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EXECUTIVE SUMMARY

INTRODUCTION

1. BACKGROUND

This report provides an analysis of the experiments that were conducted to evaluate the
AN/APS-137 Forward Looking Airborne Radar (FLAR) for its effectiveness in the U.S. Coast
Guard (USCG) maritime search and rescue mission. The objectives of the AN/APS-137 FLAR
evaluation are to:

a.  Establish the seurch and rescue capabilities of Coast Guard HC-130 aircraft equipped
with the AN/APS-137 FLAR,

b. Comgpare the AN/APS-137 FLAR performance to that of the AN/APS-127 FLAR, and

c.  Develop operationally realistic sweep widths and search guidance which search
planners can use to conduct effective search and rescue missions under a variety of
coaditions.

The AN/APS-137 FLAR was evaluated onboard Coast Guard HC-130 fixed-wing aircraft
from Coast Guard Air Station Clearwater, Florida. Two experiments have been conducted to
support this evaluation. The first was conducted from 30 March to 10 April 1992 in the coastal
waters off the west coast of Florida from Waccussa Bay to Gasparilla Island. The second was
conducted from 21 September to 9 October 1992 in the waters of Lake Erie. This report discusses
the detection performance of the AN/APS-137 FLAR agains: 4-, 6- and 10-perso- life rafts and
against small boats.

The evaluation was conducted by the USCG Research and Development (R&D) Center as
part of the Improvement of Search and Rescue Capabilities (ISARC) Project.
2. HC-130 AN/APS-137 FLAR SYSTEM DESCRIPTION

The HC-130 is a long-range surveillance aircraft used by the USCG for search and rescue,
iceberg detection, law enforcement, fishery patrols, and marine environmental protection. The




AN/APS-137 FLAR was developed by Texas Instruments to detect small targets in a sea clutte-
environment. The AN/APS-137 FLAR is an X-band, air-to-surface Inverse Synthetic Aperture
Radar (ISAR) that provides high resolution, small-target detection, weather avoidance, sea
surveillance, and Doppler display. The FLAR system has special selectable features that enhance
system performance against weak targets. These features are used to determine the search
capability of the AN/APS-137 FLAR to detect life rafts anc srnall boats. These features are:

« Periscope Search Mode -- This mode is designed for low altitude (3000 feet or lower),
short range [32 nautical miles (nmi) or less)], high resolution searches with an antenna
scan speed of 300 revalutions per minute (rpm) and a pulse repetition frequency (PRF)
of 2000 Hz. In this mode, sea c.datter is significantly reduced, and the target returns are
amplified to be more easily seen.

« Antenpa Tilt Contro]l -- Provides automatic or manual variation of radar antenna
depression/elevation. Automatic tilt control sets the optimum depression/elevation angle
based on aircraft altitude and range scale.

« Groupnd Stabilized Display Mode -~ This mode enables sea clutter suppression and is the

best mode for small-target detection. Stationary or slow-moving target returns remain at
a constant position on the Plan Position Indicator (PPI) while the aircraft moves across
the screen.

» Range Scale -- Larger range scales allow the target return to be on the screen longer.
Smaller range scales allow for easier detection of short range, weak target retums. The
16- and 32-nmi range scales were the primary range scales used for this experiment. The
8-nmi range scale was used to a very limited extent to help evaluate the limits of the radar.

3. APPROACH
Data were collected using operational Coast Guard aircraft with crews trained in
AN/APS-137 FLAR use. Standard search patterns were used to search for randomly-placed

targets withir: the search area. The search crews were not alerted to target locations.

A Differential Global Positioning System (DGPS) was used to monitor target and search
aircraft positions. These positions were recorded on a laptop computer and on data logs

maintained by test team observers. Target detections made by the radar operator were logged by




the observer onboard the search unit for the first experiment and by an automated data logging
system for the second experiment. Human factors were logged by an observer for both
experiments. Environrnental data were logged onboard chartered work boats. Environmental data
buoys were deployed in the experiment area to record winds, sea conditions. and air and water
temperatures.

Data reccnstruction was performed to determine which target detection opportunities resulted
in actual detections and at what lateral range each opportunity occurred. Raw data files were
developed that included each target detection or missed opportunity along with ths values of
13 search parameters of interest for each target opportunity. ™hese data were analyzed on a
desktop computer using a variety of statistical techniques including binary multivariate regression
analysis. Lateral range versus target detection probability plots and sweep width estimates were
developed for search conditions that were well represented in the data. The search parameters were
analyzed for their significance at the 90-percent confidence level.

Human-factors data were compiled and analyzed quantitatively where possible. Subjective
comments by search unit crews and data recorders were synopsized and incorporated into the
Conclusions and Recommendations chapter of this report.

RESULTS, CONCLUSIONS, AND RECOMMENDATIONS

1. KESULTS

A total of 401 life-raft and 584 small boat :tection opportunities were geneiated during the
[Fall 92 experiment. These were combined with the 507 life-raft detection opportunities generated
during the Spring 1992 experiment. Table 1 provides a summary of the distribution of the
detection opportunities, by target type, for the combined Spring 92 and Fall 92 experiments.
Enviroamental and search parameters represented in the data are listed in table 2.

Table 1. Summary of Distribution of Target Detection Opportunities by Tarzet Type

4-peyson 6-person 10-person Small Boats
Kange Scale Life Raft Life Raft Life Raft 20 - 35 ft
16 59 317 309 332
32 9 124 90 252




Table 2. Environmental and Search Parameters

Measured
Parameter Unit of Measure Range of
Values
Target type life raft 0
small boat  wood =2, 2,3,4
fiberglass =3,
metal =4
size capacity for life rafts 4,6,10
length overall (ft) for small boats 20t035
lateral range nautical miles 0to 294
SRU search speed knots 180 to 220
search altitude feet 1000, 1500, 2000
range scale nantical miles 8, 16, 32
relative bearing degrees -120 to 120
Environment | precipitation none(0)/light(1)/moderate(2)/heavy(3) 0,1
significant wave height | feet 1.0 to 3.6
whitecap coverage none(0)/light(1)/moderate(2)/heavy(3) 01,2
relative wave direction | into wave direction (+1)
across wave direction (0) -1,0, 1
away from wave direction (-1)
wind speed Knots 1.0to 15.2
Human Factor| time on task hours 0to 5.5

There was no significant difference in detection performance between the life-raft types or
between the Spring 92 and Fall 92 data sets; therefore, the Jife rafts were all evaluated as one data

set.

