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NOTICE

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, or any of their
employees, makes any warranty, expressed or implied, or assumes any legal liability of re-
sponsibility for any third party's use, or the results of such use, of any information, apparatus,
product or process disclosed in this report, or represents that its use by such third party would
not infringe privately owned rights.
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Availability of Reference Materials Cited in NRC Publications

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

1. The NRC Public Document Room,1717 H Street, N.W.
Washingtoa, 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 irternal 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 folicwing documents in the NUREG series are available for purchase from the NRC/GPO Sales
Program: formal NRC staff and contractor reports, NRC-sponsond conference proceedings, and
NRC booklets and brechures. Also svailable are Regulatory Guides, NRC regulations in the Code of
Federal Regulations, and Nuclear Regulatory Commission Issuances.

;

Documents available from ths 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 available from public and special technical libraries include cil 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 draft reports are available free upon written request to the Division of Tech-
i 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 Stanchirds Institute.1430 Broadway, New York, NY 10018.
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EXECUTIVE SUMMARY

The ' study being reported here was sponsored by the U.S. Nuclear
! Regulatory Commission (NRC). It has been directed toward obtaining and

presenting atmospheric dispersion coefficients representative of coastal'

regions from previously conducted field measurement programs. This was

done in an attempt to minimize the ' need to generate new data, as well as
to improve the measurement programs that may still be required. In

total, some 495 individual tracer experiments obtained from nine field
measurement programs, comprised the data base.- Coefficient curves

presenteu here have been compiled from these data to comprise a
compendium of . dispersion coefficients representative of coastal regions
within the limits of currently' available historical field measurements.

t

|
The following conclusions are made from the reeults of this

analysis:.

o good agreement is evident between the Pasquill-Gifford
coefficient values and those derived in this study from

tests performed using continuous emission sources
located in flat terrain;

e results obtained from tests in complex terrain indicate
a greater degree of turbulence than those from flat
terrain as the coefficient values are greater in

,

magnitude for each stability class and downwind distance;

! e instantaneous (puff) releases experience a different
spectrum of turbulent eddy sizes than do continuous
(plume) emission releases , as evidenced by the lower
dispersion coefficients derived from experiments using
instantaneous releases;

e a decrease in plume growth rates with increasing
downwind distance is indicated by the leveling off of
many of the dispersion coefficient curves at downwind
distances greater than one kilometer;

e a smaller range of coefficient values, between the most
stable cases and the most unstable, is indicated by
these results as compared to the Pasquill-Gifford curves.

Dispersion conditions for daylight hours and continuous emissions
in a variety of terrain conditions are well represented by the existing,

'

data set. However, there are coastal dispersion conditions likely to be
-

i
!

l

,

I vii
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' of critical interest to the NRC that are poorly represented. Based on
i this; the following recommendations are made for future work on coastal

dispersion:

e detailed . measurements of vertical dispersion in coastal
regimes should be performed;-

e detailed measurements of instantaneous point source
emissions, in a variety of terrain conditions, should be

,

performed;

e more information is needed regarding dispersion in
stable atmospheres in coastal regions;

,

j. e better information on dispersion during nonsteady-state
l conditions, and especially conditions which are uniquely

coastal in nature (such as the diurnal sea / land breeze
cycle, and the turbulent internal boundary layer),,

should be obtained;

e measurements of dispersion at very short (less than one
kilometer) or very long (greater than five kilometers)
downwind distances should be performed;

i

e a standardized method of. stability measurement and
classifications should be employed to insure that the
results from future measurment programs are easily
intercomparable.

.

J

1
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1.0 INTRODUCTION

The Nuclear Regulatory Commission (NRC) has undertaken. an extensive
atmospheric dispersion research and measurement program from which it is
intended will emerge improved predictive techniques for employment in
licensing decisions and for emergency planning- and response. Through-
this program the NRC has conducted field measurement programs over a wide
range of geographic and topographic locations, and are using the acquired

; tracer and meteorological measurements to evaluate existing dispersion
models and prediction techniques, and to develop new techniques when*

. necessary.
i

The NRC has recognized however, that extensive measurement programs
i have been conducted in the past by other organizations and that even.
[ though these measurements may have been designed and performed to satisfy
. requirements that are different from the NRC's current needs, the data
j may nevertheless be 'useful to the NRC. By identifying and studying

existing data bases that are suitable for their current goals, the NRC
has avoided costly field measurement programs which essentially duplicate
already existing data.

TRC Environmental Consultants, Inc. (TRC) has been contracted by
the NRC, through Battelle Pacific Northwest Laboratories , to identify
existing data bases that will yield adequate representations of
dispersion of airborne ef fluents in coastal regions, and then to analyze;

i selected portions of these data in such a manr.er as to make them suitable
I for the calculation of dispersion coefficients. TRC has already

conducted a review of existing information, as summarized in a report
presented to the NRC in June 1982 entitled " Critical Review of Studies on

; Atmospheric Dispersion in Coastal Regions" (hereaf ter referred to as the.
Critical Review). A portion of the information isolated during the
Critical Review has been evaluated in greater detail as summarized in
this present report.

i

; The purposes of this present study were threefold:
'

e to - select data sets from which dispersion coefficient
values have been developed and sets where sufficient
data were generated to enable development of dispersion'

coefficients characteristic of coastal regions;

'

e to develop methods which enable development of coastal
dispersion coefficients from existing but incomplete
data sets;

to calculate dispersion parameters and compile' them withe

existing values to comprise a compendium on dispersion
coefficients representative of coastal regions within
the limits of currently available historical field

j measurements.
1

!
?

! -1-

t
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The criteria used for selecting appropriate data sets is presented in
Section 2.0, along with a brief description of each of the sets which
comprise the data base. In Section 3.0, the methods used for calculating
the dispersion parameters are presented. The results of the analysis are i

presented in Section 4.0, and TRC's recommendations for the application
of these results, as well as for future analyses, comprise Section 5.0.

I

I
l

|

J
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2.0 DATA BASE

2.1 . OVERVIEW

The data base employed in this study is comprised entirely of
historical atmospheric tracer experimental field data collected in

i coastal regions and attendant meteorological measurements. The
individual data sets comprising the base were collected by numerous
investigators for objectives related to the study of some - aspect of
atmospheric. processes in coastal regions. Due to the number of studies
in the past two decades and the wide range of reasons for conducting
them, pertinent measurements have been made at numerous locations and
under numerous field conditions.

It was determined during the Critical Review that numerous data
sets do exist which could be employed to develop characteristic diffusion
coefficient values that would be specific to coastal regions where some

i of the nuclear power stations are located or. are planned. It was seen
that some of the original investigators did develop dispersion
coefficient values while others were concerned with different objectives
and thus did not determine coefficients even though they had collected
appropriate data which could be employed for that purpose. The task of
this study then became one of extracting values that were already
developed, developing compatible values when sufficient data were
available, then combining these coefficient values into a compendium on
dispersion coefficients for coastal environments.

Many candidate data sets were reviewed for this study and several
were selected in accordance with a set of criteria which was established
based on the minimum needs for calculation of coefficient values. Since
many of the tests identified in the Critical Review were of limited
scope, and therefore did not meet the criteria established for this
present effort, they were excluded from extensive analysis.

2.2 CRITERIA FOR SELECTION OF DATA SETS

All of the studies outlined in the Critical Review were carefully
reviewed to determine their applicability to this effort. This review
was accomplished by comparing the contents of each study against specific
criteria to ensure that the selected data sets were of sufficient quality
and were sufficiently complete.

Obviously, the primary criteria for selecting data sets from the
available literature was the usefulness of the data toward development of

| dispersion prameters. Since all of the previously conducted field
programs were designed to suit the needs of the original investigators,i

j it is not surprising that in some cases the resulting data sets were not
considered to be applicable to the objectives of this study.

l
.

I

; -3-
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The amount of usable information that could be extracted from each
~ measurement program was an . important consideration for inclusion in this;

*

analysis. In order.to derive curves of dispersion coefficients, sampling
networks of more than . one downwind distance are necessary. A great

: number of tracer tests,. (7aducted over a wide range of atmospheric..

[ conditions, are also prerequisite for the development of dispersion
; coefficient curves.- Studies comprised of only one downwind sampling arc,

.

j~ or those having a relatively small number of tracer measurements,' proved
to be of limited value for|this' study.

; Another important consideration for determining the usefulness of a
',

data set was the type of' tracer material used . in the measurement'
program. For the most part, gaseous tracers or small particle tracers

! (i.e., those with insignificant settling velocities) were considered to
4 .be the most appropriate. Field programs which utilized other types of ' j

tracer material, including large particles (diameters greater than
30 microns), oil-fog smoke, or tetroons, were not used in this analysis.

