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1. _INTRODUCTION

1.1 Background

Routine meteorological monitoring (USNRC, 1980) used for the preparation of
Safety Analysis Reports and ongoing assessments of routine releases from
operating nuclear power reactors needs to be both properly quality assured
(USNRC, 1981) and truly representative of the site. In addition, these primary
tower measurements of wind and thermal stability are to be used as input to
emergency response planning (ERP) Class A models. Adequate backup wind data at

the 10 meter level is also required {USNRC/FEMA, 1980).

A 400 ft instrumented tower has been operated by LILCO for almost a decade at a
site about one mile west of the Shoreham One Nuclear Generating Station. While
these data have been quality assured to be in conformance with 10CFR50, App. B,
there has recently evolved some question as to the representativeness of the
Tower levels (33 ft and 150 ft) of the tower's data, with regards to the wind
flow and turbulence in ihe immediate environs of the containnent structure. The
major reasons for the possible lack of representativeness of the tower's lower
Tevels are (a) the vegetation surrounding the clearing in which the tower was
constructed and (b) distortion of the wind which the tower was located. Data
taken at the highest level are less likely to be affected by these interreren-
ces. Though these local site flow irregularities are expected often to be of
second order, it is deemed prudent to analyze the boundary layer characteristics
at the primary tower with respect to those occurring within the immediate vici-

nity of the plant, especially during periods of onshore flow.
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1.2 Acoustic Sounding of the Planetary Boundary Layer

Acoustic sounding of the atmospheric PBL was first seriously explored in 1968,
with commercial monostatic sounders becoming available by 1972. Ir the subsequent
decade over 300 such systems have been brought into use worldwide (Gaynor,
1982). Sounders operating in the vertical moncstatic mode produce a signal pro-
portional to the vertical profile of the temperature structure function (CT).
This parameter is determined by several factors, including the temperature lapse
rate of the atmosphere as well as the characteristics of small scale turbulence.
Facsimile time/height displays, though producing a qualitative record requiring
manual, subjective interpretation, have been found to be valuable for inferring
the complex structures of the PBL, including such phenomena as the height of the
mixed layer, thermal plumes associated with convective mixing, sea breeze fronts
and inversions, elevated inversion surfaces and associated wave motions, etc.
Sounders have a useful operating range from 500 to 1,000 meters and can provide
valuable insights into the stability characteristice of the lower PBL, that part
most actively involved in the dispersion of emissions from near-g-ound releases.
Sea and lake breezes are especially well monitored by acoustic sounders (Bennett
and List, 1977).

Monostatic vertically pointing sounders have be2n used to produce climatologies
of mixing depths at coastal sites (Aggarwal et al., 1980; Rizzo and Lyons, 1977).
Since the acoustic return as displayed on a facsimile chart essentially integra-
tes a number of complex, interconnected atmospheric parameters, it is a reaso-
nable assumption that if the traces from two scunders produce essentially iden-
tical results, that under most circumstances, the characteristics of the lower
PBL at both locations are also quite similar with respect to the parameters
important to nuclear plant diffusion evaluations.

1-2
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Thus ¢ sounder could therefore be used to validate the representativeness of the
measurements being monitored by the primary Shoreham tower by comparison with

sounder data located near the plant containment structure.

1.3 Overall Goals

It was proposed to use two monostatic acoustic sounders, one at the existing pri-
mary tower and the other at the plant site, to study the representativeness of
the lower two levels of the primary tower. The sounders were installed (a) at
the base of the existing 400 ft tower and (b) near the Reactor building at the
plant site, They were run concurrently to ascertain, from the facsimile

displays of boundary layer temperature structure function, if low leve!
atmospheric cnaracteristics are substantially the same at both locations. All
types of mesoscale meteorological regimes were monitored, but primary analysis

emphasis was placed on onshore flow conditions.




2.  EXPERIMENTAL DESIGN

2.1 Statement of Tasks

R*SCAN Corporation (formerly Meteorological Applications, Incorporated) was

contracted to design and conduct a field data gathering program at the

Shoreham site from about 15 July to 2z September 1982. Data were to be analyzed

to address the issues raised above. Included among the tasks were the following

items:

2.1.1.

2.1.2

2.1.3

Two AeroVironment Model 300 monostatic sounders were to be operated
for about two months. The data were to be recorded on facsimile
strip charts and forwarded to R*SCAN on a weekly basis. The two
recorders were tested side-by-side at the beginning of the program
to assure compatibility. Finanders were installed on both acoustic
enclosures to eliminate as much environmental noise as possible by

reducing side lobe interference.

The monostatic sounder traces were to be analyzed as to TIBL height,
and qualitative turbulence characteristics for selected periods,
using techniques employed on Lake Michigan (Rizzo and Lyons, 1977}

and Chesapeake Bay (Rodney, Lyons, and Calby, 1980).

Complete supporting meteorological data were to be archived via real
time climatology (RTC) to allow for comprehensive analysis of the
sounder /tower data. These data included:

GNES high-resolution satellite data.

Hourly plotted radar summaries,

NAFAX surface and upper charts.
Plotted radiosondes form nearby NWS stations.
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® Lists of hourly reports from nearby NWS, Coast Guard,
and FAA stations.

® Ship buoy, and satellite water temperature for
surrounding waters, etc.

2.1.4 To the extent practical, there was to be data exchanges with
Brooknaven National Lab which conducted its own limited summer field
program during this period (SethuRaman, personal communication).
This included BNL 290 ft tower data, Tiana Beach tower data,
Brookhaven Airport anemometer strip charts, and a monostatic sounder
at BNL. Supporting information of this type can be valuable in case

Studies determining the true characteristics of mesoscale flows

which are not always evident from single site measurements.

2.1.5 Limited case studies were to be performed for a variety of meso-
synoptic conditions, concentrating on sound/land breezes. The data
from the sounders, the existing primary 400 ft tower and the supporting
supplemental data were to be carefully intercompared to ascertain the

representativeness of the measurements made at the various levels.

2.1.6 The mixing heights and mesoscale PBL characterizations at the two

locations were to be detailed and summarized.
Specifically, the following questions were to be addressed:

¥ Are the measurements being made at the 150 f. .evel on the
existing primary 400 ft tower representative of turbulence
conditions at the same level near the containment structure,
expecially dur ‘ng periods of onshore flow during sound
breezes, TIBL and plume trapping situations?

ii. What are the frequences of the various Coastal Mesoscale

Regimes occurring at this site during the duration of the
field program?
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1ii. What are the general characteristics of the #BL, incluling
such phenomena as TIBLs and Sound Breezes to the extent “hat
the data assembled can reveal?

