to three dimensicns to
simulate the effects on the sea-breeze circulation caused by an irregular
shoreline (represented by an idealized indentation or bay in the

7
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shoreline). Pielke (1974) presented an eight-level, three-dimensional
model to explain the convergence zone created by converging sea breezes,

in southern Florida. Neumann and Mahrer (1971) applied Estoque's
equations through a full diurnal cycle and diccovered a computational
instability due to a violation of the mass conservation law and an
overly-simplified simulation of vertical accelerations. The same authors
applied their corrected formulations to the special application of
circular islands of various radii (1974). Neumann (1977) also attemptedI

to explain the interrelationships of the Coriolis force, the mesoscale
pressure gradient resulting from differential heating, and the
synoptic-scale pressure gradient as they relate to the observed clockwise
turning of the sea / land-breeze circulation with time. Mak and Walsh
(1976) noted that land and sea breezes do not display equal intensities,
even when temperature gradients are of an equal magnitude. They applied
a simplified model to test the hypothesis that the difference in
intensities are due to changes in stability and eddy diffusivity from
night to day. Finally, researchers at the University of Virginia have
developed a computer algorithm, the University of Virginia Mesoscale
Model, based on the set of Primitive and Hydrostatic Equations (Lyons, et
al, 1979). When viewed chronologically, the increasing sophistication of
numerical models of the sea breeze closely parallels the increasing
capabilites of electronic computers. This fact is certainly not
coincidental, so further advances in numerical techniques can be expected.

Other modeling approaches have been attempted by various authors in
recent years. Most of these approaches have been developed through
statistical analysis of detailed meteorological measurements. O'Brien
and Pillsbury (1974) have applied an oceanographic analysis technique,
the rotary spectrum snalysis, to measurements performed during the
Coastal Upwelling Experiments (CUE) in Oregon. Rao and Samson (1976)
performed a similar analysis of data collected over Long Island. Keen,
Lyons, and Schuh (1979) reported on a kinematic diagnostic analysis model
which computes vertical velocities using a divergence equation, from
measurements of the horizontal components of the wind, and then
interpolates the results over a larger grid.

The sea / land-breeze circulation system poses a unique problem to
the weather forecaster. Objective schemes have been developed to

forecast the occurrence of a sea (or lake) breeze based on various Jsynoptic situations which are known at the time the forecast is I

prepared. Hall (1954) realized that the onset of a lake breeze could
cause a reduction of visibility at Chicngo's Midway Airport because of
accumulated smoke associated with the sea-breeze front. He developed an
objective scheme based on a categorization of synoptic map types and
knowledge of expected pressure gradients, surface winds, and sky cover.
Biggs and Graves (1962) developed a sea-breeze "fndex" based on the ratio
of inertial forces (as represented by gradient wind speed) to buoyancy
forces (as measured by the difference between the air and water surface
temperatures). A critical or threshold value of the index, indicating
either an occurrence or nonoccurrence of a lake bree ze , was developed

8
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from . data measurements performed at the Enrico Fermi Nuclear Station on
Lake Erie.. Burda (1976) developed a critical value of the same index for
predicting the sea breeze in Boston, as did Lyons (1972) for Chicago's
lake breeze.

The final grouping of theoretical papers were those incorporating
knowledge of coastal meteorology to the specific problem of diffusion of
effluents in such an environment. The dispersion models applied to the
coastal regime used varying techniques for describing the characteristics
of the sea-breeze circulation, but can be described in terms of the usual

Gaussian vs. numerical approaches. McCallister (1974) tested the
sensitivity of both Gaussian and numerical models to various

meteorological inputs through simulation of a hypothetical power plant
located on the coast.

A detailed model development program was conducted by Brookhaven
National Laboratories as described by Tingle and Dieterle (1976). That
development expanded on earlier work by Tingle (1973). A mesoscale model
defining coastal circulations occurring under various synoptic
orientations was run in a " leap-frog" fashion with a " particle-in-cell"

model which describes pollutant distributions using a Lagrangian

technique.

Keen, Lyons, and Schuh (1979) utilized the kinematic diagnostic
analysis described earlier in this section to determine trajectories of
particles with different settling velocities through an entire diurnal
cycle. The effects of differing release heights -on downwind
concentration profiles was also discussed.

Lyons, et al, (1981) presented a coastal fumigation model which is
capable of predicting the characteristics of the TIBL as a function of
synoptic conditions and distance from the coastline. Pollutant

dispersion is handled in a Gaussian framework until the plume intersects
the TIBL, where Turner's fumigation equations are applied. An
interesting feature incorporated into this model (Lyons calls it

"GLUMP II" for Great Lakes University of Wisconsin Mesometeorology
Project) is a " split-sigma" approach whereby dif ferent sigma curves are
applied for plunies that are either above or below the TIBL.