The final criteria used for screening the ' existing data sets
identified in the Critical Review was the level of effort required to;

' make the data useful to this project. In some cases, dispersion
coefficients were calculated by the original investigator, makind their,

; inclusion into this analysis very straightforward. In other cases, the
original investigator had tabulated the data into some form (i.e.,

j crosswind concentration distributions) from which dispersion coefficients
could be easily derived. Finally, a group of studies remained from which
the calculation of dispersion coefficients would be quite cumbersome.
Because of budgetary ' restraints, these studies, for the most part, could

j not be incorporated into this present effort.
t

2.3 DESCRIPTION OF SELECTED DATA SETS
k

{ The data sets that were selected for further analysis are
,

summarized in Table 2.1 and their locations are depicted graphically in

| Figure 2.1. As discussed in the ' previous section, these data have been
selected because they are the most applicable to NRC's objectives and

i they provide the most complete inforuation currently available about
[ dispersion processes in coastal zones. In total, nine data sets
! consisting cf some 495 individual field experiments comprised the data

base for the study. The nine data sets were generated between 1955 and
I 1976. They are identifed as Camp Cooke (2), Millstone, San Onofre,;0cean

Breeze, Dry Gulch, .4ountain Iron, Shoreline, and North Norway.

| The Camp Cooke diffusion trials were conducted by the U.S. Army in
,

the area of southern California now ' occupied by the Vandenberg Air ForceL '

Base. The measurements, as reported by Wolfe, et al, (1956), Cox, et al,
I (1958), and Hallanger, et al, (1959), were conducted to cuantify the

dispersion and decay of biological warfare agents. The study utilized i

two types of tracer material, fluorescent particles (FP) and Bacillus
Subtilles Var. Niger (BG), to simulate the dispersion and decay of

|

!
t

-4-
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TABLE 2.1: DETAILS OF TRACER STL' DIES CHOSEN FOR ANALYSIS

DISPERSION
NLMBER TRACER TYPE, RELEASE SAMPLING METHOD, COEFFICIENTS

STUDY OF TESTS TERRAIN PERIOD, RELEASE HEIGHT DOWNWIND DISTANCE o ay z
CAMP COOKE, 26 FP Flat Phase A: FP, BC. Aspirated filters, 7 Concentric Derived Derived
Vandenberg AFB, 26 BC instantaneous arcs at .09, .18, .36, .55, 1.1,
CA (1955) Phase B: FP, 4 minutes 1.6, 5.7Km

BC, instantaneous
Phase C: FP, BC, 4 minutes

CAMP COOKE, 32 Flat
_

All phases Rroundlevel
FP, 3 minute, groundlevel Same as 1955 study Extracted -

Vandenberg AFB,
CA (1956)

'5 (Freon- Gently :SF6, I hour, 48.3m, Sequential bag samplers, 3 Derived Derived2MILLSTONE
Millstone, CT 1282) Rolling Freon-1282,1 hour, 29.1m concentric arcs at .35, .8. 1.5Km

(1974) 33 (SF )6

SAN ONOFRE 21 Complex SF , I hour, 10 elevated, Sequential bag samplers 95 to 150m, Derived Derived6
San Onofre, CA 11 groundlevel four release points

(1976)
R EAN EREEZE 76 Flat FP, 30 minutes, Rround- Aspirated filters, 3 concentric Extracted Derived

| Cape Canaveral, level arcs at 1.2, 2.4, 4.8Km

FL (1961-62)
DRY GULCH 109 Flat FP, 30 minutes, ground- Aspirated filters, arcs 2.3Km Extracted Derived

I Vandenberg AFB, level and 5.7Km or .85, 1.5, 4.7Km

CAJ1961-62)
Tt0UNTAIN 1RON 86 Complex FP, 30 minutes, ground- Aspirated filters along roadways Extracted Derived
Vandenberg AFB. level

CA (1965-66)
SHORELINE 35 Flat FP, instantaneous, ground- Rotorods aloag roadways and on Extracted Extracted
Oceanside, CA level towers & derived

(1967)
W RTH NORWAY 26 Complex FP, I hour, groundlevel Rotorods along roadways and Extracted Extracted
Bardufoss, on tethered balloons
Norway (1968)

FP - Fluorescent Particles
BC - Bacillus Subtilus var. niger

SF6- Sulfur Hexafluoride
Freon- Dibromodifluoromethane
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warfare agents. The 26 tracer experiments were conducted in three
phases. In Phase- A, bomblets containing BC and FP were detonated
instantaneously. In Phase B, the FP tracer was released continuously
from a - Stanford generator during a four-minute period while bomblets,

containing BG were detonated instantaneously after half the FP was'

released. During the final phase, both tracers were released
continuously over a four-minute period.

The Camp Cooke experiments were' conducted shortly after sunset
during the summer. months in order to employ the persistent prevailing
northwesterly onshore winds. Therefore, it is not surprising that all of,

I the . tests 'were conducted during neutral or near-neutral atmospheric
l stability conditions. The sampling configuration consisted of concentric

arcs spaced at intervals of 0.09, 0.18, 0.36, 0.53, 1.1, 1.6, and 2.4 (or
5.7) kilometers from the point of tracer release. The BG samples were
obtained using glass impingers, while the FP tracer was collected using
aerosol-type millipore aspirated filters.

; Johnson, et al, (1975) . discussed the diffusion experiments
! conducted at the Millstone Nuclear Power Station in Connecticut. The
'

station is located in a partially forested, suburban area characterized
. by gently rolling turrain. These tests were conducted to evaluate

, . roof-vent effluent diffusion from reactor and ' turbine buildings under low
'

wind speeds. The data were originally. used to develop and evaluate a
j site-specific diffusion model to calculate annual-average pollutant

concentrations. Two different tracer materials were used during the,

'
-field measurement program: sulfurhexafluoride gas (SF ) was released6
from the reactor building main vent (release height: 44.7 meters), while

j

i Freon-12B2 gas was released from the turbine building vents (release
height: 29.1 meters). The experiments were of an hours duration, but .

{ were conducted at all times of the day._ bag samplers located on three
Sampling of the tracer materials

was accomplished using 44 sequential
concentric arcs at distances of 0.35, 0.8, and 1.5 kilometers from the
point of release. The samples were assayed using gas chromatography.

Another tracer program was conducted at a nuclear power station
.

. located in a coastal region--the San Onofre dispersion study. The San
Onofre Nuclear Generating Station is located in southet n California in an
area of complex terrain. This study, as reported by Septoff, et al,
(1977) was conducted to determina downwind concentrations of effluents

: released from the containment structure. The study is of limited value,
however, because only one sampling arc was used to measure the SF6

| tracer, so dispersion coefficient curves could not be constructed.
! Nevertheless, the data have been included because the tests were

conducted at a - nuclear plant site and during periods of offshore flow--a

| condition that has received little attention to date.

F
The Ocean Breeze and Dry Gulch diffusion programs, as described by

; Haugen, et al, (1963), probably provided the most complete data available
I about atmospheric dispersion in coastal zones. The tests were actually
i

I

] -7-
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- performed in - two different locations: the Ocean Breeze study was
conducted _ at Cape Canaveral, Florida, while the Dry - Gulch program was

i conducted _ at the Vandenberg Air Force Base _ in southern California. The

[ primary objective of both the - Ocean Breeze and Dry Gulch programs was to
; obtain data to be used for .the development of site-specific predictive

j equations _ for determining downwind concentrations - of ' toxic combustion
by products from rocket launches.'

:

The '76 _' diffusion trials conducted during the Ocean Breeze program,

- utilized an FP tracer released from a point source (aqueous solution in
; an insecticide fog applicator) for a duration-of 30 minutes. The terrain.
'

at Cape Canaveral is flat, but heavily vegetated. Sampling of the tracer

i was accomplished using aspirated millipore filter samplers located on

) ' three nonconcentric arcs at logarithmic distances downwind.' Since the-
I

j tests were performed only 'during daylight hours, the atmospheric
' stability conditions that are - represented by the data range from very

unstable (Class A) to neutral (Class D).
j

.

