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Abstract

The Eastem Lake Ontario On-Shore Flow Field Study was designed to address several nuclear-
specific meteorological issues in the coastal zone near Lake Ontario. Specifically, the following issues
were investigated: Location and height of elevated stability layers; stability classification problems;
vertical variation of wind speed; 4ata bases for model validation studies; and suitability of new remote
sensing technr iogy. These issues we.~ studied through one~year of continuous site-specific
metecrologicy' monitoring using & oustic sounders, meteorological towers, a microwave profiler, and a
Radio Acoustic Sounding System (RASS). Continuous monitoring data was supplemented with
intensive observatias to collect detailed information during targeted meteorological conditions.

Acoustic sounders were vsed o observe the occumrence of elevated mixed layers and stability
gradients. The monitoring failed to identify a statistically significant number of themal intemal
boundary layers (TIBL). It is recommended that TIBL heights he estimated using robust empirical
expressions. No justification for relocating the tall meteorological tower was determined. The cumrent
tall tower should be used 1o estimate release height winds. A 10 m tower located inland should be
used to provide TIBL stability. Penmanent installation of an acoustic sounder is also recommended.

A micrometeorological tower was installed and operated for a one-year period to measure stabi’ity
using several tecl.r. ges and investigate stability classification problems in near-shore areas. The
results show the ' _cal conditions must be factored into determining the most appropriate stability class
for dispersion modeling. In cases involving complex meteorology (i.e. coastal zones), consideration
should be given to the collection of stability data ai heights close to release elevation.

The vertical variation of wind speed was investigated by obtaining wind speed measurements a'
potential release elevations using a tethersonde and concurrent measurements trom the 200 fi
meteorlogical «ower. The results indicated difficulty in estimating insiantaneous wind speed at release
elevations using established empirical expressions. Continuous measurements at release elevations are
recommended for emergency response applications along with refined profile exponents for average
winds used in routine release impact assessments.

Detailed measurements of metecrlogical regimes were collected in onder to develop detailed data for
the development and validation of rumerical models for predicting the transport and dispersion of
pollutants in shoreline environments This data, combined with the other measure ments taken during
this study should provide researchers with a data set suitable for developing and validating conceptual
and numerical models of the dispersion meteorvlogy along the southetn shore of Lake Ontario.

A 915 MHz Profiler and RASS were operated for a period of one year to evaluate the technology as a
possible replacement for existing tall meteorological towers at nuclear facilities. It was concluded that
the new technology is not a replaceinent for tall towers but can provide impon it supplemental
infom ation. Combined with an existing 200 ft meteorological tower and sodar for profiling in the
lowest portion of the boundary layer, the profiler and RASS can provide valuable information on
plume level wiad and *emperature structure.

This study focussed on the unique metenrological problems faced by power generating facilities

located in coastal environments. The infonmation and findings are applicable to facilities which must
make esamates of the downwind dispersica of air pollutants in 2 coastal environment.
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EXECUTIVE SUMMARY

The Eastem Lake Ontario On=Shore Flow Field Study (ELOOFFS) was designed 10 study unique
meteorological conditions near the southeastem shore of Lake Ontario. The primary objective of the
study was to collect meteomlogical data within 10 kin of the coastal transition zone in order 10
characterize meteorological parameters related to the transport and ditfusion from power generating
facilities during on=shore flow conditions.

In compliance with Federal Regulations regarding emergency planning, nuclear power generating
facilities in the United States are required t0 have "adequate methods, systems, and equipment for
assessing and monitoring of the actual or potential offsite conseyuences of a radiclogical emergency
condition.” In order to meet the meteorological aspects of this regulation, nuclear power generators
must have the capability of making near real-time predictions of the transpon and diffusion of effluent
from their facilities. In order t0 make such predictions, meteorological data capable of describing the

state of the atmosphere is vital.

The ESEERCO sponsored Eastem Lake Ontario Meteorological Study (ELOMS) was recently
conducted to investigate mesoscale (ie. from 2 to 200 km) complexities in the vicinity of the lake.
Nuclear facilities are concemed with conditions over even shorter distances (0 to 80 km). ELOOFFS
was designed to enhance the ELOMS results by addressing several nuclear-specific issues over shorer
distances. Specifically, this study investigated the following problems and issucs:

Location and height of elevated stability layers

Stability classification problems

Vertical variation of wind speed

Data bases for ELOMS and related model validation studies
Suitability of new remote sensing technology

Five specific objectives were identified in onder to target the research of this project:

. Determine the most appropriate location for a meteorological tower to satisfy Nuclear Regulatory
Commission (NRC) guidance through measurements of the height of the thermal intemal
boundar’ layer (TIBL). Knowledge of the TIBL height assists in better assessing the stability of
air into which specific plumes are released.

1I. Address problems related to stability classification using shoreline meteorological towers. Further
investigation leads to recommendations on what methods should be used for assessing stability.

[II. Measure winds at release and plume heights and compare with other, standard measurement
elevations. Detemine if empirical expressions provide reliable, instantaneous wind speed
estimates at different elevations.

IV. Make observations at Nine Mile Point (NMP) Nuclear Station and Ginna Nuclear Station in onder
1o determine the comparability of results and collect detailed data in support of validation studies
for the ongoing mesoscale meteorological modeling portion of the Eastern Lake Ontario
Meteomlogical Study.




V. Evaluate the potential of next generation atmospheric profiling technology using a Microwave |
wind profiler and radio acoustic sounding system as an alternative to tall meteorological towers
and Doppler Acoustic Sounders (SODAR) for measuring wind and temperature parameters in the

boundary layer.

These objectives were addressed through one-year of continuous site-specific meteorological

monitoring using monostatic acoustic sounders, metecrological towers, a microwave profiler, and

Radio Acoustic Sounding System. Continuous monitoring data was supplemented with short-team, ‘

intensive observations with field teams collecting detailed information during targeted meteorological '

conditions using tethered and free-flying instrumentation (Tethersondes and Radiosondes). ;
{

The following summarizes the approach, conclusicns anG recommendations for each of the objectives
identified above:

Objective I:  In order to obtain data regarding the variation of the boundary layer with inland
distance from shore, three monostatic acoustic sounders were placed a locations
progressively inland. The acoustic sounder is czpable of identifying elevated mixed :
layers by sensing acoustic backscatter characteristics of the atmosphere. Backscatter ;
intensity is a function of themmal and velocity gradients. Inspection of the backscatter }
data allowed identification and interpretation of elevated mixing layers and related f

stability gradients.

The one year of monitoring failed to identify a statistically significant number of

TIBLs over Nine Mile Point. A few hours of internal boundary layers were identified

and showed reasonable agreement with the theoretical expressions for TIBL height as

a function of inland distance. The limited data set was insufficient to develop or verify

a site-specific TIBL height expression. Due to the limited TIBL data set, no :
justification can be made regarding the location of the meteorological tower. The i
sounder data did, however, clearly show evidence of more than one elevated mixiag {
height approximately 25% of the time.

Further analysis of the data is recommended. It is also recommended that the current
practice of estimating TIBL height using robust empirical expressions such as those
suggested during ELOMS, be continued. No justification for relocating the tall
meteorological tower was detemmined. The research suggests that the tall tower should
be maintained at its current location in order to provide the best estimate of release
height winds. In addition, a 10m tower located approximately 1 km inland is
recommended in order to provide a measurement of the stability inside the TIBL.

Due to the apparent frequency of complex mixing layer pattems observed in the one-
year of sounder data, it is recommended that an acoustic sounder be made routinely
available to operators at the facility in order 10 facilitate assessment of vertical stability

variation on an operational basis.

Objective 11:  To address problems related 10 the classification of atmospheric stability in the coastal
zone, 2 1) meter micrometeorological tower was installed and operated for a one-year
period. i: strumentation was instailed to measure stability using seven commonly

| accepted technigues, and the stability classes determined from each technique

xii

TR e R



Objective 1L

compared with those calculated using routine daia from the NMP main meteorological
tower.

The results showed that local conditions must be factored into a detenmination of the
most appropriate stability class and, therefore, the selection of appropriate dispersion
coefficients. In cases involving complex meteorology (i.e. coastal zones).
consideration should be given to the collection of stability data at heights close 10
release elevation. Dispersion predictions 10 ground level releases should employ near
surface stebility classifications such as those obtained using the micrometeorological
tower. Predictions for ele “ued releases should employ stability classes representative
of the height of release such as those obtained from the 200 ft meteorological tower al

NMP.

Specifically, for elevated releases, use of the 30 to 200 ft delta-temperaiure s
recommended 10 account for the broad vertical variation in stability resulting from
near-surface thermal fluxes and mechanical effects and smoother elevated flow. For
ncar-surface releases, usc of the sigma-theta method from either t- () m tower or the
30 ft level of the NMP tower are recommended. The sigma-theta method should
include a site-specific surface roughness correction.

The representativencss of empirical extrapolation of wind speed to elevations above
the highest measured elevation was investigated by obtaining wind speed
me-surements al potential release clevations using a tethersonde atmospheric profiling
system, and concufrent measurements from the existing 200 ft meteorological tower.
A comparison was conducted between the 200 ft measurement level and the release
clevations.

Based upon the limited data set collected during this study, the current power law
exponents employed to correct 200 ft wind speed 10 release heights at 350, 385 and
430 ft tend 10 over predict the actual wind speed on an observation-specific basis. The
application of 2 wind profile exponent becomes less reliable as the difference between
the reference and predicted elevations increases. The occurrence of mesoscale
phenomena such as lake breezes, land breezes, and noctumnal low-lcvel wind speed
maximums are problematic for the application of wind profile exponents due to the
large vertical variations in meteorological parameters observed with these phenomend.

With respect 10 the current meteomlogical observing system, direct use of the 200 ft
wind speed provides 3 better estimate of release height wind speed on an observation-
specific basis than use of the power law. It is recommended that further measure ments
using a combination of tower, tethersonde and remote sensing instruments be
performed on 3 regular basis (¢ g. annually). Continuous measurements at release
elevations are recommended by either employing a8 tall meteorological tower Of
reliable remote sensing system, depending o the data recovery objective required.

Use of established wind speed profile exponents 10 detemmine average winds al release
elevations is most likely appropriate for routine release calculations. However, the
profiles should be refined with actual measurements between the tower and release
elevations.
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Objective 1V: Detailed measurements of speciiic meteorological regimes were collected in order to
develop a detailed data base for use in the development and validation of models for
predicting the transport and dispersion of poliutants from power generating facilities

located in shoreline environments. Difficulty in obtaining concurrent measurements at
Ginna and NMP in similar weather conditions made direct comparison between the
two sites impossible.

In general quality, high resolution data was obtained during weather conditions
favorable for each of the targeted meteorological regimes. The data, combined with
other measurements taken during the Eastem Lake Ontario On-shore Flow Field Swudy
as well as routine meteorological measurements in the area should provide researchers
with a data set suitable for developing and validating conceptual and numerical models
of the dispersion meteorology along the southem shore of Lake Ontario.

Obtaining measurements of meteorlogical phenomena of concem to utilities is
valuable and recommended as a suitable course of action 10 obtain detailed boundary
layer profiles whenever possible. Use of the monitoring data by researchers involved
in the development and validation of models over southern Lake Ontario should be
actively encouraged.

Objective V: A 915 MHz Radar Profiler and Radio Acoustic Sounding System (RASS) were
operated for a period of one year in the vicinity of NMP. The purpose of the

monitoring was 10 evauale the performance of these new monitoring systems as
possible replacements for existing tall meteorological towers and provide enhanced
data at levels well above that typically observed by the tall towers. The profiler is
capable of providing supplemental inform ation on wind direction and speed at heights
ranging from 400 to 12,000 ft above the surface, and the RASS can provide
information between 400 and 500 fL.

Operational reliabtlity of the systems was quite high during this study even though the
profiler system operated was a developmental version and not the current commercial
version available. The system was available approximately 96 percent of the time
Data recovery, however, is dependent on operational status, weather, and siting
conditions. This particular site suffered from ground clutter problems which limited
data recovery. A data recover rate of 83 percent was the best achieved.

A short test of the radar profiler at another location at the end of the monitoring
program showed significantly improved data recovery and reduced ground clutter
effects. However, this short test did not demonstrate the full data recovery potental ol
the system since the antenna were not pointed over the lake where ground clutier
would have been minimized.

Based upon this experience, the project team concluded that Radar profilers and RASS

are not a replacement for tall towers. They are, however, capable of supplementing the {
tower-based measurements with detailed observations between the boundary layer and :
the middle troposphere. Combined with the existing NMP 200 ft meteorological tower

and sodar for profiling in the Jowest portion of the boundary layer, the profiler and

Xiv



RASS can provide valuable information on plume level wind and temperature
structure, particularly in lake breeze retum flow, and onshore flow conditions. Great
care must be taken in siting equipment 10 avoid sources of ground clutter. A thorough
siting study which includes testing the profiler at candidate locations prior to
permanent installation at the selected site is highly recommended.

In summary, the field monitonng and data analysis conducted during ELOOFFS met most of the
objectives set forward al the beginning of the project. In general, all the equipment operated well
throughout the monitonng program. although significant effort on the part of the site operator and
equipment manufacturer was necessary in order to achieve this level of success Poor weather
conditions led to missing some of the desired measurements (Objective 1), and some equipment siting
problems led to lower than expected data recovery (Objective V).

This study provides a detailed data set which focusses on the unigue meteorological problems faced by
nuclear power generating facilities located in coastal environments. The information and findings
resulting from this study are, in general, applicable to any facility which must make estimates of the
downwind transpont and diffusion of hazardous air poliutants in a coastal environment.
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Introduction

The transition between land and waier can complicate attfempts 1o quantify atmospheric conditions

found in the coastal zone. This is true at any shoreline location, including along the southern shore of
Lake Ontario where a number of nuclear-, coal-, and gas-fueled power plants are operated. The
Eastern Lake Ontario On-shore Flow Field Study (ELOOFFS) was established to address problems
related to dispersion meteorology in the coastal transition zone. Of primary concem ae: Themmal
(nternal Boundary Layers (TIBL), stability classification methods, and vertical wind speed profiles.
Additional issues relate to the application of new remote sensing equipment 1O monitor the coastal

20ne meteorclogy and the availability of site-specific data for use in verifying mesoscale models.

Summary of Problems and Objectives

The primary objective of ELOOFFS was to collect meteorological data within 10 km of the coastal

transition zone in order to characterize transport and diffusion from power generating facilities during

on-shore flow conditions. Five specific tasks were identified in orer to target the research of this
project.
Task -1: Monitor Coastal Transition Zone Intemal Boundary Layer

Guidance documents issued by the Nuclear Regulatory Commission (NRC)
recommend that the main meteorological tower « any coastal nuclear power facility be
Jocated within the TIBL at all times in order to properly characterize dispersion
conditions over land. The first specific objective of this study was t0 make
measurements of TIBL height and elevated mixing layers in order to detemmine the
most appropriate location for a meteorological tower o satisfy NRC gwdance.
Knowledge of elevated mixing layers is expected to assist in assessing the stability of

the atmosphere into which specific plumes are released.

Task - 2: Evaluation of Stability Classification Schemes

A recent study commissioned by the Empire State Electric Energy Research
Corporation (ESEERCO) looked at methods of classifying stability at Nine Mile
Nuclear Power Station. Five methods were employed to clasify stability into one of
seven stability classes using data collected with existing monitoring sys©ms. The
study found that stability classification varied from scheme to scheme and that each of
the methods suffered from various problems. Because most air pollution models allow



specification of only one stability class, this presents a problem to specifying stability
in the coastal transition zone. Therefore, the second objective of the project was to

address stability classification problems associated with shoreline meteorological
towers.

Task - 3: Monitor Vertical Wind Profile

NRC guidance recommends that measurements taken on the primary meteorological
tower should be representative of the conditions at potential release elevations. If the
highest measurement level on the tower is not at the same elevation as the highest
release point, the measurements may not be adequate. At Nine Mile Point, the
primary meteorological tower is 200 ft while the highest release point is 430 fi.
Therefore, the third specific objective of this study was to measure winds at release
and plume elevations and perform an intercomparison between other measurements in
order to justify sensing levels.

Task - 4: Detailed Regime Measurements

Specific and detailed measurements of the unique meteorological regimes experienced
over the southeastern Lake Ontario shore are lacking. To address this shortcoming,
the fourth specific objective was to make detailed observations of specific
meteorological regimes in support of validation studies related to separate numerical
modeling studies.

Task - 5: Evaluation of Wind and Remote Sensing Technology

The final objective of the study was to evaluate the potential for wind profiling
technology as an alternative to tall meteorological towers and/or Doppler Acoustic
Sounders (Sodar) for measuring wind speed and direction in the boundary layer.

Project Summary

T. % v iavolved the installation and operation of three monostatic acoustic sounders for a period of
one year in order to collect information on the boundary layer over Nine Mile Point. The three
sounders were placed at locations progressively inland from the shoreline. In this way, the height of
the boundary layer as a function of distance from shore was monitored. From this infom ation,
quantificatior of the TIBL and elevated mixing layers was developad.

In Task 2, stability classification schemes were evaluated using existing data sources as well as a
specially designed 2- to 104meter meteorological tower for making enhanced micrometeorological
measurements. The data collected from this tower allowed the calculation of stability using a variety

of methods and comparison with other, routinely used, techniques. An intercomparison of all methods
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jeads to recommendations for site-specific stability classification.

priateness of the Nine Mile Point Primary Meteorological Tower for
of Task 3 in onder 1o

in order to assess the appro
peed at the release height, a field study was conducted as part

al wind profile at the site. The field study employed a tethersonde boundary layer
The tethersonde was {lown at release heights and

estimating wind s
measure the vertic
profiling system 10 develop a comparative data set.
under a variety of meteorological conditions. The data set produced was used to compare with the
200 ft primary tower routinely used at the site. A data base of all measurements was produced

allowing a comparative analysis between tethersonde and tower data.

Task 4 involved the collection of detailed information during meteorological regimes of spucific

m in the coastal zone: on-shore flow fumigation, lake breezes, land breeze, and noctumal low-
merical modelers and researchers.

conce

level jets. This data is designed for use as verfication data for nu

Finally, Task 5 evaluated the applicability of the new wind and temperature profiling technology for
use as a potential replacement for tall towers at Nine Mile Point and other nuclear facilities where
4. A 915 MHz profiler and Radio Acoustic

clevated wind, stability, and temperature data is require
urrently with overall project monitoring.

Sounding System (RASS) were installed and operated conc

The perfoomance of the profiler was evaluated in tems of data recovery, sysiem reliability, and

performance as compared to other monitoring systems. A final recommendation was made as 10

whether the technology is viable as a replacement for a tall tower.

Benefits of Research

Research results presented in this report are beneficial to power generrting facilities located in the

coastal transition zone where dispersion meteorology is complicated by unique phenomena resulting
from the land/water interface. The primary objective of this research was to collect meteorological
data within the coastal transition zone in order to better characterize transport and diffusion from
power generating facilities |
siting of facilities in shoreline areas.

The results of this field project are recommendations on where 1o site 2 meteorological towe:

3

ocated i these areas. The study addresses 'legulatory issues related to the

r in order




1o best assess stability within the TIBL: what stability classification technique(s) are best suited for

determining stability in the coastal transition zcne for dispersion modeling purposes; what, if any,

extrapolations are necessary 1o estimate the wind speeds at various release points; whether results of
field studies at Nine Mile Point are applicable to other facilities; and, whether microwave wind
profilers are a viable technology for detemining the vertical wind profile in support of nuclear facility
operations.

Report Organization

This report is separated into two Volumes. Volume | contains the final report text. Each section of the
final project report describes one of the five tasks in detail. The sections are organized to be
independent reports summarizing the background, research applications, approach, results, conclusions,
and recommendations for each of the tasks outlined above. The reader may skip to that task report
which addresses their particular concems. Taken as a whole however, the report provides important
details and insights to many of the meteorological issues which are relevant to nuclear facilities
located in the coastal zone. Volume 11 provides the appendices which support the conclusions and

recommendations outlined in Volume |.




Section 1.0

Monitor Coastal Transition Zone Internal Boundary Layer

ram to detect the existence of coastal intemal

This Section summarizes the results of a monitoring prog
boundary layers along the southeastern shore of Lake Ontario and make recommendations as to the

placement of a meteorological tower at the Nine Mile Point Nuclear Station (NMP). A brief

background description of the coastal intemal boundary layer phenomena investigated during this

study is presented in Section 1.1 and the study goals presented in Section 1.2. Descriptions of the

equipment, monitoring program, and data analysis approach are provided in Section 1.3, with the data

analysis results summarized in Section 1.4. Section 1.5 presents some conclusions and

recommendations resulting from this portion of the study.

1.1 Background

1.1.1 Meteorology of the Coastal Transition Zone

Al the coastal land/water interface, there is a unique step-change in the surface characteristics over

The water is characterized by high heat capacity and low surface roughness; thus,

the air over water is slow to change and flow is relatively smooth. On the other
hness: thus,

which air flows.
the temperature of
hand. land surfaces are distinguished by large temperature changes and high surface roug!
air over land experiences large temperature variations and flow is more turbulent.

it is modified at the bottom, gradually taking un the

As air flows from one surface type 1o the other,
depth of the modified surface layer

characteristics typical of air resident over the new surface. The
increases with distance over the "new” surface type. The layer of modified air near the surface is
referred to as an Internal Boundary Layer (IBL) because it grows within another boundary layer
associated with the approach flow or the unmodified air. Two types of IBLs have been identfied: the
aerodynamic internal boundary layer (AIBL) resuiting fmm. changes in surface roughness, and the

thermal internal boundary layer (TIBL) resulting from changes in surface temperature.



surface temperature results in an adjustment in the vertical temperature profile (Figure 1-2) and

likewise, a change in stability. The change in stability from inside to outside of the TIBL can be
measured in tems of the standard deviation of venical velocity (Figure 1-3),

To consider the AIBL and TIBL separately in the coastal zone is not reall

Y appropriate since both are
occurring simultaneously.

However, the surface roughness change is essentially constant over most
temporal scales while the surface temperature (land and water) has dramatic variations on time scales

ranging from several hours to one year. As a result, the TIBL is substantially ruore difficult to

Quantify since it depends on a number of continually changing meteorologicl parameters.

The most dram atic IBLs occur when cold stable air over a lake or ocea surface moves onshore over
land heated by the daytime sun. This condition devel

ops a TIBL. In onder for a TIRL to develop, the
following ronditions must exist:

. Wind direction onshore (ie. air flow from water 1o land).
. Stable vertical temperature gradient over water.
Neutral or unstable ventical temperature gradient over land.

True TIBL conditions occur only with unstable vertical temperature gradients over land. Shoreline
fumigation under neutral stability classifications is possible, but most oft

en results from mechanical
mixing rather than themnal imbalances.

The TIBL is important to dispersion meteorology since a phenomena known as shoreline fumigation

can occur when a pollutant plume intersects the boundary between an eley

ated stable layer and a
surface

the shoreline, the resultant
stable layers above the TIBL provided the wind is directed
on-shore. However, the plume may eventually intersect the growing TIBL, where downward mixing
of the plume occurs in the unstable air of the TIBL. The sudden downward mixing of the pollutant
plume is referred to as shoreline fumigation. The occurrence of shoreline fumigation leads

-based unstable layer. When an elevated point source exists near
plume would initially be emitted into the

1o sudden
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increases in ground-level pollutant concentrations closer to the source than would be expected if the

phenomena was not OCCUMIng.

The NMP facility is located on the southeastem shore of Lake Ontario near Oswego in New York

State, and is therefore subject 10 the potential of a TIBL meteorological regime. A previous frequency
analysis using two years of site-specific meteorological data detenmined that on-shore flow occurs
approximately S0-percent of the time in the vicinity of the NMP facility (Galson, 1990). The analysis
also showed that on-shore flow with meteorological conditions appropriate for the development of a

TIBL occur approximately 5 percent of the time on an annual basis, and over 15 percent of the time

during the months of May, June, and July. It was concluded that the occurrence of TIBLs and
associated shoreline fumigation conditions is potentially important when describing the transport and

diffusion of pollutants in the vicinity of NMP and other power generating facilities with coastal

locations.