In regards to theoretical predictions of the characteristics of the
TIBL, several articles are worthy of note. However, not all of those
listed here deal specifically with the problem of coastal fumigation. In

addition to the scheme presented by Lyons, et al, are methods described
by Elliott (1958), Raynor (1975), Venkatram (1977), and Anthes (1978).

4.4 METEOROLOGICAL MEASUREMENT PROGRAMS

In contrast to the efforts described previously, whereby
investigators have described the characteristics of the atmosphere in
terms of dynamic theory, several efforts to actually measure those

9
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characteristics have been conducted in recent decades. These measurement
programs have played an integral role in the definition of the problems
involved in coastal meteorology, as well as providing the necessary data
bases for evaluating t'he solutions of the theorists.

The sea / land-breeze circulation system has been the subject of
considerable meteorological investigations. Several authors have
performed excellent analyses using existing records from the National
Weather Service and other sources. Others have developed detailed
measurement programs that have been tailored to the specific objectives
of the investigators. It is the latter group of experiments that are the
focus of this survey. In other words, the purpose of this investigation
is to identify and review those measurement programs that are
supplemental to the existing National Weather Service data base or those
that add information to that which is available from the National
Climatic Center. However, an analysis using National Weather Service
records that is worthy of mention is the diffusion climatology of the
Atlantic and Gulf coasts pre pared by the Brookhaven National
Laboratories. The studies, which were reported by Raynor and Hayes
(1976, 1980), utilized statistical analysis of two years of
meteorological measurements from 30 NWS stations to cha racterize the
dispersion potential of the Atlantic and Gulf coasts.

The meteorological measurement programs that have been reviewed for
the current investigation are summarized in Table 1, and depicted
graphically in Figure 1. The programs have been grouped by the
geographic area in which the measurements were performed (i.e., West
Coast, Gulf Coast, etc.) to account for the unique problems that each
area poses to the NRC. It is evident from both the table and the figure
that a good overall meteorological representation of each type of
coastline is available.

Several studies have been conducted to define the structure of the
sea / land-breeze circulation system. Profiles of winds, temperature, and
humidity were taken over the land, over water, and in some cases both, by
aircraft, boat, surface stations, and balloons. The following,

| measurement programs all had similar objectives--the description of the
| structure of the sea-breeze regime: Craig (1945, 1949)-Massachuse t ts
I Bay; Edinger (1957, 1961)--California; Fisher (1960)--Block Island, Rhode

Island; Moroz (1966, 1967 )-Lake Michigan; Hsu (1970)--Florida Gulf
Coast; Phillips (1972)--Lake Ontario; Lenschow (1973)--Lakes Michigan and
Huron; and Schacher (1980)--California.

Other reports concentrated on specific aspects of the structure of
the sea-breeze system such as wind flows or TIBL mea sureme nt s.
Trajectories determined from pibal tetroon or neutral balloon releases
were reported by Frizzola (1963)--New York City; Pack (1963)--Los
Angeles; Angell (1965)--Atlantic City; and Sheih (1979)--Lake Michigan
and Long Island. Studies which concentrated on the measurement of the
turbulent internal boundary layer (TIBL) include those by Edinger

10
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FIGURE 1: Location of Meteorological Measurement Programs Conducted in Coastal Regions
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TABLE 1: LISTING OF METEOROLOGICAL MEASUREMENT PROGRAMS CONDUCTED IN COASTAL REGIONS

IDENTIFIER / DATE OF
GROUP LOCATION INVESTIGATOR (S) MEASUREMEh* MEASUREME D hMED

WEST COAST 12AVAL POSTGRADUATE SCHOOL Schacher. Davidson, - October 19h From Boat:
- [CEWCOM-76] - Monterey and Fairall (Ta, Tv. W s, IH, H)

to San Diego

- [CARB] - Los Angeles - July 1977
Basin

- [CEWCOM-78] - - May 1978
San Nichoias Island

- [MABLES) - - July 1978
San Francisco Bay

- [CTQ] - Monterey Bay - June 1979

UNIVERSITY OF CALIFORNIA Edinger From Aircraf t:

[ - Los Angeles Basin - Sumer 1957 (Tu P, H, IH)

- San Fernando Valley - Summer 1957 (WDu. WSu) From PIBALS-
(San Fernando only)

- Santa Clara Valley - July 1961

POINT ARGUELLO, CA Cramer, Dumbauld, Continuous From 300' Tower:
Record, and Swanson 1962 - 1965 (Ta. Tu, WDs. WS . WDu. WSu)s

IM [ Method Unknown]
METRO-MONITORING Kauper Sumers of From Aircrafc:

1975 - 1976 (Tu, IH)