-

j The Dry Gulch study was based on the same experimental design as
i Ocean Breeze, except that during the Dry Gulch , program two sampling

arrays at the Vandenberg Air Force Base were utilized. One of the>

sampling arrays was established on top of a mesa, while the other was
'

established within the Lompoc Valley. The mesa sampling array consisted
; : of two concentric arcs at 2.3 and 5.7 kilometers from the dissemination
! point, and the Lompoc Valley sampling array coasisted of three arcs at

radial distances of 0.85,15, and 4.7 kilometers from the dissemination
point. The Dry Gulch program consisted of a total of- 109 trials

3

conducted during daylight. hours. As with the - Ocean Breeze program, only
unstable and-neutral atmospheric stability conditions were tested.,

The Mountain Iron c'.iffusion program, which was conducted at the

| southern end' of the_ Vandenberg Air Force Base, was performed to satisfy
the same objectives as the Ocean Breeze and Dry Gulch programs--namely,

,

| to develop a predictive equation which would describe the transport and

! diffusion of rocket propellants and exhaust. In contrast to north

! Vandenberg, south Vandenberg is located in an area of complex terrain, as
described by Hinds, et al, (1967,-1968) at.d Daubek, et al, (1969).. 'A'

total of 113 tracer releases were performed during the Mountain Iron
program. At least one horizontal dispersion coefficient was calculated

| from 86 of the tests. Fluorescent particles were released from spray
nozzles at a height of 2 to 6 meters, for 15 to 30 minutes duration.'

j Because the complexity of the terrain at south Vandenberg limited the
l access to downwind locations, the samplers were placed along roads,
'

rather than in the usual concentric arcs. Tracer releases were performed
during daylight hours, but the full range of atmospheric stabilities (A,

through F as determined using the a method) were tested.
0

i i

I The Shoreline diffusion program, as described in the report by
Smith, et al, (1969),- was conducted in the summer of 1967 near Oceanside,

( California. The study was designed to determine diffusion-

i

,

I
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characteristics in ' an area ' of ' abrupt changes in surface roughness and
surface character. The tests were conducted at a flat beach which gives*

way to a bluff with a 1 height of about 50 meters. Fluorescent particles
were released in the fora..of an instantaneous puff during 35 of the
tests, while aircraf t - were employed for- 10 ' additional elevated line

source. releases. The sampling of the FP -tracer was ' accomplished using a
total of 140 rotorod ' samplers which were located -along roadways. in a4

somewhat' irregular pattern to downwind distances up to 12 kilometers from
the dissemination point. Sampling was also performed with vertical<

~ arrays at- three locations using rotorod samplers mounted on 120 meter
towers. All' tests were perforred during near-neutral atmospheric
stability conditions.

The investigators who performed the Shoreline Diffusion Program

| were concerned that the ~ tracer plume did not remain at ground level
during .11 of the experiments.- Because of the effects of surface
roughness, and the compression caused by air . rising over the inland
bluff, the tracer plume may have become slightly elevated.. To minimize .

,

: any effects that might have been caused by the plume centerline being
I displaced chove the ground, the original investigators only used the
; largest observed peak dosages (i.e., the measurements of plumes with the

least elevations) to compete dispersion coefficients.,

The final data set selected for this analysis was obtained from'

field measurement programs conducted in northern Norway near Bardufoss
: during the summer of 1968. These tests, as described by Eidsvik, et al,

(1972) and Gotaas (1975) and summarized ' by Minott, et al,-(1977), were

i. originally conducted to define dispersion characteristics in the
channeled flows.of deep valleys. A comparison of over-land to over-water

| dispersion was also presented by the authors. By design, the tests were
| performed in areas of complex terrain. A total of 26 tests were
| performed using an FP tracer. The releases were essentially from ground
I level, and in the form of a point source.- The tracer was disseminated

continuously for a duration of one hour. Rotorod samplers were used to

! measure downwind and crosswind desages and vertical measurements were
performed by suspending the rotorod. samplers from tethered balloons.

j

It should be noted that some data sets identifed in the Critical
l Review were selected for analysis, but did not provide conclusive
| results. The Matagorda Deposition Trials (Ettenheim, et al, 1967) and

the Victoria Diffusion Trials (Miller, 1966 and Vaughan, 1966) were
conducted on the Texas Gulf Coast to examine the deposition of large
particles (diameters greater than 100 microns). An effort was made to

; compute ' vertical diapersion coefficients from these data by removing the
effects of particle deposition, but the results of these efforts proved
to be inconclusive, and are not included in this report. The dispersion

,

of fluorescent particles was studied by Smith, et al (1963) in a variety'

of terrains. Aircraf t were employed to release the tracer as an elevated

_g_
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|
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line source during these tests. Vertical dispersion coefficients were
computed from some of these data, but again, the results were of limited
value and are therefore not included here.

In summary, all of the data sets identified in the Critical Review
were considered for use in this study. Although selection of useful data
included ~ those sets collected'in any type of terrain, geographical area,
or test dispersion condition, there remained some conditions which were
not fully represented and others that were not represented at all.
Nota bly, the main conditions that are not represented by historical data
sets are the transition periods between steady-state conditions, such as
the transition between the sea-breeze and the land -breeze . Since such
conditions are uniquely coastal in nature, the lack of an adequate
rapresentation of them is a significant deficiency in the existing data
base. Also, the existing data base does not provide as good a
representation of dispersion conditions on the East and Gulf coasts, as
it does of the southern California coast. This biasing of historical,
coastal, and experimental data sets toward steady-state conditions in
limited geographical areas does limit the opportunity for generalization
of the results of this present study. However, such information does
provide an indication of where and under what conditions future work is
needed.

}

l
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3.0 METHODS',

Some. of the original investigators did develop dispersion
coefficient values from the data obtained during field measurement
programs, while others, who were concerned with different objectives, did
not determine coefficients even though they had collected appropriate
data that could be used for that purpose. The purpose of.this study then
-was to extract values that were already developed, develop compatible

| values when sufficient data were available, then combine these.
coefficient values into a compendium on dispersion coefficients. for
coastal environments. This section discussses .the methods used for
extracting and developing the dispersion coefficient values from the data
sets described in Section 2.

|

! In order to present results -from the various field measurment
programs that could easily be compared, it was decided that atmospheric

| stability should be classified using a uniform procedure. In general,
both vertical temperature profiles (At ) and horizontal wind direction
fluctuation (og) measurements were . available for each of the selected

,. _

' data sets. However, during some. of the programs at was. measured only to

a height of 10 meters, making the resultant . stability class
! determinations highly suspect. It was decided that the o0 approach for

classifying atmospheric stability would provide the most consistent 7

| results. The method proposed by the U.S. Nuclear Regulatory Commission

| Office of Standards Development, entitled "The Classification of

| Atmospheric Stability by _ Sigma Theta," was selected for this study. The

| correction recommended by the .U.S. EPA (Guideline on Air Quality Models:

p 1980 Proposed Revision, Appendix C) was used to adjust nighttime
stability classes, based on the wind speed measured at 10 meters.*

i

I 3.1 EXTRACTED DISPERSION COEFFICIENTS

As mentioned , previously, the original investigators who conducted |

some of the field measurement programs used the data to calculate
dispersion coefficients. The application of their results to this study
effort was therefore very straightforward requiring only checking the
calculated values where it was possible, plotting the coefficients, and
deriving the best-fit curves for each stability class.

Hinds, et al, (1967, 1968) and Daubek, et al, (1969) computed
horizontal dispersion coefficients from the data obtained during the
Mountain Iron diffusion program. These results are shown in Figure 3.1.
Because there were relatively few measurements performed during very
unstable atmospheric conditions, the coefficients for classes A and B
have been combined to form one curve. Overall, the data obtained during

the Mountain Iron program yield a good representation of coastal
dispersion in areas of complex terrain as a full range of atmospheric

| conditions were sampled.

L

i
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The results from the Dry Gulch and Ocean Breeze diffusion programs
were presented by Haugen, et al, (1963). The horizontal dispersion
coefficients obtained from these programs are depicted in Figures 3.2,
3.3, and 3.4. The coefficient values are representative of unstable and
neutral atmospheric conditic.ns in coastal regions where the terrain is
relatively flat.

Figure 3.5 is a plot of the horizontal dispersion coefficients
derived from data collected during the Shoreline diffusion study at

f Oceanside, California. These values were computed by Smith, et al,
(1969). The diffusion tests during this program were conducted at
various distances from the coastline during near-neutral atmospheric

! stability conditions.

Figure 3.6 shows coefficient values also derived from the Shoreline
program for very short downwind distances. Best-fit lines have not been
applied to these data however, because the values do not correlate with
the appropriate stability classes. There are several possible
explanations for the lack of stratification of the coefficient values for
each stability class, but the most likely explanation is the fact that

! the tracer releases were performed from three different locations which
vary in both surface roughness and in distance from the coastline.!

Indeed the coefficient values do stratify well when they are plotted by
release location, rather than by stability class. Nevertheless, the
values have been included for the sake of completeness, and cwing to the

! fact that few dispersion measurements "close-to-the-source" are available
in current literature.

! During the course of this study effort, it became apparent that
f very few actual measurements of vertical atmospheric dispersion have been *

; performed to date. Of the studies reviewed, only two field programs have
! been identified where actual measurements of vertical dispersion were
f performed--the Norway and the Shoreline diffusion experiments. The

vertical dispersion coefficients extracted from the Norway (Eidsvik, et
al, 1972 and Gotaas, 1975) and the Shoreline (Smith, et al, 1969) tests
were summarized by Minott, et al (1977) and are presented in Figures 3.7
and 3.8, respectively. There are obvious limitations upon the use of
these data. The Norway study was conducted primarily to study
deep-valley dispersion, and not coastal dispersion. However, the data
are included here because one series of tests was performed in a fjord,
and is therefore indicative of expected dispersion rates in coastal areas
of complex terrain. As mentioned previously, the Shoreline measurements
were actually performed at three separate locations, and these locations
have different surface roughness characteristics. For this reason, the
computed vertical dispersion coefficient values did not correlate well
with the appropriate stability classes, so best-fit curves were not
constructed from these data.