2.2 Acoustic Sounders

Two conventional AeroVironment monostatic vertically-pointing acoustic sounders
(Model 3C0) were rented. The equipment was nominally scheduled for an opera-
tional pe-iod between 15 July and 13 September 1982. The first unit [Figure
2-1] was ‘nstalled on plant property, approximately 800 ft (250 m) southwest of
the con tainment. This location is about 2250 ft (700 m) inland and at an ele-
vation of approximately 45 feet above mean water level. It was located next to
a temporary building adjacent to a pipe fitting shop. Occassional noise bursts
from that facility were anticipated, but not expected to interfere with the tra-
ces in other than a cosmetic way. This unit began operation on 16 July 1982,
. and continued through 24 September 1982. This site was selected from the
several possible because: 1) nearby shelter was available for the recorder and
electronics, 2) local vehicular traffic noise was comparatively low, 3) it was
at an elevation and distance inland more comparable to the existing 400 ft pri-
mary tower than most construction area locations, and 4) it was representative
of the region into which a plume would disperse during onshore flow.
The second sounder was installed on the Shoreham west meteorological tower
grounds, in the east side of the clearing created for this facility (Figure
2-2). The site is acoustically quiet by comparison to the plant. Recorders and
electronics were located in the eiectronics shed at the tower base. Data taking

began on 15 July 1982 and continued through 24 September 1982.

&
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Figure 2-1. Enclosure for the monostatic acoustic sounder located southwest of
the containment structure at the Shoreham Nuclear Generating Station.
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Figure 2.2. Enclosure for the monostatic acoustic sounder located adjacent tc
the Shoreham West meteorological tower.
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Figure 2-3. Facsimile recorder used for each of the two monostatic acoustic
sounders.
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Data from both sounders were recorded in conventional facsimile format (Figure
2-3). The chart speed of 1.20"/hr (nominal) produces a 24-hour trace approxima-
tely 28.8" in length. Frequent time hacks were made by LILCO personnel. No
serious time errors were noted. Both systems were tested before installation by
the manufacturer (AeroVironment) to assure that nearly identical traces were
produced by both when operated under identical conditions. Using a common
antenna and enclosure, both sets of electronics and recorders were operated at
alternating 15 minute intervals under relatively constant atmospheric con-
ditions. Both systems produced traces that were substantially similar. Thus,
barring changes in system calibration or adjustments, differences in the
appearance of the traces from the two sounders should imply differences in
atmospheric structure. The maximum range for both systems was set at 500m. The
characteristics of the systems, which were maintained throughout the observation

program are listed in Table 2-1).

TABLE 2-1
ACOUSTIC SOUNDER OPERATING CHARACTERISTICS

Maximum Range 500 meters
Sensitivity 9.0
Pulse Width 200 msecs
Band Width Wide

The traces for each system were collected every week to 10 days and sent by
Express Mail to R*SCAN for initial inspection and Q/A, in order to detect any
operating problems, The traces were then checked and cut into 24 hour segments
[0000-23592]. These have since been photo-reduced for routine use to minimize

smudging of the sensitive inprint on the original traces.
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2.3 Supplemental Meteorological Data Acquisition

In order to properly interpret the sounder traces with respect to their meteoro-
logical content, considerable supplemental information was deemed highly useful.
A1l data from the LILCO 400 ft tower, recently refurbished, were received as

original strip chargs. This necessitated hand reduction of the charts by R*SCAN

staff.

In order to answer the broader questions concerning the nature of the CMRs
observed during the field program, other supplemental meteorological data were
collected. At the R*SCAN Operations Center in Minneapolis, NAFAX and DIFAX
charts were collected in order to provide an overview of general synoptic con-
ditions affecting this site. When possible, GOES visible and infrared images
showing Long Island were acquired. All routine surface, marine and upper air
data transmitted over the NWS communications circuits was automatically archived
on disk using the WSI Computerized Weather Data System in Bedford, MA. These
data, arranged according to a predetermined format, were transferred daily to
R*SCAN via a 1200 baud dial-up communications line, and accessed with a TI280

printer. Data transmission routinely took 25-35 minutes per day.

In addition to the real-time data acquisition activities, arrangements were made
to receive data taken by Brookhaven National Lab at several sites in Long Island

during the summer. These are described below.

The relationship of the various data gathering points in the general vicinity of
the Shoreham plant are shown in Figure 2-4. This photograph is a Landsat REV
high resolution view of the area of eastern Long Island surrounding the plant.
Brookhaven National Laboratory (BNL) is located approximately 6 miles (10 km)

R-SCAN
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Figure 2-4, Landsat, RBV high resolution image of project area, 14 April 1982,
Clearly visible on north shore is the plant construction site. To its south,

the accelerator at BNL can be seen, as can the runways of the Brookhaven
Airport, further to the south.

®
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Figure 2-5. Standard highway map of the general project area.
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due south of the plant. The Brookhaven Airport, where an anemometer was main-
tained by BNL, is located about 10 m es (16 km) due south of the plant, closer
to the south shore. BNL also operated an instrumented tower at Tiana Beach, on
the south shore itself, to the southeast of the study area. The FAA is charged
with continuous monitoring of hourly and special weather conditions at Islip's
MacArthur Airport (ISP), about 16 miles (26 km) southwest of Shoreham. These
observations were acquired, along with numerous others, thrcugh the WS] data
service. Long Island Sound is approximately 18 miles (29 km) wide at Shoreham.
A section of a standard highway map is also shown (Figure 2-5) to assist in the

geopolitical orientation of the reader.
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2. SUPPLEMENTAL DATA ACQUISITION AND PREPARATION

l 3.1 Data Assembly

A substantial amount of meteorological information was acquired for this

program for the period 15 July - 22 September, 1982. This encompassed a large
sample of the summer and early fall mesoscale weather regimes to be expected at
the site. The data are described below, along with a catalog of available
information with qualitative estimates of the utility of these products in
meeting project goals.