As part of the Easten Lake Ontario Meteorological Study-Phase 111, a literature review of

observations @nd TIBL formulations was conducted (Hanna, 1991). The review found that no studies

of TIBLs have been made specific to the Lake Ontario shore. However, several studies have been
conducted on some of the other Great Lakes, including Lake Michigan (Lyons, 1975), and Lake Ene
(Portelli, etal., 1982). Hanna (1991) compared previously developed formulas to describe the TIBL
height as a function of inland distance with observed TIBL heights from several field studies.

Empirical TIBL height equations were also compared to the observations.

Hanna (1991) identified the following difficulties with theoretical expressions for TIBL height when
compared 1o the existing condition:

1) The vertical position of the TIBL is difficult to verify, since it can be defined as a
temperature, wind speed, and/or turbulence discontinuity.

2) Some observation studies have shown that there may actually be two TIBLS, the top of
the layer modified by the surface and the top of a second inner layer in which the
boundary layer has reached an equilibrium with the underlying surface. This situation
is further complicated by TIBLs which form inside sea (lake) breeze circulations.

3) The wind speed profile (an important input to some TIBL height expressions) is not
spatially consistent, and can be different over water, at the coastline, and over land.
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4) Sensible heat flux is not constan
boundary layer feedback will cause the heat flux to increase as the boundary layer
deepens.

t with distance from the shoreline. It is expected that

5) The over-water temperature gradient is not likely to be constant with height. Most
boundary layer theories and observations suggest that the potential temperature
gradient is greatest near the surface.

6) Water and surface temperatures are poorly defined. Temperature shows its largest
variation near the surface, and can vary hy several degrees between surface skin

tempe.ature (ie. air temperatuze 0.1 m above the surface) and the standard temperature
measurecaent level,

To describe the TIBL height on the southeaster shore of Lake Ontario, Hanna indicated that
theoretical equations would be preferable to empirical equations. However, in real-world applications,
the vaiues of some of the parameters necessary to solve theoretical equations are difficult to define.

In addition, the equations inay give unrealistic answers for certain combinations of parameter values.

Therefore, Hanna recommends using “robust” empirical equations to estimate TIBL height. Such

equations are stable with respect (o input data, and agree reasonably well with the results of field
experiments.

Specifically, Hanna (1991) recommends using one of the following empirical expressions developed (o

approximate the TIBL height (Hyzy,, in meters) as a function of inland distance (x, in meters):

. OCD (1985): My, = 0.1x when x<€2000m
Hype = 200m + 0.03(x-2000)  when x>2000m

. Hsu (1988):  H,, = Ax"? where A - 19,27, 1.7, and 1.2 for over-land

stability classes A, B, C, and D, respectively
The TIBL heights predicted by these expressions are shown in Figure 14, The TIBL height equations
all show a similar pattemn, with the steepest slope near the shore, and decreasing slope farther inland.
The deepest TIBLs are expected when instability is greatest (je. Pasquill Stability Class A). This
makes intuitive sense since the convective currents are most intense under high themn al instability,
thus mixing through a deeper lay is supported thermodynamically. As mentioned previously, TIBL
existence under neutral boundary layer conditions (ie. Pasquil) Stability Class D) is mainly a result of
mechanical mixing, and the TIBL is weaker and more difficult to define. The OCD TIBL height
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model is the most conservative of the approaches, and requires the user 1o determine only if
appropriate conditions for TIBL development cxist. The Hsu model is slighdy less conservative, and

requires a slightly more detailed assessment of the overland stability.

As compared o the unstable TIBL. ihe reverse situatior, of warm air advection over a colder surface
has received very little attention. This situation may exist in winter along the southeast shore of Lake
Ontario when warm lake air moves on-shore over cold, often snow covered land. Raynor et. al.
(1979) reported on the stable IBL on the southem shore of Long Island, and developed an empirical
relationship to predict growth of this type of IBL. Like the TIBL, the stable IBL also presents a
problem when it is necessary to estimate the proper stability. In general, a plume release into or
intersecting the stable IBL will remain in the stable layer where more traditional methods are adequate
for estimating dispersion. Therefore, this study was intended to focus on the more volatile conditions

presented by an unstable TIBL, and cold air advection over a warm surface.

1.1.2 Applications to Nuclear Facilities

The meieorological program at Nine Mile Point Nuclear Power Station and all other power generating
facilities employing nuciear technology in the United States is subject 1o Federal Regulation
10CFRS50.47. The regulation is in place to pmyvide protection for the general public by requiring
nuclear power generating facilities to have adequate facilities to allow the" assessment and monitonng
of actual or potential offsite consequences of a radiological emergency.” The Nuclear Regulatory
Commission has issued the following documentation to provide guidance to nuclear facilities in

meeting the requirements of the regulations:

. "Recommendations for Meteorological Measurement Programs “ad Atmospheric
Diffusion Prediction Methods for Use at Coastal Nuclear Reactor Sites” (NUREG/CR-
0936)

. “Meteorological Programs in Support of Nuclear Power Plants” (NRC Safety Guide

1.23 Revision 1%)

Meteorological data collected in support of the meteorological programs are used for short- and long-
term dose calculations, and emergency response plume trajectory and arrival times. Regulations and

guidance make specific statements regarding the need, location, availability, quality, and type of
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meteorological measurements,

in coastal areas, Currently, the dispersion models employ robust, transportable methods for simulating
the effect of shoreline fumigation on downwind impacts for pollutant plumes. In order 10 support
dispersion estimates in areas where coastal intemal boundary layers may be a factor, the above
guidance documentation makes the following recommendations with respect (0 monitoring the TIBL:

1) The primary meteorological tower should be located so that the upper measuring level
is always within the intemal boundary ‘ayer.

2) A secondary meteorological tower should be placed at a location where measurements
representative of the unmodified marine air can be obtained.

3) Instrumentation heights on the primary meteorological tower should be representative
of conditions within the intemal boundary layer while maintaining adequate separation

This task is designed to further investigate the TIBL, and provide recommendations for assessing the
significance to the problem, specifically to nuclear facilities located in shoreline areas.

1.2 Study Objective

The objective of this study is to make measurements of the TIBL in order to determine the most
anon griate location for a meteorological tower to satisfy NRC guidance. Knowledge of the TIBL
height will assist in assessing the stability of the air into which specific piumes are released, and
provide required information for the modeling of transport and diffusion of releases from coastal

nuclear facilities, specifically the Nine Mile Puint Nuclear Station and J A Fitzpatrick Nuclear Power
Plant.

1.2.1 Study Goal

The following specific goals were identified as necessary 1o address the task objective:

1-6
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1) Successfully operate three monostatic acoustic sounders in order to collect inform ation
on the vertical profile of atmospheric turbulence.

n Develop software o read and interpret the backscatter data fromn the sounders.

2) Identify the location of elevated mixing lavers using automated techniques
suppiemented with manual inspection by a meteorologist familiar with the operation ol

the site.

n of the TIBL at various inland distances through interpretation

4) Detemmine the elevatio
al conditions favorable for TIBL

of the sounder backscatter data during meteorologic
development.

1.2.2 Potential Applications for Research

Any utility with a source of atmospheric pollution located in a coastal or shoreline area may

potentially benefit from improved understanding of the dispersion meteorology in the coastal zone.

Detailed observations of the internal boundary layer as a function of inland distance provides
information on the vertical variability of stability parameters as a plume travels inland. This

infonmation may allow development of improved models to better predict the imporance and location

of vertical stability layers and the potential for plume trapping or fumigation.

This research provides information of interest 10 utilities wishing to investigate the potential for better

predicting the dispersion meteorology associated with vertical variations in stability.

1.3 Approach

The Nine Mile Point Nuclear Power Station is located on the southeastern shore of Lake Ontario in

upstate New York as shown in Figure 1-5. The shoreline runs essentially west to east at the site,
however a bend to a southwest to northeast orentation is located immediately west of the facility.

The temain slopes upward from the lake, inland, through a series of rolling hills and valleys. The base
elevation of the facility is approximately 270 ft above mean sea level (MSL). Terrain rises to

approximately 480 ft MSL within 5 km south of the facility.

Because of its coastal location, NMP is subject to meteorological conditions favorable for the
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development of TIBLs. Throughout much of the spring and summer months, the land area
surrounding Lake Ontario is often warmer than the lake due to daytime solar heating. As a result,
relatively unstable temperature profiles develop during the daytime over the land while relatively
stable profiles exist over the cooler water. When onshore winds carry the stable lake air onshore.
there is a potential for a TIBL to develop and grow with inland distance as the stable lake air is
modified from below by the warmer land surface.

1.3.1 Description of the Monitoring Instrumentatior

In onder to measure the boundary layer and identify elevated mixing layer (such as the TIBL), the
single-axis monostatic acoustic sounder was selected. Acoustic sounding equipment is based upon the
principle that a volume of air scatters incident acoustic energy. Scattering is due to wind speed and
temperature discontinuities in the sampled volume of air. Most of the scattering occurs in the
direction of propagation, but a small percentage of the energy is scattered back to the ©  ve. An
acoustic sounder transmits a strong acoustic pulse (typically around 100 watts) vertically into the
atmosphere and listens for that portion of the transmitted puise that is scattered back to the transmitter.
The monostatic suunder uses the same acoustic driver to both transmit and receive the signal with a

single vertically pointed antenna. Bistatic sounding systems employ separate transmitting and receiving
antennae.

Theoretical equations which relate the amount of retum signal to the velocity and theanal structure
functions have been developed. The existence of a temperature gradient and small-scale turbulence
create local instantaneous temperature differnces greater than the mean vertical lemperature gradient.
A strong return signal can be produced either by an unstable temperature gradient and little wind shear
(convective boundary layer) or by a stable potential temperature gradient and large wind shear (stable
boundary layer). As a result, Qualitative atmospheric stability and temperature profiles can be
Geveloped. This strength allows the monstatic acoustic sounder to be used for sampling the boundary
between marine and non-marine air during oashore flow.

Monostatic sounders car produce both facsimile and digital outputs of mium signal strength for

analysis. The facsimile output is essentially a strip chart recorting of the strength of retum signal



versus height for each acoustic pulse. Dark shading indicates strong signal retum while light shading
indicates weak. Often, strong retums are associated with boundaries, such as the boundary between
modified surface air in a TIBL and unmodified air above the TIBL in on-shore flow. In this way, the
height of such mixing layers can e determined. Backscatter intensity data obtained using a
monostatic sounder is converted from an analog signal to digital representation and stored in

computer for each of a user specified set of range gates or height increments.

In addition to the cualitative results, one strength of sounders is their ability to detect shifts in the
frequency of the transmitted acoustic pulse. Frzquency shifts are caused by the doppler effect and are
directly proportional to the speed of an air parcel moving away from or towards the transmitter. In
this way, vertical velocity (W) and standard deviation of vertical velocity (W) can be calculated in

each of the range gates. Atmospheric stability can be classified according to oW.

Acoustic sounders can reach heights as great as 1000 meters, depending on the atmospheric
conditions. However, this range is often Jimited in high winds, precipitation, and high ambient noise
level environments. In addition, tixed echo sources such as buildings and trees must also be avoided.

The limitations in siting acoustic equipment are NUMETOUS, and all must be taken into account when

detenmining an appropriate location for the system.
1.3.2 Sampling Approach

Thr:'c acoustic sounders were deployed at positions progressively inland from the shore. The purpose
of this arrangement was to allow measurement of the height variation of the boundary layer with
distance from shore. Spatial boundary layer height data is critical to satisfying the siting criteria for
the primary meteorolcgical tower as outline in NRC guidance documents. The sounders were located
at approximately 1, 2.25 and 5.5 km inland along a line nearly perpendicular to the shoreline (Figure
|-5§). The ground elevation at each of the sounders sites, 290, 312, and 485 ft MSL, respectively,
reflects the gradually increasing terrain inland from shore.

The three sounders deployed for this study were the Radian Corporation Echosonde®. Each unit

consisted of the following:



single, vertically pointing antenna operating at 1850 Hz,

IBM PS/2 Model 30-286 host computer with Echosonde® controller for signal
processing and data storage on magnetic media,

monochrome graphics monitor for onsite data display and operator use,
printer for data backup,

surge protector and uninterruptable power supply, and

telephone modem for remote data checks.

The sounders each transmitted 75 Watts of acoustic power using a 150 msec pulse length which
repeated every 5 minutes. The returned pulse (backscatter), was received and converted from an
analog signal to a digital signal intensity in tems of power units. Digital backscatter retums were
classified into altitude intervals or gaies, detenmined by relating the response time 0 the transmission
time, and calculating the distance traveled based upon a function of the speed of sound. The sounders
each had 200 altitude gates, each gaie approximately 4.5 m deep, extending from 30 to 940 m above
the ground elevation. The total signal power in each gate was averaged over a 10 to 15 minute period,
and then stored digitally on the host computer disk drive. The daia was further edited using a
background noise estimate made automatically during periodic non-transmitting times. Upon
completion of the a-eraging, the power contribution due t0 this background noise estimate is
subtracted from each backscatter power estimate. In addition, pulse cycles with noise estimates above
a specified threshold (typical maximum background noise level), were excluded from the avcmginé

process.

In addition to recording of backscatter data from which thermal structure may be inferred, vertical
profiles of the vertical wind (W) were derived by measuring the Doppler shift of energy reflected back
1o the sounder within each range gate. Doppler measurements in each altitude gate are time-averaged
over 30 minute periods from which a vertical wind speed is derived (Initially, the sounders recorded
W over 15-minute periods, however, this was changed mid-way through *he monitoring program in
order 10 improve data recovery rates). Data availability, including range, is dictated by atmospheric
siting conditions. As the sounder reconds the vertical wind speed for each altitude gate and time-
averaging interval, the standard deviation of the vertical wind speed (GW) is aiso computed and
recorded. The oW value from the lowest altitude gate is also converted to an estimate of the

atmospheric stability class.

In addition to measuring atmospheric parameters such as backscatter, vertical wind speed, and
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stability, the Echosonde automatically employed a backscatter patiem recogniti ' scheme which, in
¢ anjunction with the stability estimate, provided ai. estimate of the mixing height. The automated
mixing height calculation scheme has teen shown to be accurate within £50% as much as 80-90% of

the tine. The automated mixing height was recorded to disk along with the other parameters.

The sounders were installed in late October, 1991, by Radian and Galson technicians and began
routine recording on November |, 1991. The systems operated conunuously for a penod of twelve
months. A Galson technician made twice weekly site visits 1o perform routine maintenance cperations
such as data backup, operrtional checks, printer paper pickup/replacement, and snow, ice, and insect
removal. Periodic emos  «..errogation of the sites was perfoomed by Galson and Radian in order to
assure continucus operation and identify/diagnose potential problems. Radian perfoormed two
mdintenance visits during the project in order to detemmine the satisfactory operating status of the

acoustic sounder systems.

The stored digital backscatter, vertical velocity, stability, and mixing height data was collected by
Galson monthly, and sent to Radian for validation and reporting. All data was quality reviewed by an
experienced meteorologist familiar with the project and the operation of the sounders. Mixing height
data was provided monthly to Gaison for inclusion in ihe monthly project progress reports,

Overall data recovery for the network was excellent. The overall system availability was greater than
99% of the total possible hours throughout the one year monitoring period. Data capture statistics for
mixing height, vertical velocity and standard deviation of vertical velocity parameters are provided in
Table 1-1. The major cause for 108t data was the system down-time for routine maintenance and data
backup, and atmospheric conditions unfavorable for retum echoes. Tlote that during February, 1992,
operatine system parameter changes were implemented which improved data recovery for e
measured parameters. Backscatter data recovery remained unaffected.

1.3.3 Data Analysis

Extensive data analysis was necessary to address the objectives of this task. The limited capability of
the automated mixing height identification algorithm required an altemative approach to assessing the
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height of elevated mixing layers and the TIBL. In addition, the sounders produced an extraordinary
amount of data requiring sorting, averaging, and reduction in order to produce a data record of
manageable size. Nearly 220MB of digital sounder data was created a3 a result of the monitoring,
The majority (over 90%) of this information was backscatter data

Th. data analysis in support of this tusk focussed on tv, areas: Determination of multiple elevated
mixing layers and identification of TIBLs. The fo lowing sub-sections discuss the data analysis
associated with these areas.

1.3.3.1 Deteamination of Elevated Mixing Layers

Elevated mixing layers within the acoustic sounder data were determined by using significant vertical
gradients in the backscatter data to identify mixing layer boundaries. Following averaging and
smootiing of the detailed backscatter data, each of the vertical backscy’ ar data records was processed
from the bottom up (ie. beginning at 30 m and ending at 940 m). Incicases in backscatter (following
comrection for acoustic attenuation) were interpreted as mixing layer boundaries. The strength of the
backscatter gradient (Ah, where b is the backscatter power al any elevation z) and depth of the .
backscatter increase (Az) were also notec. A Ab value greater than 25 was selected as representing a
layer of significant scattering and flagged as a probable mixing layer boundary. Further, Ab/Az greater
than zero was defined as the mixing layer boundary base, and Ab/Az less than zero was defined as the
mixing layer boundary top. In order for multiple mixing lay=rs to be defined, two separate layers
where Ab is greater than 25 are required.

A frequency of occurrence analysis of muitiple elevated mixing layers was performed following the
progre<<ive use of four separate post-processing programs for each day in the suunder records,
Multiple elevated backscatter layers identify a vertical stability gradient. The existence of a vertical

stability gradient can lead to emroneous estimates of pollutant dispersion since current dispersion

models do not allow for vertical stability variations. The four programs used to identify multiple

elevated mixing layers are described as follows:

PROC FOR - Convent Echosonde® raw aata archive files 10 ASCII fom at
- Reformat data in preparation for decoding and averaging
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. BSTR2FOR - Decode raw backscatter datu
- Calculate average backscatter data

. MIXDETFOR - Bin data and smooth (33 bins with 27 m increments)
- Identify scattening layers
- Output number, depth, ind strength of scattering layers

. MIXFREQFOR - From MIXDETFOR output, detemmines the occurrence and
frequency of muitiple mixing layers by identifying layers with Ab>25
In addition 10 the robust automated procedure outlined above, mixing height data was reviewed by a
meteorologist familiar with the project to verify the results. The results of the multiple mixing height

frequency analysis are presented in Section 1.4.

1.3.3.2 Identification of TIBLS
The identification of TIBLS proved to be extremely difficult due to the apparent dominance of
synoptic scale mixing layers, the variable nature of onshore flow conditions, and the complexity of

performing detailed review of the digital backscatter data files.

The first step to identifying TIBLs, was to identify hours of onshore flow at NMP. This was
performed using available meteorological data wom ihe NMP main meteorological tower (YMP) and
the ELOOFFS micro-meteomlogical tower (MMT). For the purposes of this analysis, periods of
onshore flow were identified using the following critena:

1) Wind direction at 9MP 30 ft level between 270 and 40 dcgrees

<) Wind direction at MMT 10 m level between 270 and 40 degrees

3) Wind direction criteria must be met at both 9MP and MMT for at least 2 consecutive

hours

Over 2,300 hours were selected as meeting the onshore flow criteria. In order 1o identify potential
onshore flow cases which were more likely to support a TIBL across the acoustic sounder “network”,
the wind direction criteria were further refined to better distinguish periods with onshore flow
peipendicular to the shoreline at NMP. In addition, a wind speed criteria was added to eliminate
consideration of light and variable wind conditions. Night-time hours were alsc eliminated from

consideration. The potential TIBL criteria are as follows:
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1) Wind direction at 9MP 30 ft level betweea 325 and 15 degrees
2) Wind direction at MMT 10 m level between 325 and 15 degrees
3) Wind speed at 9MP 30 ft level greater than 1.5 m/s

4) Wind speed at MMT 10 m level greater than 1.0 m/s

S) Solar radiation at MMT greater than 0.02 Langleys/min

Approximately 231 hours were identified as potential TIBL hours using this selection criteria. It
should be noted that the actual number of potential TIBL hours at NMP during the one year
monitoring period is higher, however, the wind directions for the eliminated hours would not have
been favorable for investigating TIBLs over the sounder network.

Finally, the best time periods for potential TIBL development were identified using the following
additional data reduction criteria in order (o assure that conditions sufficient for the development of
unstable lapse rates over the land existed:

1) Solar radiation measured at MMT greater than or equal to 75% of total possible.

2) No snow cover reported on ground at the National Weather Service Office in
Syracuse, New York (nearest inland snow cover reporting station).

3) Air temperature measured at the 2 m elevation of the MMT tower should be greater
than the climatological lake temperature (no reliable observed lake temperature data
was available for the period of record).

Following this final stratification of the data, approximately 84 hours remained for detailed TiBL
investigation. The specific time periods identified as potential TIBL hours are detailed in Table 1-2.

Each of the 84 hours of potential TIBL data was manually inspected by a meteorologist familiar witl,
the project. The hourly averaged backscatter data produced from the routine BSTR2. FOR described
above were used rather than the 10-minute data since the format of the higher resolution data was very

cumbersoine and tended to be extremely variable.

The results of the TIBL identification and height analysis are presented in Section 14.
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1.4 Data Analysis Results

| 4.1 Multiple Mixing Layer Analysis

The existence of multiple elevated backscater layers (mixing layers) is a potential problem for the
reliable prediction of plume transport and diffusion. Multiple mixing layers identify a vertical stability
gradient which can lead 10 erroneous estimates of pollutant dispersion since most dispersion models do
not allow for vertical stability variations. Multiple mixing heights are analogous to TIBLs in that
plumes underge changing dispersion conditions when intersecting the boundaries bevween mixing
layers. Since measurements of stability are generally confined to below 200 ft at NMP, elevated
releases may he made into mixing layers above the height detected by the standard monitoring system.
Therefore, the occumence of vertical variations in stability may result in poor dispersion predictions

using the existing monitoring system at NMP.

This analysis attempted 1o conservatively estimate the frequency of the multiple mixing heights over
NMP. As outlined in Section 1.3.3.1, at Jeast two positive vertical backscatter gradients were required
in the sounder record to define an hour as having multiple mixing heights. The results of the analysis
are shown in Table 1-3 and graphically depicted in Figures 1-6 and 1-7. The results indicate that
multiple mixing heights as defined for this study occurred approximately 25% of the ume on an
annual basis during the November 1991 through October 1992 monitoring period. This relatively high
frequency of occurrence is potentially significant from a dispersion modeling standpoint for releases

from the NMP facility.

The period of record showed that multiple mixing heights are most common in early spring, and least
common during late summer and early fall. This distribution is believed to be related to the following

causes:

. Intensity of the noctumal inversion

. Snow cover (March)
. Proximity of a cold air source (ie. Lake Ontario)
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In tems of the occurrence of multiple mixing heights as a function of the hour of the day, the
phenomena appears to be most common during the early moming period just following sunrise. This
is probably related to the breakup of the nocturnal inversion, when heating near the surface lifts the
nighttime radiation inversion aloft. Multiple mixing layers are less frequent during the late moming
through aftemoon hours when convective mixing is most intense, thus allowing mixing through a layer
which is probably deep enough to prevent multiple mixing layers within sounder range.

The existence of multiple mixing layers at NMP warrants further investigation and monitoring due 10
the critical nature of assessing stability for dispersion predictions of elevated releases. Continuous
monitoring of the boundary layer using a sounder which reports detailed backscatter profiles is
recommended as one approach to observing and identifying elevated mixing layers for operational

purposes.
1.4.2 TIBL Height Analysis

The observed meteorological data available from the 9MP and MMT towers was processed (o select
time periods for TIBL height analysis in the method outlined in subsection 1.3.3.2, above. As stated
above, approximately 84 liours were identified as potential TIBL hours using the selection criteria. A
listing of the time periods selected and their durations (2 2 hours) is provided in Table 1-2.