- 13 -

_ _ _ _ - _ _ _ _ _ _ _ _ _ - _ _



*
.

r

,

..-_.-_.

_ __ _ . .___ .

103 103

_ j A P
--

f .' . __ g o.

( 0-'-
C |l'.- )D-.

,

[
.

y___- _ __.- -

,4
10' -- ;- 10' y . .

n:
. -9:.'

,,
_____ m

3 3
8 8

'

>
*

a o O

203 ---- - lot - ;_.
__.._

._ _.Z [_._ _ n
~

___.. __.. _____

____ _._._

810 100
10I 102 103 10" 10I 102 103 30%

DISTANCE (meters) DISTANCE (meters)

FIGURE 3.2 FIGURE 3.3

HORIZONTAL DISPERSION COEFFICIENTS, DRY GULCH, HORIZONTAL DISPERSION COEFFICIENTS, DRY CULCH,
MESA SAMPLING ARCS, (c0 STABILITY CLASSES) VALLEY SAMPLING ARCS, (00 STABILITY CLASSES)
(AFTER HAUGEN, et al, 1963) (AFTER HAUGEN, et al,1963)

, , , . . . _ . .



',||

.

)
9

E6_ --

N9

- pE
"0 L

I1

o 1 E ,

C,/f
Rl
Oa

! H
Stf

f ,e-

S ,

TH

|/
) NT

| s EI
' r IM/ / -

3

~
e CS

{ | - 5 I0 t
FR1 e

m 3 FE
( ET

E OF
E R CA
C U (
N G N)
A I OS
T F IE
S S S
I RS
D EA

PL
- 0 S C2

1 I
DYT
LI
AL

_ TINBOA
ZT
I S
Re
O c

_ H(_ 3
0
1

2UtS t2 0
3 2 0 0
0 0 1 1
1 1

-
6
0 ,
1

-
- NN

AE-

D EG
C# CU

OA
I,;\

B / ,I.

SR
- y ) TE

A/ s NT
r EF

/ / e IA
4 C(3 t

I )S0 e1
. m 3 F
_ ( F E

E E S_

E R O S
_ C U C A

N G L
_ A I N C

T F O
S I Y
I S T
D R I. E L

P I2
0 S B

I A1
- TD S )3

L s6

m
i. a9
T(1
N
OE ,

ZZl
I Ea
RE
0Rt
1 B eI 1

0
1

72tS t l '03 2 o0 * s 1
1 1

l|

\| ,| i\|l |||



-
||'

-

_
_

Y
- _ A,

f ,

3 N

W ,

Rl.

4
0 O a

- .

| - t_
.

t-
- ._ - -

, s - - He
_. - _ - T/,
, a

L R ,( _A OTp | # .R NT
.T ,O.U ) N

_E
s SI

j, |
*s. O ( I F

N r TM
e Nf .

t 7 ER
D s

IEo e .

R l m 3 CTng -<
.

! [/ , .J E FA
,L F E R F(
/ C U E

N G O)

/ / /[
A I CS
T F E
S NS/ r,

,
I OS
D IA

SL

7 / RC
E2

0g'A l F' r, / II

L ' PY1.v
ST

4R iB
lL ,!d / DL1

A N' lA / I
V k IT > LB

N IS AA
CT
I S)
T 7
Re7
E c9
V(13

0
1

gm $S wD0 '03'
0

1 11

)
9

S6
T9
N14

0 E1

I ,.

_. ~-

- - _ ~
:

Cl
- C D: E I a

F
- - F t

- .' %q s E es
a o O

- C ,
* . - H)

s NT
r OI
e I M

SS63 t
0 Re1

m 3 ER.

_

( PE- . _

_ - _ E S T
- - E R I F-

- C U DA

_
(N G

A I L
T F A )SS T E-

I N SD O S
Z AI_ L2

0 R C1 O
: -

. : . ~~ .
_ . _ - H Y-

- : T
- ._ q, "' 1 ,I.

E L
. _ _ . N I

_
- ..

L A
.

I B
.

-.

_ - E TR SO 0H
_ S (0I
. 0

1
2 8s 2 , S b0 0o 0 1 1

3 1

| ~* '

\ | ||l | | ,1



. . , _

.

c.
I'

'.

\

105

102

4n

0
3 _

o
S

t. E
I 10I

--~~

e-C. o

jj e. '. ' n.

4__

e-E. s.
,,

,

100

10I 3 got102 30

DISTANCE (meters)
.

FIGURE 3.8

SHORELINE VERTICAL DISPERSION COEFFICIENTS
(ce STABILITY CLASSES)(AFTER SMITil, et al,1969)

!

i

e

- 17 -

_. . , . _ .. ._ - - _ - - - . _ _ _ _ _ _ . _ . . - . , , _ _ _ _ . , , ,_. ,._ __..- .__. _._..._ _...-,.. ,__, _ .-- _.-_____ _ .._ .,. , _,,_.. , ._.,-



/

3.2 . DERIVATION OF HORIZONTAL DISPERSION COEFFICIENTS

Some of the atmospheric tracer measurement programs were conducted
to satisfy objectives other than the development of horizontal dispersion
coefficients. In some cases, the original investigator tabulated the
results of the diffusion trials in terms of ' plume widths' or 'crosswind

concentration distributions.' Specific analytical methods were developed
to allow the calculation of dispersion coefficients from the data
available from these field programs.

Wolfe, et al, (1956) and Hallanger (1959), using the data obtained 3

during the Camp Cooke diffusion trials, determined plume widths for
concentrations equal to or above 10 percent of the maximum,

plume-centerline concentration. With this dimension and an assumed
Gaussian distribution of concentration in the cross-wind axis, 90 percent
of the expected values will fall within +2.15 standard deviations from

the plume centerline. From this, the horizontal dispersion coefficient

is given by:

, plume width (y
Y 4.3

Figure 3 9 depicts the resultant horizontal dispersion coefficients for
the two types of tracer material used in the Camp Cooke diffusion
trails. The FP curve incorporates coefficients calculated from both the
1955 data and those extracted from Hallanger (1959) employing 1956 data,
whereas the BG curve is comprised only of coefficient values calculated
from 1955 data. The cc ves are representative of neutral atmospheric
stability conditions for coastal regions characterized by relatively flat
terrain. One notable feature of the two curves is that at downwind
distances greater than 0.7 kilometers, the rate of cloud growth due to
turbulent diffusion processes decreases. This result is in sharp f
contrast to the widely accepted ' straight-line' lateral plume growth rate (

represented by traditional relationships between horizontal dispersion
coefficients and downwind distance.

.
The Millstone and San Onofre diffusion trails were conducted at

| existing nuclear generating stations, and therefore provide valuable,
| 'real-world' information that is directly applicable to the NRC's

i objectives. Unfortunately, the presence of the plant complex alters the
j wind and turbulence regime in its vicinity, thereby making the

| development of dispersion coefficients more difficult.
!

! Johnson, et al, (1975) and Septoff, et al, (1977) tabulated the
(

results of the Millstone and San Onofre diffusion trials, respectively,
in the form of crosswind integrated concentratioas which were converted
to plume width and subsequently to horizontal dispersion coefficients

j using the method described previously.
(

! - 18 -
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|

The coefficients developed from these data partially represent the
increased turbulence and wake effects resulting from the air flow over
and around the reactor and turbine buildings. An attempt was made to
remove the effects of building entrainment by utilizing a scheme
developed by Johnson durirg the Millstone diffusion trials. Visual
observations of oil-fog tracer experiments conducted at the Millstone /

station indicated that the ratio between the tracer efflux velocity and
the ambient wind speed could be used as a predictor of the occurrence of
building entrainment or downwash effects. Johnson found that if the
ratio fell below 0.9, then the tracer plume would be totally entrained in
the building wake. Ratio values between 0.9 and 5.0 indicated that
partial entrainment could be expected, while values exceeding 5.0
indicated that the plume escaped from the building wake. Since the

*effects of partial entrainment on the dispersion of an effluent plume are
probably the most difficult to quantify, all measurements performed when
the ratio of the ef flux velocity to the wind speed were in the range of
0.9 to 5.0 were excluded from further analysis.

From current . aerodynamic downwash theory, it is expected that
during conditions of complete wake entrainment, an effluent plume would
be entrained and quickly mixed to ground level within the building's wake
cavity. It would then be transported downwind with an initial plume
dimension proportional to the dimensions of the building. In order to
account for the effects of wake entrainment, the dispersion coefficients
developed from the Millstone data were reduced by an amount equivalent to
the width of the building whenever the ratio of the efflux velocity to
the wind speed was below 0.9. The resulting values were then combined
with the 'no entrainment' cases to reflect atmospheric turbulence in the

absence of man-made structures.