Lateral range plots and sweep width estimates were developed for the life rafts and
small boats. Besides lateral range, other significant variables were identified as follows along
with their associated data set groupings:

« Life Rafts
- Range scaje {16 and 32 nmi}, and
- Wind speed {(1) 1 to 8 knots, and (2) 8.1 t5 15.2 knois}.
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«  Small Boats
- Range scale {16 and 32 nmi},
- Size { (1) 20 to 25 feet, and (2) 26 to 35 feet}, and
- Wind speed {¢1) 1 to 8 knots, and (2) 8.1 to 15.2 knots}.

There were insufficient data to determine whether or not the hull composition of the smail
boats was a significant factor. The preliminary results indicate that it is not significant in
determining the detections nerformance of the AN/APS-137 FLAR.

Although lower search altitudes were expected to improve detection performance in higher
seas, search altitude was not identified as a significant variable. Lower search altitude was
coincident with increasing significant wave height with the effect of one countering the other.

2. CONCLUSIONS -- LIFE RAFT DETECTION PERFORMANCE

. The significant variables for AN/APS-137 FLAR detection performance for life-raft
targets are:
- Radar range scale (the dominant variable),
- Lateral range, and
- Wind speed.

* The life-raft detection data for the AN/APS-137 FLAR show a notable decrease in radar
detection performance for wind speed conditions from 8.1 to 15.2 knots.

« The 32-nmi range scale detection performance is significantly worse than the 16-nmi
range scaie. There were only 12 deiections from 223 opporiugiiics using the 32-nmi
range scale. This low performance was most likely caused by the degradation in display

. resolution changing from the 16-nmi range scale to the 32-nmi range scale.

+ The AN/APS-137 FLAR, overall, performed better than the AN/APS-127 FLLAR for
significant wave height conditions between 2.1 and 3.6 feet and comparable to the

AN/APS-127 FLAR for significant wave heights less than or equal 2.0 feet.

* The AN/APS-127 FLAR on the 20-nmi range scale performed slightly better in the
interval 14 to 16 nmi than the AN/APS-137 FLLAR on the 16-nmi range scale in the

XV




same range interval. This is likely due to the difference in on-screen time of the
14- to 16-nmi interval between the 16-nmi range scale and the 20-nmi range scale
displays.

* Nearly all of the life raft detections were made within 30 to 45 degrees of the aircraft
heading with a slight decrease in detection performance off the nose of the aircraft (000
deg relative). The time that the target stays on the screen appears to be the major factor in
detection performance.

3. CONCLUSIONS - SMALL BOAT DETECTION PERFORMANCE

* The significant variables for AN/APS-137 FLAR detection performance for small boat
targets are:
- Lateral range (dominant variable),
- - Range scale,
- Size, and

- Wind speed.

» There is a notable increase in detection of small boats greater than 25 feet. This may be
due to the likelihood of boats larger than 25 feet having a deckhouse or superstructure
which provides a larger radar cross-section than most boats smaller than 25 feet.

» The AN/APS-137 FLAR is able to detect small boats beyond 16 nmi for all environmental
conditions encountered during the experiment. There does not appear to be a substantial
degradation in detection performance at ranges within 16 nmi when using the 32-nmi

range scale.

» The AN/APS-137 FLAR detection performance against 23- 10 30-foot small boats is
markedly improved over that of the AN/APS-127 FLAR for the 16-nmi range scale in
higher sea conditions (2.1 to 3.6 feet). The performance of the AN/APS-137 FLAR is
comparable or only marginally better than that of the AN/APS-127 FLAR for all other
tested conditions.

* Radar operators have some difficulty distinguishing a weak contact from a persistent sea
return.
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* Small boat detections were made primarily in front of the aircraft. The data set is small,
however, and the performance versus relative bearing analysis cannot draw any definite
conclusions.

4. RECOMMENDATIONS FOR AN/APS-137 FLAR SEARCHES FOR LIFE
RAFTS

» The sweep widths in table 3 should be used to represent the detection performance of the
AN/APS-137 FLAR against 4-, 6- and 10-person life-raft targets.

» The 16-nmi range scale in periscope mode should be the primary range scale and mode
used when searching for life rafts. The 32-nmi range scale should never be used for
life-raft searches. The 32-nmi range scale degrades detection performance for life rafts at
all lateral ranges, possibly due to degradation in the screen resolution. There were
life-raft targets detected beyond 8 nmi, even for the higher wind speed and higher
significant sea height conditions. For this reason, the 8-nmi range scale should be used
only briefly to investigate a target.

* The radar operator should turn the heading cursor off when searching for life-raft targets.

Table 3. Sweep Widths for 4-, 6- and 10-Person Life Rafts Using the AN/APS-137 FLAR

Range Scale "'Wind Speed Sweep Width
(nmi) (knots (nmi)
10w R0 8.8
16 8.1 10 152 38




RECOMMENDATIONS FOR AN/APS-137 FLAR SEARCHES FOR SMALL
BOATS

¢ The sweep widths provided in table 4 should be used for 211 AN/APS-137 FLAR
searches for small boats from 20 to 35 feet in overall length.

* The total detection performance, as reflected in the sweep width values, on the 32-nmi
range scale was comparable to that on the 16-nmi range scale. The choice of range scales
for small boat searches can be left to the operator. However, we recommend the use of
the 32-nmi range scale which has the advantage of greater target integration time,

GENERAL RECOMMENDATIONS FOR AN/APS-137 FLAR SEARCHES

* The AN/APS-137 FLAR operator should reposition the sweep origin to maximize the on-
screen time for weak or close aboard contacts. Based on the results, the operator should
not allow more than one-quarter of any part of the radar range scale display to go off the
screen.

* Radar operators should not concentrate all of their efforts to within one track spacing but

should always search to the end of the range scale.

Table 4. Sweep Widths for Small Boats ( 20 to 35 feet) Using the AN/APS-137 FLAR

Range Scale Size ~Wind Speed Sweep Width

(nmi) (ft) (knots) (nmi)
20-25 8.0 17.7

16 8.11t015.2 8.4

25to0 35 £ 8.0 20.9

8.1t015.2 17.2

20-25 <80 15.4

32 8.1to 15.2 N/A

2510 35 <£8.0 25.6

8.1to 15.2 17.8




* When conducting searches for weak or small targets, the operator should tumn the heading
cursor off. Since a large portion of the detections are made in front of the aircraft,
leaving the cursor on may actually hide close aboard, weak contacts.