Also:
(WD . WS ) From PIBALSu u

BRITISH COLUMBIA Miyake, Stewart, Sumers of From Vertical Mast Over Water
Pond, and Others 1962 - 1968 (Height Unknown):

(Ta. Tu, WDs. WSs. WD . WSu, H)u
COASTAL UPWELLING O'Brien Sumers of (WDs. WSs) Method Unknown

EXPERIMENTS (CL'E) 1972 - 1973 Note: Other measurements
- Oregon performed but are not

identified in report.
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LIS11NG OF METEOROLOGICAL MEASUREMENT PROGRAMS CONDUCTED IN COASTAL REGIONS (Continued)TABLE 1:

DATE OF
IDESTIFIER/

GROUP LOCATION INVESTIGATOR (S) MEASUREMENTS MEASUREMENTS PERit)RMED

GULF COAST UNIVERSITY OF TEXAS Echols, Wagner, Yu - June 1968 From 8 Inland and 1 Offshore
(Drilling Platform):

- l'pper Texas Coast (Ta, WDs. WSs, H)

FORT WALTON BEACH, FL Hsu - May 1970 From 2 Towers (1-10m, 1-100m)
(Ta, Tu. WDs. WSs, WDu. WSu)

Intermittent From Coastal Site and 1 Offshore
ATLANTIC BROOKHAVEN, NY Raynor and

Others 1972 - 1977 Site (Buoy):
COAST (Ta, Tw, WDs. WSs)

Note: Measurements performed on
land at other sites, from
aircraft, and boat in support
of diffusion studies. See
" Tracer Studies".

LONG ISLAND, NY Di Vecchio and May - July 1974 From 2 Coastal 120 meter Towers:
(Ta. Tu, Ts. WDs. WSs. WDu.Others
WSu)**

MASSACHUSETTS BAY, MA Craig and Summer - Autumn From Boat and Aircraft:
Others 1944 (Ta, Tu. Id. WDs. WSs. H. 1H)*

Also: (WDu. WSu) from PIBALS

NEW YORK CITY, NY Frizzola and - June 1960 (WDu, WS ) from PIBALS**u
Fisher

BLOCK ISLAND, RI Fisher - August 1958 From Aircraft:
(Tu, IH)

Also: (WDu. WSu) from PIBALS
(Tw) - Method Jnknown

*

ATLANTIC CITY, NJ Angell and - July 1964 (WD e WSu) from Tetroonsu
Pack

_



TABLE 1: LISTING OF METEOROLOGICAL MEASURE!DT PROGRAMS C0JDUCTED IN COASTAL REGIONS (Continued)

IDENTIFIER / DATE OF
CROUP LOCATION INVESTIGATOR (S) MFASUREv.ENTS MEASUREVINTS PERFOR.VID

ATLANTIC WALLOPS ISLAND, VA Parsons and Summers of Note: Parameters measured on
COAST (NASA) Williams 1977 - 1978 Wallops Island not specified
(CONT'D) in report.

SAVANNAH, CA ,Blcaton and February - From Offshore Tower (Navigational
others September 1977 Light Tower 27 meters higb)

(Ta, Tv, WD , WSs, P)s

KENNEDY SPe.rE CENTER, FL Record and Summers of From 150 meter Tower:
Others 1966 - 1967 (T , Tv, WDs. WSs, WD . WSu)u

From Radiosondes:
(T , IH, WD , WSu, H. P)u u

Note: Tetroons also used on
selected days.

y[ CREAT LAKES UNIVERSITY OF WISCONSIN Lyons and Summers of 1967, From Aircraft:- Lake Michigan Others 1970, 1974 (Tu, IH, WDs, WSs, H, P),,
From Boat:
(Ta, Tv)

Also: (WDu, WSu) From PIBALS
and Tetroons

METEOROLOGICAL SERVICE Munn, Richards Summers of From Surface Stations (SomeOF CANADA and Others 1960 - 1967 using tethered balloons):- Lake Huron (Intermittent) ( T,, Tu , WDs . WS s)
- Lake Erie is : ( D . WSu) from PIBALSu

From Boats: (Using tethered- Lake Ontario balloons):
(Ta. Tu, Tv, WSs)

ARGONNE Sheih and (Reported 1979) (WDu, WSu) frca neutral balloons- Lake Michigan Others

|
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LISTING OF METEOROLOGICAL MEASUREMENT PROGRMtS CONDUCTED IN COASTAL REGIONS (Continued)TABLE 1:

IDENTIFIER / DATE OF

GROUP LOCATION INVESTIGATOR (S) MEASUDINTS MEASUREMENTS PERFORMED

GREAT NCAR Lenschow November 1970 From Aircraft:
(Tu, IH, Tw, WSu, H) )

LAKES - Lake Michigan

(Cont'd) - Lake Huron

AES Phillips Winters of From Ships:

1965 - 1969 (Ta. Tw, WDs. WSs),
- Lake Ontario

UNIVERSITY OF MICHICAN Moroz Summer of 1964 From Surface Stations:
(Ta, H)

From Ships:

(Tw)
From Aircraft:
(Tu, IH, H)

Also: (WD , WSu) f rom PIBALSu

FOOTNOTES:
w
w

Data base supplimented with surface observations from the National Weather Service.*

|

| Data base supplemented with both surface and upper air (radiosonde) observations f rom the**

National Weather Service.
LEGEND FOR TABLE 1

Ta Air Temperature At Surface WDu upper Level Wind Direction
WS Upper Level Wind Speed

Tu upper Level Air Temperatures u

Tv Water Surface Temperature IH Inversion Height

WDs Surface Wind Direction H Humidity

WSs Surface Wind Speed P Pressure

.
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(1959)--Los Angeles; Di Vecchio (1976)-- Iong Island; and Rizzo
(1977)--M11waukee.

The characterization of turbulent diffusion in coastal zones has
been the topic of several measurement programs. Hunn (1967) collected
meteorological data for several summers on the eastern shore of Lake
Huron to provide a data base for future diffusion studies. Cramer (1970)
collected information from meteorological stations at Vandenberg Air
Force Basa (Point Arguello) in California to provide the basis for the
development of concentration estimates of toxic combustion by products
from Titan-III missile launches. Record (1970) had similar objectives
for the collection of data at the Kennedy Space Center in Florida.

Two other measurement programs are worthy of special comment.
Lyons, Olsson, Keen and others have performed extensive measurements of
the structure of the lake / land breeze system on the western shore of Lake
Michigan. The analysis of these measurements are the subject of a series
of reports by the above listed authors (1972, 1973A, 1973B, and 1978) and
have formed the basis for the development and evaluation of several
meteorological and dispersion models (mentioned in Eection 4.3 above were
the Kinematic Diagnostic Model, the University of Virginia Mesoscale
Model, and GLUMP-II).

Another deteiled coastal meteorology program has been conducted by
the Brookhaven National Laboratories. Meteorological measurements in the
vicinity of Long Islcnd began in 1972 and continued for ueveral years.
These measurement programs were the basis for several papers published by
Raynor, SethuRaman, Brown, and others (1975, 1976A, 1976B, 1978, 1979,
1979A, 1979B, and 1980) and will be discussed more fully in the next
section.

It should be recognized that most of the tracer programs discussed
in the next section were accompanied by detailed meteorological
measurements which graatly expands the amount of data which is available
for further analysis.

Meteorological measurements in coastal zones have been performed by
researchers whose objectives did not relate to the sea-breeze circulation
system. Some researchers were concerned with coastal discontinuity
because of changes in surface roughness and heating. Echols (1972) and
Yu (1970) performed measurements on the upper coast of Texas to quantify
the change in w?nd speed f rom water to land because of increased surface
roughness. Similarly, Richa rd s (1966) measured the increase of wind
speed from land to water over Lakes Eric and Ontario. Munn (1969)
examined the effects of the urban heat island of Toronto on the
development,of the lake breeze.

Other researchers required the collection of data in coastal zones
for various study objectives. Kauper (1979) performed aircraft
measurements of the marine boundary layer off the coast of southern

1
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California to define the transport of ozone from Los Angeles. Parsons

(1979) studied the ef fects of the sea breeze on variations in local ozone
levels at Wallops Island, Virginia. Lowry (1959) in Oregon and Fosberg
(1966) in California were both concerned with the effect of marine - air
penetration on the potential for forest fires.

Several oceanographic investigations have required the collection
a lighthouseof meteorological data. Blanton (1978) collected data at

off the coast of Georgia in support of his efforts to describe ocean
currents over the continental shelf. Pond (1966) and Miyake (1970)
performed air-sea interface experiments off the coast of Spanish Banks in
British Columbia, which included measurements of the transfer of heat,
moisture, and momentum from the ocean's surface. With similar

objectives, the Coastal Upwelling Experiments (CUE) were conducted off
the coast of Oregon in 1972 and 1973, as reported by O'Brien (1974).

Finally, a limited number of measurement programs have been

identified that were conducted in locations other than the continental
United States and Canada. Leopold (1949) utilized pibals, time-lapse
photography, and several instrument shelters to define the interactions
of the trade winds with -sea and land breezes on the island of Lanai in
Hawaii. Sivertson (1973) studied the effects of fjords, valleys, and
mountains on the climatology of Troms, Norway using a number of surface
stations at various distances f rom the coast. Finally, . Gano and others
(1977) performed several measurements of the TIBL using light aircraf t at
both onshore and of fshore locations near the Kashima Industrial Zone in
Japan. The authors used the data to evaluate theoretical predictions of

inversion height.