Figure 3.10 was constructed from all measurements performed during
the Millstone trials, regardless of the effects of building entrainment,
while Figure 3.11 represents the adjusted dispersion coefficient curves.
The similarity of the resultant curves seems to indicate that the efforts
to remove the effects of wake entrainment using techniques developed for
the site during the initial f nvestigations were not entirely successful.
Therefore, it must be concluded that the Millstone curves still contain
some effects from building wake entrainment and are not fully

representative of dispersion conditions in undisturbed flow.

Crosswind concentrations were tabulated by Septoff, et al, (1977)
from the data collected at the San Onofre Nuclear Generating' station

(SONGS). Dispersion coefficients were calculated from Septoff's results
by the same technique used for the Millstone data. However, the sampling
configuration at SONGS consisted of only one downwind sampling arc,
making these results of limited value. The dispersion coefficients
calculated for this sampling arc are shown in Figure 3.12. The SONGS
study seems to indicate that offshore flow and turbolence induced by the
plant complex create very good dispersion at short downwind distances
(100-150 meters).

- 20 -
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i 3.3 DERIVATION OF VERTICAL DISPERSION COEFFICIENTS
)

One of the primary weaknesses of applying existing data bases
derived from previously conducted tracer measurment programs to the
current needs of the NRC, is the almost complete lack of measurements of
atmospheric dispersion in the vertical. As mentioned previously, the
Norway and the Shoreline diffusion experiments were the only tests
identified where vertical measurements of atmospheric dispersion have
been performed in coastal regions in enough detail for determination of
dispersion coefficients. For this analysis, an attempt has been made to

,

utilize the much more extensive coastal dispersion measurements in the
horizontal direction to derive estimates of vertical dispersion

coefficients by applying the relationships expressed in the Gaussian
plume model. As will be discussed however, there are inherent flaws in
applying the Gaussian assumption to calculate o in lieu of utilizingz
actual measurements.

Vertical dispersion coefficients ( z) were calculated using the
following form of the Gaussian plume model:

o
_

Equation 3.1'o =

(2 m) Xcwid u

where: u = mean wind speed

Xcwid = crosswind integrated dosage, and
|

Q = source strength, or in this case,
the number of particles.

An equivalent form of this equation is:

9
g _

Equation 3.2a =

max y u

where: Xmax = maximum centerline concentration.

Equations 3.1 and 3.2 were derived by assuming complete deposition of the
tracer particles upon impaction at the ground, since this assumption most
closely describes the physical processes that can be expected to occur
during the field measurements. These equations have been applied to the
data obtained during the Camp Cooke, Ocean Breeze, Dry Gulch, Mountain
Iron, Millstone and San Onofre diffusion experiments to derive vertical
dispersion coefficients that are representative of conditions in coastal
region 3.

Vertical dispersion coefficients derived from the Camp Cooke data
are shown in Figure 3.13. The resultant curve is only representative of

,

the neutral atmospheric conditions that were prevalent during the

original tracer experiments. It should be noted that tiare is
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uncertainty regarding the source strengths during the Camp Cooke trials,

h which may affect the reliability of the coefficient estimates presented
in Figure 3.13. The efficiency of the bomblets used for dissemination of
the BG tracer at Camp Cooke was found to be as low as 30 percent, while
the efficiency of the Stanford generator used for FP dissemination was
about 80 percent (Martinez, 1965). It is probable that the emission
source strengths have been overestimated for many of the Camp Cooke
trials, which will tend to cause an overestimation of a as well.z

Figures 3.14, 3.15, and 3.16 depict the vertical dispersion
coefficients derived from the Ocean Breeze, Dry Gulch, and Mountain Iron
diffusion tests, respectively. These data provide a fairly- good
representation of dispersion over the full range of expected atmospheric
stability conditions. The Ocean _ Breeze and Dry Gulch results are
applicable to coastal regions where the terrain is predominantly flat,
whereas the Mountain Iron data are more representative of more complex

y terrain conditions.

| The effects of the added turbulence created by the presence of a
building complex on the vertical growth of an effluent plume are

i represented in Figures 3.17 and 3.18 which have been derived from tracer
i experiments conducted at the Millstone and San Onofre Nuclear Generating

Facilities, respectively. The Millstone results are depicted by two

; curves, both of which are representative of stable atmospheric
conditions, because as previously mentioned, two different tracers were,

i used to study the different points of effluent release within the plant
complex. The turbulent structure of the atmosphere downwind of the

,

| various plant buildings is undoubtedly a contributing factor to the
differences exhibited by the two tracer types because the tracers were
released at different locations within the plant complex. Since the;
measurements at the San Onofre facility were performed at essentially one

| downwind distance, coefficient curves as a function of distance could not
! be constructed from these data.-

|
Direct measurements of vertical dispersion were not performed

|
during any of the tracer experiments mentioned in this section, se the
accuracy of the calculated coefficient values could not be assessed.
Since the mathematical technique used in this study depends on a precise

t knowledge of several parameters, such as the emission source strength,
the downwind maximum centerline concentration, the crosswind
concentration distribution, and the mean wind speed, any inaccuracies in
the measurement of these input variables will be reflected in theg

resulting vertical dispersion coefficients. Indeed, the application of

j the Gaussian assumption itself may not be appropriate in all cases. The

3
need for actual measurements of vertical dispersion in coastal regions
cannot be overemphasized.4

{
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4.0 RESULTS

i
Dispersion coefficient values have been derived or extracted from

existing data sets that were obtained from field measurement programs
conducted in . coastal regions. -Up to this point,' the results of these
efforts have been presented on a case by case basis and are . therefore

,

site specific. In order to provide results to the NRC which are more
generally applicable, TRC has examined the results presented in
Figures 3.1 through - 3.18 to understand and define the similarities and

; the differences exhibited by .the material presented. Experimental design
-factors inherent in each study, as well as' the geographical and
topographical differences between the -field progras.s, have been compared
to derive an objective scheme for ' classifying and then combining the

i dispersion coefficient values obtained from each data set.

I Topographical features can be expected to exert a strong influence
on the turbulent characteristics of the ' atmosphere in a given location.
The Mountain Iron program and the Ocean Breeze / Dry Culch experiments
provide a good basis for comparing the effects of terrain because they

,
'

i were conducted with essentially the 'same experimental designs but were
performed in regions having much different topography. The dispersion
coefficients obtained during the Mountain Iron program (Figure 3.1) are
larger for each stability class than the values obtained from either the
Dry Gulch (Figures 3.2 and 3.3) or the Ocean Breeze programs

.

(Figure 3.4). These differences are attributed to the differences in'

terrain between the test locations: the Mountain Iron program was
conducted in an area of complex terrain (roughness length about 2 meters)

7'

while the Dry Culch and Ocean Breeze programs were conducted in regions
that are relatively flat (roughness lengths less than 0.3 meters).

Another important factor for determiriing the magnitude of the
dispersion coefficient values is the duration of the tracer release
period. Several authors, including Gifford (1956), Bowne (1973), and
Hanna, et al (1982), have described the differences in diffusion ratesa

I between smoke " puffs" and smoke " plumes." It can be expected that
. emissions from a continuous source (a smoke plume) will be affected by a
i wider spectrum of eddy sizes, than will emissions from an instantaneous

source (or smoke. puff). This fact is illustrated in Figure 4.1 which was
derived from the Camp Cooke results. During Phase A of the experiments,

,

tracer materials was emitted instantaneously from exploding bomblets,,

I while during Phase C the tracers were emitted continuously for a duration
; of four minutes. Even with a relatively short difference in release

! times, a marked difference in resulting dispersion coefficients is
i evident.

!

,-

!

P

!

n
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From these results, the dispersion coefficients obtained from the
various field programs were categorized according to terrain and release
period. The resulting categories are:

complex terrain / continuous source;e
complex terrain / instantaneous source;e

e flat terrain / continuous source;

e flat terrain / instantaneous source.

The Mountain Iron and North Norway studies fit into the complex
terrain / continuous source category. The Dry Gulch and Ocean Breeze
studies comprise the flat terrain / continuous release category. The flat

terrain / instantaneous release category is represented by the Camp Cooke
and the Shoreline instantaneous releases. Unfortunately, complex

,

terrain / instantaneous releases are not represented by any of the existing
data sets.

..

The Millstone and San Onofre data stand apart from any of the above
classifications because they were the only tests conducted in the
vicinity of man-made structures. The fact that these data were obtained
from tests at existing - nuclear generating facilities, and because the
effects of building wakes and aerodynamic downwash are inherent in the
coefficients derived from these tests, the results from the Millstone and
San Onofre tests have been treated as a fifth category.

.