» For long searches, rotate the operator after the first hour and then every one to
. two hours afterward.

* Develop operator training exercises which use real identifiable targets in the raft and small
boat categories to provide positive operator "feedback".

* Equip Coast Guard search radars with weak target location and discrimination capabilities
that assist the operator and which do not interrupt the search process.

7. RECOMMENDATIONS FOR FUTURE RESEARCH

* Fuiure experiments should include data to determine the effects of altitude on detection

b performance under various environmental conditions.

- * Both low and high significant wave height (H;) data are needed to fully investigate the
- effects of Hs on detection performance.

* The data collected for the AN/APS-137 FLAR does not contain sailboat data. FFuture
experiments shouid include sailboats as targets.
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CHAPTER 1
INTRODUCTION

1.1 SCOPE AND OBJECTIVES

This report is the third in a series that documents the U.S. Coast Guard (USCG) Research
and Development (R&D) Center evaluation of the AN/APS-137 Forward Looking Airborne Radar
(FLAR) capabilities for search and rescue missions. During the Spring 1991, a preliminary
evaluation was conducted off the coast of Newfoundland, Canada, to help establish the experiment
parameters {o be used during future experiments. Two experiments, described in section 1.3, have
been conducted to support this evaluation. Coast Guard HC-130 long-range surveillance aircraft
were equipped with the AN/APS-137 FLAR during searches for small to medium size boats
and 4-, 6- and 10-person life rafts.

This evaluation of the AN/APS-137 FLAR is part of the R&D Center's Improvement of
Search and Rescue Capabilities (ISARC) Project. Project objectives are to improve search
planning and execution and to evaluate visual and electronic search methods, leeway drift, ocean
current drift, and visual distress signals. Specific objectives of the AN/APS-137 FLAR
evaluations are to:

1. Establish the search and rescue capabilities of Coast Guard HC-130 aircraft equipped
with the AN/APS-137 FLAR,

2. Compare the AN/APS-137 FLAR performance to that of the AN/APS-127 FLAR, and

3. Develop operatmnally realistic sweep widths and search guidance which search

planners can use 1o conduct effective search and rescue missions under a variety of

conditions.
1.2 HC-130 AN/APS-137 FLAR SYSTEM DESCRIPTION
The HC-130 is a long-range surveillance aircraft used by the USCG for search and rescue,
iceberg detection, law enforcement, fishery patrols, and marine environmental protection. The
AN/APS-137 FLAR is an X-band air-to-surface Inverse Synthetic Aperture Radar (ISAR)

developed to provide high resolution, small target detection, weather avoidance, sea surveillance,
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and Doppler display. The AN/APS-137 FLLAR was developed by Texas Instruments to detect
small targets in a sea clutter environment. Detailed information and principals of operation can be
found in references 1 and 2. This experiment used th= following features to determine the search
capability of the AN/APS-137 FLAR for life rafts and small boats.

s Periscope Search Mode -- This mode is designed for low-altitude (3000 feet or lower),
short-range [32 nautical miles (nmi) or less], high-resolution searches with an antenna
scan speed of 300 revolutions per minute (rpm) and a pulse repetition frequency (PRF)
of 2000 Hz. In this mode, sea clutter is significantly reduced, and the target returns are
amplified to be more easily seen.

« Antenna Tilt Control —~ Provides automatic or manual variation of radar antenna
depression/elevation. Automatic tilt conirol sets the optimurmn depression/elevation angle
based on aircraft altitude and range scale.

* Ground Stabilized Display Mode -- This mode allows sea clutter suppression and is the
best mode for small-target detection. Statjonary or slow-moving target returns remain at
a constant position on the Plan Position Indicator (PPI) while the aircraft moves across
the screen.

* Range Scale -- Larger range scales allow the target retwrn to be on the screen longer.
Smaller range scales atlow for easier detection of short range, weak target returns. The
16- and 32-nmi range scales were the primary range scales used for this experiment. The
8-nmi range scale was used to a very limited extent to help evaluate the limits of the radar.

1.3 EXPERIMENT DESCRIPTION

The first of two experiments that were conducted to support this evaluation was conducted

in the coastal waters off the west coast of Florida from Waccussa Bay to Gasparilla Island from
30 March to 10 April 1992. The second was conducted from 21 September to 9 October 1992 in
the waters of Lake Erie. The following sections describe these experiments.




1.3.1 Participants

The USCG R&D Center, Avery Point, Groton, Connecticut, conducted and controlled the
AN/APS-137 FLAR evaluation during the Spring 1992 and Fall 1992 experiments. A full team of
USCG R&D Center personnel and personnel from Analysis & Technology, Inc. (A&T), the prime
contractor, were responsible for the overall conduct of the experiment, that included the following:

* Equipment installation, operation, and maintenance,
- MINIMET™ meteorological buoy
- Differential Global Positioning System (DGPS) tracking systems
e Workboat coordination,
~ Aircraft coordination,
+ Communications and Control,
* Data collection, and
* Logistics.

1.3.1.1 Florida Experiment, Spring 1992

During the Spring 1992 experiment, the USCG Air Station Clearwater provided an
HC-130 aircraft equipped with the AN/APS-137 FLAR, the flight crews, and all of the necessary
technical and administrative support personnel. Air Station Clearwater also provided a mobile
communications trailer that functioned as R&D Control. All experiment-related communications
were relayed to R&D Control by the Coast Guard Group St. Petersburg.

The Group St. Petersburg Aids-to-Navigation Team and Electronics Shop supported the
DGPS instaliation at the radio beacon tower at Egmont Key. The Group Comuiunications Division
also provided communications support for all experiment participants.