3.2 LILCO Tower Data

A1l data collected on the refurbished 400 ft LILCO tower at Shoreham West were
collected and forwarded to R*SCAN. Included were strip charts with the
following parameters:

33 ft temperature

precipitation

33-150 ft temperature lapse rate

33-400 ft temperature lapse rate

33 ft wind speed, direction, sigma theta
150 ft wind speed, direction, sigma theta
400 wind speed, direction

* % % % % ¥ %

The data were reduced at hourly intervals and (except for the precipitation)
represent 15 minute averages ending on the hour. Thus, the data for 05002
represents a quarter hour average from 04457 to 0500Z. Greenwich time [Z-Time]
is being utilized rather than Eastern Standard in order to more easily interface

with standard offsite weather data s»hurces. Each data "day" in fact is defined

as extending from 00002 to 2359Z. This that *he analysis day begins at
8:00 p.m., EST. This was chosen because local dayu.. ~ccale circulations
3-1

R-SCAN



have generally spent their course by this hour, and the nocturnal inversion is
Just beginning to become established. It is perhaps the best compromise in

attempting to specify discrete occurrence intervals for CMR phenomena.

The data capture rate for the various parameters on a daily basis during the
project (16 July - 20 September, 1982, inclusive) was tabulated. A total of
eleven parameters were recorded and archived from the tower site. This resulted
in a potential 17,688 total parameter-hours for which 16,783 were successfully

acquired, for an overall data capture rate of 94,9%.

3.3 WSI Data Bace

In order to properly interpret the sounder traces in the context of the prevailing
CMR, it is necessary to have as much data as practicable from the surrounding

100 miles or so, as well as nearby upper air, buoy, ship and radar reports. To
obtain these data after the fact througn sources such as the National Climatic
Center would be (1) extremely expensive, and (2) take months of time.

Furthermore, the data would then be in raw form, on hard copy and require
extensive sorting and handling before being ready for input into the analysis
process. Alternately, the same data acquired on CCT would probably not be
available for many months (if available at all) and would still require substan-

tial post processing.

Thus, in order to acquire the needed regional weather information, which is
transmitted over a variety of teletype circuits, it became obvious that the most
effective approach was to employ a commercial interactive weather data base.
A1l weather teletype circuits are read by a bank of DEC PDP-11/34 computers in
Bedford, MA.

3-2
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At the request of R*SCAN, all data of interest were accumulated offline via a
command program and stored on a reserved portion of 30MBy hard disks. These
were then accessed, in twelve hour blocks as described, generally on a daily
basis, via a TI82C printer at 1200 baud at the R*SCAN Operations Center in
Minneapolic. The data were also archived for up to a week's time. They could
also have been transferred to CCT for later use, if requested. The data were
formatted to be of maximum use to the project. A special map projection,
showing Long Island and surrounding areas, was created. It is shown, along with
the larger region, in Figure 3-1. The 3 letter codes are standard FAA weather
station identifiers. The 3 digit numbers in the Atlantic Ocean are the new
buoys established by the National Data Buoy Office of NOAA. These report

measurements of conditions, including sea temperature, on an hourly basis.

Samples of the daily data collected through the data base are included in
Appendix A. The data were obtained from 13 July to 20 September 198Z. The data

collected included:

* 24 hour chronological listings of raw aviation TTY reports for 21 regional
stations.

* 24 hour chronological listings for the NDBO buoys near Long Island.

* all Coast Guard, Light Ship, and marine reports within the region bounded
by 40°-46°N and 60°-74°w,

* upper air reports (raw data and plotted SKEWT diagrams) for Atlantic City,
New Jersey and Chatham, Massachusetts.

* plots of 850 mb and 700 mb observations over the eastern United States.

* plots of hourly surface data (temperature, weather, and wind) around Long
Island every three hours.

* plots of MOR (manually digitized radar) reports from the greater New York
area, every three hours (see Figure 3-2 for a copy of the MDR grid from
the WSR-57 radar in New York City.

3-3
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Figure 3-2. MDR (manually digitized radar) coverage of the area of interest,
based in New York City WSR-57 Radar. Shoreham is contained in cell *k0".
Similar coverage can be obtained from the Atlantic City, NJ and Chatham, MA
radars. These are all combined into the WSI hourly digital radar summaries.
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* copies of NWS computerized forecast products including regional trajec-
tories, LFM model output and MOS statistics.

3.4 Facsimile and Satellite Data

In order to be able to quickly determine the overall synoptic environment in
which the sounder traces were being taker, and also to better understand any
super imposed mesoscale perturbations, it was necessary to obtain copies of the
standard synoptic maps transmitted over NAFAX and DIFAX circuits. Since the
charts are large (typically 30" x 48"), it was necessary Lo photo-reduce them to
include them in the DDF folders. A daily acquisition and reduction schedule was
maintained for all needed maps. Table 3-1 shows those maps which were routinely

acquired. Figures 3-3 through 3-8 are sample maps.

Arrangements were made to acquire GOES satellite images over the area of
interst. Since R*SCAN circuits were only receiving midwest sectors, and a spe-
cial data line to NESS in Washington would have been costly, outside sources
were requested to forwarded as many GOES images as possible. The result was at

least a few pictures for most days of the project.

Table 3-2 is a compilation of the WSI, facsimile and GOES satellite images
available in each DDF for the project. Satellite images covering the project
area totaled 238. Facsimile charts acquired, reduced and incorporated into the

DOFs averaged 42 per day, for a total of 2,948.

3.5 Other Data Resources

Several additional sources of data were investigated. BNL kindly consented to

provide copies of their routinely acquired meteorological data taken during the
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TABLE 3-2