In summary, the measurement programs conducted in coastal zones
have been primarily concerned with the structure of the sea / land-breeze
circulation system, and in particular the sea-breeze cell. With this

objective, it is not surprising that most of these programs were of short
duration, from several days to a month or two, were conducted in the
spring and summer months when gradient winds are light and air-water
temperature differences are at a maximum, and were performed during
daylight hours. Because the structure of the sea breeze has been the
major topic of concern, other aspects of the coastal regime have not
received much attention. The land-breeze portion of the diurnal cycle
has not received as much attention as its day-time counterpart. This is

due to the fact that population densities are low over . water, and also
owing to the obvious difficulties in making accurate measurements over
water. In light of the conclusions of various researchers that the
reversal of the land breeze to a sea breeze can cause pollutants emitted

at night to be transported back over land, the full diurnal cycle is
l undoubtedly of interest to the NRC and should be studied further.

Similarly, summertime measurements allow the collection of data during
periods when the land is warmer than the water. However, during the

winter months, especially in the Great Lakes region, the water

temperatures are higher than over land. 1his results in very unstable
,
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atmospheres over water, and can set up a persistent land breeze when
gradient winds are light. With the exception of Phillips (1972) and
Lenschow (1973), this area of coastal meteorology has received very
little investigation.

4.5 ATMOSPHERIC TRACER STUDIES

The final, and probably most important, category of research into .
the characteristics of the coastal atmosphere is " tracer" studies. The
investigations that fit into this category include actual field programs
where the transport and diffusion capabilities of the atmosphere were
tested directly with gaseous or particle tracers. A considerable number
of such programs have been identified, and can be classified into three
basic groupings: programs conducted by or for specific industrial
project or utilities; studies conducted by or sponsored by various
government organizations (nonmilitary); and work conducted by or for the
military services. A summary of the tracer studies is listed in Table 2,
with the geographical locations of these investigations depicted
graphically in Figure 2. Several authors who were not necessarily |

connected with the tracer programs have performed additional analysis of
the data bases established in the tests. These reanalyses have been l

included in Table 2 as a fourth category.

The tracer studies that have been performed to date were conducted )
with very different objectives. For example, the Millstone, Enrico i

Fermi, San Onofre, and Diablo Canyon trials were all conducted to
characterize dispersion in regions where nuclear powered generating
facilities woulo be or have been located. The military services
performed the Mountain Iron, the Ocean Breeze and Dry Gulch, the San
Nicolas Island, and the Point Arguello tests because of concern about the
transport of exhaust from rocket and missile launches which use toxic
propellants. The military also used simulants for biological agents ta
determine the dispersion characteristics of biological warfare agents.
It should be recognized however, that even though the programs had
varying objectives, the measurements performed are relevant to NRC's
current concerns regarding turbulent diffusion and transport in coastal
zones.

The methods used in each of the diffusion programs, as well as the
basic conditions during which the tests were performed, are summarized in
Table 3. In general, tracer releases (from Table 2, fluorescent
particles were the most f requently used tracers) were in the form of
continuous plumes from point sources at or near the ground. Five of the
programs used "line" source releases; usually from aircraft, and three
programs disseminated the tracers from instantaneous puffs (bomblets).
As mentioned, most of the tracers were released within 10 meters of the
ground, although six of the programs utilized point releases at heights
of at least 30 meters.

18
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FIGURE 2: Locations of Tracer Studies Conducted in Coastal Regions
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TABLE 2 - LISTING OF TRACER EXPERIMENTAL PROGRAMS CONDUCTED IN COASTAL REGIONS

CPOUP IDENTTFIER/IDCATION INVESTICATOR(S) TIME OF MEASUREMENTS TRACFR TYPE *

INDUSTRIAL / San Onofre, CA Septoff and 1976 (Winter) SF6
,

i UTILITY Others

Diablo Canyon, CA Cramer, Record 1969 FP

Bolsa Island, CA Smith 1967 (Summer) FP

Enrico Fermi Bierly, liewson 1959 - 1960 FP

Reactor, MI

Millstone, CT Johnson and 1974 (Autumn) SF6
Others F-12B-2

Southhanpton, Emberlin 1973 (Spring) SF6
England

GOVERNMENT Oxnard Coastal Lamb, Lorenzen, 1975 (Summer) SF6
(Non-Military) Plain, CA Shair

California Delta Lamb, Shair, 1976 (Summer) SF6y
Region Smith CBrF3

Brookhaven, NY Raynor and 1972 - 1975 SF6
(Great Gull Island Others (Intermittent) Smoke

and Tiana Beach)

Ventura County, CA Aeroviroment and 1980 - 1981 SF6
(Santa Barbara Naval Postgraduate (Autumn / Winter)
Channel) School (Schacher

and Others)