4.1 COMPLEX TERRAIN / CONTINUOUS SOURCE

The horizontal dispersion coefficients derived from the Mountain
Iron and Norway data sets were individually plotted to derive the
best-fit lines which comprise the complex terrain / continuous emission
source curves presented in Figure 4.2. Superimposed on these results are
the classical Pasquill-Gifford dispersion coefficients which serve as a
basis for comparison. The resultant curves are similar to the Mountain
Iron curves except the one for A and B stability is shifted upward

i slightly due to inclusion of the Norway data which is comprised of
somewhat higher values. In general, the resultant curves are about one
stability class more unstable than the P-G curves. It is not surprising

that the atmosphere exhibits greater turbulence (more unstable) in
regions of complex terrain as these data seem to indicate.

A similar procedure was employed to develop the vertical dispersion
< coefficients for continuous emission sources in complex terrain shown in'

i Figure 4.3. As noted before, the complex terrain curves are shifted

( toward the " unstable" range of the P-G values, with the exception of the
most unstable classes A and B. It is also noteworthy that the dispersion''

coefficients derived in this analysis exhibit a much narrower range of
j

i
values between the most unstable categories and the most stable, as

! compared to the P-G curves.

- 31 -
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4.2 FLAT TERRAIN / CONTINUOUS SOURCE

The Ocean Breeze and Dry Gulch data sets were combined to yield the
dispersion coefficients applicable to continuous emission sources located
in flat terrain as shown in Figure 4.4. The results compare favorably
with the P-G data as should be expected. Unfortunately there are no data
available in this case for stable atmospheres.

The vertical dispersion coefficients for continuous releases in
flat terrain are shown in Figure 4.5. As with the results from tests in
complex terrain, the resultant curves exhibit a narrower range of values
than the P-G data. Another interesting finding is the tendency for the
curves to level off at greater downwind distances indicating that the
rate of plume growth decreases at greater distances.

4.3 FLAT TERRAIN / INSTANTANEOUS SOURCE

The Camp Cooke diffusion trials provided the only data available to
describe dispersion of instantaneous emission sources. As mentioned, the
Camp Cooke experiments were performed in predominantly flat terrain, and
under neutral atmospheric conditions. The horizontal dispersion
coefficients derived from these data are shown in Figure 4.6, and the
vertical coefficients appear in Figure 4.7. Again the data exhibit a
tendency to level off at increasing downwind distance from the source in
sharp contrast to the P-G curves. Unfortunately, only neutral

atmospheric stability conditions are represented, and no programs have
been identified which have tested instantaneous sources in complex
terrain.

4.4 ELEVATED SOURCE / PLUME DOWNWASH

Dispersion of contaminants emitted into the atmosphere in the
vicinity of a power plant complex has been studied at the Millstone and
San Onofre Nuclear Generating Stations. Figures 4.8 and 4.9 represent
horizontal and vertical dispersion coefficients from data obtained in the
vicinity of man-made structures. Although the tests were performed
during stable atmospheric conditions, the curves are shifted into the
' unstable regions' of the P-G data sets. This is undoubtedly
attributable to the enhanced turbulence created by the plant complex. In

fact many of the Millstone tests were performed during conditions of
aerodynamic downwash, with the tracer being entrained into the building

| wake cavity. Such conditions can be expected to cause a rapid, initial
! horizontal and vertical spread of an effluent plume.

4.5 SUMMARY OF RESULTS
i

| In general, the dispersion coefficient curves derived from the

| tests performed in coastal regions are more tightly grouped than are the
| more traditionally accepted values. In other words the data presented in

this analysis. exhibit a much smaller range of values between the most
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unstable categories and the most stable ones, than do the widely used
Pasquill-Gifford values. A d_ecreased growth rate of an effluent plume at
distances greater than about one kilometer from its emission source is
also indicated by these results most notably for instantaneous sources.

The departures of the presented curves from the more classical
values can be explained, for the most part, by variations of well
examined factors, such as terrain, release duration, release height, and
other local effects such as aerodynamic downwash. It should be noted
that these data do not exhibit effects that can easily be attributed to
the coastal environment from which they were obtained. It could be
argued that the data employed in this study are biased, by experimental
design, towa rds representation of "s teady-s tat e " conditions, which then
minimize those influences that are uniquely coastal in nature. The

! resulting data base is therefore incomplete because it does not represent
important coastal features, such as the diurnal sea / land breeze cycle, or
the growth of the turbulent internal boundary layer, which play a pivotal
role in determining the dispersive potential of the atmosphere in coastal
regions.

|

!
l

!
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,
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!

|
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5.0 CONCLUSIONS AND RECOMMENDATIONS

L

TRC Environmental Consultants have conducted a detailed review and;.

analysis for the U.S. Nuclear Regulatory Commission of existing data from,

i previously conducted field programs related to atmospheric dispersion
processes in coastal regions. The results of this analysis, which have
been presented in graphical; form, consist of both horizontal and vertical

1 dispersion coefficients that are representative of coastal conditions
experienced at the locations of existing or- proposed _ nuclear generating
facilities. The existing data base has been found to yield a good
representation of dispersion conditions which might affect continuous

: emissions in a variety of terrain. Atmospheric conditions that would be
expected during daylight hours are particularly well represented in the
existing data base.

In TRC's opinion, the existing data base does not provide an
adequate representation of conditions which are not " steady state." The

j experimental design of most of the measurement programs conducted to date
intentionally avoided conditions that were not steady state, such as
rapid wind shifts, trapping, or fumigation conditions, because of the

r inherent difficulty of performing such measurements. Other gaps which
are evident in the existing data base include stable, nighttime
conditions, instantaneous emission releases, and offshore flow
conditions. Possibly the largest void in the measurements performed to
date is the almost complete lack of tests to measure the vertical growth
of effluent plumes. As previously mentioned, the vertical dispersion
coefficients presented in this report were almost exclusively derived
from measurements of horizontal dispersion using the Gaussian plume model.

The results of this analysis have been compared to the - well-known
Pasquill-Gifford dispersion coefficients and the departures from the
classical results can be axplained by trad,itional factors such as
differences of terrain, release duration, and local effects such as
aerodynamic downwash conditions. Other conclusions can be made from this
analysis:

e- good agreement is evident between the Pasquill-Gifford
coefficient values and those derived from tests

performed using a continuous emission source located in
flat terrain;

e results obtained from tests in complex terrain indicate
a greater degree of turbulence than those from flat

,

terrain as the coefficient values are greater in
magnitude for each stability class and downwind distance;

- 38 -
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e- instantaneous (puff) releases experience a different
spectrum of turbulent eddy sizes than do continuous
(plume) emission releases, as evidenced by the lower
dispersion coefficients derived from experiments using
instantaneous releases;

e a decrease in plume growth rates with increasing
downwind distance is indicated by the leveling off of
many of the dispersion coefficient curves at downwind
distances greater than one kilometer;

e a smaller range of coefficient values, between the most
stable cases and the most unstable, is indicated by
these results as compared to the Pasquill-Gifford curves.

Based on the findings of this report, in regards to both the
' information that is well represented by existing data and the information

that is poorly represented, the following recommendations are made for'

future work on coastal dispersion:

e detailed measurements of vertical dispersion in coastal
regimes should be performed;

e detailed measurements of instantaneous point source
emissions, in a variety of terrain conditions, should be
-performed;

e more information is needed regarding dispersion in<

stable atmospheres in coastal regions;

e better information on dispersion during nonsteady-state
I . conditions, and especially conditions which are uniquely
i coastal in nature (such as the diurnal sea / land breeze

cycle, and the turbulent internal boundary layer),
should be obtained;

e measurements of dispersion at very short (less than
one kilometer) or very long (greater than five
kilometers) downwind distances should be performed;;

e a standardized method of stability measurement and
. classification should be employed to insure that the
I results from future measurement programs are easily
| intercomparable.

i

f
(

- 39 -
t

- .,. ,, , - - , s -, .c, ,-r , , . - - , , - , , . . , .wn- , - _ , ,,,,,,,,---..,-,,.,,.,,_4,.-,,,,r,r,,-,-n ----- n p 4e--., e-,.,-



. - _ _ _ _ _ _ _ _ _ _ _ - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - _ . _ _ _ _ _ - . _ _ _ _ . _ _ _ _ _ _ _ - _ _ _ _ _ - - _ _

:

REFERENCES

AeroVironment Incorporated, 1980: Data Submission . for Offshore Tracer
Study in Ventura County, Volume I - - Tracer Gas and Meteorological Data.

.
a

- Report Number DP-80-056.~ Pasadena, California, 220 pp.
<

AeroVironment Incorporated , 1980: Data Submission for . Offshore Tracer
Study in .Ventura County, Volume II - Doppler Acoustic Radar Data. Report
Number DP-80-056. Pasadena, California, 381 pp.

.

Bierly, E. W. and E. W. Hewson, 1963: Atmospheric Diffusion Studies near4

a Lake. Shore. Journal of Applied Meteorology, Volume' 2, pp. 390-396.

Bowne,- N. E., 1973: Diffusion Rates. Proceedings of the 66th Annual
~

Meeting of the Air Pollution ' Control Association (#73-13.0), Chicago,
Illinois, 4 pp.