. DATA COLLECTION SCHEDULE, SUMMER 1982
DATE FAX SAT  WSI  DATE FAX SAT WSl
CHARTS  PIX  RUNS CHARTS  PIX  RUNS
JuLY 15 39 5 XX  AUG 24 43 3 XX
JULY 16 37 9 XX  AUG 25 40 1 XX
JuLy 17 a3 5 XX  AUG 26 46 1 XX
JULY 18 a7 2 XX AU 27 46 ] XX
JuLY 19 a4 4 XX  AUG 28 49 2 XX
JULY 20 3 8 XX  AUG 29 47 3 XX
JuLY 21 3 9 XX  AUG 30 35 2 XX
SULY 22 40 5 XX  AUG 31 4l 0 XX
JULY 23 as 5 XX
JULY 24 a2 7 XX  SEPT 01 47 0 XX
JULY 25 40 1 XX  SEPT 02 48 0 XX
JULY 26 a4 a XX  SEPT 03 41 0 XX
LY 27 P 8 XX  SEPT 04 51 0 XX
JULY 28 39 5 XX  SEPT 05 50 1 XX
JULY 29 39 3 OX  SEPT 06 50 0 XX
JULY 30 34 6 XX  SEPT 07 48 2 XX
JULY 31 a7 6 XX  SEPT 08 44 ] XX
SEPT 09 49 1 XX
AUG 01 47 2 XX  SEPT 10 45 2 XX
AUG 02 44 6 XX  SEPT 11 48 5 XX
, AUG 03 45 6 XX  SEPT 12 48 2 XX
‘ AUG 04 38 3 XX  SEPT 13 38 5 XX
AUG 05 37 1 XX  SEPT 14 39 2 0X
AUG 06 23 a XX  SEPT 15 44 6 0xX
AUG 07 43 2 XX  SEPT 16 43 5 X0
AUG 08 45 6 XX  SEPT 17 38 11 XX
AUG 09 43 8 XX  SEPT 18 39 6 XX
AUG 10 43 7 XX SEPT 19 46 5 XX
AUG 11 42 1 XX  SEPT 20 44 5 XX
AUG 12 42 4 XX SEPT 21 44 0 00
AUG 13 41 1 XX  SEPT 22 4l 0 00
AUG 14 a4 1 XX
AUG 15 a8 3 XX
AUG 16 4 3 XX
AUG 17 40 2 XX
AUG 18 35 2 XX
AUG 19 a2 4 XX
AUG 20 35 0 XX
AUG 21 23 2 XX
AUG 22 45 2 XX
AUG 23 37 2 XX

w
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project period. Delivered at the end of November, 1982, were the hourly
averaged data taken on their 290 ft tower at BNL. These data included: shelter
air temperature, wind speed and direction at 37 ft and 290 ft, BNL Gustiness
Class (Singer and Smith, 1966), solar rad‘:tion, relative humidity, hourly pre-
cipitation, and station pressure. Values are generally averaged for a one-hour
time span. Times are in Eastern Standard, indicating the end of the hour

averaging period.

Strip charts of 10 m wind speed and direction, using a standard Aerovane anemo-
meter, from the site at the Brookhaven Airport were provided MAl by BNL staff
during our September site visit. These data have beenvmanually reduced, at
hourly intervals, with 15 minute averages ending on the hour. A calibration
check by BNL staff after the data were reduced revealed a 6° directional
misalignment, and an 0.8 m/sec positive zero offset in the wind speed. Both were
corrected for in the final data summary, along with an intentional 90° rotation
of the anemometer to make the reading of predominantly southerly (180°) winds

easier on the strip charts used.

Water surface temperature is an important parameter in assessing the development
and characteristics of summertime CMRs. A routine source of this information,
frequently overlooked, is the approximately weekly maps of East and Gulf Coast
water temperatures produced by infrared meteorological satellite sensors,
Figure 3-9 is a sample of such a map. It is generally felt that under optimum
conditions the water surface temperatures are accurate to within + 1.0°C. Some

smearing of the data near shore or in other areas of strong radiative surface
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temperature gradients might be expected to make these data less useful, as in Long
Island Sound. These charts (NAFA N98; DIFAX D127) are transmitted as special
products about once per week. Those collected were assembled into Appendix B.
Ship weathe~ reports also include water temperatures (generally at intake

level). These were archived through WSI, as were the more continuous reports
from the Ambrose Light Tower near the mouth of New York Harbor and Buoy 443,

southeast of Cape Cod (Figure 3-1).

3.6 Data Logging

The quantity of data assembled is considerable. For 70 days, 24 hours a day,
and at least 35 parameters of interest. on the order of 60,000 individual data

elements can therefore be identified.

A coding sheet (Table 3-10) has been designed to accommodate the variables of
primary interest. The inputs, some of which are self-explanatory, will be
described below in greater detail. The hourly data were entered onto this

chart to be used both for a quick reference data sheet in each DDF, as well as a
form for future key-to-disk data input. This would allow the data to be
reprinted in several different formats, as well as be extensively sorted and
stratified using microcomputer-based disk sorting software. Putting all rele-
vant data onto a common form allows for relatively rapid visual scanning of the
data, not only for Q/A purposes (data inconsistencies often become patently
obvious) but for making mental time-section analyses, which is central to

classic mesoanalysis theory.

3-16

R-SCAN.




R-SCAN



-
-4
2

®
b

8|8

=
3

SHEREIEL

- 4V

o
08l
OTE
-
TR

3

10
11

12
13
14
13
16
17
10
19

21
22
23

Figure 3-10

3-1AR



4. METEOROLOGICAL CHARACTERIZATIONS DURING THE FIELD PROGRAM

4.1 General Synoptic and Climatographic Considerations

The field program was operated for a 70 day period during the later part of the
*warm seasor” of 1982 (15 July - 22 September). In general, conditions appeared
quite favorable for the development of coastal mesoscale regimes (CMRs) due to
typically light winds, the absence of freguent extratropical or tropical
cyclonic disturbances, and generally dry weather. According to tower rain gauge
data, measurable precipitation totaled 7.14", close to the regional average preci-
pitation for that period. Rain fell on part of 17 of the 70 days. When one
notes that much of the rain fell during three intense episodes (5.58" in three
days), then 1.56" was distributed over the remaining 67 days. Only 66 hours of
rainfall (4% of the total) were actually observed, thus characterizing the
period as basically rather dry. No notable major mesoscale convection systems
appeared to directly impact the site, although thunderstorm systems of at least
medium intensity were within 80 km of the site on about a dozen days during the
project. Rain free periods of seven (twice), ten, and thirteen days were noted
(Table 4-1). Solar insolation was subjectively categorized for each day as
weak , moderate, or strong, using the on-site measurements, ISP sky cover
reports, and satellite imagery. Moderate to strong insolation was noted on 58

of 70 days (83%).