MILITARY Mountain Iron / Hinds, N ic kola , 1965 - 1966 FP

Vandenberg AFB, CA Daubek, and Others

!
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TABLE 2: LISTING OF TRACER EXPERIMENTAL PROGRA'.".S CONDUCTED IN COASTAL REGIONS (Continued)

*

CROUP IDENTIFIER / LOCATION INVESTIGATOR (S) TIME OF MEASUREMENTS TRACER TYPE

MILITARY Ocean Breeze and Dry Haugen, Fuquay, 1961 - 1962 FP

(Cont'd) Gulch / Cape Canaveral, Taylor
FL and Vandenberg AFB,
CA

San Francisco Grinnel, Perkins, 1950 - 1952 BG, FP
Leighton and Others

Camp Cooke, 3 Wolfe, Cox 1955 - 1956 BG, SM,

(1:ov Vandenberg AFB) Palmer, Dorrel (Sumers) FP

|
San Nicolas Island, Cramer, llamilton 1964 FP

' CA DeSanto (Autumn / Winter) Smok'e
Tetroons

(>
Victoria, TX Miller, Smith 1965 FP

(Summer) LP

Matagorda Island, Ettenheim, Crum 1967 FP

(Sumer) LP
TX

Corpus Christi, Smith, Wolf 1962 FP

(Sumer)TX

Oceanside, CA Smith, Niemant. 1967 FP

(Sumer)
|
' South Carolina Morton, Shinn 1967 FP

(Sumer)

Maryland Allison, Morton 1969 FP

(East Shore) and Others (Autumn)

North Norway Gotaas, Eidsviks 1968 FP

(Sumer)

1
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TABLE 2: LISTING OF TRACER EXPERIMENTAL PROGRAMS CONDUCTED IN COASTAL REGIONS (Continued)

*
GROUP IDENTIFIER / LOCATION INVESTIGATOR (S) TIME OF MEASUREMENTS TRACER TYPE

RE-ANALYSIS Oceanside, CA Minott, Shearer (Report: 1977) --

# **I " ## ~~

'GA - ? S '

Santa Barbara Rappolt (Rcport: 1981) --

Channel, CA

Victoria, TX Vaughan (Report: 1966) -

Matagorda, TX Vaughan (Report: 1967) --

*
KEY TO TRACER TYPES:

FP Fluorescent Particles (Yellow or Green) -
Zine Sulfide or Zine Cadmium Sulfide.

LP "Large" Particles with Appreciable Settling Velocities -
Usually Glass Beads or Fluorescent-Stained Cork.

SF6 Sulfur Hexafluoride Gas.
F-128-2 Freon Gas

CBrF3 Freon Cas

BG Bacillus Subtilis Var. Niger (Spore Simulant)
SM Serratia Marcescens (Vegetative Simulant)
Smoke Oil-Fog Smoke

_ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ -
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In terms of the location with respect to the coastline, a good
representation of onshore, coastal, and of fshore tracer releases can be
obtained from the existing programs. For the purposes of this study
measurement programs conducted within one kilometer of the coastline were
considered to be " coastal" tests, while those experiments conducted
further than one kilometer from the coastline were considered to be
" onshore" tests. The offshore releases, either from boats or aircraf t,
vary in distance from the coast but are generally within 20 kilometers.
A full range of terrain types are represented by existing programs. It
is also interesting to note that almost all of the tests were conducted
during onshore wind conditions.

|

| A summary of the basic measurements that have been performed during
-

the tracer programs is shown in Table 4. In general, the measurement
arrays consisted of samplers spaced at regular (often logarithmic)

j distances in both the crosswind and downwind distances. Certain
; compromises had to be made by investigators due to the usual access
| problems, especially offshore and in areas of complex terrain. Virtually

| all of the programs utilized horizontal (or crosswind) sampling arrays,
and a surprising number utilized some form of vertical measurement. This

| allows the investigators to compute both horizontal and vertical
1 dispersion parameters. As would be expected, the sampling arrays were

onshore at distances from a few hundred meters to 15-20 kilometers from
the coast. Only two of the measurement programs (the Victoria and
Matagorda programs) sampled at distances greater than 60 kilometers from
the emission source, so long-range transport of atmospheric effluents are
poorly defined in existing programs. Another regime that has received
little attention is the offshore regime. As shown in the table, only

| four programs performed offshore measurements. This is most certainly
due to the difficulties involved in accurately measuring tracer dosages
and related meteorological parameters over water, coupled with the simple
fact that possible exposure of humans to pollutants offshore is
practically nonexistent. Regardless of the reasons, the absence of
tracer studies and meteorological measurements (see previous section) in
the offshore regime represents an area of coastal dispersion that has not
been adequately defined.