The total number of hours (84) selected was rather disappointing and somewhat below what was
expected. This result is believed to be a reflection of the relatively cool and wet summer expenienced
in 1992 compared to the 30-year mean. Table 14 shows the temperature, precipitation, and sunshine
departures from the 30-year mean as measured at the Syracuse National Weather Service (nearest
Jong-tenm meteorological station) for the expected peak TIBL occurrence period (March through
August, 1992). The table shows thal temperatures averaged below the 30-year mean for all months but
May, and were significantly below the mean during March, June, and July. In addition, the
precipitation and sunshine data indicate that solar input for warming of the land was well below the
mean, resulting in less frequent conditions favorable for unstable conditions over the land,
consequently reducing the occurrence of lake breezes which may have supported TIBL development
As a result of the cool/we/cloudy conditions prevalent during the peak TIBL seascn of this
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monitoring study, the number of cases available for study was less than expected.

Following the selection process, the high resolution backscatter duta from each sounder for each of the
identified time periods was manually inspected by a meteorologist familiar with coastal intemal
houndary layer phenomena and the acoustic sounders. The purpose of the manual inspection was 10
identify all potential backscatter boundaries in the data records having the TIBL signature of cool,
stable lake air overlying warm, unstable land air. The backscatter signature typically shows high
backscatter power values in the lowest range gates, decreasing up to some elevation, followed by a
region of steady and/or increasing backscatter, with again decreasing values above. The elevated layer
of increased acoustic backscatter has been shown to mark the boundary of the cooler, more stable lake

air aloft.

The process of reviewing the digital backscatter data manually was extremely tedious, and required
many hours of the analyst's time. Table 1-2 shows the TIBL events studied and a summary of the
findings for each event. Of the 19 events studied in detail, only 5 revealed boundary layers which are
helizved to be TIBLs with high confidence. The § TIBLs identified provided estimated TIBL height
informaiion for just 11 hours of the total record. A total of 6 events had suspected TIBLs, however the
analyst could not verify with high confidence the TIBL. height or backscatter intensity. The remaining
events were eliminated either because no evidence of the TIBL could be found or the event was

r..ginal.

The TIBL height as a function of inland distance for each of the identified events is presented in
Figures 1-8 through 1-12. The estimated TIBL clevations at each of the monitoring sites have been
comrected for the ground elevation of the sounder (ie. the effects of terrain are eliminated). In all cases,
the profiles show the expected pattern of increasing TIBL height with inland distance, with a rapid
increase near the shore (assuming the TIBL height at the shoreline is zero) and a slower increase with
height further inland. The exception to this finding is the TIBL which was observed on April 10,
1992, when an almost linear increase with inland distance was observed.

In comparison with the empirical TIBL height equations cutlined in Section 1.0, the few observed
TIBLs appear 1o follow these equations closely. Of particular note is the April 10, 1992 case, when
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TIBL height showed a gradual decrease through the aftemoon. This comresponded 1o increasing cloud
cover and increasing stability in the surface layer over the land. This decrease in TIBL height with
increasing stability is predicted by the Hsu model. However, caution is recommended in drawing

conclusions from this single case since this data sci is extremely limited.
1.5 Conclusions and Recommendations

Regulation and guidance applicable 1o the siting and operation of meteorological instrumentation at
nuclear power generating facilities are clear regarding the need to consider the influences of coastal
intemal boundary layers. Internal boundary layers can have a significant impact on the dispersion of
pollutants from facilities located in coastal locations, and should be considered whenever making
estimates of air quality and dose impacts for releases in the coastal zone.

However, observation and tracking of the location and height of the TIBL is difficult. For a TIBL
height study on Lake Michigan, Lyons (1975) conceded that “... the TIBL depth as a function of
distance from the shoreline is not easily predictable. Simple statistical analysis showed it [the TIBL] to
be very poorly reiated to any single variable or collection of variables." Indeed Hanna (1991) further
concedes the uncertainty in idenufying the predicted TIBL height, saying " .. the behavior of the TIBL
near the shoreline is uncertain because of the fact that near-shore water \emperatures ae generally
warmer than off-shore...", thus making the actual "shoreline” difficult to identify.

This study attempted to monitor and estimate the height of the TIBL alc ag the southeastem shore of
Lake Ontario using three acoustic sounding systems located at varying distances inland form the shore.
The goal was to determine the site-specific characteristics if the TIBL in hopes of justifying the
location of the primary meteorological tower at NMP.

Based upon the monitoring completed during this study, and the data analysis which followed, the i

following conclusions are made:

. The data collected failed to reveal enough verifiable TIBLs to determine whether or
not use of the empirical TIBL height expressions recommended by Hanna (1991) is
justfied.
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The limited TIBLs identified d' ! show the expected TIBL shape (ie. rapidly increasing
TIBL near the shore, then slower increase farther inland). Use of hourly data help
smooth the TIBL vanations. Instantaneous TIBLs heights show much more variability

A frequency analysis showed that multiple mixing layers occurred over NMP nearly
25% of the time during the 1-year monitoring period. The use of acoustic sounders
allowed the continuous monitoring of these mixing layers through measurement of
acoustic backscatter. Gradients in the backscatter have been shown 1o be related to
vertical gradients in atmospheric stability.

The most complex vertical distributions of stability occur ai NMP during early spring
on a seasonal basis, and just following sunrise on a daily basis.

Based upon the conclusions outlined, the following recommendations are made:

Due to the limited observations of TIBLs at NMP, no justification can be made
regarding the location of the meteorological tower. The cusrent tall tower should be
maintained in order to provide the best estimate of release height winds. However,
since multiple mixing layers are frequently observed, monitoring through a deep layer
of the atmosphere is recommended by employing remote sensing technology.

In order to insure measvrement of the stability inside the TIBL, continued operation of
the MMT touwer at a location approximately 1 km inland is recommended. At this
inland distance, 10 m level of the MMT tower is expected to always be within the
TIBL.

Use of the OCD TIBL model as a general guideline for determining the TIBL height
is recommended since the formula is simple and believed robust enough to provide
reasonable height estimates for most TIBL occurrences.

Further study is recommended to identify the causes of multiple mixing layers over
NMP. The occumrence and potential impact of multiple mixing layers on the prediction
of transport and dispersion from NMP should be considered. Identification of the
causes for multiple mixing layers will enhance prediction of the phenomena.

Continued operation of the Sodar is recommended with the addition of a facsimile
output display to allow operators the visual confirm the existence and elevation of
mixing layers.

Further analysis of the voluminous data collected from the acoustic sounders is
recommended and encouraged. Further analysis in combination with other data
collected during this study may broaden the scope of the TIBL investigation and help
clarify marginal cases. It should be noted that studies involving the backscatter data
will involve significant labor effort to implement appropriate processing and analysis

programs.
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Figure 1-1
Schematic of Wind Profile Modification in an Aerodynamic Internal Boundary Layer
(From Arya, 199%)




?

6o 02
COLD WATER WARM LAND

Figure 1-2
Schematic of Temperature Profile Modification in a Thermal Internal Boundary Layer
(From Ayra, 198¥)
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Figure i-4
TIBL Height vs Distance Inland Using Robust Formula (Hanna, 1991)
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Time Periods |

Table 1-2.

End Time

(EST)

Duration
(hrs)

nvestigated for Potential TIBL Identification

MHotes :
(See Below)

1-34

117191 1200 1445 275 (n
3/5192 1315 1530 2.25 )
4/8/92 0730 1100 3.50 (1
4/10/92 1315 1745 450 (2)
4/15/92 1100 1230 2.50 (n
4/24/92 1130 1445 325 (3)
5/6/92 (945 1245 3.00 (2)
5/14/92 0630 1100 450 (2)
5/15/92 1330 1600 2.28 (2)
5/18/92 0630 1930 12.50 3)
F 5120192 1130 1630 5.00 3)
5/25/92 0915 1¥30 925 4)
5/29/92 1130 1345 2.25 3
6/15/92 0845 1315 450 (3)
6/16/92 (945 1515 5.50 4)
7292 0945 1415 450 4)
9/9/92 1045 1400 3.25 (3
9/13/92 1400 1600 2.00 4)
107192 1015 1630 6.2% (3
Notes: (1) Land/Water temperature ditference marginal (ie. within 1°C). No TIBL
identified.
(2) TIBL identified vith high confidence in acoustic sounder data. Detailed in
report.
3) TIBL suspected in acoustic sounder data, but confidence low.
4) No TIBL identified in acoustic sounder data.




Table 1-3
Frequency (%) of Multiple Mixing Layers
November 1991 through October 1992

TOTAL
I

H 4 10 2 29 47 26 30 2 23 2 20 17 29 26

ﬂ 5 9 n 19 50 16 20 29 16 20 3 p3] 19 26

l 6 29 20 12 57 2 20 19 16 17 23 27 26 27

7 23 16 2 3 2 47 23 19 20 13 10 n 29

] { 26 n 45 47 45 37 36 19 40 13 2 26 34

H 9 23 1 45 60 26 17 29 26 30 17 n 26 0

10 23 i n 4 10 27 10 16 30 13 20 10 2

i 26 20 52 50 19 10 10 10 20 10 23 er 23

12 26 % 52 43 29 0 7 16 3 13 7 16 22

ﬂ 13 23 12 55 60 10 ? 19 7 10 13 27 10 21

14 ‘! i6 8 34 4 10 10 10 7 13 13 Y] 7 i

15 23 24 19 53 13 10 7 19 7 3 20 19 20

16 n 26 20 39 40 23 13 10 10 10 17 1 26 2

17 n 42 16 7] 53 7 27 13 0 7 10 23 26 22

8 “ 23 24 29 ') 10 10 19 0 12 17 23 29 ! 20

19 H 19 2 29 50 29 L5} 23 3 23 30 1 2 27

0 f 2 29 3 29 3 16 26 23 23 20 26 28

21 2 2 45 33 2 30 23 45 13 23 17 19 2

19 28 29 47 29 10 26 26 23 23 17 16 26

| 2

Note: Shading highlights occurrances greater than 50%.
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Table 1-4

Observed Temperature, Precipitation and Sunshine Conditions

Syracuse, NY
1992

Departure (in)

Precipitation Perceat of Possible Sunshine !

30-year Mean

1-36

T ——— ————  ——— -






Section 2.0
Evaluation of Stability Classification Schemes

This section presents the results of a one-year evaluation of various atmosphenc stability classification
schemes in the shoreline zone near the vicinity of the Nine Mile Point Nuclear Facility (NMP).
Classification of stability is an important input parameter to models which describe the transport and
dispersion of effluent from the facility. A variety of techniques exist for defining the atmospheric
stability. A special micrometeorological tower was installed near NMP to collect data allowing the
calculation of stability using a variety of technigues. These calculations were compared with stability
classifications from an existing 200 ft meteorological tower. A background description of stability
classification is provided in Section 2.1 and the study objective presenting in Section 2.2. A summary
of the monitoring equipment and the various stability classification schemes calculated is provided in
Section 2.3, and the data analysis results in Section 2.4. Conclusions and recommendations are

provided in Section 2.5.

2.1 Background

Knowledge of the atmospheric stability is critical in most applications involving prediction of pollutant
dispersion since the stabi'ity defines the degree to which the effluent will spread in both the vertical
and horizontal dimensions as it travels away from the point of emission. Most pollutant impact and
dispersion predictions are performed with models employing the Gaussian plume approach. Gaussian
t.wme Models employ a three-dimensional axis system of downwind, cro:wind and vertical
components; assume that the concentrations from a continuously emitting plume are proportional to
the emission rate; and that these . . ncentrations are diluted by the wind at the point of emission at a
rate inversely proportional to the wind speed; and that the time-averaged (generally about 1-hour)
pollutan: concentrations crosswind and vertically near the source are well described by gaussian or

nomal distributions (Tumer, 1984).

The degree of spreading is a function of the atmospheric stability. The standard deviations of plume
concentration in the vertical (6,) and horizontal (0,) dimensions are empirically related to the level of
atmospheric turbulence (stability) with distance from the source. One inherent uncertainty in Gaussian
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Plume Modeling results from the complex and random nature of the atmospheric turbulence
controls dispersion. Models must parameterize this random complexity but, by definition

describe it completely

2.1.1 Stability Classification Schemes

Atmosphenc stability is a function of both themmal and mechanical interactions between the surface
and air overlying the surface. In the case of thetmally-based interactions, dunng the day, solar heating
of the ground in tum heats the air in contact with the ground, resulting in warmer, less dense air
undemeath cooler, dense air. This results in an “over turning” of the atmosphere with warmer air
nsing and being "replaced” by cooler air. This themmal turbulence describes an unstable atmosphere
Alternatively, at night, radiative cooling of the ground cools the air in contact with it leaving cooler,
dense air undemeath warmer, less dense air. The result is a themmally stable condition. In the case of
mechanical atmospherics turbulence, the interaction of horizontally transported air with the ground
surface is the basis for the production of turbulence. In other words, air traveling over a rough surface
(e.g. forests, hills, mountains, buildings, etc.) is relatively unstable compared to air traveling over

smooth surfaces (e.g. water, mown fields, snow. etc.)

Once the charactensuc air motions of stable and unstable atmospheric conditions are understood, the
implications o the dispersion and spreading of pollution plumes become clear. Under unstable
conditions, a high level of turbulence results in rapid mixing and dispersion of the pollutant in both

the vertical and horizontal dimensions. In a stable atmosphere, turbulence i

slow dispersion of pollutant plumes

Atmaosphenc stability can vary significantly on a daly basis ranging from an extremely stable
atmosphere during a clear, cool, calm aight, to a very unstable atmosphere dunng a warm, sunny day
In geaeral, thenmally-based causes result in the wide variations over the course of a day, while
mechanically-based causes are slower to change. The situation is implicated somewhat, particularly
in the vicinuty ©of a large water body due to the differing heat capacity of water relative t

AL night, the water can be a heat source, resulting in unstable conditions even though right is typic

msidered reiatively stable due t




Parameterization of stability for the purposes of dispersion modeling has been investigated by a

number scientists since gaussian plume models first came into wide use. The infinite combination of
atmospheric stability and dispersion characteristics necessitated stability parametenzation
(lassification) in order 10 account for the random nature of atmospheric turbulence while providing 4
computationally straight forward method of predicting dispersion. Classification of the degree of
stability (Extremely stable, slightly stable, neutral, slightly unstable, extremely unstable) has been
performed for many decades. The common practice of defining stability into one of six (A through F)
or seven (A through G) stability classes was introduced by Pasquill, where A is least stable, F (or G)
is most stable, and D is neutrally stable. These stability classes are then used to detemmine dispersion

coefficients for use in the Gaussian plume equation using empirically derived relationship.

Stability classification techniques employing routinely available meteorological data (such as that
obtainable from National Weather Service observations) have been developed which use observations
of wind speed and cloud cover. Altemative techniques using combinations of various measurements of
solar radiation, net radiation, standard deviation of wind direction, and vertical wind and temperature

profiles have also been applied.
2.1.2 Applications to Nuclear Facilities

In compliance with Federal Regulation I0CFR50.47 regarding emergency planning, nuclear power
generating facilities in the United States are required to have "adequate methods, systems, and
equipme: fur assessing and meaitoring of actual or potential offsite consequences of a radiological
emergency condition.” In order to meet the meteorological aspects of this regulation, nuclear power
generators must have the capability of making near realtime predictions of the transport and diffusion
of effluent from their facilities. In onder 10 make such predictions, meteorological data capable of
describing . stmospheric stability is vital.

As introduced above and described in greater detail in Section 2.3, many different approaches have
been applied to calculate the stability class. However agreement between the various techniques '1as
heen shown 10 be poor, making selection of the appropriate technique in an operational setting
difficult. This situation is complicated further in coastal areas, where .nhomogeneities in surface

characteristics result in spatially varying stability classes near the surface. As a consequence,
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comparisons of the various stability classification schemes is necessary to detemmine which techniques

most reasonably represent the stability und dispersive characteristics of the atmosphere within the

mixed layer.

2.2 Study Objective

The objecuve of this task was 10 install and operate a 10 m micrometeorological tower for a period of
one year in the vicinity of NMP for the purpose of evaluating various atmospheric stability

classification techniques.

2.2.1 Study Goal

The goal of this task was 0 successfully operate the 10 m micrometeorological tower for a period of
ore year, develop software 10 calculate stability class from the data using seven different stability
classification mathods, intercompare the stability calculations from the micrometeorclogical tower data

and existing 200 ft meteorological tower, and evaluate the various stability classes for use in the

shoreline environment of NMP.

2.2.2 Potential Applications for research

As indicated in the task objectives, the evaluation of various stability classification schemes

will serve as the basis for identifying those schemes which are appropriate for use as input parameters
to models predicting the transport and diffusion of pollutants in a shoreline location. This research
provides information of interest 1o utilities that must perfom dispersion modeling in coastal zones
where use of various schemes Can result incomect stability classification for the observed

meteorological condition.

2.3 Approach

In order to collect G*. for evaluating the various stability classification techniques, a 10-meter

meteorvlogical tower was installed approximately 1 km southwest of NMP for a period of 12-months
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The following describes the monitoring system including the instrumentations installed, the sampling,

data validation and calibration methods, and a description of the various stability classification

schemes using the data.

* 2.3.1 Description of Moritoring System

A 10-meter meteorological tower (MMT) was located in an open arca approximately 0.75 km from
Lake Ontario on the southeastern shore (See Table 1-x and Figure 1-x). Instrumentation on this tower
measured the following parameters.

wind speed at 2 and 10 m,

Wind direction at 10 m,

Standard deviation of wind direction at 10 m,
Temperature at 2 m,

Temperature difference between 2 and 10 m,
Solar radiation, and

Net-radiation.

o % e e .

A schematic representation of the installed towei is shown in Figure 2-1.

Since the height difference of temperature and wind speed measurements was SO small, differences in
the wind speed and temperature were also small. This necessitated careful selection of the sensors
used tn make the measurements. All instrumention selected met or exceeded the precision and
accuracy requirements outlined in the USEPA On-site Meteorological Monitoring Program Guidanve
for Regulatory Modeling Applications (USEPA, 1987). In addition, a strict quality control prograr
including six full systems calibrations and twice weekly site visits by the site operator assured high
quality data with a very high data recovery rate. The final data recovery statistics for the MMT

parameters arc provide in Table 2-1.

2.3.2 Sampling Technique and Data Validation

Data was stored digitally on a data logger, and averaged for later anal ysis. Averages were obtained for
a!l parameters at 154minute intervals. Data was routinely downloaded 10 a central computer twice per
week. Raw data files were merged with the complete data dase, then passed through a screening
program designed to note and flag guestionable data. Flagged data were reviewed hy a meteorologist




familiar with the operation of the site. Discrepancies were resolved where possible and comective
action taken when necessary. Data validation procedures were in compliance with USEPA
recommended techniques, and questionable data was removed from further analysis. All stability
classifications discussed in the next section were calculated during post-processing of the validated
data file.

2.3.3 Data Analysis

Using the data from the micrometeorological tower, a variety of stability classifications were
calculated for a period of 1-year. Stability data were available every fifteen minutes. Following is a
brief overview of the seven stability classification techniques used to analyze the unique situation
observed at a Lake Ontario site.

2.3.3.1 Objective Technique

In order to provide a baseline stability class against which to judge the performance of the other
stability classification techniques, an objective scheme was employed to deternine baseline Pasquill
stability classes (Pasquill 1961). The technique uses the 10 meter wind speed, tim¢  “ day, change in
temperature between 2 and 10 meters, and the cloud cover (through solar radiation, .o classify stability
for 15-minute periods. Day and night were determined using the USEPA recommended approach
(night = one hour before sunset to one hour after sunrise). The technique is summarized in Table 2-

v 8

2.3.3.2 Sigma-theta

The sigma-theta stability classification technique uses the standard deviation of horizontal wind
direction as an indicator of atmospheric stability. The most commonly applied technique is that
recommended by the USEPA (1987), where high values of sigma-theta are associated with unstable
stability classes, and lower values with stable conditions. Wind speeds are also incorporated into the
method, by restricting the stability class to neutral anytime winds are above 6 m/s.

This technique is relatively easy to apply in practice, however it is limited to actual measurement of (
horizontal stability, while failing to explicitly measure vertical stability. Stabilities are restricted to

unstable and neutral classes during the day, and neutral and stable .| .sses during the night. This latter




adjustment is suggested in order to account for reduced themmal fluxes between the ground and

atmosphere at night (no solar heating), and the increased fluxes during the day (solar heating).

In addition to the adjustment of stability class b sed upon the wind speed, adjustments have been
suggested to account for site-specific influences which may create localized mechanical turbulence.
The base category boundaries were established for sites with a roughness length (z,) of 15 cm.
However, if the monitoring site has a roughness length other than 15 cm, a category adjustment
technique was proposed by Irwin (1980). The technique employs a comection (o the stability
boundaries based upon the following:

a,(Q-c.(lSai)x(-:ls)“

For the micrometeorological tower, the average surface roughness was determined for each of eight
wind direction sectors (N, NE, E, ..., etc.), and the stability categories adjusted by the appropriate
amount. The average surface roughness for cach sector was detemmined using the following equation
developed from the neutral wind profile and proposed by Schulman and Haga (1991):

-0.60)

& o

Table 2-3 details the boundaries of standard and site-specific sigma-theta techniques employed in the
analysis of the data. Note that the data from the 9MP tower used e NPC approach which does not
employ a correction to the sigma-theta category values for surface roughness or to stability categories
for day r night. Stability calculated using data from the 10 m tower was detenr ined using the
standard USEPA techniques, both with and without corrections to the sigma-theta categories to
account for surface roughness and with adjustments to stability class for day and night, as detailed in
Table 2-3.

2.3.3.3 Delta-temperature

Direct measurement of the vertical temperature gradient (delta-temperature) between two specific
elevations is another technique for classifying stability. Lapse rates less than neutral are considerrd
unstable, while conditions are classified as stable when the lapse rate .5 greater than neutral. The
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NRC recommends measurement of delta-temperature between 10 and 60 meters, as well as between
10 meters and a higher elevation representative of the stack release height. This technique is :
independent of wind speed, however no modification is performed to protect against stable classes

occurring during the day or unstable conditions being selected at night. Table 24 provides the NRC
delta-temperature stability classification criteria

Altematively, the USEPA (1993) has suggested measurements of delta-temperature at lower elevations
(between 2- and 10- meters), which is likely to produce observations more sepsitive 10 themnal fluxes
between the atmosphere and the ground. However, USEPA suggests using the technique as a substitute
for sigma-theta at night when wind speeds are frequently light and sigma-theta measurements can
indicate unstable conditions even though the lapse rate is stable. The USEPA delta-temperature
method includes an adjustment to the stability class depending on the wind speed.

2.3.3.4 Solar Radiation/Delta-Temperature
In order to better justify the effects of solar heating on stability, USEPA (1993) suggested that stability
classification using a combination between the delta-temperature method and actual measurements of
incoming solar radiation at the surface might be appropriate. The delta temperature method is
recommended for detenmining stability classes during the night hours, while during the day, solar
radiation measurements are used. High values of incoming solar radiation indicate significant solar

heating and unstable conditions, while low values demonstrate limited solar heating and more stable
conditions.

Again, Uie stability classes are adjusted to account for the effects of mechanical mixing using wind }
speed data for both day and night. Stabilities are restricted to unstable and neutral classes during the

day, and neutral and stable classes during the night. The classification criteria are presented in Table
2-5.

2.3.3.5 Net Radiation and Wind Speed

Another stability classification method makes use of net radiation measurements and wind speed as
proposed by Williamson and Krenmayer (1980). The concept of this technigue 1s 10 better account for
the interaction of thermal fluxes between the atmosphere and the ground. Conditons are said (o be
unstable with low wind speed and high net radiation values, and more stable with hugh wind speed
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and low net radiation,

Again, as with other techniques, stabilities are restricted 1o unstable and neutral classes during the day,
and neutral and stable classes during the night. In addition, net radiation limits used in identifying
stability classes vary to account for order of magnitude changes in net radiation values between day

and night. The stability classification criteria are presented in Table 2-6.

2336 Solar Radiation and Wind Speed (Day¥/Net Radiation and Wind Speed (Night)

An altemative (o using net radietion and wind speed for the entire day is to use solar radiation
measurements instead of net radiation during the day (Willianson and Krenmayer, 1980). This
technigue is similar to the net radiation method described above, with unstable classifications during
Jow wind speed and high solar radiation, aind more neutral stabilities with high wind speed and low
solar radiation values. Again, stable classes are not allowed during the day. The night-time stability
criteria are the same as those determined Section 2.3.3.5, above, while the daytime stability criteria are

shown in Table 2-7.