One form of mesoscale perturbation or another, either from coastal effects or
thunderstorm mesosystems, was found to exist for at least a portion of the hours
on 60 of the 70 days. On the whole, meteorological conditions were quite propi-
tious for the experiment undertaken. A synopsis of the major events, rainfall,
and solar radiation for each day is presented in Table 4-1,

4-1
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Table 4-1

BRIEF SYMUARY OF MESOSYNOPTIC COMDITIONS
BURING FIELD PROGRAM, 15 JULY - 22 SEPT 1982

BB # Indicates setatled case S$tudy mot performec
u.u-m;n.m.u;s-sm

—
-

lé

¢ Wiy 15 Sound Breeze/Atlantic Ses Breerze 0
iy 16 S Flow/Scnd Broeze/At). Ses Breere 0
iy 1?7 SW Flow/Sou d Breere/At). Ses Breeze 0
July 18 5w Flow/Sound Breere/At). Ses Breeze 0
Ny 19 Su Flow/Sound Breeze/Thunderstorms Mesr 0
iy 20 Si Flow/Cold Fromt/Thunders torms -
July 21 W Flow/Plume Trap/Fumigation/At), Ses Breeze O

¢ Ny 2 ¥ Flow/Fumigation/wester Iy Confluent Flow 0

f Ny 23 ¥ Flow/Westerly Confluent Flow/At). $ga Breeze O

# iy 24 W Flow/Fumigation/At). Ses Breeze 0
iy % Land Breeze?/Sound Brecas /At). Ses Breeze 0

Ry 2 Lang Breeze/Sound Breeze/Se ! low 0

¢ Wiy 27 W Flow/Su Flow/Possible Sound Breeze 0

¢ iy 28 S¥ Flow/Thunderstorms ?

Cold Front/une Flow/Fumigation 0

¥/5 Flow/Sound Breeze?/Showers Late 2

S FlowMostiy Clowdy 0

Plume Trap/Fumigation 4

Fumigation/At). Ses Breeze 0

Lend Breeze/Tumigation/At), Ses Breeze 0

Sound Breeze/At). Sea Breerze 0

Sound Breeze/At]. Sea Sreeze/ Titm. Wear 0

famigation/At). Ses Breeze 0

Leng Breeze/Sound Breeze/At). Ses Breeze 0

S Flow ]

S Flow/Thunderstorms Near 0

Thunderstorms /Sound Breeze/At). Seas Breeze 3

/8w Flow/Cloudy/Showers 3

Fumigation/Ati, Sea Breeze? -

Lond Breeze/westerly Confluent Flow? 0

W Flow/Sound Breeze/At). Ses Breeze 0

W Flow/Fumigation 0

Land Breeze?/Nn Flow/Sounc Br./At]. Sea Breeze 0

S¥ Flow/Thunderstores 3 .18

1
0
0
0
0
]
1
-
0
0
4
0
0
0
0
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In total, 30 days were selected for more detailed analysis (see below). For
each hour, a synoptic meteorological characterization code was assigned (Table
4-2). In general it would be expected that overall conditions favoring the
development of CMRs would be associated with codes 2, 13, 14, 15, 17, and 20
(although they certainly can occur at virtually any other time with the probable
exception of code 19). Of the hours elected for detailed case study analysis,

55% were categorized by one of the 6 codes mentioned above.

4.2 Site Climatography

In order to facilitate the task of collecting, interpreting and incorporating
field data in a cost-effective manner for the planning, formulatiorn and exe-u-
tion of an emergency response dose assessment code (ERDAC), knowledge of a
site's clmmatograpny is most useful. Climatography is defined (Lyons, 1983) as
the identification and determination of the frequency of occurrence of the
several distinct mesoscale regimes impacting a given site. Most coastal zones
in mid-latitudes not influenced by complex terrain have similar coastal
mesoscale regimes (CMRs) contributing to their climatography. Thunderstorm
mesosystems, though not coastal in nature, are generally frequent enough that
their impact need be considered in any climatographic study. Table 4-3 lists 16
regimes of potential importance. Synoptic discontinuities, such as cold frontal
passages, are included since a well defined frontal wino shift has mesoscale
aspacts within the context of defining the wind flow within 10 to 50 miles of a
given point. CMRs have been defined in great detail in other papers (Lyons,
1975; Lyons, et al., 1981; Keen and Lyons, 1978). A brief, noncomprehensive
description of each, in the context of the Shoreham site, is given as follows on

the rext page.
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Land Breeze -

nocturnal flow from stable land over warmer water during light
synoptic winds and clear skies, often very shallow and highly
sheared, rarely exceeding 5 m/sec. Near calm (pooling) con-

ditions are likely to be a sub-set of this CMR.

Classic Sound Breeze - typical of those described within the literature of lake

breezes (Lyons, 1972), but quite a bit shallower and weaker, A
distinct wind shift to onshore occurs after sunrise, and a con-
vergenze zone, with updrafts and a return flow layer aloft are

maintained until either nightfali, clouds, thunderstorms, or the

Atlantic sea breeze intervenes.

Ridge/Trough Passage Sound Breeze - often onshore winds from the prior night are

maintained on a sunny day while changing synoptic pressure gra-
dients develop flow towards the coast further inland. A con-
vergence zone develops, and in all other regards a sound breeze

ensues.

Conflu ~ce Zones - often when the gradient flow is rather strong, and nearly

Fumigation -

parallel to the shoreline, combined frictional and differential
heating effects maintain zones of confluence at some distance
inland. These "almost sound breezes" will channel effluents

parallel to the coast for considerable distances.

onshore flow of neutral to stable air on sunny days results in
the Zevelopment of the thermal internal boundary layer (TIBL).
Diffusion under these conditions has been described by Lyons and
Cole (1973). Fumigation occurs in the sound breeze variations
described above as well as during gradient onshore flow.

4-4
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Plume Trapping - potentially the most restrictive regime as far as diffusion

from a near ground release in coastal zones is concerned. Often,
during the spring, the adjacent cold body of water is rimmed by a
narrow band of warmer near shore water. The intense low-level
conduction inversion formed during overwater passage is partially
eroded in the last few miles of before landfall, resulting in a
shallow mixed layer capped by intense inversion (Figure 4-1).
Highly restrictive vertical mixing can be maintained for many
miles inland at night or on cloudy days. This effect is possibly

important at Shoreham during the March-June period.

Atlantic Sea Breeze - freouently the Atlantic Sea Breeze (ASB) reaches the north

shore of Long Island by the middle to late afternoon. Its pri-
mary impact is a rapid reversal of low level winds to offshore.
Mixing depths generally would be expected to increase, but not to
the depth present over far inland areas. For Shoreham the ASB is

not a restrictive regime.