Three separate commercial companies subcontracted workboat services to deploy the life
rafts. Each workboat included a qualified Captain and a crew member. A field team coordinator
was also on board each workboat to record target pasitions and to assist in target deployment and
recovery. The LCM "Seahorse” out of Venice, FL, and the Townsend, Inc. tug out of
Yankeetown, FL, deployed the MINIMET ™ environmental buoys.
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Table 1-1 lists the aircraft and boat resources used during this experiment.
Table 1-1. Spring 1992 Aircraft and Boats

Type Location Name/Designation
CG-1716
AIRCRAFT USCG Air Station Clearwater CG-1416
CG-1720
ol Riv : Wantabe
Crystal River, Florida Doghouse
St. Petersburg, Fiorida Terri Lynn
BOATS Jumpin'Jack Flash
Venice, Florida Blue Seas I
Black Jack (I

1.3.1.2 Lake Erie Experiment, Fall 1992

During the Fall 1992 experiment, the USCG Air Station Clearwater, FL provided the
HC-130 aircraft equipped with the AN/APS-137 FLAR. The aircraft staged out of Burke Airport,
Cleveland, OH, for the duration of the experiment. USCG Station Cleveland Harbor, OH,
provided facilities to support R&D Control. USCG 3tation Fairport Harbor, OH, provided
facilities for set-up and tear-down of the meteorological buay. USCG Station Fairport Harbor and
the Ninth District Electronics Shop supported the DGPS installation at the Fairport Harbor Light
House.

Two workboats were hired to deploy life-raft targets. An R&D Center coordinator on board
each workboat recorded target positions and assisted in target deployment and reirieval.
Thirty-two CG Auxiliarists and Canadian CG Auxiliarists volunteered their time and their personal
boats to serve as targets. Each CG Auxiliary boat had at least one auxiliarists crew member.
Several of these boats were also asked to deploy and retrieve life rafts. The Salvage Chief
deployed and retrieved the MIN IMET™ environmental buoy.

Table 1-2 lists the aircraft and boat resources used during this experiment.
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Table 1-2. Fall 1992 Aircraft and Boats

"DEPLOYMENT
TYPE LOCATION NAME/DESIGNATION
AIRCRAFT USCG Air Station Clearwater CG-1720
Cleveland, Dhio Rum Runner Angie
High Hopes J-Sea
Moming D. Phanta-C
Kelly Lynn Boots
My Sanity Sea Wolf
Fairport, Ohio Ilini Val Jimimi
BOATS Ashtabula. ©hio Carols Pride Shepard
Dragonfly 1-2 Crew
e Catherine L. Gu-Bee
Esie, Peiz v aia Eights-Enuf
Queen Ellie [ 'gg .]i.‘?gcy I.
Good Time Charlie
Port Stanley, Catario Blue Fin Run About
CG 1080
. o Seanile Stardust
Leamington, Ontario ‘Ann Teak Boomerang
Stocks & Blondes  Plug Nickle I
Dorothy Sea Loop Hole

1.3.2 Exercisz Area

i.3.2.1 Spring 1992 Exercise Area

The search area covered 4800 square miles and consisted of a northern and southern area
separated by the Tampa Bay Safety Fairway. Figure 1-1 depicis e orientation of the search area.
The northern area was a 40- x 80-nmi area centered at 28°25.0'N, 83°23.0'W along a major axis of
000°T. The southern arza was a 40- x 40-nmi area centered at 26°55.0'N, 83°03.0'W along a
major axis of 155°T. Each area was further divided intc workboat sectors, and each of the six
workboats was assigned a sector for distributing the targets. Life-raft targets were deployed
throughout each sector according to random settings to cnsure a near-uniform target density
throughout the search area.
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Figure 1-1. Spring 1992 Search Area and Aircraft Search Plan
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An operations center (R&D Control) was established at Air Station Clearwater.
R&D Control was responsible for search and rescue unit (SRU) and workboat coordination and
supervision. When delays in the commencement of the search were encountered, R&D Control
moved the western edge of the search area east by 10 nmi for every hour of delay. After a 4-hour
delay, the exercise was canceled for the day.

1.3.2.2 Fall 1992 Exercise Area

The search area for the Fall 1992 experiment covered 3200 square miles and consisted of the
main body of Lake Erie. Figure 1-2 depicts the search area for the Lake Erie experiment. The
search area was 100 nmi long and 38 nmi wide. The width of the eastern section of the area was
shortened to avoid conducting searches over land. The search area was divided into six sectors
corresponding to the six CG Auxiliary deployment locations. These sectors were used to optimize
the deployment of the auxiliary vessels and to minimize interference between boats and life rafts.
Life rafts were deploved throughout the exercise area in a random distribution to ensure a
near-uniform target density throughout the search area. The CG Auxiliary boats and workboats
operated out of their respective ports as indicated in table 1-3.

An operations center (R&D Control}) was established at CG Station Cleveland Harbor.
R&D Control was responsible for SRU and workboat coordination and supervision. When
delays in the commencement of the search were encountered, R&D Control canceled one of the
racetrack searches for each hour of delay. After a 2-hour delay, the exercise was canceled for the
day.

1.3.3 Targeis

There were thiee types of life rafts used during these experiments. There were 4-, 6- and
10-person life rafts and all were equipped with canopies. The six workboats used to deploy the
life rafts in the Spring 1992 experiment loitered inside the search area during the search and weie
evaluated as medium-sized targets of opportunity. During the Fall 1992 experiment, assigned
auxiliary boats and two workboats deployed life rafts and then proceeded to designated positions
as targets for the duration of the search. All small hoat targets were directed to make no wake
during the times the aircraft was searching. Table 1-3 lists the targets and their descriptions.
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Table 1-3. Targets Used During AN/APS-137 FLAR Field Experiments