2.31.7 Richardson's and Bulk Richardson’s Numbers

Recently, improved accuracy of commercial meteorological instrumentation has allowed the
measurement of more detailed meteorological quantities, and thus stability classifications that better
account for both thermal and mechanical turbulence. Both the Richardson's and Bulk Richardson’s
numbers are closer (0 an actual measurement of stabiiity, since they use both lapse rate and vertical
wind speed gradient as measures of the production of convective and mechanical turbulence
(Schulman and Haga, 1991).

The Richardson's number is defined by the following equation:

T (bwd2)

where g = gravitational acceleration,
T = surface temperature,
50762 = vertical change in potential temperature, and
Swbz = vertical change in wind speed.

Negative Richardson's numbers are classified as unstable because convective turbulence is indicated by
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the negative 86/6z tem. Positive Richardson's numbers are stable since the positive 56/6z temn
indicates thar convective tv-bulence is suppressed. Under neutral conditions, the Richardson's number
approaches zero, indicating that convective and mechanical turbulence are equally important. No
adjustments to the observed stability arc made for day or night conditions, thus unstable stabilities can
occur at night and stable conditions during the day.

The Richardson's number limits used to categorize Pasquill stabilities were detennined using the
technique described by Schulman and Haga (1991) where

L),

Ri=
i

L is defined as the Monin-Obukov length and is the depth of the surface layer dominated by
mechanical turbulence. The z temn is the geometric mean height of the two measurement levels. The
teems ¢h and ¢m represent the temperature and wind speed profiles for non-neutral conditions and are
a function of z and L. As described by Schuiman and Haga, the values of L as a function of
roughness length (z,) using a series of equations fit the a graph developed by Golder (1972) relating
stability class 1o L. :

The Bulk Richardson's number is give:: by the following expression:
-8 53/0& 2
Ry
The parameters are defined as previously except u is the 10m wind speea. From an operational
standpoint, this technique is simpler to apply than the Richardson's number in that wind speed need

only be measured at one ievel. The response of the Bulk Richardson's aumber is essentially the same
as with the Richardson's number.

The stability limits of the Bulk Richardson's number can be calculated from the Richardson's number

limits by

Rig,,
B Bt
" (nzz)-¥)

2-10




where the tenms are as described previously except for w which is a comection to the logarithmic wind

profile and is a function of 9,2 and L.

2.3.4 Data Analysis

In addition to calculating various stability classes using the MMT data, data from the 30 ft, 100 ft, and
200 fit levels of the NMP 9MP tower were also treated. Stability classes wene determined using the
techniques applied currently applied at NMP, namely sigma-theta (without correction for wind speed
and surface roughness) and delta-temperature (200-30 ft and 100-30 ft). The stability classification

criteria for sigma-theta and delta-temperature were defined as in Tables 2-3 and 24, respec: vely.

2.4 Data Analysis Results

validated fifteen-minute stability classifications for each of e methods described in Section 2.3 are
provided separately on computer disk. Frequency distributions of all stability classification techniques
developed using the MMT and 9MP data are provided in Appendix A. The frequency distributions
are provided for all hours combined, as well as separated by various site-specific criteria (Season,

Flow Direction, and Time of Day).

The stability frequency tables show wide variation between the various stability classification
techniques. The widely used and tested sigma-theta technique shows the expected tendency 10 @
nommal distribution centered around neutral stability. The delta-temperature technique also shows
some trend toward a nomal distribution, however, some radical departure is noted. The 30 to 200 ft
9MP delta-temperature distribution appears 10 be more appropriate than the 2 to 10 m or 30 to 100 ft
approaches. The MMT solar radiation (day), delta-temperature (night) also appears to show the
expected distribution of stabilities. The less used and tested Richardson's number and Williamson and
Krenmayer techniques are more radical in there stability distsibutions, tending to predict either stable

or unstable conditions and minimal neutral flow.

Separation of the data by onshore flow (wind directions between 245° and 25°) and offshore flow
(wind directions between 85° and 230°) show that most techniques have the expected responses 10 the
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differing flow conditions. In general, more unstable classes were observed during onshore flow when
compared to offshore. This is likely due to the effect of onshore advection of unstable lake air,
particularly in winter, and the prevalence of a stable, offshore flowing land breeze at night. The
significant exception to this result is observed in the sigma-theta results, particularly at the 9MP 100
and 200 ft levels. Since the sigma-theta technique was designed using 10 m data, responses at 100
and 200 ft elevations are not appropriat .

The results of a joint frequency analysis of the stability classification techniques as compared to the
baseline objective stability determination are presented in Tables 2-8 through 2-19. These tables
emphasize the variability obtained between the various stability classification techniques, and highlight
the difficulty in selecting an appropriate stability classification technique.

As shown in Table 2-8, the 2 to 10 m delta-temperature technique tends to be more stable than the
objective method at night and slightly less stable during the day. This a result of the use of 2 to 10 m
delta-temperature which responds more dramatically to the surface heating during the day, resulting in
the development of a super-adiabatic lapse rate near the surface, and significant surface cooling a
night and the development of a strong surface based inversion, particularly under clear sky conditions.
Typically, one would expect delta-temperature measurcments taken over a higher elevation (e.g. 30 to
200 ft) to show less dramatic variation and possibly closer correlation with stability classes developed
from the objective technique.

In general, the sigma-theta method of stability classification showed generally good agreement with
the objective method, but tended to be less stable at night (Table 2-9). This results in an over
prediction of neutral stability (D). It is believed that this results from meander of the night-time wind
direction even though the technique employs a nighttime wind speed comection. Perhaps the
development and variation of land breeze and drainage winds at this particular site require a modified
wind speed comection scheme at night. Altematively, some of the increase in neutral stabilities may
be accounted for by unstable day-time conditions being classified as neutral. This could result from

an over-estimation of the site-specific surface roughness correction,

Since the objective scheme and the solar radiation/delta-temperature method are closely related, little
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difference is noted in the predicted stability classes between the two techaiques. The results of this
joint frequency analysis are shown in Table 2-10.

Both the Willianson and Krenmayer methods (wind speed corrected net-radiation and solar
radiation/net-radiation) show significant differences from the objective scheme and require additional
analysis (Table 2-11 and Table 2-12, respectively). In both cases, the methods predicted less stable
conditions during the day and more stable conditions at night. It is pelieved that this is due to the
inclusion of net-radiation, which is sensitive to local ground cover conditions. Subjective observations
over the course of monitoring indicated that the MMT site ground cover had, on average, a slightly
higher albedo than the surroundings within 1 km since the immediate jocation around the tower was
mown grass while much of the area is thickly green with bushes and trees. Another interesting
observation is the lack of "E" stability classes at the site predicted by the Williamson and Krenmayer

methods. This is believed to be a site specific feature, but is deserving of further investigation,

Both the Richardson's Number and the Bulk Richardson's Number were expected to provide the most
walistic assessment of stability due to the methods' accounting of both tiemal and mechanical
stability (Schulman and Haga, 1991). However, as shown in Tables 2-13 and 2-14, the techniques
tend to be more radical than any of the other methods in that they tend to predict either very unstable
or very stable conditions with litle consideration for neutral conditions. This is a little surprising
since the monitoring location tended to be fairly windy, resulting in greater mechanical mixing which
should lead to frequent observations of neutral stability. These techniques are rather complex due to
the "dynamic" measurcments required. Further investigation beyond the scope of this study would be
appropriate, perhaps to further adjust the stability class ranges on a site-specific basis.

Comparison of the 9MP tower stabiitiy classifications with the objective scheme from the 2 to 10 m
tower are provided in Table 2-15 through 2-19. Tables 2-15, 2-16, and 2-17 show the results for
sigima-theta measurements at the 30, 100, and 200 ft levels, respectively.

2.5 Conclusions and Recommendations

Regwery schemes fur stability classification have been developed to be easily transportable to a
variety of lcations. The results of this study show that indiscriminate use of any given stability
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classification technique can lead to estimates of stability that are widely different from that expected [
using traditional methods. In selecting a stability classification technique, it is important to carefully

consider the siting and vertical extent of tower-based measurements. From this analysis, the following

conclusions can be drawn:

" Local conditions must be factored into a detemmination of the most appropriate
stability class and, therefore, the selection of appropriate dispersion coefficients. In
cases involving complex meteorology (ie. coastal zones), consideration should be
given to the collection of stability data at heights close to release elevation. Ground
level releases should employ near surface stability classifications such as those
obtained using the 2 to 10 m micrometeorological tower, while elevated releases
should emply stability classes representative of the height of release such as thoce
obtained from the 200 ft meteorological tower (YMP).

. In addition to considering siting and measurement protocol, the boundaries used to ;
define specific stability classes may requiie adjustment on a case-by-case basic. This [
is particularly true of the sigma-theta, Richardson's and Bulk Richardson's Number, |
axd Williamson and Krenmayer techniques. {

of the 9MP tower, a site-specific comecticn for surface roughness is suggested to
account for localized mechanical effects.

. 100 and 200 ft sigma-theta should not be used to determine stability class using
exisiting classification criteria since these were developed using 10 m data. If 100 and
200 f: classification are used, the stability classification criteria should be revised to
reflect the different mechanical and theomal stability conditions found at higher
elevations. -

. For elevated releases, use of the 30 to 200 ft delta-temperature is recommended 10 ,
account for the broad vertical variation in stability resulting forn near-surface thermal i
fluxes and mechanical effects and smoother elevated flow. !

. For near-surface releases, use of the sigma-thet”. method from either the 2 (o 10 m
tower or the 30 ft level of the 9MP tower are recormnended. The sigma-theta method
should include a site-specific surface roughness correctica developed similarly to that '
described above. i

. When employing the sigma-theta method for specifying stability from the 30 ft level
Further analysis of the data collected is recommended. A review of the tendency for some techniques

to predict stability extremes rather than a distribution as is typically observed using traditional stability

classification techniques is necessary. Further analysis may allow definiion of site specific stability 1

class boundaries for the Richardson's Number and Bulk Richardson's number criteria.




horizontal and vertical dimensions. In particuiar, stability classification methods which assume that

the only source of thennal heating is solar radiation may be inappropriate in environments where the

air may be important, such as that encountered in a coastal environment.

E.':(‘l;“ ST # ¥

In summary, generalized limitations on stability classifications may be inappropriate for use at

choreline locations where complex meteorological phenomena result in varying stability in both the

advection of unstable 1
!
|
\
|
|
1
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Table 2-1
Percent Data Captwr '—Micrometeorological Tower, All Hours
October 1991 through September 1992

— — S

1991 1991 1791 1892 W2 1992 1992 1992 1992 1992 1992 1992 1992
Site  Pmtr  Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct  Total

MMT 2MWS 998% 1000% 996% 994% 1000% 1000% 99.1% 1000% 999% 99.6% 1000% 100.0% 99.6% 998%
IOMWD 997% 1000% 995% 995% 1000% 1000% 99.1% 1000% 999% 99.6% 999% 1000% 996% 998%
IOMWS 996% 100.0% 995% 995% 1000% 1000% 99.1% 1000% 999% 99.6% 1000% 1000% 996% 998%
IMTP 997% 1000 997% 99.5% 1000% 1000% 99.1% 1000% 999% 99.6% 1000% 1000% 99.6% 998%
DELT 996% 1000% 997% 995% 100.0% 1000% 99.i% 1000% 999% 99.6% 1000% 1000% 99.6% 998%

SR 999% 1000% 997% 995% 10052 1000% 99.1% 1000% 999% 99.6% 1000% 1000% 996% 998%

NR  999% 673% 927% 995% 1000% 1000% ©%.1% 1000% 999% 996% 1060% 1000% 996% 91.3%
SIGT 98.7% 995% 9909 998% 997% 942% 937% 994% 994% 978% 992% 992% 990% 984%

Parmameter (PATR) Abbreviations:

MMT-—Micrometeonslogical Tower 2MWS—2 Meter Wiad Speed
: 1OMWD-—10 Meter Wing Direction 1OMWS—10 Meter Wind Speed
2MTP -2 Meter Temperature DELT—Delta Temperature (10m—2m)

t SR—Solar Radiation NR—Net Radiation

SIGT—Sigma Theta

' Percent Data Capture is based on data collection beginning October 18, 1991, at 12:00 EST.
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Table 2-2. Summary of the Objective Stability Classification Scheme used as the baseline
for comparison to alternative schemes.
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Table 2-3. Stabluy Classitication Criteria based on the Sigma-theta Method.
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““able 24. Delta Temperature Criteria
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Table 2-5. Solar Radiation (DayySigma-

theta (Night) Stability Classification Method.

Day Night
incoming Solar Radiation (W/m’) Delta Temperature (T, - Tig) (CC/m)
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Table 2-6b. Nightime Williamsoa and Krenmayer Wind Speed Correcteu Net Radiauon
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Table 2-7. Wilhamson and Krenmayer Wind Speed Correction Solar Radiation (day) / Net Radiation (night).
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Table 2-8. Joint frequency table (Percent) of objectively determined stability class versus
the delta-temperature method for the 2-10 meter tower.

Delta-Temperature Stability Class

Objectively

Detemined |

Stability |
Class

Table 2-9. Joint frequency table (Percent) of objectively determined stability class versus
the sigma-theta method for the 2-10 meter tower.

Sigma-Theta Stability Class

Detennined
Stability
Class

Table 2-10. Joint frequency table (Percent) of objectively deteamined stability class versus
the solar radiation (day ¥delta-temperature (night) method for the 2-10 meter tower.

Solar Radiation/Delta-Temperature Stability
Class
A B C D E F

A 41 0.0 0.0 0.0 00 | 00
00 | 154 | 00 13 00 | 00

Objectively 00 | 00 | 136 | 30 | 0o | 00
Detemined | p | 00 | 00 | 00 {2221 00 | 00 |
Stability




Table 2-11. Joint frequency table (Percent) of objectively determined stability class versus
the pel-radiation method for the 2-10 meter tower.

Net Radiation Stability Class

— e —— o~ — . e e~

Objectively |
Cztermined |
Stability |

Class

Table 2-12. Joint frequency table (Percent) of objectively detenmined stability class vercus
the solar radiation (day ¥net-radiation (night) method for the 2-10 meter tower.

Solar Radiation/Net-Radiation Stability Class

Objectively |
Determined

Stability |
Class

Table 2-13. Joint frequency table (Percent) of objectively determined stability class versus

the Richardson's Number method for the 2-10 me .27 tower.

Richardson's Number Stability Class

Objectively |
Determined |
Stability |

Class




Table 2-14. Joint frequency table (Percent) of objectively detemined stability class versus
the Bulk Richandson's Number method for the 2-10 meter tower.

Bulk Richardson's Numbcr Stability Class

Objectively |

Determined |

Stability
Class

Table 2-15. Joint frequency table (Percent) of objectively determined stability class versus
the mmmmm for 9MP at the 30 ft level.

9MP 30ft Sigma-Theta Stability Class
- - — w— - m

Objectively
DCletmined i
Stability

Class

Table 2-16. Joint frequency table (Percent) of objectively detenmined stability class versus
mmmmfmmpum 100 ft level.
OMP 100ft Sigma-Theta Stability Class
A B e D B F
0.2 0.3 0.7 1.1 1.1 0.8

A
B 03 0.5 2.6 48 44 4.1 1
Objectively e 0.0 0.1 21 7.1 39 34
Detemmined
_ . 1 79 : ;
Stability D 00 0.0 1 8.1 5.0
Class E 01 0.2 15 A 4.6 2.5
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Table 2-17. Joint frequency table (Percent) of objectively detemmined stability class versus

the Sigma-Theta method for 9MP at the 200 ft level.

Objectively

Detemmined |

Stability
Class

Tabie 2-18. Joint frequency table (Percent) of objectively determined stability class versus

9MP 200ft Sigma-Theta Stability Class

the Delta-Temperature method for SMP between the 30 ft and 100 ft level.

Objectively
Determined
Stability
Class

Table 2-19. Joint frequency table (Percent) of objectively detemmined stability class versus

the Delta-Temperature method for 9MP between the 30 ft and 200 ft level.

Objectively
Detemn ined 1

Stability
Class

9MP 30 to 100ft Delta-Temperature Stability
Class

9MP 30 to 200ft Delta-Temperature Stability
Class
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Section 3.0
Monitor Vertical Wind Profiles

Knowledge of the vertical variation of wind speed with height is important in studying the traespor
and dispersion of air pollutants. In most instances, the vertical resolution of wind speed measurements
are limited for physical reasons such as the extent of a vertical tower or proximity of flow
obstructions. To overcome these limitations, techmques have been developed to extrapolate wind
speed measurements from one elevation to another, applying both physical models of fluid dynamics
and empirical relationships from laboratory or controlled field experiments. However, there is concem
over the transportablility of these techniques to specific applications in the field. This study is
designed to specifically investigate the appropriateness of applying an empirical wind profile
extrapolation technique known as the power law to operational use af nuclear power generating
stations located in a coastal location. A background description of wind profile extrapolation is
provided in Section 3.1 and the study objective and goal in Section 3.2. A summary of the
monitoring equipment and data analysis methodology is provided in Section 3.3, with the results of the
analysis presented in Section 3.4. Conclusions and recommendations are provided in Section 3.5.

3.1 Background

The vertical wind profile (defined as the change in wind speed with heighi) is not constant in ume due
to surface friction effects (surface roughness), the vertical temperature profile (stability), and the
natural variability of the atmosphere. There are many applicaions in which the change of wind speed
with height is an important parameter. For instance, the concentration of a pollutant measured
downwind from a source is found to be inversely proportional to the wind speed at the elevation of
the release. This effect refers to the dilution of continuously released pollutants at the point of
emission. In, addition, wind speed effects the plume rise and the travel ime between source and
receptor. Since these effects are most ptominent at the point and elevation of release, measurements
of wind speeds at the release height are suggested for most applications involving the prediction of

potlutant transport and diffusion.




3.1.1 Vertical Wind Profile Estimates

Wind pmfiles in an operational setting are most easily obtained by taking measurements of wind speed
at several different elevations. However, in most operational cases, only one or two measurement
levels are available. In these situations, theoretical estimates of the vertical wind profile must be used.
The two most widely .mployed techniques are the Logarithmic Law:

v,, =z

and the Power Law:
Uélz, Ze
A (“)

The difficulty with using the L. garithmic Law or the Power Law method is detennining the various
variables needed to evaluate the expressions. Use of ie Log Law involves 'nowing or estimating the
values of the similarity parameters (u., z, and x), while the Power Law requires applying the comect
exponent (P) to the surface roughness and stabslity conditions.

To detemine which method is the most appropriaie for describing a wind profile, the first step is to
find the difference which will result from usi.:g one m.atiod as opposed to another. Figure 3-1 shows
the results provided by the Power Law and the Log law as compared to a reference height (z,) and
wind speed (u,). The comparison shows the diffeenice between the methods for two types of
“ughness” conditions (m=0.1 and m=0.3, where m=0.1 is a relative'; smooth surface and m=03 is a

relatively rough surface). The variable m is analogous to the power law exponent. It can be shown
that

and the Log Law can be re-writien as

Ueso X A
¥ l(ln("))

r
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and the Power Law written as

L Solving these equations for the two "roughness” conditions (m=0.1 and m=0.3), we obtain the curves
presented in Figure 3-1. *

If we consider a change in height one orler of magnitude from the reference height, z,, and a high
surface roughness or extremely stable environment {m=0.3), the difference in the wind speed
calculated between the two ..ethods is 15.1%. However, over smooth surfaces with neutral fapse rates
(such as that commonly found in the marine boundary layer, m=0.1), the difference between metheds

is much smaller, around 2.3%.

Clearly, for the marine boundary layer (onshure flow), where surface roughness is small, the
difference between the estimated wind speed profile obtained using the Log Law and tnat using the

‘ Power Low method is almost negligible. However, over land, where temperature profiles can be
significantly ifferent than neutral and surface roughness is often high, the choice of an appropriate
extrapolation method becomes more difficult. In order to avoid the difficulty involved in determining
which method is appropriate and what coefficients are cormect for a given set of meteorologicai
conditions, site-specific measurements of the wind profiles are often recommended for applications

involving dispersion of pollutants released from elevated sources.

For most applications involving dispersion modeling, wind speeds at elevations «bove a reference
height are frequently detemmined using the power law exponent. As suggested above, the actual power
law exponent can vary significantly from application to application depending on the stability of the
atmosphere and the roughness of the surface over which the air is traveling. The most commonly
used power law exponent is applied through the so-called "1/7 power law" or P=0.14. This value is
said 1o be appropriate for neutral flow over relatively flat, open terrain (Sutton, 1953). Similarly, the
United States Environmental Protection Agency (USEPA,, suggests a va'ue of P=0.15 for neutral

stability flow in a rural environment. However, due to the variability of siting and exposure of
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meteomlogical instrumentation at any given location, it is often appropriate to develop site-specific
wind profile exponents.

3.1.2 Applications to Nuclear Facilities

In compliance with Federal Regulation 10CFR5047 regarding emergency pianning, nuclear power
generating facilities in the United States are required to have "adequate methods, systems, and
equipment for assessing and monitoring actual or potential offsite consequences of a radiological
emergency condition." In order to meet the meteorological aspects of this regulation, nuciear power
generators must have the capability of making near real-time predictions of the transport and diffusion
of effluent from their facilities. In order to make such predictions, measurements or reliable estimates
of the wind speed at the height of the effluent re'ease are necessary. Such measurements are used to
detenmine the dilution rate of the emission as well a; the transpont time to receptors downwind.

Presently, the Nine Mile Point Nuclear Generating Station (NMP) maintains a 200 ft meteorological
monitoring tower (9MP) with equipment which continuously measures wind speed at elevations of 30,
100, and 200 fi. Estimates of wind speed at higher elevations are developed by using a power law
relationship which employs the 200 ft wind speed. Table 3-1 outlines the wind profile exponents
which are currently in use at NMP. The exponents differ depending upon the height range used to
calculate them, and are a function of stability. Also shown in Table 3-1 are power law exponent
values typically applied for dispersion modeling applications (USEPA, 1987). This project will provide
information regarding the reliability of using such power law exponents (P) as a method for
exuapolating tower ubserved wind speeds to the release heights at the NM.” site, as well as other,

similarly locaicd, nuclear generating stations.

3.2 Study Objective

The objective of this study is 10 measure wind speeds at elevations corresponding to potential release
elevations at the Nine Mile Point Nuclear Power Station Units 1 and 2 and the J. A, Fitzpatrick
Nuclear Station. These elevations comrespond to 350, 385, and 430 ft above ground level. The

measurements will be used for comparison to wind speeds predicted at the those elevations using




observed wind speeds at 200 ft and a power law extrapolation technique.

3.2.1 Study Goal

The goal of this study is 10 determine the appropriateness of extrapolating wind speeds measured at
the 200 ft level of the NMP 200 ft meteorological tower (9MP). This technique is currendy used
NMP and other nuclear power generating stations for estimating wind speeds at release elevations for

calculations involving plume dilution and transport.

3.2.2 Potential Applications for Research

The results of this research are expected to be of interest to any utilities that must perform dispersion
modeling using wind speed data that is collected at elevations different from the release and/or plume
clevation. The conclusions will assist in making decisions related to the need for collecting wind

speed information at release andor plume clevations,
3.3 Approach
3.3.1 Description of Monitoring System

The primary data set for evaluating the wind profile between the 9MP 200ft level and the potential
releuse elevations was obtained with a tethersonde atmospheric profiling system. The tethersonue
system consists of a large, blimp-shaped tethered balloon, tether winch, instrument package, and a
ground station for receiving data telemetered from the instument package. The instrument package
novides measurements of air temperature, wet bulb temperature, pressure, wind speed and wind
direction. The package is carried beneath the aerodynamic balloon which is connected to the winch
by a tether line. The ascent or descent of the balloon is controlled by releasing or retrieving line from
the winch. The balloon has a nominal inflated volume of 110 cubic feet which provides sufficient lift
1o operate 10 an altitude of over 3000 ft (approx. 1 km). The balloon is controllable by the winch for
wind speeds of up o approxi:aately 20 mph, above which the balloon becomes unstable. Figure 3-2
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shows a schematic representation of the tethersonde sysiem and the instrument package.