The dispersion and meteorological measurements performed to date
have provided researchers a large data base for analyses and
interpretations that should be of interest to the NRC. The Mountain Iron
and the Ocean Breeze and Dry Gulch Diffusion Programs were all conducted
to provide information for the development of site-specific empirical
equations which compute expected dosages of rocket propellant exhaust.
These equations were incorporated into a computerized system called the
Weather Information Network Display (WIND), which uses real-time
meteorological data from remote sites in conjunction with the
above-mentioned equations to determine if conditions are appropriate for
missile or rocket launches.

24
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The experiments conducted at the Millstone Nuclear Reactor site
were used both in the development of a new dispersion model and the
evaluation of existing NRC models. The tests included measurements of
downwind concentrations during downwash conditions, which were applied to
a " Split-H" model. This approach assumes that under certain conditions
an effluent plume is split into two segments, a portion that is entrained
to ground level in the building wake, and another portion which remains
buoyant. Other tracer programs that were used in either the development
or evaluation of Gaussian dispersion models are the Brookhaven, the San

' Nicolas Island, the Ventura County, and the California Delta experiments.

Horizontal and vertical dispersion pa rame ters have been computed
from several of the tracer expe riments. Crosswind integrated
concentrations (CWIC) were calculated by the authors or subsequent
researchers from the Millstone, Enrico Fermi, Camp Cooke, and Brookhaven
measurement programs. These computations would be useful to future
investigators in de termining dispersion coefficients. Actual sigma
values (either sigma y or sigma-z, or both) have already been computed
from the Oxnard, California Delta, Bolsa Island, Oceanside, Brookhaven,
and Maryland tracer tests.

It is evident from the previous discussions that a considerable
number of dispersion measurements have been made in coastal zones.
Indeed a total of 798 tracer tests have been performed during the various
prcgrams reported here. Of these tests, 615 were conducted by the
military services, making it the most important category of measurement
programs identified. This is also true because many of the experiments
conducted by the military have only recently been declassified, and have
therefore received little attention from nonmilitary investigators.

A great potential exists for further analysis of existing data, and
this may alleviate the need for establishing additional measurement
programs. However, techniques for measuring the behavior of the
atmosphere in recent years, not to mention pollutants carried by it, may
make some of the existing data base "old." Further studies which may be
conducted from those tracer experiments should carefully consider the
methodologies and the equipment employed during these programs.
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5.0 SUMMARY OF INFORMATION AVAILABLE

Probably the most significant aspect of this study lies in the
I amount of data that have been revealed during the course of review.

After conducting as thorough a review of this body of data as time would
allow, several points emerge that should be presented in summary
fashion. Those points deal mainly with the potential to satisfy or to
partially satisfy current NRC information needs through the reanalysis of
existing data rather than the generation of all new data. It goes
without saying that the fulfillment of information gaps through analysis
of existing data will enable NRC to achieve program objectives at a
substantial saving of both time and money. The main points regarding

information available are as follows:

o Numerous tests exist where data have been collected to
document onshore wind flow and plume behavior during
those onshore wind conditions.

o Numerous tests were conducted where data have documented
lateral dispersion and limited tests included

documentation of vertical dispersion to several

distances from the sources.

o A large body of test data was generated by military
interests. These data span a long time period and are,
for the most part, new to the field. Due to the nature
of the military data collection and reporting system,
these data are very well documented and thoroughly
reported, all of which indicates these data will be very
useful in spite of some being cid.

o Numerous dispersion tests have been collected along the
California coast making it the most studied of the U.S.
Coasts.

o Studies have also been conducted along the East Coast,
and to a limited extent along the Gulf Coast and in the
Great Lakes. This distribution of experimental efforts
provides at least some information about all of the
coastal regions of the country.

o Although it was not an objective of this present study
to establish coastal terrain types, it does appear that
the broad range of tests does span the different coastal
terrain types quite well.

o The emission source type which is best represented by
the existing test data is the continuous emitting

) (1-2 hour) point located at ground level.
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The situation best represented by the existing test datao
is the steady-state, short-term, short distance (i.e.,

times from few minutes to 2 hours and distances from few
meters to 1-2 km).

:

I

'l

,

I
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6.0 SUMMARY OF INFORMATION liOT AVAILABLE
OR NOT COMPLETELY REPRESENTED

As has been discussed in the preceding sections, many experimental
test programs have been conducted to generate data for a very broad range
of objectives. It is indeed fortunate that these data can serve other
purposes than were originally intended. However broad those original

objectives were, they do not fully represent all the areas that need to
be addressed for NRC's current needs. The main areas not represented or

(
i not fully represented are listed below:
,

Trajectories of emissions have generally been limited too
the simple form. That is, by design, tests were

conducted during consistent and persistent flow
conditions and thus the common meandering flow has not
been studied.

o For the same reasons, dispersion and trajectories have
not been studied during transition periods.

o Dispersion 'and trajectories have not been studied

through a diurnal cycle, especially a diurnal cycle
where flow reversal or return flow might be experienced.

o Existing tests, with few exceptions, have not employed
continuous emissions beyond 1-2 hours duration.