Target Des‘ination Size Principal Experiment
Type (feet)* Material / Location
ants - — — —
Cuddy Cabin Rum Runner 23 Fiberglass Cleveland, OH
Phanta-C 24 Fiberglass Cleveland, OH
Sea Wolf 26 Fiberglass Cleveland, OH
Moming D 22 Fiberglass Cleveland, OH
Kelly Lynn 21 Fiberglass Cleveland, OH
My Sanity 28 Fibcrglass Cleveland, OH
Angie 22 Fiberglass Cleveland, OH
Dragonfly 22 Fiberglass Ashtabula, OH
Shepard 23 Fiberglass Ashtabula, OH
Queen Eilie II 23 Fiberglass Erie, PA
The Lady J. 18 Fiberglass Erie, PA
Stardust 23 Fiberglass Leamington, Ont
With Deck Boots 26 Wood Cleveland, OH
House Mini 35 Wood Fairport, OH
Catherine L. 35 Wood Ashtabula, OH
1-2 Crew 35 Fiberglass Ashtabula, OH
GU-Bee 35 Fiberglass Ashtabula, OH
Good Time Charlie 30 Fibergiass Erie, PA
Blue Fin 30 Fiberglass Port Stanley, Ont
CG 1080 25 Fiberglass Port Stanley, Ont
Run About 30 Port Stanley, Ont
Ann Teak 31 Wood Leamington, Ont
Stocks & Blondes 32 Metal Leamington, Ont
Loop Hole 30 Fiberglass Leamington, Ont
With Flying High Hopes 34 Fiberglass Cleveland, OH
Bridge Val Jimmi 32 Fiberglass Fairport, OH
Carols Pride 28 Fiberglass Ashtabula, OH
Eights-Enuf 32 Metal Erie, PA
Ebb Tide 26 Fiberglass Erie, PA
Seanile 34 Fiberglasr Leamington, Ont
Boomerung 35 Fiberglass Leamington, Ont
Center Console |J-Sea 24 Fiberglass Cleveland, OH
Dorothy Sea 22 Metal Leamington, Ont
PluE-N ickle 1 22 Fiber&lass Leamingion, Oni
ife Rafts —
. Avon w/Canopy 6.0dia x 3.5
4-Person Viking w/ Canopy | 5.5 sq. x 3.5 Rubber/Fabric| Clearwater, FL
. 8.6 x 5.8 Clearwater, FL.
6-Person Switlik w/ Canopy oval X 3.8 Rubber/Fabric and
) Lake Enie
Switlik w/ Canopy | -5 X 108 | Rubber/Fabric
10-Person PY | oval x 4.2 Clearwater, FL
BF Goodrich w/ . . and
Canopy 9.2 dia x 5.2 | Rubber/Fabric Lake Erie

* Small boat size 1S the length of the boat. Life raft size is the outside dimension x Neignt.
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1.3.4 Experiment Design and CTonduct

These experiments were designed to characterize the detection performance of the
AN/APS-137 FLAR against small targets in various environmental conditions and to establish a
data base to be built upon in future experiments. Detection data were obtained using unalerted
operators and a parallel search pattern or a racetrack search pattern. Track spacing for the parallel
searches was set at 5 nmi for the Spring 1992 experiment and at 5.5 ami for the Fall 1992
experiment. This distance was based on initial detection range estimates conducted during the
Spring 1991 (reference 3) and Spring 1992 (reference 4) experiments. Figures 1-1 through 1-3
illustrate the search plans for the HC-130 for each of the experiments. The targets were placed at
uniform-distributed random positions throughout the workboat sector at an average target-to-target
distance of approximately 8 nmi. The minimum target-to-target distance was 5 nmi. During the
Spring 1992 experiment, it was discovered that it took the slower workboats almost 6 hours to
deploy/recover the life rafts. This time was shortened by minimizing the north-south (N-S)
randomness of the target positions but not enough to invalidate the assumption of uniform target
uistribution. The target positions for the Fall 1992 experiment did not require modificaiions.

The HC-130 typically searched at 1500 feet altitude and at speeds from 180 knots to
220 knots. The planned speed of 240 knots was too fast and was changed early during the
Spring 1992 experimeni to 220 knots. The first search during the Spring 1992 experiment also
concentrated on reporting all contacts. In areas of high-contact density, recording the contacts by
hand made it difficult to accurately record the tirne (to the nearest second), range, and bearing
before the next contact was called. To reduce the workload on the data recorder during the Spring
1992 experiment, subsequent searches used a priori knowledge of what life-raft and small boat
detections looked like to discriminate obviously large targets (tankers/merchants) from small ones
(life rafts/small boats).

The HC-130 crew consisted of personnel from the normal complement at Air Station
Clearwater. All radar operators were experienced in the use of the AN/APS-137 FLAR, and this
experience level was representative of the current AN/APS-137 FLAR experience in the Coast
Guard. During the experiment, the crews were encouraged to treat the search as an actual search
and rescue mission with the exception that lookouts would not alert the radar operator to any visual
contacts. Also, the SRU would not deviate from the search track, and the radar operator would not
switch to IMAGE mode in order to verify a target.
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On the morming of each search day, the workboats departed from their respective ports and
deployed all of the targets before the targets would be within the aircraft's radar range. A data
recorder accompanied each workboat to assist in target deployment and recovery and to record
navigational and environmental data. A data recorder accomparied each HC-130 flight to record
target detections, human factors, crew comments, and any other relevant information.

During the aircraft pre-flight briefs, it was stressed that the radar operators search out to the
limits of the range scale and not be limited by the search track spacing. This procedure would
optimize the detection performance and minimize the number of missed detection opportunities.
The radar operators were also briefed to mark every contact, regardless of size, to ensure that both
life raft and small boat detections were recorded. Only obviously large targets, such as large
merchants or tankers, were not recorded during the Spring 1992 experiment.

For the Spring 1992 experiment, when a target was detected, the radar operator reported the
target's range and true bearing, and the data recorder recorded the information and the time of
deiection 10 the nearest second. For this cxperiment, some of the data were also automatically
recorded by the Airborne Data Acquisition Management (ADAM; system, a temporarily-installed
system onboard the HC-130. ADAM recorded time, true bearing, range, and the aircraft Inertial
Navigation System (INS) position for each target tag.

For the Fall 1992 experiment, the radar was modified to automatically send target range and
bearing, as well as aircraft and target INS positions, to a personal computer. The computer
collected, converted to text, and recorded to a floppy disk the data for analysis at the end of the
experiment. This method of data recording minimized the errors associated with manual recording
and also allowed for later use of an automated data reconstruction system. The onboard observer
was free to monitor the operator's actions and comment on conditions during the search.

During the Spring 1992 searches, video recordings were made of the radar PPI display.
These tapes were used in reconstruction to help resolve life-raft or workboat detections when a
question arose from the hand-reconstructed SRU-target positions. No video recordings could be
made of the Fall 1992 searches.