When in flight, measurements are made sequentially over a peniod of approximately 13 seconds and
transmitted as audio tones over a 403 MHz FM transmitter. The ground station receives the signal,
decodes the audio tones, scales the values in temms of standard units, and outputs the data reports as
serial digital data. The data stream from the receiver is captured by a computer and stored for
subsequent analysis.

Although the tethersonde instrument is capable of collecting dry and wet bulb temperature, the main
focus for this task was data collected for tethersonde elevation and wind speed Elevation is
determined by measurement of pressure. Pressure is measured using an aneroid capsule which acts as
a variable cupacitance transducer. Calibration emors are of the order of 0.2 mb with somewhat larger
hysteresis errors which are comected during data analysis. Temperature and humidity corrections are
employed in the elevation calculation. Wind speed is sensed by a cup anemometer mounted on top of
the instrument package. It has a linear response with a starting threshold of 2 mph.  Static tests

indicate a measurement error of less than 5%.

Use of the tethersonde allowed for the direct measurement of atmospheric conditions at the heights of
the release points while the main meteorological tower collected data from the 200 ft level. The
tethersonde ground station was installed at a site adjacent to the main meteorological tower and was

operated by subcontractor AWS Scientific, Inc.
3.3.2 Sampling Technique

Seven test runs were proposed, each in different meteorological conditions as practical. This approach
was 10 allow comparison of the winds in meteorological flows typical of the Nine Mile Point area
The flight procedure for each test consisted of positioning the tethersonde at each of the three releasce
heights in order to record S4ninute average time periods. Concurrent S-minute average data was
obtained by averaging one4ninute observations from the meteorological tower. Each measurement
period included a set of flights at the 200 ft level, conducted both before and after the flights at the
release point heights in order to define a benchmark of agreement between the different measurement
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systems. In total, a minimum of eight test sets were required to produce a minimum total of 84
fiveaminute average intercomparison values between cach reiease point elevation and the main

metcorological tower.

In cases when strong winds or excessive heights precluded the use of the tethersonde (wind speeds
greater than 20 to 25 mph), it was originally proposed that free-flight radiosondes would be
substituted. Radiosondes are capable of providing comparable vertical resolution of the wind and
temperature field, but they provide only a single instantaneously measured value at any given height,
In addition, the radiosondes are manually tracked using an optical theodolite, a method which has a

relatively large error compared (o the cup/vane method of measurement used by the tower and

tethersonde instrumentation. Therefore, the project team concluded that comparable, statistically

significant data between the main meteorological tower and radiosondes could not be obtained, and the

altemative method was shelved.

3.3.3 Data Analysis

Data used to evaluate the wind profile and resulting power law exponents employed by NMP

pétsonncl underwent several data analysis levels: data validation, separation into test specific data sets,

correction for 200 ft benchmark data for each test day, comparison of each level with 200 ft tower,

calculation of observed power law exponents, and comparison of power law exponents 10 values

currently used.

Data collected during the field experiment was validated by the tethersonde operators (AWS Scientific,
Inc.). Validation of the data included inspection by a meteorologist for reasonable data values based
upon conditions observed, removal of suspect data and bad data, and calibration adjustments. Data
from the 9MP tower was provided by the operator, Niagara Mohawk Power Corporation, and was
assumed to be - dy validated.

All data was binned into a specific test day. Calculation of 200 ft benchmarks and application of
comections was performed on a test specific basis. A total of eight test days were perfoormed. Data
from 9MP was extracted from the one-minute observations, matched to the tethersonde runs, and
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averaged 1o five minute values for comparison 10 the tethersonde five minute everages.

Each days collection of 200 ft tethersonde wind speed observations were compared directly to the 200
ft 9MP tower observations, A mean bias and standard Jeviation was calculated. The bias was
interpreted as the test corection for the -cmaining tethersonde observations taken during the test day,
and the comection was applied 1o each subsequent fiveaninute tethersonde average al 350, 385, and

. 430 ft elevations. The correction was intended to adjust for test-to-test (day-to-day) variations in the

performance and horizontal location of the tethersonde.

Elevated data from the tower was matched to the comrected tethersonde data and compared. The
comparison involved calculation of a power law exponent (P) for each observation pair. The P factor
was calculated using the following equation:

in(U,/0,)

P Tatz/z)

In order to detemmine the impact of applying the 200 ft benchmark correction to the calculation of P,
tae exponent was detenmined for both uncomected and comrected data

The wind speed at the elevated levels was also compared (o the expected value predicted using an
average power law cxponent from those currently employed at NMP and outline in Table 3-1. The
average P exponent employed was for a 30 to 200 ft comrection and D stability class (ie. P=0.275).
Scatter plots of the predicted versus observed wind speed were produced for each release height. The
scatter plots show the relative comparability of the actual and predicted wind speed and the
applicability of the existing power law exponents used at the site,

3.3.4 Limitations of Study

Every practical effort was made 10 minimize the limitations of this study. However, limits in the
operation of the equipment and evaluation of the data existed that were beyond the conurol of the
project team . First, the evaluation of measurements is limited due to the difficuity 0i matching the
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tower and comparison instrumentation in time anA space. Following are the significant ume and space
limitations to the analysis:
. Every effort was made 10 keep the tower and tethersonde measurements within an

accuracy of 30 seconds. This may be a source of error, especially in vanable wind
speed conditions.

. Tethersonde height was maintained withun 10 feet of the desired measureinent
elevation during each test.
. The tethersonde launch site was located approximately 200 m from the tower. This

horizontal separation was necessary (o prevent the measurement systems from
interfering with one another and 10 maintain a safe operating distance from the tower.

In addition (o the measurement limitations, operational restrictions also limit the study as follows:

. Wind speed comparisons between the tower and tethersonde measurements are limited
1o light or moderate wind speeds (less than 20 mph) due to the operational limits of

the tethersonde.
. Weather condition restrictions on the tethersonde system also limited the operations of

the tethersonde. The system was not operated during periods of low ceiling, restricted
visibility, or precipitation.

. Due 1o the intensive labor and resulting expense involved in operating the tethersonde
system, the operational duration of the tethersonde and collection of comparative data
was limited. Attempts were made to sample in a variety of stability and wind

direction conditions.

. The tethersonde's battery operated instrument package and telemetry transmitter limited
the time the tethersonde could spend aloft during any given test period, since the
battery required replacement every 3 hours or 50 of operation.

3.4 Data Analysis Results

Dats used in the analysis of wind profiles and calculation of power law exponents is provided in
Appendix B. A total of eight test runs were performed on eight separate days. The test runs and
counts of S<ninute averages obtained at each of the desired elevations is summarized in Table 3-2.
Limitations in the weather conditions and other duties related to the project (ie. Task 4), limited the
tests during the initial four periods. Initially, only seven test days were projected. However, an error
on the part of the subcontractor collecting the tethersonde data led to a shortfall in the number of
averages expected compared to the goal of 84 at each elevation. To correct this shortfall, a make-up
test day was scheduled. This accounts for the May 10, 1993 test day, as well as the significant
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number of observations taken at the 430 fi elevation on this day. It should be noted that this may bias
the results for the 430 ft level when compared (o the more even distribution of observations obtained
at the 200, 350, and 385 ft heights.

The following sections provided a summary of the weather conditions duriny each test, analysis of the
200 ft benchmark data, presentation of the wind profile exponents detenmined using 9MP 200 ft data
and tethersonde data at 350, 385, and 430 fi, and a comparison of the observed versus predicted wind

at the potential release elevations.
3.4.1 Summary of Test Conditions

The following briefly summarizes the time of day the test runs took place, the weather conditions
observed during each of the tests, and briefly any problems experienced during the test.

34.1.1 Test 1 - June 23, 1992
The first test of this task took place with two tethersonde flights during the early 1o mid-aftemoon

period of the day bhetween 1300 and 1600 LST. Two flights were conducted during the period. The
weather was mainly clear with wind onshore from the northwest. Wind speeds were gencrally helow
10 mph throughout the aftemoon.  Stability, using the 30 ft 1o 200 ft delta-temperature measured al
9MP was classified as A (extremely unstable) throughout the aftemoon.

34.1.2 Test 2 - August 6, 1992
Two flights took place on this day during the evening hours centered around sunset. The tests took

place between approximately 1940 and 2240 LST. The evening was clear, with winds at flight
elevation nearly paraliel 1o the coast from the west-southwest at 5 10 10 mph early in the test period,
hacking to southwest at less than 5 mph by the end of the test period. Clear sky conditions and Jight
winds resulted in F and G stability classes through the test. A land breeze developed during the test,
appearing first at the 30 ft level of the tower carly in the test and deepening to the 200 ft level by the
end of the test. This type of mesoscale phenomena can account for significant differences between

tower winds and those observed at release elevations.
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34.1.3 Test 3 - August 24, 1992
A single flight 100k place during the late moming between 0900 and 1100 LST. The winds were light

from the south-southwest to southwest during the test, with speeds between 5 and 10 mph dunng the
first half of the teat, decreasing (o less than 5 mph dunng the second half. Between 1045 and 1100
LST, a lake breeze developed an onshore flow frum the west and west-northwest. Stability through
most of the test was slightly unstable to neutral (C 10 D), until the development of the lake breeze,
when stability became stable (E). Like the land breeze, the lake breeze is a mesoscale phenomena
which occurs along the lake shore area whicii can account for significant differences between the

tower wind speed and direction measurements and those measured at release elevations.

34.1.4 Test 4 - September 13, 1992

As with Test 2, Test 4 took place in the evening hours around sunset, beginning around 1830 and
ending at 2000 LST. Winds were offshore from the southeast throughout the test, and increased from
8 mph at the beginning of the test to near 20 at the end of the test. Due to the increasing winds and
turbulent nature of the air, the test was cut short as the \ethersonde was becoming unstable in the
increasing wind speeds. Stability during the test was ciassified as G (extremely stable). The day had
been mainly clear with a lake breeze during the late moming aud aftemoon, followed by a rapidly
developing land breeze in the evening and an increasing southerly gradient wind as high pressure
passed east of the area. A low level noctumal wind speed maximum is also suspected based upon the
high inds observed by the tethersonde and the 200 ft level of the tower, while surface winds
remained relatively light. Again, these mesoscale features are cause for concern since they can create
significant variations in wind speed and direction between the 200 ft level of the tower and the releasc

elevations.

34.1.5 Test 5 - October 5, 1992

A moderate northeasterly gradient wind flow dominated the fifth test as high pressure was north of the
area. The test ok place during the late moming, from 0940 to 1135 LST. North-northeast to
northeast winds at 10 to 15 mph lasted through the test. Stability in the cool air flow around the high
was generally neutral to slightly stable (classified as D or E).
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34.1.6 Test 6 - October 6, 1992
High pressure continued in the vicinity of NMP during an extended day of flight marking Test 6.
Flights began before sunrise around 0515 LST, and lasted until late afternoon (1700). A weak land
breeze from the southeast with wind speeds from 5 to 10 mph dominate until mid-moming, when a
weak lake breeze developed and persisted through the aftemoon. Stabilities were stable during the
early portion of the test, then became unstable just prior to the development of the lake breeze during
the mid to late moming. The onshore flow during the aftemoon has mainly neutrai to slightly stable
stabilities.

34.1.7 Test 7 - October 7, 1992

High pressure and weak gradient allowed a lake breeze to develop during the seventh test day. Three
flights were conducted during the period from 0910 until 1535 LST, with the lake breeze developing
during the first flight. By 1100, the onshore lake breeze was well established, but wind speed
remained quite light, remaining around 5 mph or less throughout the remainder of the test. Stability
was extremely unstable (A) early in the first test as the 'ake breeze developed, then became neutral or
slightly stable (D and E) once the onshore flow of the lake breeze was established. Significant
variability occurred between the 200 ft tower level and the test elevations during the onset period of
the lake breeze.

34.18 Test 8 - May 10, 1993
Weak high pressure with variable overcast conditions dominated the eighth and final test day. Flights
wuie conducted between 0800 to 1730 LST, with winds generally 5 to 10 mph from the west
southwest throughout the test day. The only exception was a period of very light and variable winds
which occurred at the 200 ft level of the tower during the early aftemoon. However, wind speeds
remained between 5 and 8 mph at the 430 fi elevation during this time period. It is not clear what
cansed the different wind speed conditions, however the tethersonde operators confirmed the
tethersonde data by observing the maotions of the tethersonde balloon and the tether wire. As will he
shown, this event 126 to significant differences in the P exponent calculations for the 430 ft level

during this test.
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3.4.2 Analysis of the 200 ft Benchmark Data

|
\
|
|
|
|
1

Figure 3-2 shows a scatter plot of the tower measured versus the tethersonde measured wind speed at ‘

200 ft. ‘Yhis comparison was performed at the beginning and end of each test in order 1o develop a

henchmark comrection to be applied to the tethersonde observations (except Test 4 where high wind

speeds resulted in a comparison only at the start of the flight). This benchmark was intended 1o take

into account any changes in calibration between the instrumentation, as well as changes in the

horizontal location of the tethersonde due to flight in varying wind directions. For each test, the 5-

minute average 200 ft tower wind speed was compared to the S4minute average 200 ft tethersonde

wind speed, and an average bias calculated (9MP wind speed - Tethersonde wind speed). The average

hias was then added to the tethersonde wind speed for all observations at altemnate elevations duning

the test in an attempt 1o correct the tethersonde data for instrumentation error.

The average difference between the observed 200 ft wind speed on the 9MP tower and the tethersonde
(benchmark comection) for each isst is summarnized in Table 3-3. As can be seen from Table 3-3 and

Figure 3-2, the tethersonde tended to measure wind speeds less than those observed at the 200 fi level
of the YMP tower. Thus, in all but Test 2 (8/6/93), the tethersonde observed winds were increased for

comparison at other elevations.

An independent analysis of the 200 ft tethersonde and tower data indicated that the wind speeds
observed by the tethersonde and the tower are likely not the same (Caiazza, 1993). This conclusion
was based upon conducting a student's t-distribution of the 200 ft wind speed data, which showed that
the probability of the tethersonde-tower wind speed difference being due to random fluctuations (as is
assumed in this analysis) is less than 0.001. However, in order to make the most of the data, the
comparison at altemative leveis was carried out using the described procedure. Hopefully, the
comparison can still provide a useful indication of whether or not adjustment of instantaneous 200 fi

measurement 1o altemative heights using a power law function is justified.
3.4.3 Observed Wind Profile Exponents

The calculation of wind profile exponents for each test elevation and each test are shown in Appendix
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B and summarized for elevations 350, 385, and 430 ft in Tables 34 through 3-6, respectively. Tables

34 through 3-6 show vanability in the average wind speed profile exponent when compared tesi-to-
test, Power law exponents averaged between 0.07 and 0.05 for 350 and 385 ft, respectively, and
increased to 0.40 for 430 ft. Individual test values ranged between -0.38 1o 0.68. Note that a negative
power law exponent is indicative of wind speed decrcasing with height. Inspection of the individual
power law exponents calculated for each five nunute average as shown in Appendix B indicates even
more dramatic variability, and highlights that the use of the power law exponent on an individual
obscivation basis is not necessarily appropriate.

Care should be taken in comparing the power law exponents obtained for the various test ele vations.
While the tendency of the power law comection was similar within each test, the eight test average
values differ significantly between 350 and 385 ft (0.05 and 0.07, respecuvely) and that obtained for
430 ft elevation (0.40). This difference is believed to be a result of the different sample distributions
obtained between the elevations. For example, over half of the 430 ft samples were collected during a
single test (5/10/93), while the 350 and 385 ft samples had a more even distribution.

It is interesting to note that the average values behave in a way similar to that expected from theory.
For instance, power law exponents obtained for the 350 ft and 385 ft elevations over a variety of
stability classes and wind directions are slightly less than the mean value of 0.14 frequently suggested
(Panofsky and Dutton, 1984). Also, a value of 0.40 at 430 ft from samples collected during primarily
stable conditions is also similar to expected values (USEPA, 1987). Also, the 350 ft and 385 ft values
are similar to values outlined by Segal and Piclke (1988), where a power law exponent of 0.07 is

suggestee as reasonable in neutral stable marine environments,

Based upon’ this analysis, it is reasonable to conclude that, under light to moderate wind speed
conditions, at a location with important mesoscale features, application of the wind speed profile on a
cose specific basis in not necessarily appropriate. However, on an average wind speed basis, the
power law exponent appears to provide a reasonable estimate of winds speeds at elevations above the

reference elevation.
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b 1 4.4 Observed Wind Profiles Compared to Predicted
bserved 200 ft wind speed for the 9MP tower and the established wind profiie exponents
for the tower as wilined above and in Table 3 1 predicted wind speed was calculated at each !
test elevations and compared (o the tethersonde observed wind speeds. Since stability was vanable
- juring testing, an "average” wind profile exponeni was used as a simplified approach to detennimng
the predicted wind speed at the test elevations. The profile exponent selected was 0 275, which
: corresponds 10 the exponent for the 30 to 200 ft levels of the tower during a D stability. This
] .
\ i exponent was applied to the 200 ft elevation (reference) 10 calc ulate the expected (predicted) value at
‘ : each of the reiease elevations
o
Scatter plots of the predicted versus observed wind speed at each of the test elevations for each
’ '
sample are provided in Figures 34 through 3-6. As can be seen from the plots, there is a fair amount
:
‘ of scatter, particularly with increasing height, amplifying the difficulty in applying the power law on a
‘ case-specific basis rather than an average basis. In general, the wind speeds calculated from the
current power law exponent values (predicted) are higher than the observed. Thus, the current
exponents in use at NMP may tend to over predict wind speeds at release elevation. Also, the
ufh, application of the power law becomes even less reliable as the height for which the wind speed s
being calculated differs from the reference height
¥y 3.5 Conclusions and Recommenaations

Methods for extrapolating observed wind speeds to elevations different from the observed have been
developed using both physical and empirical models. At NMP, a power law extrapolation technigue is
employed using a set of site-specific power law exponents to extrapolate wind speeds from the 200 ft
level of the meteorological tower (YMP) o poiential effluent release heights. In order to detemnine
the appropriateness of applying this extrapolation technique at NMP, wind speed measurements were
taken at 350, 385, and 430 ft using a tethersonde atmospheric profiling system, and concurrent
measurements collected from the 9MP tower at the 200 ft elevation. A comparison was conducted
between the 200 ft measurement level and the release elevations, from which the following

conclusions are made




. Based upon the limited data set collected during this study, the current power law
exponents employed to comect 200 ft wind speed to release heights at 350, 385 and
430 t tend to over predict the actual wind speed. This is particularly significant since
the power law exponents can become quite large for both stable and extremely
unstable conditions, resulting ir. even higher predicted wind speeds than those
presented in Figures 34 through 3-6.

. The application of a wind profile exponent becomes less reliable as the difference
between the reference and predicted elevations increases.

. Elevated wind speeds calculated using established wind power law exponents show
poor comelation to observed wind speeds on a case-by-case basis. However, applied
to wind speeds averaged over a long period under a variety of meteorological
conditions, power law exponents perform well.

. The occurrence of mesoscale phenomena such as lake and land breezes, and noctumnal |
low-level wind speed maximums are problematic for the application of wind profile |
exponents. Due (o the large variation in the vertical distribution of meteorological
parameters found with these phenomena, simpie, empirical relationships such as the
power law fail to adequately describe the complexity of the physical processes
involved.

Based vpon the conclusions, the following =ecommendations are made:

[
|
|
|
. Due to the limited nature of this study and the discrepancy between 200 ft tethersonde \
and 200 ft tower measuremen's, further measurements using a combination of tower, |
tethersonde and remote sensing instruments is recommended on a regular basis (e.g. ‘
annually). Changes in the surmounding surface roughness on a seasonal basis should
be measured.
. Routine imeasurement of ‘vind at release elevations is recommended by either
employing a tall meteorological tower or reliable remote sensing system, depending on |
the data recovery objective iequired. ‘
. The practice of using established wind profile exponents to calculate wind speed at ‘
release elevation on an observation specific basis should be reconsidered. Such use can
result in large errors between the predicted and observed wind speed. Consideration ‘
should be given to using observations of wind speed at the desired elevation as a first }
option, measurements of 200 ft wind as a second option, and extrapolated wind speed |
estimates third. |
. Use of established wind profile exponents to deter™ ‘ne average winds at release |
elevations is most likely appropriate, however the exponents should be further refind |
with measurements between the tower and release clevations rather than the tower |
alone. |
|
|
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Comparison of Logarithmic and Power Law Wind Profile Solutions

0 T a0 >
44 " o’
e ¥ 4
A F o
V A
/

ZIiZr

Figure 3-1. Plots of differences in estimating the wind profile
using two different methods.




TETHERSONDE

Figure 3-2. Schematic of the tethersonde boundary layer profiling system showing the balloon, winch,
ground station, and artached instrument package (left); and the instrument package parts (right).
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Figure 3-3
YMP vs Tethersonde 200 ft Wind Sped
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Tethersonde 385 ft Wind Speed (mph)
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Figure 3-8
YMP 385 ft Predicted vs Tethersonde Observed 385 ft Wind Speed
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Table 3-1

Established Power Law P-factor Values

USEPA'

9MP Site-Specific P-values’

10 m Reference

30 o 100 fi

30 ft to 200 fi

100 fi to 200 fi

0.2%89

0212

0.223

0313

0.275

0.259

0.35

0486

0431

0.387

0.10
0.15

im0 |®

0.55

0613

0561

(0.4%4

0.707

" Values commonly used in regulatory modeling applications (USEPA, 1987)
* Values currently in use at NMP (E1A, 19%4),
' G stability class not employed by EPA. Assumed same as F stability class




Table 3-2

Summary of Field Monitoring Data

6/23/92
¥/6/92 7 7 .
¥/24/92 5 6 6 3
9/13/92 3 3 6 3
10/5/92 6 6 6 3
10/6/92 30 10 30 15
10/7/92 16 16 16 8
“7 5/10/93 16 16 16 48 WJ
ﬂ Total 87 92 98 88
“' Goal 84 X4 84 ¥4
Percent of Goal 104% 110% 117% 105%




Tuble 3-3. Summary of measured differences between IMP and tethersonde

| Stability Tethersonde | Average
| (30 10 200 ftf Average Average Difference | Ditference |
| Delta-T) (200 f1) (200 f0) J
6/23/92 141
F 8/6/92 | F/G 591 647 .56 057
8/24192 D (Variable) 6.27 5.50 0.77 045
r‘)/ 1392 FIG 9.60 8.20 1.40 0.14
ﬂ 10/5/92 A 14.20 13.21 099 1.65
“ 10/6/92 A/C/DIF 7.29 6.39 090 0.40
[ 4.7% 394 084 0.63
S/1(/93 7.11 6.04 1.07 042
| Average (all | 0.78
| observauons) |

Table 3-4. Summary of calculated p

ower law coefficients (P) for 350 ft.

200 ft elevation.