Brown, L., 1980: Proposed Revision 1 to Regulatory. Guide 1.23 -
.,

. Meteorological Programs in Support of Nuclear Power Plants. U.S. Nuclear
'

Regulatory Commission, Office of Standards Development, Task SS 926-4,
Washington D.C., 34 pp.

'

Cox, E. L., W. D. Foster, and V. S. Palmer,- 1958: Comparison of Simulant
Decay Rates and Area Coverages (V). U.S. Army Chemical Corps . Research

' and Development Command, Report Number 287, Frederick, Maryland, 84 pp.

Cramer, H. E., R. K. Dumbauld, F. A. Record, and R. N. Swanson, 1970:
j Titan III-D Toxicity Study. GCA Corporation for the Department of the
!- Air Force, Report Number TR-70-3-A,-pp. 30-54.

Cramer, H. H., H. L. Hamilton, G. M. DeSanto, 1965: Atmospheric
Transport of Rocket Motor Combustion By-Products, Volume 1 - Data
Analysis and Prediction Technique. GCA Corporation (Contract
Number N123[61756]34567[PMR]), 156 pp.

Cramer, H. E., H. L. Hamilton, G. M. DeSanto, 1965: Atmospheric
,

| Transport of Rocket Motor Combustion By-Products, Volume 2 - Experimental
Design and Field Installation. GCA Corporation (Contract
Number N123[61756]34567[PMR]), 46 pp.

Cramer, H. E. and F. A. Record, 1970: Diffusion Studies at the Diablo
Canyon Site. GCA Corporation for Pacific Gas and Electric Company, 43 pp.'

Daubek, H. G., W. L. Dotson, J. V. Ramsdell, P. W. Nickola, 1969: The
,

Mountain Iron Diffusion Program: Phase II, South Vandenberg: Volume 3, '

Battelle - Pacific Northwest Laboratories (BNWL-572, Volume 3), 223 pp.

- 40 -

4

1

- -- . - .- --



REFERENCES (Cont'd)

Eidsvik, K. J. and F. K. Hansen, 1972: Turbulent Diffusion in the
Surface Boundary Layer of Near Neutral Stratified Flows Along Four
Valleys. Interim Report VM-6 Forsvarets Forskningsinstitutt, Norwegian
Defense Research Institute, Kjeller, Norway, 50 pp.

Ettenheim, Jr., G. P. and C. L. Crum, 1967: Matagorda Deposition
Trails. Meteorology Research, Inc. Report Number MRI67-FR-468, Altadena,
California, 76 pp.

Gifford, F. A., 1956: Relative Atmospheric Diffusion of Smoke Puffs.
Research and Development Division, Atomic Energy Commission, Oak Ridge,
Tennessee, 14 pp.

Gifford, F. A., 1976: Turbulent Diffusion-Typing Schemes: A Review.
Nuclear Safety, Volume 17, 20 pp.

Gifford, F. A., 1982: Long-Range Plume Dispersion: Comparisons of the
Mount Isa Data with Theoretical and Empirical Formulas. Atmospheric
Environment, Volume 16, Number 6, pp.1583-1586.

Gotaas, Y.,-1975: Atmospheric Dispersion in Valleys, VM-34, Part I, II
'

Interim Report Forsvarets Forskningsinstitutt, Norwegian Defense Research
Institute, Kjeller, Norway, Part I - 60 pp., Part II - 19 pp.

Hage, K. D., G. Arnason, N. E. Bowne, P. S. Brown, H. D. Entrekin, M.
Levitz, and J. A. Sekorski,1966: Particle Fallout and Dispersion in the
Atmosphere, Final Report. The Travelers Research Center, Inc. for the
Sandia Corporatior,, Wethersfield, Connecticut, 102 pp.

Hallanger, N. L. , G. R. Herd, G. Shortley, and R. L. Stearman, 1959:
Further Study of the Camp Cooke Aerosol Dissemination Trails. Booz Allen
Applied Research, Inc. Report Number BAARINC-PRO-R-3, Bethesda,
Maryland, 97 pp.

Hamilton, H. L., 1965: Atmospheric Transport of Rocket Motor Combuetion
By-Products, Volume 3 - Data Supplement. GCA Corporation (Contract

,

Number N123[61856]34567[PMR]), 204 pp.

i Hanna, S. R., G. A. Briggs, and R. P. Hosker, 1982: Handbook on
| Atmospheric Diffusion. Atmospheric Turbulence and Dif fusion Laboratory,
f National Oceanic and Atmospheric Administration, Oak Ridge, Tennessee,

102 pp.

[

Haugen, D. A. and J. J. Fuquay, 1963: The Ocean Breeze and Dry Gulch
Diffusion Programs, Volume I, Hanford Laboratories, Contract

,

i Number AT(45-1)-1350 (Atomic Energy Commission), 240 pp.

- 41 -

. - - - -- - -. _. ._ - -- - , . - - - . -



REFERENCES (Cont'd)

Haugen, D. A. and J. H. Taylor, 1963: The Ocean Breeze and Dry Gulch
Diffusion Program, Volume II, Air Force Cambridge Research Laboratories,
Contract Number WS 107A-2, 100_pp.

Hewson, E. W., G. C. Gill, and E. W. Bierly, 1960: Atmospheric Diffusion
Study at the Enrico Fermi Nuclear Reactor Site. Progress Report No. 2
(under contract with . the Power Reactor Development Company), Department
of Civil Engineering Meteorological Laboratories, University of Michigan.

Hinds, W. T. and P. W. Nickola, 1967: The Mountain Iron Diffusion
Program: Phase I, South Vandenberg: Volume 1, Battelle-Pacific
Northwest Laboratories (BNWL-572 Volume 1), 276 pp.

~

Hinds, W. T. and P. W. Nickola, 1968: The Mountain Iron Diffusion
Program: Phase I, South Vandenberg: Volume 2, Battelle-Pacific
Northwest Laboratories (BNWL-572 Volume 2), 258 pp. '

Johnson, W. B., E. Shelar, R. E. Ruff, H. B. Singh, and L. Salas, 1975:
Gas Tracer Study of Roof-Vent Effluent Diffusion at Millstone Nuclear
Power Station. . Stanford Research Institute, Menlo Park, California, SRI
Project Number 3588, 295 pages.

Lamb, B. K., A. Lorenzen, and F. H. Shair, 1978: Atmospheric Dispersion
and Transport within Coastal Regions - Pa rt I. Tracer Study of Power
Plant Emissions from the Oxnard Plain. Atmospheric Environment,
Volume 12, pp. 2089-2100.

Lamb, B. K., F. H. Shair, and T. B. Smith, 1978: Atmospheric Dispersion
and Transport within Coastal Regions - Part II. Tracer Study of
Industrial Emissions in the California Delta Region. Atmospheric
Environment, Volume 12, pp. 2101-2118.

Martinez, E. L., 1965: Special Study for the Determination of FP
Dissemination Efficiency of the Modified E61R4 Bomblet. U.S. Army Test
and Evaluation Command, Dugway, Utah, 19 pp.

Miller, R. L., 1966: Victoria Diffusion Trials, Volume I. Meteorology
Research, Inc., Report Number MRI66-FR-374, Altadena, California, 184 pp.

e

j

-42-



REFERENCES (Cont'd)

Miller, R. L., 1966: Victoria Diffusion Trails, Volume II, Part A.

Meteorology Research, Inc., Report Number MRI66-FR-374, Altadena,

California, 332 pp.

Miller, R. L., 1966: Victoria Diffusion Trials, Volume II, Part B.
Meteorology Research, Inc., Report Number MRI66-FR-374, Altadena,

California, pp. 334-658.

Minott, D. H. and D. L. Shearer, 1977: Development of Vertical

Dispersion Coefficients for Shoreline Environment. TRC Project

Number 72607, Report Number C00-4026-2, Wethersfield, Connecticut.

Minott, D. H., D. L. Shearer, and R. S. Marker, 1977: Development of
Vertical Dispersion Coefficients for Deep-Valley Terrain. TRC Project

Number 72607, Report Number C00-4026-3, Wethersfield, Connecticut.

Minott, D. H. and D. L. Shearer, 1979: Measurements of the Vertical
Dispersion Rate in Deep-Valley Terrain. Preprints of the Fourth

Symposium on Turbulence, Diffusion, and Air Pollution, Number 4.10, Reno,
Nevada. American Meteorological Society, Boston, Massachusetts,

pp. 229-236.

Pasquill, F., 1976: Atmospheric Dispersion Parameters in Gaussian
Modeling, Part II: Possible Requirements for Change in the Turner
Workbook Values. North Carolina State University for the U.S.
Environmental Protection Agency, Raleigh, North Carolina, 44 pp.

Rappolt, T. J., 1981: Summary Report: Synopsis and Critique of SF6
Tracer Gas E>.periments Conducted by BLM and CARB in the Santa Barbara
Channel. Energy Resources Company, Inc., LaJolla, California, 28 pp.