Gradient Onshore Flow (Atlantic TIBL) - when southerly winds are sufficiently

strong, daytime onshore flow from the south develops a TIBL,
which is reasonably deep by the time the Shoreham area is
crossed. As in the ASB, this is not a particularly restrictive
regime for Shoreham, though fully developed inland mixing depths

are certainly not achieved.
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TABLE 4-2

SYNOPTIC METEOROLOGICAL CHARACTERIZATION INDICATOR CODES

Near Center of Low (2° Latitude)
Cyclonic Flow - Weak

Cyclonic Flow - Moderate to Strong

Cold Front Approaching (Also Occluded Fronts)
Cold FROPA This Hour

Behind Cold Front

wWarm Front Approaching

wWarm FROPA This Hour

In Warm Sector

Ctationary Front to North

Stationary Front to South

Low Pressure Trough

High Pressure Ridge

Near Center of High (2° Latitude)
Anticyclonic Flow - Weak

Anticyclonic Flow - Moderate to Strong
Straight Line Flow - Weak

Straight Line Flow - Moderate to Strong
Hurricane/T.S. Circulation

Poorly Defined Synoptic Features

4-6
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TABLE 4-3

MESOSYNOPTIC CHARACTERIZATION INDICATOR CODES

Steady Synoptic Influences Predominate

Synoptic Discontinuity, > 50° Change/2 Hours

Gradient Onshore Flow (Cloudy/Kight) with Plume Trapping
Gradient Onshore Flow (Sunny) with Fumigation
Gradient Offshore Flow - Stable Air Over Colder Water
Near Calm (Pooling)

Land Breeze

Classic Sound Breeze - Onset Past Hour

Classic Scund Breeze in Progress

Parallel Shore Confluence - From West

Parallel Shore Confluence - From East

Ridge Trough Passage Sound Brioeze

Atlantic Sea Breeze - FROPA Past Hour

Atlantic Sea Breeze in Progress

Gradient Onshore Flow - Atlantic TIBL

Thunderstorm Mesosystem in Area

Poorly Defined Mesosynoptic Regimes/Inertial Flows

Total

Observed

36
4
19
a1
0
11
a2
11
54
22
6
44
20
54
22
25
29

720 Hours
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Figure 4-1. Temperature time sections, surface to 300 m (0.5°C isotherms), 28
June 1974, tazken at the shoreline of Lake Michigan near Waukegan, 111. (top) and
3 km inland (bottom). Note the intense caping inversion above 50 m that con-
tinued throughout the day. This was the result of air flow over a still cold
lake, but with a brief period of remodification by a band of warm water near
shore. Almost neutral conditions were found at 3 km inland, as the TIBL had
generally developed above 300 m by that point. Similar PBL temperature struc-
tures are possible at the Shoreham site from March through June during the warm-
up of Long Island Sound.

R-SCAN

W e — e s
- . S - - = L - - el



As shown in Table 4-1, and summarized in Table 4-4, various CMRs and thun-
derstorm mesosystems were frequently present during the field program data
gathering phase. Table 4-4 does not account for the somewhat restricted mixing

depths experienced during southerly gradient flows (Atlantic TIBL).

For the thirty detailed case study days, a more rigorous inspection of all
available data sources was employed in order to develop an hour by hour cate-
gorization of the mesosynoptic conditions at the site. These are shown in Table
4-5a,b. Note in this graphical format, the ® sign is used to indicate periods
of onshore flow (270° - 070° inclusive) as measured on the 33 ft level on the

Shoreham West tower,

During the 30 days (720 hours) studied in detail, 11 “classic" sound breeze
passages were noted. A total of 137 hours of sound breeze-like wind flows were
experienced. These would be associated with TIBL phenomena. As will be
discussed below, since viriually no daytime surface-based inversions were found,
the diffusion mechanism for a low-level release would de facto be plume trapping
(under an increasing 1id height) rather than fumigation. Similarly, for the
additional 41 hours during which “fumigation" potential existed due to gradient
onshore flow, releases with heights under about 100 m would not undergo classic
fumigation [Lyons and Cole, 1973], but rather would be constrained in vertical
mixing due to the gradually increasing TIBL depth while moving inland. During
the later part of the “warm season", after abcut 1 July, it is considered unli-
kely that daytime onshore flows during daytime with strong surface based inver-

sions will occur with any significant frequency.

Table 4-3 contains totals of the various regimes encountered during the 720
study hours. More than half (392 hours) had regimes (Numbers 0,13,14) in which

4-9
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conventional straight-line Gaussian modeling approaches would appear perfectly
adequate for ERDAC purposes. During other periods not selected for their high

probability of CMRs, this percentage would even be significantly higher.

Precipitation is highly spatially variable. The on-site raingauge, while cer-
tainly useful, does not give indications of significant rainfall events
occurring within 10 or 50 miles of the sites. These can cause local wind and
stability perturbations that can be misinterpreted as marine weather effects if
their presence is not recognized. Therefore, using the radar data available
both from the hourly national radar summary maps and the WSI MDR composites, plus
the hourly surface reports from area stations, a code to alert the analyst to
possible precipitation system interactions was devised and is shown in Table

4-6.

Of prime interest to this effort are the characteristics of the lower PBL at
each site during periods of onshore flow, TIBL and plume trapping conditions in
particular. Table 4-7 lists the indicator codes covering these events and which

can be used to sort and retrieve the appropriate hourly observations.

4.3 Onshore Flow Periods

Since periods of onshore flow were the primary interest of this study, their
occurrence was cataiogued. For the purposes of this report, onshore flow is
defined as a 33 ft Shoreham West tower wind direction between 270° and 070°
inclusive. Table 4-8 highlights all hours during the project in which onshore

flow was noted (direction in tens of degrees). Dashes are used to indicate

4-10
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TABLE 4-4

NUMBER OF DAYS WITH COASTAL

MESOSCALE REGIMES AT

SHOREHAM WEST TOWER

Land Breeze

Sound Breeze

Confluence Zone

Atlantic Sea Breeze

Onshore Flow & Fumigation

Onshore Flow & Plume Trapping

Thunderstorms Nearby

4-11
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TABEL 4-5(continued)
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None
None
None
None

None

TABLE 4-6

PRECIPITATION CHARACTERIZATION INDICATOR CODES

at Site, nor within 80km

at Site, but showers within 16-80km

at Site, but Thunderstorms within 16-80km
at Site, but Showers within i6km

at Site, but Thunderstorms within 16km

Light rain, Drizzle at Site

Moderate Rain, Shower at Site

Probably Thunderstorm at Site

No Data Available

TABLE 4-7

TIBL/PBL CHARACTERIZATION INDICATOR CODES

No TIBL

TIBL

- Onshore - Surface based

TIBL - Onshore - Elevated base

TIBL

- Atlantic Sea Breeze/Gradient

Elevated Inversion/Plume Trapping

Information not available
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where data were missing or possibly erronecus, but onshore flow could be
reasonably assumed from other indicators. The rumber of hours of onshore flow

per day, as well as per hour of the day for each time block, are indicated 1in
Table 4-8. When plotted in graphical form (Figure 4-2) the impact of Long

Island Sound on the wind direction at Shoreham during this period becomes highly
evident. At 1700Z, 53 of the 70 project days (76%) had onshore flow.