Date Stability [|Average P at] St Dev. Average P at| St Dev.
(30 to 200 {1 350 it (Uncorrected) 350 f1 (Corrected)
Delta-T) (Uncorrected) (Corrected)
6/23/92 A 0.0% 0.21 0.1% 0.20
B/6/92 FIG .09 0.6 \ .30 (.74
¥/24/92 || D (Variahle) )40 .34 0.11 0.24
9/13/92 FIG .22 0.02 002 0.03
10/5/92 A .11 0.09 004 0.10
__ﬂb/‘n A/C/DIF .24 .24 003 0.22
1077192 B 4).7% ‘32 4).28 024
/1093 F 143 0xl (.68 (183
Average (al IR L 0.07 0.57
observauons)
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Table 3-5, Summary of calculated power law coefficients () for 385 1t

r ——— e — — |
' Date Stability [Average P at| St Dev. |Average P at] St Dev
{40 o 200 1t X5 1t (Uncorrected) RS 1t (Corrected)
Detta-T) (Uncorrected) Corrected)
r s —q 2 ——
6/23/92 A (.20 0.09 (.28 009
R/6/92 FIG 0.27 0.24 0.12 0.23
%/24/92 D (Variable) 0.25 0.16 0.02 015
9/13/92 F/G )08 0.16 0.09 0.13
10/5/92 A (.00 0.14 0.12 0.14
I 2
L 10/6/92 A/CID/IF .20 0.26 0.04 0.23
[ /7192 B )87 .64 {).3% (.46
§/10/93 F 0.08 0.39 0.30 (.36
Average (al 017 0.49 0.05 0.35
observaums)

| Stability St. Dev. |Average P at
| (30 to 200 1 | (Uncorrected) | 430 ft (Corrected) |
Delta-T) (Corrected)
6/23/92
8/6/92 FIG 0.15 0.19 0.03 0.16
%/24/92 || D (Variable) 0.17 0.05 0.01 0.06
9/13/92 FIG 0.09 0.04 0.07 n.04
10/5/92 A 0.22 0.20 0.33 0.19
/692 | A/C/DIF 0.23 041 0.38 0.3%
10/7/92 B 0.71 031 .36 C.21
5/10/93 F 047 (.%4 0.65 0.85
Average (all . 024 0.73 040 073
abservauous)




Section 4.0

Detailed Regime Measurements

The coastal transiton hetween land and water complicates attempts 10 quantify the atmosphenc
conditions of the shoreline zone. This is true at any shoreline jocation, including where power
generating facilities are located on the southeastem shore of Lake Ontario such as Niagara Mohawk
Power Corporation’s Nine Mile Point Nuclear Power Station (NMP) and Oswego Steam Station, the
Ginna Nuclear Station (Ginna) operated by Rochester Gas and Electric, and Kintigh Station operated
hy New York State Electric and Gas. In onder 10 leamn more about the physical atmospheric processes
occurring in the coastal transition zone, & series of intensive observations were performed in the
vicinity of NMP and Ginna to collect data for use by rescarchers and atmosphenic modelers 10

improve conceptual and numerical models of the coastal zone meteorology as it relates to the transport

and dispersion of pollutants.

This Section presents the results of the inlensive monitonng program . A brief background description
of the meteorological phenomend measured during this study is presented in Section 4.1 and the study
goal lpn:scnlcd in Section 4.2. Descriptions of the equipment and monitonng approach are provided in
Section 4.3, with the intensive observation results briefly reported in Section 44. More detailed data

summaries are presented in Appendix C. Section 4.5 outlines some conclusions and recommendations

resulting from the collection of the detailed measurements.

4.1 Background

Many meteorological {heories, observalions, and methods are based upon air flow over flat, unifomm,
and homogeneous terrain. The abrupt changes in terrain and frictional characteristics as well as
differential heat and moisture fluxes encountered at coastal locations can cause marked departures

from conditions predicted by methods which assume flow over uniform and homogeneous terrain.

Since water is slow 10 heat or cool with respect 10 adjacent land areas, sharp temperature contrasts can

exist between @ir over jand and over nearby water. During the summer daytime, the land surface can
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become very warm and induce atmospheric instability in the overlying air. Offshore, the relatively
cool lake water produces a stable environment which is not conducive to the thermal and convective
instability over the land. During winter, the situation is reversed with the relatively warm waters of
the lake inducing instability over the water, and the snow covered land remaining relatively cool and
stable.

In a similar way, diumal cycles creaie differences between the aimmasses overlying water and those

over land. At night, the land cools quickly, creating @ relatvely stable air mass compared to the slow

or negligible cooling of air overlying the water, which can become relatively unstable. In the winter,
when solar insolation is near a minimum and snow frequently covers the ground, the incidence of
warm unstable air over the water and relatively cool, stable air over the Jand can persist even through

daylight.

In order to model the behavior of a plume released into the atmosphere, the characteristics of the
prevailing airmass must be understood. The atmosphere in a shoreline environment will display
characteristics which can significantly deviate from predictions based on idealized conditions. The

objective of this task is 10 further assess atmospheric characteristics in a shoreline environment.
4.1.1 Important Metecrological Regimes Over Eastern Lake Ontano

To further the understanding of the complicated meteorological conditions of the coastal zone, this
task focused on the collection of detailed measurcment during four different meteorological regimes:
on-shore flow, lake breeze, land breeze, and low level jet (LLY). The following briefly describes each
of the four target regimes, and the importance of the condition 1o the assessment of pollutant transport

and dispersion.

4.1.1.1 On-shore Flow

A detailed description of the implications of on-shore flow to the transport and diffusion of airbome
pollutants is provided in Section 1.0 of this report. In summary, the flow of air from water to land 18
important since the @r mMAasses overlying each differ, having obtained attributes characteristic of the

land or water surface. For instance, on a sunny spring or summer day. the air flowing onshore from




the lake will tead to be cooler, more humid, and more stab'e than the air over the land surface being

warmed by the sun. As air moves from one surface to anower (i.e. water (0 land), it is modified at the
hottom, taking on the characteristics typicy of air resident over the new surface. The layer of modified
4 near the surface is referred to as an Intemal Boundary Layer (1BL) because it grows within another
houndary layer associated with the approach flow or unmodified air. When an IBL develops as a

result of cooler, stable lake air moving over warmer, unstable land air, the layer near the surface is

referred to as a Themal Internal Boundary Layer or TIBL. Since the vertical distribution of stability is

important in the identification of TIBLs, monitoring of the vertical semperature gradient is most

important in ohserving this phenomena.

The most significant result of the existence of an IBL is a vertical variation in the stability which can
have a profound effect on the manner in which pollutants are dispersed downwind from a source.
Pollutants initially released into the stable layer may eventually intersect the boundary between the
stable layer and deepening unstable surface layer. When (s ccurs, pollutants can be rapidly mixed
down 10 the surface resulting in elevated pollutant concen - ations. Knowiedge of the existence and
clevation of the TIBL with respect to the elevation of stack emission plumes is vital in describing

dispersion processes in a shoreline region.

41.1.2 Lake Breeze

The lake breeze is a mesoscale circulation caused by the differential heating of the land and water
areas in the region during daylight hours. The land arcas absorb greaier amounts of incoming solar
radiation as compared to the water areas. As the day progresses the land areas heat more rapidly than
the adjacent waters. The difference in temperature Creates a pressure gradient between the land and
water, producing a wind which flows from the water towards the land. Often with this situation the
form ation of a return flow from the land towards the lake will appear at higher altitudes. In the ided
lake breeze, the elevated retum flow branch is directed 180 degrees opposing to the surface flow. This
large vertical variation on wind direction found in the lake breeze can make it difficult to predict the
‘ransport direction of elevated pollutant releases.

The classic lake breeze develops during the late moming and will continue until early evening, when
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the cooling of the land mass destroys the driving force of the lake breeze. The prediction of the on

strength, and duration of the lake breeze is complicated | ¢ lake breeze dependance on a number Of
meteorological factors. Lake breezes are highly depen 'ant on the gradient wind direction and speed
(synoptic scale), magnitude and sign of the lake/land temy. ‘rature difference, and solar insolation

Other factors have also been noted as influencing sea breezes such as the surface frictional difterence

between the lake and land, depth and strength of synoptic scale inversions, and terrain

"

4.1.1.3 Land Breeze
Like the lake breeze, the land breeze results from a pressure gradient caused by differences in lake
and land temperature. However, rath2r than resulting from differential heating dunn, the day, the land

breeze is a result of differenti.’ ,o0ling between the land and the water at night. The land mass Cools

quickly following sunset while the water, with its higher heat capacity changes in temperature only

marginally between night and day. During evenings when the land cools to a temperature below the
lake, a pressure gradient develops between the lake and the land which drives a flow of air from the
land toward the lake. Land breezes tend to develop under stabilizing radiation inversions over the
land, and thercfore tend to be shallower than lake breezes. This makes the land breeze particularly

important since large differences between surface and elevated wind conditions can resul

Land breezes are more common than lake breezes in the study arca. They are often enhanced by

irainage winds which flow down toward the lake from the elevated terrain surrounding the study arca

ainage winds result when cooling of the land surface causes the air closest to the ground to cool

being more dense, flow from higher elevation to lower elevation

et (Noctumal Wind Maximum)
been frequently observed that under certain meteorological ¢ adiions, extremely high winds can

elop in thin layers above the surface. This phenomenon, which is most common at night, has been
rved at Nine Mile Point (NMP) by the 200 ft meteorological tower (YMP) and doppler sodar
Referred to locally as the low level jet ), the phenomenon is more approprately described as a

nocturnal boandary layer wind speed maximus nce the use of the temmn jet impiies a ieature Ol

| N A mil Y Te | Y
The noctumal wind speed max

wpling of the surf: vind due to the noctumal, surface-based
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radiation inversion. The wind speed maximum has been observed at relatively low elevations (as low

as 100 1), and is strongly correlated to the height of the surface-based radiation inversion.

The existence of the LLJ has implications for the transport and diiution of pollutant plumes. The
appearance of the LLJ at elevations above which mutine measurement are taken, vet potential
plume heights, is also of concem. Measurements at nuclear facilities are intended 10 he representative

of plume release height conditions.
4.1.2 Applications to Nuctear Facilities

The meteorological program at Nine Mile Point Nuclear Power S:ation is subject to regulations and
guidance as stipulated by NRC NUREG/CR-0936 and Safety Guide 1.23 Revision 1%, Meteorological
data coliected in support of the meteorological programs are used for short- and long-tem dose
calculations, and emergency response plume trajeciory and amival times. Regulations and guidance
make specific statements regarding the need, location, availability, quality, and type of meteorological

measurements.

. NRC NUREG/CR-0936 identifies the following problem areas for meteorological programs at coastal
facilities:

Coastal internal boundary layers
Tower location

Instrument height

Atmospheric stability classification
Plume meander

Diffusion calculations

This study will investigate further the first four problem areas identified by NRC and produce

recommendations and justifications addressing each problem.

4.2 Study Objective

The objective of this task is two-fold:




Determine the similarity between Ginna and Nine Mile Point during typical on-shore

flow conditions.
. Obtain detailed measurements of several types of lake-induced flow regimes.

The primary concem for the former is whether the boundary layer height equation developed as part
100 km west of Nine Mile

of Task 1 is appropriate for use at Ginna Station located approximately
Point. The objective of the latter is to provide a data base of regime specific detailed case studies for

ongoing mesoscale model development and validation.

42.1 Study Goal

The goal of this study was 0 collect meteorological data with high spacial and temporal resolution

during specific meteorological events. The p = 08¢ of the data collected was to provide researchers

with detailed infornation for the develcpment and validation of models used to predict dispersion

meteorology in shc:eline environments.

4.2.2 Potential Applications for Research

Any utility with a source of atmospheric pollution 1scated in a coastal or shoreline area may

potentially benefit from improved understanding of the dispersion meteorology in the coastal zone.

Detailed observations of the targeted pheaomena wili wiow rusearchers to develop improved models to
sers which are important (o the transport and diffusion of

better predict the meteorvlogical parame
rovide data

pollutants in regions experiencing complex meteorvlogical flows. The detaiied study will p

heyond that typically available using routine MEasUrCMmMenis.

This research provides infoanation of interest to utilities wishing to investigate the potential for better

predicting the dispersion meteorology associated with the following concems:

e Lake and land breezes,
e Vertical variations in stability associated with TIBLs, and

e Vertical wind profile variations associated with low level jets.




4.3 Approach

4.3.1 Description of Monitoring Systems

Reliable methods for the continuous measurements of the armospheric boundary layer have only
recently become a reality. Below, a summary of boundary layer measurement methods is provided.
Each method has specific advantages and disadvantages that are important considerations when
designing a boundary layer measurement program. Additional information on some of the

measurement techniques is provided in Section 5.0 of this report.

43.1.1 Meteorvlogical Tower
Mecomlogical towers have been the primary method of collecting meteorological measurements for

many years. Instnimentation such as anemometers, wind vanes, theamometers, dew cells, and other
standard meteorological instrumentation are installed on the tower at fixed elevations. Tall towers can
have multiple measurement levels which allow determination of the vertical gradients of parameters
such as wind and temperature. In addition, certain thermal and momentum flux parameters can be

calculated using measurements at multiple elevations.

In general, the tower method of boundary layer measurement is quite reliable and rugged. There are
few operational limits on the equipment other than weather extremes. Yowever, towers suffer from
sevcral basic limitations. For example, meteorological towers are limited in practical height; towers
high~r than several tens of meters must be very substantial structures and erection of such can have
rather extreme costs. Because of height limitations, meteorological towers may not be capable of
sampling desired phenomena such as the lake breeze retum flow. In addition, fixed measurement
heights can limit the vertical resolution of observations, and phenomena such as the noctumal jet may
not be observed. Finally, in cases where spatially varying meteorological phenomena are of interest,
such as the TIBL, multiple tall towers would be needed, a generally undesirable if not unsightly

requirement.

43.1.2 Tethersonde
The tethersonde system consists of a large tethered balloon, winch, instrument package, and a ground
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station for receiving telemetered data. The instrument package provides measurements of air

temperature, wet bulb temperature, pressure, wind speed and wind direction. The package is carried
beneath the acrodynamic balloon which is connected to the winch by a tether line. The ascent or
descent of the balloon is controlled by releasing or retrieving line from the winch. The balloon has a
nominal inflated volume of 110 cubic feet which provides sufficient lift to operate 10 an altitude of
over 3000 ft (approx. 1 km). The balloon is controllable by the winch for wind speeds of up to about
25 mph, above which the balloon becomes unstable.

When in flight, measurements are made sequentially over a period of approximately 13 seconds and
transmitted as audio tones over a 403 MHz FM transmitter. The ground station receives the signal,
decodes the audio tones, scales the values in tenms of standard units, and outputs the data reports as
serial digital data The data stream is captured by a small computer and stored for subsequent

analysis.

Dry and wet bulb temperature are sensed by linear themistors housed in a radiation shield aspirated 10
provide the required ventilation for accurate wet bulb measurements. Combined calibration and
linearity errors of the sensors are less than 0.5°F with dynamic response limited by sensor time
constants of 15-20 seconds. Pressure is measured using an aneroid capsule which acts as a variable
capacitance transducer. Calibration errors are of the order of 0.2 mb with somewhat larger hysteresis
errors which are corrected during data analysis. Wind speed is sensed by a cup ancmometer mounted
on top of the instrument package. It has a linear response with a starting threshold of 2 mph. Static
tests indicate a measurement error of less than $%. Wind direction is sensed using a magnetic
compass 1o recond the balloon orientation. Due to its acrodynamic shij e, e balloon acts as a large
wind vane and remains pointed into the local wind direction. The accuracy of the system is
approximately 5 degrees. Due to the balloon's large size, the damped response of the system is

relatively slow, limiting its response 10 the average wind direction.

4.3 1.3 Radiosonde

The radiosonde system consists of a 30 g latex balloon and an aitached instrument package (Airsonde)

which. like the tethersonde, measures air temperature, wet bulb temperature, and pressure. The




I

Airsonde has a unique helicoid propeller-shaped housing consisting of lightweight, molded polystyrene
which requires no parachute for free fall. Aspiration of the air and wet bulb temperature sensors is
produced by the Airsonde's motation. The sensor accuracy and response specifications are comparable
1 those for the Tethersonde instrument pac kage. Wind speed and direction are detemmined by
tracking the balloon with an optical theodolite. The theodolite provides measurements Of azimuth and

elevation angles from which balloon wind speed and direction can be calculated.

The Airsonde can be released during any weather conditions and can feach altitudes of over 30,000 ft.
[ts transmitter range is over 60 miles. An FM transmitter telemeters data 1o the same ground station

used by the tethersonde system. The Airsonde sampling rate is every 5-6 seconds.

Radiosondes have the general limitation of having considerably lower resolution in the boundary layer

due the rate of ascent and the method of wind calculations.

4.3.1.4 Monostatic Acoustic Sounder

Acoustic sounding equipment is based upon the principle that a volume of air scatters incident
acoustic energy. Scattering is due to wind speed and temperature discontinuities in the sampled
volume of air. Most of the scattering occurs in the direction of propagation, but a small percentage of
the energy is scattered back to the source. An acoustic sounder transmits a strong acoustic pulse
(typically around 100 watts) vertically into the atmosphere and listens for that portion of the
transmitted pulse that is scattered back o the transmitter. The monostatic sounder uses the same

acoustic driver to both transmit and receive the signal with a single antenna pointed vertically.

Theoretical equations which relate the amount of return signal to the velocity and themmal structure
functions have been de.eloped. The existence of a temperature gradient and small-scale turbulence
create local instantaneous temperature differences greater than the mean vertical temperature gradient.
A strong retum signal can be produced either by an unstable temperature gradient and little wind shear
(convective boundary layer) or with a stable potential temperature gradient and large wind shear
(stabie boundary layer). As a result, qualitative atmospheric stability and temperature profiles can be

developed. Thus the moncstatic acoustic sounder can be used to sample the boundary between marine

and non<marine air during on-shore flow.




Monostatic sounders can produce both facsimile and digital outputs of signal strength for analysis.
The facsimile output is essentially a strip chart recording of the strength of return signal versus height
for each acoustic pulse. Dark shading incicates strong signal return while light shading indicates
weak. Often, stong retums are associated with boundaries, such as the boundary between modified
surface air in a TIBL and unmodified air above the TIBL in on-shore flow. In this way, the height of
such raixing layers can be detenmined. Backscatter intensity data obtained using a monostatic sounder
is converted from an analog signal (o digital representation and stored in a computer for each of a user

specified set of range gates oOr height increments.

In addition to the qualitative results, one strength of sounders is their ability to detect shifts in the
frequency of the wansmitted acoustic pulse. Frequency shifts are caused by the doppler effect and are
directly proportional (o the speed of an air parcel moving away from or towards the transmitter. In
this way, vertical velocity (W) and standard deviatic - of vertical velocity (W) can be calculated in
each of the range gates. Atmospheric stability can be classified according to oW.

Acoustic sounders can reach heights as great as 1000 . eters, depending on the atmospheric
conditions. However, this range is often limited in high winds, precipitation, and high ambient noisc
level environments. In addition, fixed echo sources such as buildings and trees must also be avoided.
The limitations in siting acoustic equipment ¢ NUMEROUS, and all must be taken into account when

determining an appropriate location for the system.

43.15 Dogpler Acoustic Sounder

The doppler acoustic sounder is the same in tems of theory and method of operation as the
monostatic sounder, except that it is capable of measuring the three dimens:<1al wind profile. These
systewns are also known as SODARS (Sound Detection and Ranging). SODARs achieve their unique
measurements using a combination of three antennas, one vertically pointing, and two pointing at an
angle from the vertical and 90° to each other. With this configuration, and the calculation of vertical
velocity along the axis of each antenna, simple trigonometry allows the detemmination of the three

dimensional wind.

As with the monostatic sourding system, siting of the equipment i< vital. In addition, the range of the
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sounders is limited during high winds due to the advection of signal out of the sampling volume.

43.1.6 Microwave Profiler

Microwave profilers are similar to doppler sodars except they rely upon the scattering of microwave
energy to measure the three wind components. This relatively rew technology eliminates some of the
siting and wind speed limitations of acoustc systems since the operate in a much higher wavelength
range. Like the SODAR, the profiler can measure the three dimensional wind profile by directing its
signal i a similar manner, either through phasing of the antenna pulse or by physically tilting the

antenna.

Two types of profilers are presently under development. The most widely used and tested operated at
404 MHz. This system can measure the three vertical wind components from approximately 1 km
above the surface to approximately 10 km. The low resolution near the surface of the 404 MHz
system has limited its applicability to the problem of boundary layer measurements. The second,
newer type of microwave profiler shows potential for making boundary layer measurements. The new
system operates at 915 MHz, and appears to be capable of measuring the three dimensional wind as
low as several hundred meters at a higher range gate resolution than the 404 MHz system. This
makes the 915 MHz profiler attractive for boundary layer applications. In addition, the 404 MHz
system has extremely limited range in cold, dry air. The 915 Mhz systems appear to be less limited
by this condition.

43,17 RASS

The Radio Acoustic Sounding System (RASS) is another emerging technology that may be applied to
measuring the atmospheric boundary layer. The RASS uses both the acoustic and microwave profiling
technologies. By combining the two techniques, and providing for additional signal processing, the
vertical temperature profile can be detenmined. This is accomplished by essentially making use of the
temperature dependence of the speed of sound. Microwaves from a profiler are "bounced” off the
acoustic energy waves produced by the sodar, and the change in speed of the wave determined. This
speed change is, in tum, used to detemmine temperature in each of the specified range gates. In
general, the technique shows promise for boundary layer measurements of temperature, although the
resolution is still too coarse to allow detailed observations of the TIBL and some inversions.
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4.3.2 Sampling Technique

The oviective of this task is two-fold: 1) 10 detemmine the similarity between Ginna and Nine Mile
Puint during typical on-shore flow conditions, and 2) to obtain detailed measurements of several types
of lake-induced flow regimes. These objectives were addressec by perfomming two subtasks as

described below

4321 Subtask 1 - Simultaneous Soundings at Ginna and NMP

A tethersonde/rad. osonde station was installed in the vicinities of both Ginna and NMP The stations
were sited approxin.ately the same distance inland relative to the onshore flow in order 10 maximize
the comparability of sites. The Ginna station was operated by personnel from the State University 0l

New York as Brockpon (SUCB) and the t:MP site by AWS Scientific, Inc. (A W5

Attempts were made to coliect three davs of simultaneous measurements at Ginna an ! NMP, each day
representing a different on-shore flow regime. The selection of measurement days was based on
forecasts provided by a forecas, ieam headed by State University of New York at Oswego and
verified the moming of the event. The sites were In telephone contact with each other to coordinale
measurements. Weather conditions imited the measurements 10 (WO successful events

The primary measurcment system wa t
protocol was 1o obtain two vertical profiles every hour, with the tethersonde allowed to ascend at a
near constant rate up to an altitude ol approximately 1000 1t hold briefly, then descend. This
sequence was continued for up 10 8 hours or & long as on-shore flow persists Launches of
radiosondes were scheduled for twice per day i order to quantify the synoptic scale conditions. The
following parameters were measured with either system: dry bulb and wet bulb temperature, wind

i wind direction, and pressure (from which alt‘tude i determined)

413272 Subtask 2 - Detailed Lake-Induced Regime Case Studies

r'wo tethersonde/radiosonde monitoring locations (SHes) 3 ere operated in the vicimty of Nine Mil

M {

Point to characterize the over land and vertical structure of four types Ol lake flow regimes: on-sh

1o

flow fumigation (3 events), lake breeze (5 events), land breezw (2 events), and the 1 tumal low-l

e tethersonde as described above, The proposed measurement
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jet (2 events). Table 4-1 presents a summary [OPs wid regimes sampled. Tethersonde Site 1 was
located southwest of NMP, approximately 1 km inland from the lake, and Tethersonde Site 2 was
south of NMP, approximately 3.5 km inland from the lake. Radiosondes (Airsondes) were launched

from the more inland site, Site 2. Site | was operated by AWS and Site 2 by SUCB.

Each station had the capability to launch tethersondes. The tethersonde was the primary measurement
system, providing frequent, high resolution data within the boundary layer. Site 2 also had the
capability to launch radiosondes which were intended to obtain vertical profiles through a deeper layer
of the atmosphere (up to 500 mb if possible) and provide infom ation regarding synoptic scale features
inflaencing the area. The meteorological parameters 10 be measured from either system are dry and
wet bulb temperature, wind speed, wind direction, and pressure from which the altitude can be

determined. The sam” ing interval dunng tethersonde flights was every 13 seconds.

The field program was designed to measure the targeted case studies in an efficient, organized
manner. Intensive observation periods (10Ps), were scheduled to correspond to weather conditions
favorable for the development of the desired phenomena. Each sampling period was continued as
long as the desired conditions prevailed or until conditions became relatively static. In one case, it
was possible to sample more than one regime in the same 24-hr period (e.g., Land breeze followed by
a lake breeze), however, this was subject to the availability of fresh work crews. In the event of an
extended period of inv .M nt weather, an intensive was interrupted and a new intensive was scheduled

when conditions were forecast 10 improve.