Further, long range transport of effluents in the
i

! coastal atmosphere has not been addressed by existing
programs.

l

o Instantaneous or puff emissions have been studied mostly
by the military and those data have not yet been
interpreted in light of NRC's concerns.

o Full recognition of the importance (or even existence)
of the turbulent internal boundary layer (TIBL) has been
quite recent and thus there exist only limited
measurements to characterize it, to define its changes
during diurnal cycles, and especially to describe its
importance to plume behavior. Such aspects as
description of pollutant interactions with the TIBL in
terms of trapping and fumigation are still incomplete.

o Limited effort, in fact almoat no ef fort, has been
,

devoted to documentation of the water surface
I temperature as it relates to the intensity of 16 cal wind

circulations, to atmospheric stability over water, or to
the dynamical aspects of the TIBL.

29
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o Dispersion and trajectories in the offshore direction
have been almost completely ignored, especially as
pollutants carried by offshore flows might recirculate
to onshore locations.

o Tracer field measurements conducted in the Great Lakes
area are lacking.

o Among the tracer experiments conducted in the Gulf Coast
region, greater attention was devoted to deposition than
to dispersion. Thus, in spite of what appears to be a
reasonably good data base, considerable effort is still
needed to determine the special considerations needed
for dispersion in that coastal combination.

o Only a few of the many tracer releases were conducted at
heights equivalent to reactor building height.

o Almost no measurements have been conducted during
conditions when the land was colder than the water.

f

(

,

)

30

- - - - - - - -

,



, .
.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

7 . ') RECOMMENDATIONS FOR REANALYSIS WORK

As is discussed in the above sections, several sets of data have

i
been isolated that, -if reanalyzed, could provide partial information for

! NRC's current data needs. It is believed that the highest priority among

the possible reanalysis tasks should be placed on those tasks that could
provide information either supplemental to or complementary to current
efforts by NRC on the SEADEX field measurement program.1 The
reanalysis tasks listed below are conceived to provide information which
would extend the forthcoming SEADEX findings to a broader range of
coastal conditions and will assist in generalizing those findings. In

order of priority the following tasks are recommendedo

o Develop characteristic coastal dispersion coefficient
values (sigma y and sigma-z) that reflect coastal

terrain complexity. Merge these values with other
coefficient values developed by previous investigations
into a form appropriate for inclusion in handbooks.

o Define the diurnal or cyclical aspects of transport,
dispersion phenomena at different coasts. Stress detail
that might result in recirculations.

o Assemble dispersion modeling studies conducted for

coastal combinations as completed by previous
investigators. Interpret and combine findings in a way
to be applicable to NRC's current needs.

From existing data sets, develop coastal wind trajectoryo
prediction methods.

o From existing data sets, assemble climatological

summaries of conditions found in coastal regions.

Combine with other partial climatological summaries for
coastal regions as completed by other investigators.

o From existing data sets, establish data sets that can be
employed as independent data for the evaluation of the
findings from the SEADEX program.

o From existing data sets, broaden and generalize findings
made in the SEADEX program.

ISEADEX (Shoreline Environment Atmospheric Dispersion Experiment) is a
field measurement program initiated by the NRC to generate data bases
which will be used to evaluate dispersion models appropriate for nuclear
power plants located in coastal zones.
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\

8.0 RECOMMENDATIONS FOR FUTURE FIELD MEASUREMENTS

It is seen that much additional information can be generated by
I parallel effort.s to do reanalysis work and conduct new field
! measurements. fulfilling NRC's data needs for application to licensing
j decisions, confirmation of regulations, standards, and guides, and for
j site characterizations will be accomplished only through implementation

of a long-term study effort. Some of the field measurements needed are
of course being addressed through the design of the SEADEX program and
others will be addressed through design of subsequent field measurement
programs. From the vantage point of this present review study, the
needed measurements are described and discussed in Section 6.0, but for
the purpose of emphasis are tabulated here:

o Measure dispersion in characteristic meandering flows.

o Measure dispersion during transition periods.

o Measure dispersion through characteristic diurnal cycles.

|

| o Measure dispersion for long-term periods (4 to 24 hours).

o Measure dispersion of puff emissions.

o Conduct studies to determine formation of, diurnal
changes of, and behavior of pollutants influenced by the
TIBL.

o Measure dispersion in the offshore direction.

o Measure dispersion when the land is cooler than the
water.

Incorporation of these types of measurements into future programs
will ensure that these efforts will not duplicate works that have already
been conducted, but rather will provide additional information into the 1

nature of processes that have not been completely defined.

I

i
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