On-scene environmental conditions were recorded manually by the experiment observers on
the workboats and automatically by the MINIMET™ meteorological buoys placed in the search
areas. The observers onboard each workboat recorded environmental data on the Environmental
Conditions Summary Form (figure 1-4) using the equipment installed on each workboat.
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Two MINIMET™ buoys were deployed during the Spring 1992 experiment, one at the
¢ Jdp~i=t of ¢% - northem area and one at the midpoint of the southern arca (figure 1-1). One
v LT sy was used during the Fall 1992 experiment. This buoy was positioned only 7
« ..o . . -«uthemn shore of Lake Erie due to adverse weather conditions and mechanical
; Jecome so-a the boat deploying the buoy. These environmental buoys were the preferred
methou ur measuring environmental conditions. Each buoy transmitted data, by means of a
satellitz uplink, to the International Ice Patrol. R&D Control received these data via land line, and
used them as a factor in deciding if sea conditions were safe enough to deploy the targets!. The
MINIMET™ information was also stored on magnetic storage media onboard the buoy as a backup

to the transmitted data. Figure 1-5 is an example of the data messages received from the buoy.

1.3.5 Tracking and Reconstruction

The primary method of obtaining position data was DGPS (.005 nmi accuracy). Ths
aircraft, each of the workboats, and each of the Auxiliarists (Fall 1992 experiment) carried a IXGPS
receiver unit on board. LORAN-C was used as a backup means of keeping position for each of the
boats. The differential transmitters were located at Egmont Key, FL, and Fairport Harbor, OH.
Prior to each search, the secondary navigation systems on board the vessels and the aircraft were
initialized to the DGPS position, establishing a tie point for each of the units. When DGPS was

unavailable, these tie points were used to reconstruct the position of the vessel or aircraft.

Each of the workboats deployed four to five life rafts that were anchored in 100 to 200 feet
of water with 8- or 12- pound Danforth anchors. Upon deployment and retrieval of the life rafts,
the DGPS position of the life raft and the time were recorded. If the positions differed from
deployment to retrieval, the life raft position at the time of possible detection was a linear
interpolation of the two positions.

! The criteria for canceling the day's search was 20-knot winds 2ad 4-foot seas; although e workboat captains
made the final decision on whether or not they would depley.
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Average Wind Speed. 4.5 mps (8.75 knots)
Average Azimuth Reading: 45°M
y Average Vane Reading: 86°M
wind Gust: 5.9 mps (11.47 knots)
Water Temperature: 17.8°C (64°F)
Air Temperaiure: 12.1°C (53.8°F)
Baftery Voltage: 15.3 velts
Loran Time Dslays: 25980 /439820.8 S/N. 0 C/8: 0
Latitude/Longitude: 41°12.171'N / 71°47.905'W

1 ZS01WAV 890927 21 087 110 104 095 112 113 126 175 174 205 204 239 24€
2 2Z901WAV 890027 21 239 223 204 206 198 189 193 196 168 189 171 187 205
3 Z901WAV 890827 21 224 241 255 251 245 250 001 004 009

Buoy #301 - Wave Data

Booord #1 - Ways Spectral Values 1 10 13 - 27 Sep 1620/ 21:30:00
087 110 104 095 112 113 126 175 174 206 204 239 246

Record #2 - Wave Spectral Values 14 to 26 - 27 Sep 1989 / 21:30:00
239 223 204 206 198 189 193 196 168 189 171 187 205

Record #3 - Wave Spectral Values 27 to 32 - 27 Sep 1989 / 21:30:00
224 241 255 251 245 250

Scaling Factor: 1

Significant Wave Height: .4 m (1.3 ft)

Maximum Wave Period: .9 sec

Z901MET 890927 21 40 051 115 051 045 072 062 178 118 158 259800 43209 00
Buoy #901 - Met. Data - 27 Sep 1989 / 21:40:00
Vector Wind Speed: 5.1 mps (9.91 knots)
Vector Wind Direclion: 115°M
Average Wind Speed: 5.1 mps (8.91 knots)
Average Azlmuth Reading: 45°M
Avarage Vana Reading: 72°M
wind Gust: 6.2 mps (12.05 knots)
Water Temperature: 17.8°C (64°F)
- Air Temperature: 11.8°C (53.2°F)
Battery Voltage: 15.8 volts
Loran Time Delays: 25980 /43920.9 S/N: 0 C/S: 0
. Latitude/Longitude: 41°12171'N [/ 71°47.905'W

Figure 1-5. Example MINIMET™ Data Message

Z901MET 890927 21 10 045 129 045 045 086 059 178 121 153 259800 439209 00
Buoy #9801 - Net. Data - 27 Sep 1989 / 21:10:00
Vector Wind Spead: 4.5 mps (8.75 kriots)
) Vector Wind Direction: 129°M
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The HC-130 search track and the workboat and target locations were plotted using the
recorded position data. A hard copy text printout of the actual positions and times along the search
track along with the plat was available to help in reconstruction of lateral range information.
Figure 1-6 is an example of a reconstructed search plot. Each target is shown by its two-letter
designator and the HC-130 search track is shown as a star (*) or a plus (+).

A target was considered a detection opportunity if its lateral range [measured as the closest
point of approach (CPA) to the aircraft search track] was within the range scale used for that
search. Analysis of the Spring 1992 data concluded that small radar cross-section targets (i.e., life
rafts) were rarely detected beyond 13 nmi. It was expected that the workboats would be detectable
to the edge of the 16 nmi range. To account for the longer small boat detection ranges, the 32 nmi
range scale was selected in conjunction with the racetrack search pattern (Fall 1992 experiment) to
establish the limits of small boat detection performance for the radar.

The radar contacts were correlated to actual target positions by comparing target bearing and
range from the DGPS HC-130 position to the actual DGPS target positions. A detection was
recorded if the pusitions matched within a specified tolerance (typically 0.5 nmi). A target which
was an opportunity but not detected was recorded as a miss. Multiple detections on the same
search leg were not counted.