To ensure a successful, coordinated effort throughout each intensive, the field modeling task was

organi«d as foliows:

. The Galson task leader coordinated the overall intensive program and, through
consultation with the other members of the task team, was responsible for day-to-day
planning and communicating with the monitoring site contractors.

. Each site had a team leader responsible for conducting measurement operations,
supervising the site work crew, and maintaining direct communications with the task
leader. A cellular telephone communication system was established between all field

stations.
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. A forecast team, including members of NMP meteorological staff and the State
University of New York at Oswego Meteorology Department, provided weather

guidance during the intensive measurement periods by pradicting the timing of case
study onse! and offset, and maintaining communications with the task leader. The task
jeader was responsible for determining the start and stop times of the field crews.

. Task team nieetings were held during each intensive period to discuss the weather

forecast, review data from the previous event, and discuss problems

The measurement protocol proposed in Phase 1 of this task was used in this phase, resulting in two
vertical profiles every hour for the duration of the event up 10 2 limit of 12 hours. Radiosondes were
}»-nched once in the morning and again in the evening in an attempt 10 correspond with the 0000
GMT and 1200 GMT routine sounding time al National Weather Service Offices. 1f, after 2-3 hours
of measurement, a forecast regime failed 10 materialize or meteorological conditions had changed

sufficiently to make the regime unlikely, the measurement program for that event was teminated.

4.3.3 Data Analysis

Tethersonde data collected during the field experiment was validated, plotted, and summarized by the
operators (AWS Scientific, Inc. and SUCB). Data from the profiler and RASS underwent validation by

Radian Corporation. The 10-meter micrometeorological tower data was validated by Galson.

validation of the data incinded inspection by @ meteorologist for reasonable data values based upon

conditions observed, removal of suspect data and bad data, and calibration adjustments. Data from the

9MP tower was provided by the operator, Niagara Mohawk Power Comporation, and was assumed o

be already validated.

4.4 Data Summary

4 4.1 10P Event Summaries

44.1.1 10P Number 1 - May 20 1o 22, 1992 (On-shore Flow and Lake Breeze)
Temperature, dew point, wind direction and wind speed profiles for each of the 10P Number 1

tethersonde and airsonde flights from Sites | and 2 are provided in Appendix C. Following i< a brief
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summary of each event measured during 10P 1.

May 20, 1992. The event was performed to capture 4 jake breeze and associated on-shore flow
conditions. A large area of high pressure was located east of the 10P region and gradually dnifted
south through the day. A westerly gradient wind con'molled the synopuc scale setting, gradually
increasing over the course of the day. Very windy conditions associated with a LLJ limited
tethersonde operations in the moming until 0815. Measured winds were generally from the south to
southwest from the surface to 1200 ft, with speeds peaking at 12 10 15 mph beiween 800 and 1200 ft.
The onset of a lake breeze was observed at the 9MP tower between 1045 and 1100, at site | around
1100, and at site 2 around 1145, with surface winds shifting to the north and lower temperatures. The
mid-day tethersonde flights showed winds at speeds of 6 to 12 mph associated with the lake " reeze
from the surface up to 900 feet, veering 10 east and then south between 1000 and 1500 ft. A slight
{emperature inversion was noted at the elevation separating the lake breeze from the synoptic scale

flow. The lake breeze continued 1o deepen 10 be about 1200 ft deep by cany afternoon. The depth of

the lake breeze then decreased to as low as 600 ft by 1645. The southerly retum flow persisted above
the inversion level, with peak speeds reaching 12 to 14 mph at 1400 ft during the late afternoon.

May 21, 1992. On-shore flow with a potential lake breeze component was the focus of monitoring for
this event. In the early moming, strong winds (> 2C mph) above a surface based radiation inversion
prevented full tethersonde profiles. The winds slackened somewhat by mid-moming to allow
tethersonde flights into the persistent on-shore gradient flow of northwest winds. Once the moming
inversion had mixed out following sunrise, the wind remained generally 6 to 12 mph throughout the
day. A relatively moist layer from the surface up to about 600 to 80O ft was observed during the
afternoon. This may have been associated with a TIBL type of vertical stability shear, with cooler,
more moist marine air undercutting drier environmental air. This day is des..ving of further
investigation as to the causes of differences observed between site 1 and site 2. Site 1 may have

ohserved more radical differences due to its proximity to the lake, and better exposure to the lake air.

May 22, 1992. An early moming Jow level jet was followed by light on-shore flow and a weak lake
breeze during this event. High pressure continued south and southwest of the IOP area, with a
variable gradient form west (0 north through the event. The early moming tethersonde launches
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showed a shallow low level jet in a strong temporature inversion in the lowest 300 ft of the profile. A
maximum wind of 17 mph from the south-southwest was observed in the jet, decreasing in speed and
veering to west-northwest at 1100 ft. Solar heating created thermal mixing which destroyed the
inversion and allowed the jet to mix out during the moming. By late moming, the southerly land
breeze winds had diminished, and were replaced with the northwesterly gradient wind. A lake breeze
component developed throughout the aftemoon as winds in the lowest several hundred feet became
north-northwest with northwesterly wind above. Winds were relatively moist in the Jowest portion of

the profile, with drier air aloft.

4.4.1.2 10P Number 2 - June 22 to 23, 1992 (Land Breeze and Low Level Jet).
Temperature, dew point, wind direction and wind speed profiles for each of the 10P Number 2
tethersonde and airsond» flights from Sites 1 and 2 are provided in Appendix C. Following is a brief

summary of each event measured during 10P 2.

June 22 to 23, 1992. The focus of this IOP event was 10 capture 3 complete land breeze and a LL)
cycle through collection of observations ovemnight. These phenomena are often observed together
since an offshore directed land breeze develops in the cooling air over the land as heat radiates to
space, and the LLJ develops at the top of the radiation inversion which develops on clear, mlé&ivcly
caim nights. A high pressure ridge passing over the 0P sampling arca during the night with clear
skies and light gradient winds provided an optimal setting for the development of a land breeze. A
shallow radiation inversion had already set up by the time the first tethersonde launches took place,
and an extremely shallow land breeze with light south winds in the lowest 50 ft of the profile veering
1o northwesterly gradient aloft. By midnight, the land breeze had decpened to several hundred feet,
and a wind speed maximum observed at the top of the surface-based radiation inversior . The land

hreeze maintained itself through the evening, and the LLJ reached a peak of approximately 17 mph

ovemnight.

4.4.13 10P Number 3 - August 5 t0 7, 1992 (Ginna Comparison, On-shore Flow and Lake Brecze)
Temperature, dew point, wind direction and wind speed profiles for each of the 10P Number 3
tethersonde and airsonde flights from Sites 1 and 2 are provided in Appendix C. Following is a bnet

summary of each event measured during 10P 3.




August 5, 1992. Predicted on-shore winds provided an opportunity to perform a Nine Mile Poinv/Ginna
Comparison. High pressure west of the Lake Ontario produced a moderate northwesterly gradient for
the day. Strong onshore winds resulted in tethersonde balloon stability problems at both the NMP and
Ginna monitoring site throughout the event. By mid4noming, the winds had become somewhat more
stable to allow nommal operations al Ginna, even though the flow remained strong at 15 o 25 mph
above the 500 ft level dunng the entire event. However, winds remained strong and actually
increased by mid-day at the NMP site, resulting in a suspension of all monitoring following the 1300
tethersonde launch. Itis believed that the difference in conditions between Ginna and NMP resulted
from a mesoscale theanal trough embedded within in the unstable northwest flow as cooler air
associated with the high moved across the iake. Due to the instability of the day and the resulting
limited data collected, and the apparent importance of other mesoscale features during this event, little

information of value regarding comparisons of onshore flow regimes between Ginna and NMP is

expected from this event.

August 6, 1992. High pressure passing over the southem teir of New York State, south of the study
area, offered an opportunity (0 measure onshore/along-shore flow near NMP. Both tethersondes were
deployed near NMP (0 measure this event. Mostly clear skies overnight allowed a radiation inversion
to develop with very light winds at the surface ovemnight. With the first tethersonde flights at 0600,
surface winds were near calm 1o 5 mph from the south in a weak land breeze, increasing to about 15
mph from west-northwest in the gradient wind regime 400 ft above the surface at tethersonde site 1,
and 200 ft at the higher base elevation of site 2. The base of the {emperature inversion was located
around 200 ft with nearly isothermal conditions above. A weak LLJ may have been in progress
around the inversion base as evidenced by the first few tethersonde flights, however, the dominanve of
the westerly gradient winds appears 10 have lessened the jet's prominence. After sunrise and the early
heating of the day, the radiation inversion mixed out of the profile, and the northwest gradient winds
mixed down to the surface at both sites. During the aftemoon, winds slowly backed to the southwest

reflecting a backing gradient as the high moved southeast of the area.
August 7, 1992. High pressure over New England and a weak southerly gradient provided conditions
favorable for the development of a lake breeze with both tethersonde teams taking measurements in

the vicinity of NMP. The moming commenced with a stong surface-based inversion and a 25 mph
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LLJ from the SSE. The inversion at the lower tethessonde site 1 was just above 400 ft, with the wind

speed maximum extending from 400 ft to 800 ft in elevation. At the higher base elevaiion of site 2,

the temperature inversion was near 200 ft and the maximum winds extended from 200 to 500 ft. The

LLJ appeared (o be stronger al tethersonde site 2, where the temperature inversion was closest to the |

surface. As the heating of the day worked to lift and weaken the inversion, the LLJ rose and

weakened in response. The moming profile was replaced by a generally southerly wind between 5

and 10 mph throughout the boundary layer. During the early aftemoon, the wind dimction profile |

became quite variable by the 1345 flight. At site 1, a lake breeze passed dramatically around 1400,

with the entire wind direction profile becoming north at very light speeds by the 1415 sounding. The

lake breeze veered into the northeast during the aftemoon and gradually became shallower with

southerly g.adient winds appearing in the profile by 1600. The lake breeze never penetrated the short

distance between sites 1 and 2, with site 2 recording variable south winds most of the aftemoon. This

event is a dramatic example of the localized nature of some lake breezes and the potential difficulty
\
|
1
1
|
|
|
|

this regime presents o the prediction 0} transport and diffusion of pollutants in the shoreline zone.

4.4.14 10P Number 4 - August 21 1o 23, 1992 (On-shore Flow and Lake Breeze)
Temperature, dew point, wind directicn and wind speed profiles for each of the 1OP Number 4
tethersonde and airsonde flights from Sites 1 and 2 are provided in Appendix C. Following is a brief

summary of each event measured during 10F 4.

August 21, 1992. A synoptic situation similar to that observed on August 5 once again afforded the
OppOILIniLy 1O measure onshore flow regimes at both NMP ard Ginna. A high pressure arca wis
south of the area over central Pennsyl.ania, resulting in a northwesterly flow over the south shore of
Lake Ontario. In the early moming, surface winds al both NMP and Ginna were relatively light near
the surface, but cunsiderably stronger winds were observed during the first tethersonde flight of the
day just a shor distarce ahove the ground. The Ginna tethersonde team was forced to abort
monitoring when the winds increased from 3 mph at the surface 10 nearly 25 mph at 300 ft. The
NMP tethersonde team observed more modest wind speeds generally in the 10 to 15 mph range. The
winds were generally wesierly at both si.es, however as the day progressed winds veered and became
more onshore northwesterly at toth locations. At Ginna, the wind veered to Northerly for a ume

during late moming through mid-aftemoon indicating a possible. slight lake hreeze. Winds veered
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slightly from west-northwest 10 northwest in the low levels at NMP, but the effect was not as

dramatic. As with the August 5, 1992 case, Ginna and NMP do not appear 10 compare well on a case

specific basis due 1o the importance of mesoscale feature at each site.

August 22, 1992, Weak high pressure over New York State with clear skies and 4 weak pressure
gradient provided conditions favorable for the development of a lake breeze. Monitonng was initiated
just prior to sunsise with an airsonde launch. Initial tethersonde launches indicated a surface-based
radiation inversion with moderate LLJ around 200 to 300 ft above the surface. Following sunrise, the
radiation inversion quickly mixed out, bring northwesterly winds aloft down to the surface which
persisted through much of the aftemoon. The light winds slowly veered into the north by the end of
the aftemoon. This veering is believed to have been a lake breeze influence, however the effect was
quite weak and may have been a result of the proximity of the synopt high pressure area which was
just west of the area by evening. Note that several parameters were missing during some of the Site 2

profiles due to mal functioning equipment.

August 23, 1992. Wamm air with a high pressure area over New England and an increasing southerly
gradient offered the potential of a lake breeze. Monitoring began at both sites around sunrise. A
fairly deep radiation inversion with an offshore directed LLJ of over 20 mph was observed. The
gradient winds were from the south a better than 15 mph. Following sunrise, the LLJ briefly gained
strength at both sites, exceeding 25 mph and mal - tethersonde profiles throughout the layer
difficu't. By 0900, the inversion was mixing out and the LLJ gradually becoming moie elevated.
Once the LLJ and inversion had mixed completely out, a south t0 southwest gradient-type wind
regime dominated, with wind speeds dropping to 5 to 10 mph. The expected lake breeze failed to
materialize during the observing period, although the light southerly winds with respect to the stronger
gradient winds aloft observed by the evening airsonde, and a few brief observations of extremely light
northwest winds at Site 1 indicated that a lake breeze was near fooning. This case appears 1o be
valuable from a sense of bracketing the limits of synoptic conditions within which lake breezes
aevelop at NMP.

4.4.1.5 1OF Number § - September 12 to 13 (Land Breeze, LLJ, Lake Breeze)
Temperature, dew point, wind direction and wind speed profiles for each of the IOP Number 5
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wthersonde and airsonde flights from Sites 1 and 2 are provided in Appendix C. A stable synoptic

pattern allowed a unique opportunity to study both a land breeze with embedded LLJ followed by a
lake breeze, all within the same 24 hour period. Following is a brief summary of each event measured
during 10P 5.

September 12 10 13, 1992 (Land breeze/LLJ). Clear sky, cool temperatures, high pressure centered
nearly directly over NMP and calm gradient indicated a potential for land breeze and LLJ conditions.
Monitoring at both Sites 1 and 2 was initiated shortly before sunset. Both sites indicated a very
shallow and intense surface-based radiation inversion. Al Site 2. an inversion of 7 F was noted in the
lowest 30 to 50 ft, and at approximately 100 fi at the lower base elevation of site 1. A low level
southerly wind speed maximuin was already apparent ai the base of the inversion at site 1, with a land
breeze 400 ft deep below northerly winds aloft. The LLJ gradually intensified to speed in excess of
20 mph just 150 ft about the surface at Site 2. Both sites observed strong winds at tree top level at
the same time calm winds were observed at the surface. The land breeze deepened to ervelop the
entire 1000 ft profile by midnight. The LLJ was most pronounced at Site 2, with maximum ..inds
reachirg 22 mph. During the night, the inversion became less intense and deepened with the surface
temperature actually rising several degrees. Following sunnise, both sites observed a rapid weakening
of the inversion and broadening of the wind speed maximum until it had mixed out by mid-moming
on the 13th.

September 13, 1992 (Lake Breeze). The daylight hours began with the land breeze and LLJ as
discussed above. High pressure was located southeast of the area resulting in a weak south to
southwest gradient. A general southerly wind flow of 5 1o 12 mph was observed between the surface
and 1000 ft through late moming. Winds became more light and variable after 1200 as the tethersonde
balloons would occasionally traverse 360 degree circles during the wight. A weak, shallow lake breeze
was observed to develop at Site 1 between 1310 and 1320, deepening from 100 to 900 ft by 1400.
The lake breeze penetrated very slowly, reaching Site 2 around 1510, with the tethersonde showing
light northeast winds between the surface and 700 ft, veering to the southwest above. Lake breeze
velocity was between 5 and 10 mph at Site 1, but just 5 mph at site 2. The lake breeze persisted unt!
after 1700, when winds shifted into the southeast and a surface-based inversion began developing,

indicating the offset of the lake breeze and the onset of a new land breeze.
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4.4.2 Digital Data Files

All profiles from each of the tethersonde sites for all events has been archived into digital dafa files.

Over 250 profiles were collected between the two
digital file and named with the date and approximate

rethersonde sites. Each profile is separated into a
time of the profile. Filenames are tagged with a

“A" filename extension represents a profile collected while the tethersonde

s the data was collected while the tethersonde was
higher quality than ascending

filename extension. The

was ascending, and 2 “D" extension indicate
descending. 1n most instances, descending profiles are believed 1o be of

and each profile consists of the following parameters.

profiles. Each file contains a single profile;

e Data Field 1 = Year, Month, Day, Hour, Minutes, Seconds (EST)
e Data Field 2 - Height above ground jevel(m)

e Data Field 3 - Pressure (in HR)

o Data Field 4 = Air Temperature (°C)

o Data Field § = Dew Point Temperature (°C)

o Data Field 6 - Wet Bulb Temperature (°C)

« Data Field 7 = Wind Speed (m/s)

e Data Field 8 - wind Direction (° True)

ASCII text and should are readable by employing simple text editing

The data files are stored 28
g the data files should be addressed 1o

software. Questions regardin

Galson Corporation
Modeling/Meteorology Unit
6601 Kirkville Road
East Syracuse, NY 13057

4.5 Conclusions and Recommendntlons

Detailed measuremenis of specific meteorological regimes Were collected in order 10 develop a
detailed data base for use in the development and validation of models for predicting the transport and
dispersion of pollutants from power generating facilities located in shoreline environments. Although

s task was mainly one of data collection, the following conclusions are made:

the goal of thi

. In general, good quality, high resolution data was obtained during weather conditions
favorable for each of the four target meteorological regimes. This data, combined

with the other special measurements taken during the Eastern Lake Ontario On-shore
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Flow Field Study as well as mutine meteorological measurements in the area should

provide researchers with a data set suitable for developing and validating conceptual
and numerical models of the dispersion meteorology along the southem shore of Lake
! .

Ontano

. Of the various meteorological regimes measured, the LLJ was perhaps the most
: dramatic and consistently observed regime. Some form of LLJ was observed dunng
all IOPs, and two detailed case studies were obtained

. Land breezes and LLJ were observed together. Considering the conditions which lead
to the development both phenomena, it is believed that these events often occur
simultaneously

° This monitoring was successful in obtaining data during a variety of lake breeze
types. The data is expected to be useful in investigating the lake breezes of moderate

strength and deep inland penetration; weak lake breezes with limited inland
penetration; lake breeze enhancement of gradient wind flow; and no lake breeze under
conditions when a lake breeze would typically be expected

\ . Onshore flow offers the most subtle measurements. Some moisture layenng was
observed along with slight temperature fluctuations. However, the subtle nature of the

{

measurements makes comparisons between the two t sthersonde sites difficult dunng

onshore flow conditions

. Difficulty in obtaining concurrent measurements at Ginna and NMP in similar weather

conditions made direct comparison between the two sites impossible

Based upon the above conclusions and the expenence of the project team in the performance ol this

task, the following recommendations are made

. Obtaining detailed measurements of meteorological phenomena of concern 10 utiliue
is valuabye and should be conside.ed whenev.. posasible
. Use of the monitoring data by researchers involved in the development and validation

f models over southem Lake Ontario should be actively ei..ouraged

o . Coordination of multiple field teams is challenging due to the high variability
weather conditions over short distances. A high quality, reliable forecast and
communication system should be tested and in place prior 10 iniiating sampling suci
as that performed during this task

. Further investgation and monitonng ir nshore flow environments should be

perfoormed in order to better understand the subtie measurements wihuch occur und

these flows

-
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Table 4-1

1OP Monitoring Data Summary

M
Number of Hours

10P' 0P W0 jor o  jor
Tusk Proposed #l #2 #3 L) #5 Total Remaining
4.1 NMPnna
Companson 36 0 0 12 12 0 24 12
4.2 Detled Regiumes
Onshore Flow 36 12 0 12 0-12 12 36 0
Lake Breeze 60 24-36 0 12 12-24 12 60-84 0
Land Breeze 24 0 12 0 0 12 24 0
Low Level Jet 24 0 12 0 0 12 24 0
Total 144 36-48 24 24 12-36 24 144 0
168

'IOP #1 - May 19 through May 22, 1992
1OP #2 - Jupe 22 through Jupe 23, 1992 ‘
JOP #3 - August 4 through August 7, 1992 |
JOP #4 - August 21 through August 24, 1992 !
IOP #5 = Sepember 12 through September 13, 1992
\
|
|
|
|

Due to the lack of favorable weather conditions and the difizulty in obtiining comparable data during the first two

atiempts, a third Ginna NMP companson was ot performed.




Section 5.0

Evaluation of Wind and Temperature Remote Sensing Technology

results of a one year evaluation of wind and temperature remote sensing

This section presents the
The facility has existing

technology installed at the Nine Mile Point Nuclear Facility (NMP).

s including a 200 ft meteorological tower and a doppler acoustic

meteomlogical measuring system
st of the facility. Special remote sensing instrumentation was

sodar located approximate 0.5 km we
period of one year 10 evaluate its performance in collecting

installed for this task near the facility for a
A background summary of profiling equipment is

study objective, potentia’ applications for the
ary of the field monitoring involved in this
the profiler and RASS is in Section 6.4.

continuous wind and temperature data aloft.
provided in Section 6.1. Section 6.2 overviews the
research, and limitations of the study. A brief summ
roject is presented in Section 6.3 aad the evaluation of

P

Finally, conclusions and recommendations are provided in Section 6.5.

51 Background

Measurements of atmospheri¢ parunelers arc most commonly obtained as direct measurements by

placing the appropriate instrument in the fluid at the location (horizontal and vertical placement)

where the data is sought and record the appropriate values. Typically, the sensors arc located in

shelters, on towers, attached to balloons, or on aircraft. Data obtained in this manner are termed in

situ measurerents (Schotland, 1985). Instrumentatio

easurements is well established within the meteorolog

n technology involved with making in situ

ical community. However, the need 10

m
continuously make measurements of the atmospheric environment in three dimensions complicates the
al dimension.

use of in situ measurements systems, particularly in the vertic

Meteorological phenomena are three dimensional, and data describing this structure is vital 1o the
complete understanding of phenomena in question. Examples of boundary layer meteorological

plex three dimensional structure include lake and land breezes, vertical wind

phenomena having com
flows. Collection of data only near the surface is

speed profiles, intemnal boundary layers and terrain
inadequate to describe complicated vertical StruCtures.
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5.1.1 Tower-based Instrumentation

Where meteorological measurements are rGaired close to the ground, the use of in situ measurement
systems is simple. The necessary instrumentation can be placed in shelters or attached to towers.
However, when measurements are required at elevations above ground, these techniques limit the
options available. The height of towers is limited to a maximum of approximately 1000 ft due to
structural considerations, and in practice is often limited to several hundred feet due to public concems
related to visual impacts and safety concemns due o aviation hazards.

5.1.2 Balloon-borne Instrumentation

In the past, "temporary” systems have been employed to gather needed measurements of
meteorological parameters above the height typically overed by tower-based instrumentation. These
temporary measurement systems have most commonly taken the form of instumented free flying
balloons called radiosondes (or airsondes). The instrument package of a typical radiosonde is capable
of measuring air temperature, wet bulb temperature, and pressure.  The height obtained by the
instrument is determined from the pressure and temperature relationships. Wind speed and direction is
determined by either manually tracking the balloon using an optical theodolite system, tracking the
balloon with radar, or using a Loran navigational tracking system in the instrument package.

While radiosonde systems are capable of providing atmospheric data between the surface and tens of
kilometers in elevation, they are limited in that they provide only single point data in space and time
as the instrument passes through any given elevation. Thus, radiosondes do not allow continuous
observations at a specific elevation. In addition, the instrument package may only be used once since
it is impractical to retrieve the systems following use. Thus radiosondes are relatively labor intensive
and expensive for use in obtaining continuous measurements of meteorological parameters in the

vertical dimension.

An atemative to the "disposable” radiosonde is the tethersonde. Like the radiosonde, the tethersonde
system consists of an instrumented package attached 10 a balloon. However, in this instance, the
halloon is tethered to the ground and may be raisud, lowered, or remain at a given elevation using a

power winch system. The instrument package contains a radio transmitter which telemeters data (o a
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ground receiver where the information is logged on a computer. The tethersonde offers more control

than the radiosonde over the elevation and duration of measurements taken in the boundary layer.