The minimum number of gaishore flow hours (8, or 11%) occurred only 7

hours later (0000Z). This appears to be the impact of the Atlantic Sea Breeze

(or its remnant southerly flow) reaching the site and terminating the sound breeze.
A total of 728 hours of onshore flow were observed durina the project. The

number of occurrences at 17002 was 562% higher than at 0000Z. This is perhaps one
of the more striking examples of diurnally induced local wind regimes at mid-
latitudes that the author has observed. Though the sound breeze is indeed

weaker and shallower than its oceanic and Great Lakes counterparts, if the
prevailing syncptic flows are sufficiently light, it can be a persistent and

repeatable phenomenon.

Figure 4-3 is another representation of Long Island Sound induced or augmented
onshore flow regimes at Shoreham. The initiation of the onshore flow is given
by a "0", and its termination by an "X". Some of these episodes were as short
lived as four hours. Note also the large number of events in which the onshore
flow was pre-existent at 1200Z. These represent either ridge/trough line
passage sound breezes, or gradient northerly flows which are countervened by the

advancing Atlantic Sea Breeze.

Table 4-9 suggests that on most days, if an onshore flow is not established by

1700Z, it is unlikely that an onshore wind shift will occur during the afterncon.
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TABLE 4-B(continued)
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NUMBER OF HOURS OF ONSHORE FLOW
AT _THE SHOREHAM WEST TOWER
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FIGURE 4.3

. TIMES OF ONSET [0] OF ONSHORE FLOW REGIMES AND TIMES
OF BREAK DOWN [X]) AT SHOREHAM WEST TOWER
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TABLE 4-9

TIMES OF ONSETS OF SOUND BREEZES,
CONF LUENCE ZONES, AND ONSHORE GRADIENT
FLOWS REVERSED BY ATLANTIC SEA BREEZES

HOUR ENDING [Z-TIME)

<12 12 13 14 15 16 17 18 19 20 21 22 23 00
24 2 5 3 7 2 1 0 0 0 0 0 0 o0
TABLE 4-10
TIMES OF BREAKDOWN OF ONSHORE
FLOW REGIMES
<12 12 13 14 15 16 17 18 19 20 21 22 23 09
0 c ¢ 0 0 0 1 1 6 6 9 12 6 3
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Thundersiorm mesosystems can obviously countermand this “rule of thumb", Also,
onshore flow breakdown does not generally occur before 19007, but becomes rapidly
and increasingly likely thereafter, with a peak in reversals to offshore being
noted at 22007 [Table 4-10]. In many of the later afternoon cases, it could be
questioned whether or not an active ASB front had actually impacted Shoreham.
This is said because by this late in the day, sun angles were often very low.

In fact, tower stabilities frequently indicated neutral to stable conditions on
both sides of the ASB “front". However a clear wind shift was in evidence.

This could however be resulting from an “inertial" remnant of the ASB. This
low-speed southerly flow across Long Island was often noted to persist well into
the night, often against weak northerly gradient flows. This may in fact be a
distinct and previously unrecognized CMR. It tends to mimic, and perhaps become

absorbed into, a true land breeze as the night wears on,

4.4 Water Temperature

Water temperatures over lhe Atlantic Oc:an and especially LI Sound are of impor-
tance to interpreting local diurnal wind flows and low level PBL structure
during onshore flow. Unfortunately, such data are not always routinely
acquired. For this program, several sources were utilized, including satellite
IR surveys (see Figure 3-5 and Appendix D), light tower and buoy data, and some
data taken about 1 mile offshore from the Shoreham plant as part of the
preoperational aquatic ecology study. Table 4-11 summarizes these da2ta. The
satellite-derived Sea Surface Temperature (SST) for LI Sound agree quite well
with tne in-situ measurements. As appears to be climatologically normal, the

Sound water temperature had reached its maximum by the start of the program, and
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DATE

Apr

28

May 26

Jun

Jul

Jul
Jul
Aug
Aug
Aug
Sep
Sep

Sep

(1)

(2)
(3)

09
01

Source:

Shoreham Nuclear Power Station.

Maximum and minimum temperatures reported are shown,

TABLE 4-11

L1 SOUND AND OCEAN WATER SURFACE TEMPERATURES

S A T E L L

I T E

LI SOUND 40°N/72°W 3UOY 44003

8.
12.
.0°

12

17.

18.
.0°

22

21,
21.
19.
19.
20.
18.

o.
50

70

80

-
&
o
"
-
o

10.
13.
11.
18.

19.
24.

23

22.
4
20.
.0°
19.

21

21

5.
00
80
]O

30
00

.0°

30

90

5.0
8.5
9.6
8.0

13.0°
17.%°
18.5°
16.0
15.0
15.5
15.0
15.5

SI1TU

sHoREHAM (1)

8.7°
14.8°
18.0°
20.5°
19.9°
22.5°
N/A
22.0°
20.6°
20.7°
21.7°
20.2°

(1981)
(198.)
(1981)
(1981)
(7/6)

(7/28)

(8/18)
(9/2)
(9/9)
(9/15)
(9/20)

BuoY 44003(?)
N/A
N/A
N/A
N/A

N/A
16.1°/11.7°
18.9°/12.2°
18.9°/13.3°
15.6°/14.4°
15.6°/13.9°
17.2°/14.4°
16.1°/15.0° (%

Geomet Technologies, Inc., Preoperatiunal Aquatic Ecology Study,

Sept. 20 data.
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TABLE 4-12

MEASURED WATER AND AIR TEMPERATURES (C®)