Rappolt, T. J., 1981: A Synopsis and Critique of SF6 Tracer Gas
Experiments Conducted by BLM in the Santa Barbara Channel. Energy

Resources Company, Inc., LaJolla, California, 35 pp.

Raynor, G. S., R. M. Brown, and S. SethuRaman, 1976: A Comparison of
Diffusion from a Small Island and a Nearby Ocean Site. Preprints of the

Conference on Coastal Meteorology, Virginia Beach, Virginia. American
Meteorological Society, Boston, Massachusetts.

Raynor, G. S., R. M. Brown, and S. SethuRaman, 1976: Experimental Data
from Coastal Diffusion Tests. Brookhaven National Laboratories, Upton,

New York, Report Number Bhl-21998, 502 pp.

- 4 3 --

_ - . . _ .__ -__



REFERENCES (Cont'd)

Raynor, G. S., P. Michael, R. M. Brown, and S. SethuRaman,1975: Studies
of Atmospheric Diffusion from a Nearshore Oceanic Site. Journal of
Applied Meteorology, Volume 14, pp. 1080-1094.

Septof f, M., L. J. Brunton, and L. H. Teuscher, 1977: Results of an
.

Offshore Dispersion Program Conducted at the San Onofre Nuclear
'

Generating Station. Preprints of the Joint Conference on Applications of
Air Pollution Meteorology, Salt Lake City, Utah. American Meteorological
Society, Boston, Massachusetts.

Shearer, D. L. and R. J. Kaleel, 1982: Critical Review of Studies on
Atmospheric Dispersion in Coastal Regions. TRC Environmental
Consultants, Inc. for the United States Nuclear Regulatory Commission,
Englewood, Colorado, 57 pp.

Shearer, D. L., D. H. Minott, . and G. R. Hilst, 1977: Development of
Vertical Dispersion Coefficients for Rolling Terrain Environments. .TRC
Project Number 72607, Report C00-4062-1, Wethersfield, Connecticut.

Slade, D. H., 1968: Meteorology and Atomic Energy. Prepared for the
United States Atomic Energy Commission, 445 pp.

Smedman-Hogstrom, A. S. and U. Hogstrom, 1978: A Practical Method for
Determining Wind Frequency Distributions for the Lowest 200 m from
Routine Meteorological Data. Journal of Applied Meteorology, Volume. 17,
pp. 942-953.

;

Smith, T. B., 1964: Micrometeorological Investigation of Naval Missile
Facility-Point Arguello, California. MRI 64 FR-167, Volumes I and II,
Final' Report, Contract Number (123)-(61756) 32885A(PMR), Meteorology
Research, Inc., Altadena, California.

Smith, T. B. and K. M. Beesmer, 1967: Bolsa Island Meteorological
Investigation. Meteorology Research, Inc., Report Number MRI67-FR-650,
57 pp.

Smith, T. B. and B. L. Niemann, 1969: Shoreline Diffusion Program.
Oceanside California, Meteorology Research, Inc., Report Number ' MR169
FR-860, 3 volumes.

Smith, T. B. and M. A. Wolf, 1963: Vertical Diffusion from an Elevated 1
Line Source over a Variety of Terrains. Part A - Final Report to Duguay
Proving Ground, Meteorology Research, Inc., Contract
Number DA-42-007-CML-545, Report Number MR163-FR-71, 40 pp. j

- 44 -



REFERENCES (Cont'd)

Turner, D. B., 1971: Workbook of Atmospheric Di spersion Estimates. Air
Resources Field Research Office, Public Health Service, Cincinnati, Ohio,
84 pp.

U.S. Environmental Protection Agency, October 1980: Guideline on Air
Quality Models--Proposed Revisions, Research Triangle Park, North
Carolina, 59 pp.

Diffusion andVaughan, L. M., 1967: Matagorda neposition Trials -

Deposition of Large Particles with Fall Velocities in the Range of 10 to
50 cm/sec. Metronics Associates, Inc. , Technical Report Number 140, Palo
Alto, California, 51 pp.

Vaughan, L. M., 1966: Particulate Diffusion, 1965 Victoria Diffusion

Trials. Metronics Associates, Inc., Technical Report Number 126, Palo
Alto, California, 33 pp.

Weber, A. H., 1976: Atmospheric Dispersion Parameters in Gaussian Plume
Modeling, Part I: Review of Current Systems and Possible Future

Developments. North Carolina State University for the U.S. Environmental

.

Protection Agency, Raleigh, North Carolina, 59 pp.
!

Wolfe, Jr., E. K. and W. W. Dorrell, 1956: Comparison of Simulant Decay
Rates in Field Tests (U). Chemical Corps Research end Development
Command, Biological Warfare Laboratories Assesament Division, Special
Report Number 273, Fredrick, Maryland, 96 pp.

i
l

?
|

!

- 45 -

. . . __ , . _ . _ __ -_ _ _ _ _ _., . - . _ ~ _ , - _ . _ _ _ _ _ _ _



_ _ _ .

' $'Ed/$.N9""*"#"[ ' *"" " u.s. NucLEan neoutaronY commission

818UOGRAPHIC DATA SHEET PNL-4627
4. TITLE AN D SUBT4TLE (Ade VWume Na, niaspraorreart 2. (Leare eteel

Dispersion Coefficients for Coastal Regions s. RECIPIENT S ACCESSION NO.

5- ^""''"'C"'''"' ^uTwC RiS' B.L. MacRae, R.J. Kaleel, D.L. Shearer
"

TRC Environmental Consultants, Incorporated December 1982
9. PERFORMING ORGANIZATION NAME AND MAILING ADORESS (tacenar 2,p Coer) DATE REPORT ISSUED

=oa m |nRPacific Northwest Laboratory March 1983
PO Box 999

s. aeare um*eRichland, WA 99352
8. (Leave Nm*)

12. SPONSORING ORGANIZATION NAME AND MAILING AOORESS (fac/ var tea Codef
,

Division of Health, Siting and Waste Management
Office of Nuclear Regulatory Research ii. pin NO.

U.S. Nuclear Regulatory Conaission
B2384Washington, DC 20555

13. TYPE OF REPORT PE RIOD CQvE RED (inclusive daarst

Topical Technical Report 5/82 - 12/82
IS. SUPPLEMENTARY NOTES 14. (Leave We*J

16. ABSTR ACT 000 woros or iesse The work reported here was directed toward obtaining and pre-
senting atmospheric dispersion coefficients representative of coastal regions from
previously conducted field measurement programs. The results will assist in mini-
mizing the need for future measurement efforts and should improve those efforts still
required. The data base is comprised of 495 tracer experiments from 9 field pro-
grams. A compendium of. dispersion coefficients is presented and conditions for day-
light hours and continuous emissions for a variety of terrain conditions are well
represented. Recommendations for needed research relative to poorly represented
conditions are given. These include measurements of vertical dispersion,
instantaneous point source emissions dispersion for a variety of terrain, disper-
sion in stable atmospheres and in nonsteady-state conditions, and dispersion at
distances less than one kilometer and greater than five kilometers. It is further
recommended that standardization of measurement and classification techniques be
employed in future measurement programs for the important reason of intercompar-
ability. The report complements previously-issued NUREG/CR-2754, PNL-4292, Critical
Review of Studies on Atmospheric Dispersion in Coastal Regions, published in June

,

| 1982.
17. KEY WORDS AND DOCUMENT ANALYSIS 17a DESCRIPTORS

f Atmospheric Dispersion
Coastal Atmospheric Processes
Tracer Dispersion Experiments!

.

17tt IDENTIFIF RS.OPEN. ENDED TERVS

18. AV AILASILITY STAT 6 MENT 19. SECURITY CLASS IThis recorrt 21 NO OF PAGES

Un1imited Unclassified
20 SECURtTY CLASS iTh.s pagrj 22 PRICE

Uncl as sified s

~r.c ,Omu ns m eu

n

., .
*

. - - - - - , - - - , , - - , - - - , . . , . ,, , , , , . - . - - . - - - . , ,, , , , , , - - . , - - - , . - , . - - - - -



. _ , , , _ _ _ . _ . _. - - -. - - - _ - - . - -

UNITED STATES
Fousta ct Ass sait

NUCLEA"1 REGULATORY COMMISSION ecstact a etis raio :D
- WASHINGTON O.C. M $$',"o c $'

,t . . . .. m 3OFFICIAL sus 4 Ness 3PENALTY FOR PRIVATE USE. 5300 g|
$;
e:

120555078877 1 N00977
US hRC
ACM CIV CF TICC
PCLICY 6 PUB MGT BR-PCR AUREC
W-501
WASFlhGTCh CC 2CS55

C

50
m
3
E-
O-
Z'
O'
O
m
m'
2
12 .
m-
2
A

(n ,
m
O'
2
O
O
>
$
>
r-
2-
m.
Q:
O|
z-
en

/

\

l

i

>
x
O-
I'

$-.
(4