1.3.6 Search Parameters

A tota! of 13 search parameters were recorded for each target detection opportunity. The

parameters were categorized as target, SRU, environment, or human factors related and are
described in table 14.
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Figure 1-6. Example of a Reconstructed Search Plot
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Table 1-4. Search Parameters

Measured
Parameter Unit of Measure Range of
Values
Target type life raft 0
small boat  wood =2, 2,34
fiberglass =3,
metal =4
size capacity for life rafts 4,6,10
length overall (ft) for small boats 20to 35
lateral range nautical miles 010 29.4
SRU search speed knots 180 t0 220
search altitude feet 1000, 1500, 2000
range scale nautical miles 8, 16, 32
relative bearing degrees -120 to 120
Eavironment | precipitation none(0Mlight(1Ymoderate(2)/heavy(3) 0,1
significant wave height| feet 1.0to 3.6
whitecap coverage none(O)/light{1)/moderate(2)/heavy(3) 0,1,2
relative wave direction | into wave direction (+1)
across wave direction (0) -1,0,1
away from wave direction (-1)
wind speed knots ” 1.0 to 15.2
Human Factor | time on task hours 0to 5.5

1.4 ANALYSIS APPROACH

1.4.1 Sweep Width Measure of Search Performance

The primary performance measure used by search and rescue mission coordinators to plan

searches is sweep width (W). Because this evaluation supports improved Coast Guard search and

rescue mission planning, the measure of search performance for this analysis is also sweep width.

Sweep width is a single-number summation of a more complex range/detection probability
relationship. Mathematically,

al




W= | P dx
—o0
where
- X = Lateral range (see figure 1-7), and

P(x) = Target detection probability at lateral range x.

EB TARGET

LATERAL RANGE

- Figure 1-7. Definition of Lateral Range
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Figure 1-8 shows a typical P(x) curve as a function of lateral range. In this figure, x is the laterai
range of detection opportunities.

Conceptually, sweep width is the numerical value obtained by choosing a value of lateral
range that is less than the maximum detection distance for any given sweep, such that the number
of scattered targets that might be detected beyond the chosen value of lateral range is equal to the
number that might be missed which are closzr than the chosen lateral range. Figure 1-9 {a and b)
illustrates this concept. The number of targets missed inside the distance W is indicated by the
chaded portion - area A. The number of targets detected beyond the distance W out to the
maximum detection range (MAX Rp) is indicated by the shaded portions at the tails of the curve -
areas B. Sweep width is defined when the number of targets missed inside of W equals the
nuraber detected outside of W (area A = sum of areas B). A detailed mathematical development
-_«t explanation of sweep width can be found in reference 5.

sy

<
g 0.5 Targets sighted
Observer
0.0 Q

Lateral r;nge (x)
Maximum
lateral range
of detection_.{

Figure 1-8. Relationship of Targets Detected t¢ Targets Not Detected

1-20




a. GRAPHIC PRESENTATION OF SWEEP WIDTH

TARGETS NOT DETECTED
WITHIN SWEEP WIDTH

100% A

' Wye—SWEEP WIDTH ————>
P(x) \ \

" \ TARGETS DETECTED -~ Ry
BEYOND SWEEP WIDTH

b. PICTORAL PRESENTATION OF SWEEP WIDTH

RANGE

MAXIMUM
DETECTION
-------- - - - “DETECTION ~ - wmth ~1-- -
MAXIMUM DIST'ANCE ,
DETECTION ‘
R D 4

Figure 1-9. Graphic and Pictorial Presentation of Sweep Width
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1.4.2 Analysis of Raw Data

Multivariate logistic regression has typically been used for electronic search to determine the
significant variables for detection and the best curve fit for a monotonically decreasing data
distribution. This method, however, cannot be used (without scme constraints) for airborme radar
detection data, which are peaked or unimodal. Once the constraints are applied and the significant
variables identified, least squares linear regression technique must be applied to a chosen
theoretical model of the data distribution, to determine a best fit curve.

1.4.2.1 Development of Raw Data

The reconstructed plots, AN/APS-137 FLLAR detection logs, and recorded radar displays
were used to de‘ermine which SRU-target encounters vere valid detection opportunities and which
opportunities resulted ir. successful target detections. Each target detection and each missed
detection was 1ecorded, along with the corresponding search parameter values, into EXCEL
spreadsheets for further analysis using SYSTAT, a statistical analysis package installed on an
Apple Macintosh Quadra 840AV.

1.4.2.2 Data Sorting a2nd Statistics

The data sorting, siatistical calculaiions, and pi ts were done using SYSTAT. The search
runs were combined to form one composite data set. The search parameters were plotted as
histograms and scatter plots and the minimum, maximurn, mean, and standard deviation were
calculated to determine the high-level statistics for each parameter. The search parameters that were
well represented over the range of values were chosen. These parameters were then used to
statistically characterize the AN/APS-137 FLAR performance. Once the parameters to be analyzed
were chosen, logistic muitivariate regression analysis determined which of those search parameters
exerted significant influence on detection performance at a 90-percent confidence level. These
parameters were used to separate the data into groups based on the effects of each significant
variable on detection performance. The logistics regression was performed using LOGIT, an
add-on module to SYSTAT.
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1.4.2.3 LOGIT Multivariate Regression Model

Multivariate logistic regression models have been proven effective for analyzing Coast
Guard electronic and visual search data when the dependent variable is a discrete response (i.e.,
detection/no detection). The LOGIT muitivariate regression model quantified the relationship
between independent variables (x;) and a probability of interest, R (the probability of detecting a
target). The independent variables (X;) can be continuous (e.g., wave height, wind speed) or
binary (e.g., high/low altitude, SRU type O or 1). Lateral range is normally the most significant
variable in determining radar probability of detection. However, inspection of the raw data for
many target/sensor/range scale combinztions indicated that the monotonic curve shape to which the
LOGIT model is constrained would not adequately represent the observed radar detection
performance as a function of lateral range. Figures 1-10 and 1-11 illustrate the problem
encountered. Whereas the LOGIT model atiempts to fit a monotenically increasing or decreasing
S-shaped lateral r7 1ge curve similar to those illustrated in figure 1-10, the raw data in most cases
indicated that the unimodal (or peaked) lateral range curve shape depicted in figure 1-11 was more
appropriate. LOGIT could be used to identify variables, other than lateral range, that were
significant in determining probability of detection.

The equation for target detection probability used in the logistic regression model is:

1

R=
1 +eb

where

R = target detection probability for a given searcher - target encounter,
A= ap+aixy+azxy +aixz+ ...+ apXp,

a;= fitting coefficients (determined by regression), and

xj = independent variable.

Maximum log-likelihood optimizes the a; coefficients. A detailed theoretical development
of the logistic regression analysis methodology is found in references 6 and 7.
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A logistic regression model has advantages over other regression models and statistical
methods.