Most tethersonde systems are limited to use below 1000 meters, are unstable and unreliable in stong
winds (>10 mUs). must be brought to the ground frequently in onder to replenish battenies, and are
labor intensive. In addition, only one elevation can be sampled at any given ume. Recently though,
several manufacturers have developed tethersondes capable of handling several instrument packages

along the tetherline at varying elevations.

5.1.3 Atmospheric Remote Sensing Instrumentation

Recent technological advances have led to the development of remote sensing atmospheric profiling

systems which are capable of continuously measuring atmospheric parameters above the ground. This
technology offers many advantages over the older techniques described above, namely, the continuous,
unattended observation of meteorological parameters at a number of vertical elevations simultaneously

without having to rely on in situ instrumentation.

5.1.3.1 Acoustic Sounders and Sodar

Acoustic remote sensing equipment is based upon the principle that a volume of air scatters acoustic
energy incident upon it. Scattering is due to wind speed and temperature discontinuities in the
sampled volume of air. Most of the scattering occurs in the direction of propagation, but a small
percentage of the energy is scattered back to the source. An acoustic sounder transmits a strong
acoustic pulse (typically around 100 watts) vertically into the atmosphere and listens for that portion
of the transmitied pulse that is scattered back to the transmitter. The monostatic sounder uses the

same acoustic driver to both transmit and receive the signal with a single antenna pointed vertically.

Theory relates the amount of return signal to velocity and thermal structure functions of the
atmosphere (C, and C,). The structure functions can be interpreted as expressing the degree of
instantaneous velocity or temperature difference between points a unit distance apart. The existence of
a temperature gradient and small-scale turbulence create local instantaneous temperature differences
greater than the mean vertical temperature gradient. A strong retum signal can be produced either by
an unstable temperature gradient and little wind shear (as is found in the convective boundary layer)
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or with a stable potential temperature gradient and large wind shear (as is found in the stable boundary

layer). Asa result, qualitative atmospheric stability and temperature profiles can be developed.

One strength of sounders is the ability 10 detect frequency shifts between the transmitted and

backscattered acoustic pulse. Frequency shifts are cau
proportional 10 the speed of sound of an air parcel moving toward or away from the transmitter. In

this way, the speed of the air along the axis of transmission can be determined at various elevations
between the surface and roughly 1000 meters aloft. This range is highly dependent on atmosphenic
conditions and can be limited by such as things as high wind speeds, precipitation and high ambient

noise levels. In addition, environmental factors must
ary sources of backscatter such as building and trees, which

sed by the doppler effect and are direcly

be considered in locating acoustic sounders

giving adequaie consideration 1o station
could lead to efroneous data.

The doppler sodar uses the acoustic backscatiei and frequency shift detecting capability of the sodar in

a three axis system capable of measuring the three dimensional wind profile. The sodar achieves such

n of three antennac, One vertically pointing, and two angled

measurements using a combinatio
tally oriented 90° 10 cach other. With this

obliquely to the vertical (approximately 18°) and horizon
f velocity of the air along eac
nd profile at heights above the sodar. The two tilted

and the vertical antenna is used to

configuration, and calculation 0 h axis of the antennd, simple trigonometry

allows the calculation of the three dimensional wi
the horizontal wind speed and direction,
the calculation from the tilted antenna for the

y have done away with the three antenna

antenna are used 10 calculate
calculate the vertical wind speed as well as correct
nd. Recently, advances in sodar technolog

vertical component of wi
ly-pointing small acoustic drivers. The acoustic

concept, repiacing it with a single array of vertical

yenced 1o operate in a way such that the

driver array is then seq
hackscatter data from the direction oblique to the vertical allowing caculation of the horizontal wind.

beam is "steered” 10 obtain the

This type of antenna system is referred tO @s @ phased-array sodar. The doppler sodar suffers from the same

height and operational limitations as the acoustic sounder.

§1.3.2 Radar wind Profiler

Microwave atmosphenc profilers arc similar to sodars in that they rely on the scattering of microwayve

ure the three dimensional wind component. This relatively new technology hnpros

energy 10 meas
of acoustically-based systems by operating in @ much |

of the range and environmental limitations ugher

s upon same



much higher wavelength range. Like the sodar, the profiler obtains measurements of the vertical and
horizontal wind profile by directing the signal. Three antennae are oriented in a similar manner similar
1o the sodar, or, more recently, by electrically steering the microwave beam direction in a way similar

t0 the phased-array sodar system described above.

A number of different profiling systems are under developraent in the United States and several radar
profiler systems have recently been commercialized (eg. the NOAA 50MHz deep tropospheric profiler,
the UNISYS 404 MHz Radar Profiler, and the Radian/STI LAP-3000 915 MHz lower atmospheric
profiler). The 50 MHz system is a research grade profiler capable of sensing winds from 1 or 2 km to
over 10 km. The 404 MHz profiler is tenrmed a "middle uopospheric” profiler and is capable of
returning reliable data between about 500 m and 7 or 8 km above the surface. The National Weather
Service is currently installing a demonstration network of 404 MHz profilers in the US. greai plains
region. Finally, the 915 MHz profiler has recently been commercialized under an agreement between
Radian, STI and NOAA for use as a lower tropospheric profiler, and is believed capable of retumning
reliable data between 100 m and 5 km.

As in the case of sodars, care must be taken in siting Radar wind profilers to avoid exposing the
microwave beam to objects which pose a threat of backscatter and resulting “ground clutter”. Ground
clutter objects such as trees, power lines, etc., sway with the wind and energy reflected from the

swaying objects may be interpreted by the profiler as good data

§.1.3.3 Radio Acoustic Sounding System

The Radio Acoustic Sounding System (RASS) is another emerging technology for measuring the
atmospheric boundary layer. RASS makes use of both sodar and radar profiling technologies. By
combiru.g the two techniques, and providing for additional signal processing capability, the vertical
profile of virtual temperature’ (T,) can be detemined by making use of the relationship between the

' Virtwal temperature 15 the temperature of dry air having the same density md pressure of moist air. The virwal
temperature is always greater than the actwal lemperature wd is approximated by

1,1 406197

where T is (he temperature aud q is the specific bumidity (Huschke, 1959).
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and temperature’.

In the RASS configuration, only the vertically pointing antenna of the Sodar and Profiler are used.
Sodar produces an acoustic disturbance which is tracked by the radar profiler as it travel vertically
Radar is capable of detenmining the speed of the acoustic disturbance as it

away from the antenna.
turn is used to calculate T, at each of a series of user specified range gates.

wravels vertically, which in

RASS suffers from some limitations in range due to atmospheric dissipation of the acoustic pulse and

also transport of the pulse out of ihe radar's field of view by horizontal winds. In general, RASS will
perform best in 2 strongly stratified atmosphere with light winds.

5.1.4 Applications to Nuclear Facilities

Understanding meteorological influences on the transport and diffusion of air pollutants emitted from

power generating facilities is greatly enhanced with knowledge of meteorological parameters at
various elevations above the ground. Current pollutant dispersion an

ters influencing any pollutants that

d transport models make

relatively simple assumptions regarding the atmospheric parame
may be released by a source. Some of the more significant assumptions with respect 10

meteorological inputs are:

. Wind speed and direction is assumed 1o be uniform throughout the horizontal domain

of the model,
. Only one stability class is generally accepted duscribe both horizontal and vertical

diffusion of the plume (although some models are capable of accepting different
horizontal and vertical stabilities),

Stability, wind speed, and wind direction are assumed to be ~onstant in time up to
about one hour, and

. Vertical variations in the stability class are not allowed below the mixing height.

* The speed < f sound 1s related 1o temperature by the expressian

em/YRT

where R is the gas constant T is the temperature;, Y is the rauo of specific beat of mr at constant pressure (c,) (o the specafic

heat of air at constant volume (c,) (Huschke, 1959).




Such assumptions can be restrictive when trying to predict transport and diffusion in areas where
meteorological parameters such as wind speed, wind direction and stability change spatially and over

shiort time periods. Such situations are frequently observed in coastal regions which are influenced by

land and lake breezes, vertically varying stability conditions (particularly during on-shore flow), and

locally induced wind speed and direction changes caused by changes in surface roughness between

land and water ares. In such cases, high resolution observations of the spatially (horizontal and

vertical) varying ‘vind field can be impontant in describing the transport and diffusion conditions at

any given moment.

Tall towers are capable oi measuring some conditions, however due to the limitations on tower

measurements discussed above, remote sensing technology offers the opportunity of collecting data at

elevations which may be more closely related to the wind and stability conditions that pollutant

plumes from an elevated source undergo. For instance, in the case of lake breeze, near the surface the

flow is generally on-shore (air flowing from the water body toward the land), while aloft, the flow is

usually oppusing this circulation (from the land toward the water). In this instance, prediction of the
trarsport of a plume which is elevated to the height of the opposing circulation may be improperly

handled if wind data from a meteorological tower with limited vertical extent indicates that on-shore

" flow is occurring.

Therefore, monitoring of meteorological parameters at elevations well above 60m provides valuable

data for operations involving the calculation of transport and diffusion in regions of complex

meteorological flows.

5.2 Study Objective

The objective of this task was to install and operate @ 915 MHz radar profiler and RASS for a period
of one-year in the vicinity of NMP for the purpose of evaluating the performance of the two systems

and assessing their potential as replacements for tall, tower-based monitoring instruments.

5.2.1 Study Goal

The goal of this task is to successfully operate the radar profiler and RASS for a period of one year
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and evaluate the system: perfeamance on the following criteria:

Quantity of data (ie. Annual data recovery rate greater than 90%),

Quality of data (based on comparison with independently collected data sets),
Levei of effort required for routine servicing,

Frequency and severity of system failures, and

Estima‘e of the level of performance that can be expected if the systems were
pemanently deployed.

Following the evaluation, recommendations will be made regarding the ability of the radar profiler and
RASS 10 serve as a replacement for tall meteorological towers and monitoring the lower troposphere
in enough detail to define the complex meteorological conditions often encountered in the coastal

zne.

5.2.2 Potential Applications

As indicated in the task objectives, the evaluation of the radar profiler and RASS will serve as a basis
for detemmining the ability of these systens to serve as reliable lower atmospheric monitoring systems
for the purpose of observing meteorologicil parameters important to the transport and diffusion of
pollutants in regions experiencing complex meteorological flows. The evaluation addresses the ability
of the profiler and RASS 10 serve as a poteniial replacement for tall tower-based monitoring systems
by evaluating the comparability of the measun:ments to accepted standards, data recovery rates
expected from meteorological systems at nuclear facilities, and operation and maintenance

requirements.

Ti..s research provides infoomation of interest to utilities wishing to investi_ate the potential of radar
wind profilers and RASS to provide additional infommation related 1o the followiug concems:

¢ Localized atmospheric flow regimes,
* Regional pollutant transport,

e Mixing height, and

e Vertical wind profile variations.

5.2.3 Limitations of Study

Every effort was made 10 minimize the limitations of this study. However, inevitable limits to the

operation and evaluation of the equipment exist that are beyond the control of the investigators. First,
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durirg this field study, the LAP-3000 profiler underwent a generational change in sensing technoiogy.
Due to the time-table required by this particular study, the first generation technology was employed.
The second generation system employs a phased, single-antenna system and new pulse coding, both of

which maximize uwe data recovery rate.

Secondly, siting factors can improve or decrease profiler performance. Among these factors include
instrument configuration, presence of clutter sources, sources of radio interference, and atmospheric
conditions. As will be discussed, this particular study suffered from ground clutier problems which
limited data recovery. The evaluation study looks closeiy at the effect of atmospheric conditions on

profiler perfonmance.

Finally, the evaluation of the profiler performance and comparability to other measuring systems is
limited. These limitations stem from the difficulty of matching the profiler and comparison instrument
measurements in space and time. Also, errors involved in the use of comparable instruments can,

themselves, limit the analysis.

5.3 Field Monitoring Summary

For this task, Galson Corporation provided overall task management, site operation, and final report
oversight. A LAP-3000 915 MHz Radar Profiler and RASS was leased from Radian Corporation for a
period of thieen months. Radian also provided data validation and reporting. The evaluation of the
radar profiler and RASS was performed and reported by Sonoma Technology, Inc. (STI) under a
subcontract with Radian. Both Radian and STI are jointly licensed under the tems of a Cooperative
Research and Development Agreement (CRDA) with the National Oceanic and Atmospheric
Administration (NOAA) to provide the LAP-3000 and RASS technology to non-govemment users.

During the project kickoff meeting in July, 1992, the project team discussed, anong other topics, the
siting and operating parameters of the Radar Piofiier and RASS for the one-year field monitoring
effort that would best address the task objectives. Upon selecting a number of candidate sites,
representatives of Galson and Radian surveyed the locations, taking photographs in all directions and
identifying visible sources of potential interference. The final site selected (PRF) was located near the
micrometeorological tower installed for the evaluation of stability classification schemes,
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approximately 0.75 km from the lake shore (See Figure 1-1).

Galson Corporation prepared the PRF site for the instrumentation including suppiying power and
telephone and prepping the shelter for the profiler and RASS computer equipment. Radian engineers
along with Galson technicians installed a LAP-3000 Radar Profiler and RASS on October 31, 1991,
Galson Corporation then operated this profiler continuously until November 1, 1992. On a routine
basis, the Galson site operator would perform data backup procedures on the control computers and
perform other routine tasks. In the event of problems, the site operator would make emergency visits
to the site.

Both Galson and Radian routirely contacted the profiler and RASS control computers through
telephone telemetry and downloaded data and detemmined operational status. Galson and STI, through
a separate contract with NMPC, developed software to allow near real-time access to the data once per
hour. The downloaded data formed the raw data set used in the data validation and reporting. Data
reports were developed monthly, and provided to ESEERCO through monthly progress reports.

Shortly after installation, it became apparent that radar profiler perffoomance was degraded by
reflection of the signal off trees and power lines in the vicinity of the profiler. This effect is referred
10 as ground clutter. The ground clutter problem was first noted in the November 1991 Data Summary
Report (Galson, 1992). While care was exercised in sclecting the location for the profiler and the
location met the siting criteria as originally outlined by Radian, several clutter sources out of view
from the site became important reflectors of the microwave energy emitted by the profiler. The most
notable ground clutter source appears to have been the main power transmission lines extending south
from NMP approximately 0.5 km east of the profiler. The ground clutter effects appeared to be
greatest within the lowest range gates measured by the radar, and rarely extended above 1500 m

(approximately equivalent to the distance between the radar and the ground clutter objects).

Once the ground clutter problem was noted, a senies of actions were initiated in an attempt to alleviate
or at least reduce the problem. First, the antennac were re-onented, attempting to move the ground
Clutter targets out of the microwave signal beam. While it was possible to get the ground clutter out
of the main beam of the profiler antennae by repositioning, the objects presented such a large

reflection target that the side lobe transmission caused reflections which continued to dominate the
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signal. Next, Radian Corporation attempted to modify some of the operating param 2ters such as
signal pulse length, range gate height and other, critical operating parameters. These modifications
appeared to have minimal effect on the profiler performance. Subsequently, Radian, STI and NOAA

personnel reviewed the ground clutter suppression algoritim employed in the profiler software,
attempting to detemmine if improvements could be made. A revised program was implemented and

tested during June, 1992, with only modest improvement.

Finally, it was discussed whether moving the profiler to an altemative site would be possible within
the project budget. During a routine maintenance visit, the Radian engineer identified a potential site
west of NMP which appeared to present fewer ground clutter targets. However, after discussion
among the project team, including the ESEERCO project manager, it was determined that relocation
was not practical within the current project scope. First, the relocation would have represented a
major additional cost in prepping the altemate site and relocating the equipment. Second, at the time
the relocation was discussed, nearly six months of data collection had been completed covering mainly
the cold weather months. Since one of the task objectives was to evaluate operation during different
weather conditions, it was felc that relocation would make a comparisor: between winter and summer
performance at the same site impossible. Finally, there was significant concem over the potential for
offsite noise impacts from the RASS acoustic signal generators. A privately owned summer camp is
ldcatcd just west of the NMP property line near where a better profiler operating location had been
identified. The project team concluded that the 10-minute acoustic emission from the RASS each hour
would have been audible at offsite receptors, and presented a potential noise nuisance (0 anyone
located at the camp.

As a compromise solution to relocated the profiler mid-way through the project, a short-test of the
profiler at an alternative site was organized to take place at the end of the monitoring program. The
project team arranged 1o operate the latest production version of the profiler for approximately 4 days.
It was hoped that a variety of weather conditions would be available in which to test the performance
of the system and provide at least a qualitative estimate of profiler performance in the absence of
significant ground clutter sources.

It should be noted that the ground clutter problem appears to have been confined to the Radar Profiler
and should not have influenced the RASS. Since the RASS uses only the vertical antenna, it is
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believed that the side lobe reflections were less important.

Another problem observed with the site was transport of the cooling tower plume directly over the
profiler. The cooling tower plume presented such a significant target that it dominated the signal from
both the profiler and RASS to such an extent that data collection above the plume could not be
performed. Little can be done to prevent this problem, other than relocating the profiler to a location
farther away from the facility and in a direction, where the frequency of winds is such that cooling
tower plume overflight is minimized.

Details on the data collected and a summary of this activity are provided in the Monthly Progress
reports submitted 1o ESEERCO at regular intervals throughout the field operations of this project.

5.4 Summary of Radar Profiler and RASS Evaluation

Following the close of monitoring, all system data and relevant operational inforaati ,n was provided
by Radian and Galson to STI for usc in the evaluation report. In addition, other data from the project
was made available to STI including 9MP tower and sodar data, micrometeorological tower data
(MMT), and tethersonde and airsonde profiles from TS1 and TS2. During the development of the
evaluation, a number of problems were noted with the comparative data.  First, significant
refoomatting was required before the various data bases could be compared. Secondly, calibration
errors were noted in the tethersonde temperature soundings which were used to evaluate the
performance of the RASS. Finally, an error was discovered in the manner in which the tethersonde

and airsonde wind direction had been calculated Data errors were corrected prior to analysis.

The complete cvaluation report, "Evaluatior: of the Performance of a 915 MHz Radar Profiler and
RASS during the Eastem Lake Ontario On-shore Flow Field Study,” submitted to Galson by STI is
provided in Appendix D-1. The evaluation report provides extensive information on the following
topics:

 specific objectives of this task

e detailed radar profiler and RASS system descniptions

o data sources available for determining the profiler and RASS performance,

e service and maintenance requirements of the system
* data recovery performance as a function of site factors and atmospheric conditions
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* intercomparison of the system with other data collection platforms
* conclusions and recommendations for profiler and RASS perform ance

The reader is referred to Appendix D-1 for the detailed evaluation conclusions and recommendations,
However, in the interest of brevity, we have attempted to summarnize the conclusions of the evaluation
report below:

1) System availability was excellent. Total downtime amounted to Just 3.7% of the year.
2) Data communications systems operated nearly flawlessly throughout the experiment.
3) Reliability with respect to data recovery was not demonstrated for this installation. This is
almost exclusively due to interference with ground clutter.
4) Data recovery for wind data was best during the following conditions:
- Summer daytime
- Low atmospheric pressure at altitudes above 1500m
- High atmospheric pressure at altitude below 1500m
- Wind blowing from the north, east, and southeast
- Precipitation
5) Data recovery rates for temperature were much lower than expected. The causes are not clear.
6) Data recovery for temperature data was best during the following conditions:
- Summer and winier daytime
- Cold and dry conditions
- Wind blowing from the northwes: through east
7 Comparative performance of the profiler and RASS against the tethersonde and airsonde
systems was very good and comparable to results obtained in previous investigations.
Average bias for wind speed was <0.15 to 0.5 m/s and 4.2° to -6.7° for wind d.rection. The
Root Mean Square (RMS) difference for wind speed was 2.0 m/s and was 37° for wind
direction. Average differences for virtual temperature measurement were <0.17°C, with an
RMS difference of 0.63°C and a cormrelation 0.98,
8) With the exception of the need to remove snow and ice buildup in the antennae, maintenance
and service requirements for the system were minimal.

The STI evaluation repon states "...that these remote sensing instruments can be an excelient source of
dat.. .0 meet meteorological monitoring requirements for air pollution and emergency response
applications in the shoreline environment of Lake Ontario.” However, Galson concludes that the
evidence is clear that the systems can not replace tall tower measurements but rather serve as
enhancements. The lowest achievable range gate for the current radar profiler and RASS system, is
around 100 m. This is still too high to resolve houndary layer structure near the ground where most
of the theamal and mechanical fluxes occur. In addition, limitations on data recovery rates presents a
problem, particularly for regulatory applications. While the evaluation report shows that dara recovery
rates over 90% are achievable in the lower range gates, the dependance of this performance on siting
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and atmospheric conditions is worrisome.

The STI evaluation report concedes our above conclusion by stating: "In conjunction with tower
observations to fill the data gap between the profilers lowest range gale, the profiler and RASS can
provide aloft data suitable for use in regulatory and or research transport diffusion models.”

The results of the profiler resiting tests are presented in a report from STI to Galson entitled "Resuits
of the Re-siting of the 915 MHz wind profiler at the Nine Mile Point Nuclear Generating Facility” and
is provided in Appendix D-2. In reviewing the profiler re-siting report, it should be emphasized that
the profiler was not an exact clone of the system used during the one-year monitodng program, but
rather the latest production version of a phased-array system. The phased-array profiler represent the
Jatest in technology and arc an improvement of the older three-axis system. Never-the-less, the
following results were obtained trom the re-siting study:

. Ground clutter at the new site was significantly less than the previous site.

. The overall quality of the wind data collected at the shoreline site appeared better than
that collected at the previous site. This is likely due to the use of the phased-array
sysiem and the reduction in ground clutter. :

5.5 Conclusions and Recommendations

A 915MHz Radar Profiler and RASS were operated for a perind ¢ “ one year in the vicinity of NMP.
The purpose of the monitoring was 10 evaluate the performance of these new monitoring sysiems 25
poss.le replacements for exisiting tall meteorological towers and provide enhanced data at levels well

above that typically observed by the tall towers.

Based upon the performance and operational evaluation of the systems, the project team presents the

following conclusions and recommendations hased upon our analysis of the data and evaluation report:

. Radar profilers and RASS are not a replacement for tall towers. They are, however,
capable of supplementing the tower-based measurements with detailed observations
hetween the boundary layer and the muddle troposphere.




Combined wiih the existing NM¥ 200 ft meteorological tower and sodar for profiling
n the lowest portion of the boundary layer, the profiler and RASS can provide
valuable information on plume level wind and temperature structure, particularly in
lake breeze retum flow, and onshore flow conditions.

The profiler and RASS provide aloft data with considerably better time and vertical
resolution than that available from traditional balloon-bome profiling systems,
providing data of sufficient detail and accuracy for regional scale numerical modeling
and initialization of site-specific numerical models.

Operational reliability is high, even considering that the profiler system operated is
still developmental and not the current commercial version available.

Data recovery is dependent on operational status, weather and siting conditions.

Resolution is good, but is still too coarse at low elevations for observing some very
localized features such as a TIBL structure.

Great care must be taken in siting the eqiipment to avoid sources of ground clutter. A
thorough siting study which includes testing the profiler at candidate locations prior to
pemmanent installation at the selects | site is highly recommended.

Future use should be limited to the latest production version of the equipment.

Prior to installation, it should be verified that the approach for dealing with snow and
ice buildup is appropriate for the site,

Maintenance visits occurring regularly every 1 to 2 weeks should be sufficient for
most operations.

A shorter pulse length (60 m instead of 100 m) should be employed for the RASS if
the application is to better resolve boundary layer temperature structure. The shorter
pulse length allows use of smaller renge gates. thus increasing the number of available
data points in the vertical. Care should be take to assure that data recovery is not
effected by use of a shorter pulse length.

A detailed Quality Control and Quality Assurance plan should be developed for a

pemmanent instailation which includes routinely comparing the profiler and RASS data
with an independent observation set is recommended.
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