. BOUY 44003 _ AMBRUSE TOWER _
‘——_T'CS ’ (Ta-Tw) 00z 062 122 182
| DATE[ MAX [ MIN | MAX T MIN Ta| Tw ]| Ta w| Ta]| Tw]| Ta -
gs 13.3]11.7/ +4.4 +1.11]121.7} 21.7, 20.6{ 21.7] 25.0[ 21.7
16 17.J 11.7 *3.4 -0.6 22.2 21.* 21.7121.71 22.8 21.7
17 1 16.1/ 11.7] +5. *Z.jl 23.31 21.7 22.2[ 21.7
18 13.ﬂ 11.7] +6.6 *2.4, 23, ZI.A 23.31 21.7
19 1‘.J711.7 +6.6 *3.4 26.71 21.71 23.9] 21.7] 30.6| 22.
20 | 16.1/ 11.1] +6.1 42.4 26.7| 22.8 25.6L22.
21 115.0(11.1 46.& -0.6[
22 | 16.7111.1}] +3.3( -2.2 21.7| 22.8
23 | 13.3/17..6{ +5.5{ +1.7 25.6 22.47 23.31 22.8
24 1 13.3[11.1] +5.5/ +1.1}] 25.6 22.& 23.3 22.4
25 {17.2/11.1] +6.1]{ +0.6 21.1 22.4722.g,23.9 23.9] 23.
26 [ 11.71 11.1] +5.0[ +2. 23.3] 23.9 22. 23?J>23.9 23.9'26.7 23.9
27 | 16.7{11.1] +3.3] -1.1 22.3 23.9[
28 | 16.1/ 11.7] +4.4] +1.1{| 23.3] 23.9| 23.3] 23.9
29 22.8 23.9/21.1 23.&
30 | 13.3/11.7| +5.0{ +1.7 22.8 23.4 23.3 23.9
31 | 16.7111.7] +5.5( +0. 6 21.7] 23.9| 20. A23.d}20.0 23.91 22.8 23.9|
riuf 18.9/ 14.4] +5.0{ -1.1 22. 23.J>22. 23.
2 118.9{12.2/ +6.1] -1.71|26.7] 23.9|
3116.7112.2 +3.3] -1.1]24.4 23.J 22.8 23.9
B 18.9112.&*2.&-2.& 22.2] 23.9
| | I | 1
5120.0]14.4 +2.8 -2.8/| 22.8 23.9 | 21.7] 23.9]
6|19.4 13,3/ +2.8 -1.7 25.0!25.d
7118.3 16.4/ -0.6] -2.2|| 22.8 23.9 21.7 23.4
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MEASURED WATER AND AIR TEMPERATURES (C*)

[ B0UY 44003 AMBROSE TOWER
0 FI’T:-T- 002 062 122 182

| pATE[WAX TWIN [WAX [MIN ] Ya] Tl Ta] Tw] Ta] Tw| Ta] Tw
Ua la.ﬂu.q +3.9 -1.7 23.9/ 21.1] 23.9] 20.0 23.9| 23.
o |17.213.3 5.5 +2.2{| 23.0] 22.8 23.9 2.2 23.9 22.4]
10 | 15,00 13.3] +6.1] +3.9) 23.9] 22.4 23.9 2.2
11 | 16.1] 12.8 +5.0 +0.6/| 23.9] 23.9| 23.9 22.8
12 |17, 129 +2.8 -3.3| 23.9 17.4 23.9] 19.4
13 [17.8 13,3 +1.7 -1.1] 23.9 23.3] 23.5] 20.0] 23.9] 20.0)
10 | 16,1 13,9 +3.9 -o. 23.9| 20,0 23.9| 20.6] 23.9 22.2
15 | 16,1 13,9 +3.9 o 23.9] 23.3
16 | 16.713.3 +3.9 -0.6 23.9] 21.1] 23.9] 25.0
17 |17, 133 +5.0 +1.1]| 23.9] 23.9 23.9 21.1
18 |17.412.8 +5.5 o 23.9 21.1] 23.9 21.1
19 | 16,9 13.3] +3.3 -2.2 23.9] 21.1
20 | 17.8 13.3 6.6 +1.1
21 | 13.9] 12.8 +5.0] +2.2
22 | 18,3 12.8 +1.1] -3.9) 23.9 14.4] 23.9/ 18.9

| 23]18.3 13.9 +5.0 0 23.9] 18.9|
24 | 16.713.9 +4.4 +0.8 21.1] 21.1 21.1 22.
25 | 15.0013.3 6.1 +1.1 22.2] 22.2| 22.2| 21.1] 22.2] 25.6
26 | 14.4/13.3] +5.5] +1.1 22.218.3
27 | 16.4{ 13.3 +2.8 +0.6l| 21.1f 22.2
28 | 15.0 13,9 +3.3 -0.6| 21.1] 20.6
29 | 15.0{ 13,9 o |-1.11]21.1] 20.6 21,11 16.1] 21.1] 12.9] 20.0] 16.1
30 | 15,00 10,4 +1.1] -1.1] ] 20.0] 16.1] 20.0] 15.0 20.0| 18. 3
31 | 15,6/ 14.4 +2.8 -0.6| 20.0] 18.9)
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MEASURED WATER AND AIR TEMPERATURES (C*®)

[ 50UY 44003 AWBROSE YOWER
e (Ta-Tw) 002 062 122 182
%Ax MIN | MAX [ MIN Ya| Tw| Ta] Iw]| Ta] Tw]| Ta]| Tw

1]15.6]14.4 +3.3] +2.2 20.0 19.4 99.9] 18.3] 20.0] 20.
2| 15.6 13,0 +4.4 +2.2 20.0| 18.3 20.0] 18.

3| 16.1] 13.9] +5.8 +2.8]| 20.0 18.9)

o 16,10 133 +3.3 +0.6| 20.0] 22.2 20.0] 15.0{ 20.0] 20.0
s | 16.713.3+3.3 o || 20.0 21.1 15.0| 15,6 15.0 20.6
6| 16.1 13.9 +1.7 +0.8

7 | 16.1] 13.9 +1.7] -0 15.0] 18.3

6| 15.613.9 +1.1 -0.6| 15.0] 18.3 15.0] 21.7
9|15.6 14.4 +0.6] -1.7 15.0 16.7

10 | 15.6 14.4/ +1.7] +0.6| 15.017.

11 | 15.6] 14.4] +2.2{ +1.2f | 17.2{ 19.4/17.2[ 21.7
12 | 16.7 144/ +1.7 0 17.2 21.1{ 17.2] 20.§

13 | 17.2/ 14.4/ +2.2 o0 18.9] 20.0|

18 |17.2 14.4/ +2.<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>