1. The model implicitly contains the assumption that 0 £ R £ 1.0; a linear model does
not contain this assurmption unless it is added to the model (in which case computation
can become very difficult).

2. The model is analogous to normal-theory linear models. Therefore, analysis of
variance and regression implications can be drawn from the model.

3. The model can be used to observe the effects of several independent or interactive
parameters that are continuous or discrete, even for disimibuuuns that do not obey the
inverse cube law of detection.

4. A regression technique is better than nonparametric hypothesis testing, which does not
yield quantitative zelationships between the probability in question and the independent
variables.

The primary disadvantage of a logistic regression model is that for the basic models, the
dependent variable (K) must be a monotonic function of the independent variables. This limitation
can sometimes be overcome by employing appropriate variable transforms (reference 6).

The AN/APS-137 FLAR detection data were analyzed on a Macintosh Quadra 840 AV
desktop computer with LOGIT software. LOGIT uses maximum log-likelihood to determine the
influence of various independent explanatory variables in a discrete-choice response. The
t-statistics output indicated the significance of these explanatory variables as predictors of the
response (reference 7).

Using all of the chosen analysis parameters as a starting point, iterative use of the LOGIT
regression mode! on each data set fit a function that contained only those search parameters that
exerted a statistically-significant influence on the target detection response. The variables that were
evaluated for this data set were from those listed in table 1-4 that were well represented over a
wide enough range of values to present a meaningful analysis. Those variables that had previously
demonstrated a significant influence on AN/APS-131 Side-Looking Airborne Radar (SLAR) and
AN/APS-127 FLAR search performance (reference 8) were also evaluated for significance in the
data set.
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Wind speed,

Significant wave height? ,
Search altitude,

Relative swell direction,
Target type and size,
Time-on-task, and
Whitecap coverage.

L= SV N N VS B S R

Radar parameters, other than those listed, were either held constant or adjusted as required
by the sensor operators to achieve optimum small-target detection performance. Such variables
were not considered for data analysis.

1.4.2.4 Least-Squares Curve Fits

In order to fit a iateral range curve io ihe deieciion daia that exlibited unimodal response, an
appropriate fitting function had to be identified. During analysis of the previous FLAR and SLAR
data, it was found that the function

PK) = A ,
x-BR +C

where A, B, and C are regression variables and x is lateral range, could be fifted satisfactorily to all
of the uniinodally behaved data sets using the Simplex least-squares regression methed (see
reference 8). This technique was used to develop the lateral range curves and sweep widths that
appear in chapter 2,

Although necessary to accommodate the unimodal curve shapes, the least-squares regression
method is a less satisfactory means of analyzing detection data than the LOGIT regression method.
Specifically, the least-squares method has the following limitations that LOGIT does not.

1. The least-squares technique fits a function to a single, independent variable only (lateral
range in this case), instead of to multiple parameters of interest. The effects of other
parameters cannot be identified or quantified.

2 Significant wave height is defined in reference 9 as the height (in feet) an experienced cbserver will give when
visually estimating the height of waves at sea.
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2. The binary detection/miss data must be binned into lateral range intervals, each of
which should contain a reasonable number of detection opportunities before being
entered into the regression model.

3. The least-squares regression variables (A, B, and C) have no physical significance
relative to the detection process: They simply serve to adjust the fitting function's
response to the independent variable lateral range.

4. The least-squares method of curve fitting is very sensitive to data outliers.

These limitations require that the detection data be subjected to a muitistep analysis using the
LOGIT regression model initially to identify variables, other than lateral range, that exerted
significant influence on target detection probability. Variables identified as significant during this
LOGIT analysis were grouped into bins to create data subsets that were, in turn, binned on lateral
range. Finally, the lateral range and target detection probability pairs obtained in this manner were
input to a least-squares regression program, along with reasonable starting estimates for the
regression variables A, B, and C. Using this three-step process, lateral range curve functions were

developed for various combinations of the significant search parameters.

1.4.2.5 Sweep Width Calcu’ations

The lateral range functions obtained from the procedures described in section 1.4.2.4 were
integrated over the radar range scaie to obtain sweep width estimates for the AN/APS-137 FLAR
under given environmental conditions. The integral of the unimodal function is:

W = .iarct_a_n(.x—:g)x -7
JC NGl
or given the limits of the radar
*= X max

T

v gl 5

x=0




w =  sweep width,
A,B,and C = least squares fitted variables, and
Xmax =  the range scale of the radar.

The integral of the best fit curve for the data sets analyzed closely matched the numerical
integration values using Simpson's 1/3 rule. For sufficiently large data sets, the sweep width can
also be calculated with reasonable assurance of accuracy using an appropriate numerical integration
method.
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CHAPTER 2
EXPERIMENT RESULTS AND ANALYSIS

21 INTRODUCTION

The data analyses discussed in section 2.2 cover sweep width calculations for life rafts and
small boats under a variety of environmenial conditions. Quantitative and qualitative evaluations
of the effects of human factors on detection performance are discussed in section 2.3. The
analysis is confined to the factors mentioned in Chapter 1. The effects of environmental
phenomenon such as ducting are beyond the scope of this set of experiments. During the
Spring 1992 and Fall 1992 experiments, 908 life-raft detection opportunities were generated.
The Fall 1992 experiment generated 584 small boat detection opportunities. Due to the concemn
that during the Spring 1992 experiment the radar operators were instructed to search for rafts
only and not mid-size targets, small boat detection opportunities from this experiment were not
included. The raw data for the two experiments are presented in Appendix A.

The wave data from Lake Erie (Fall 1992) were compared to the wave data from the Guif
of Mexico (Spring 1992) to determine if the two data sets could be combined into one datz set.
The wave energy spectra for each data set were compared for physical differences in the
magnitude and types of waves present. For low significant wave heights (Hg < 2.0 feet), the Gulf
wave spectrum showed some difference in amplitude from the Erie wave spectrum for the low
frequency waves (long swells). The higher frequency wind-driven waves were approximately
the same amplitude. For the higher values of Hg (2.1 to 4.2 feet), the Erie and Gulf wave energy
spectra were approximately the same for all frequencies. For the purpose of this analysis, low
frequency gravity waves were assumed to cause no significant masking of life-raft targets. Also,
for the radar frequencies used, the long swells were assnmed to have a negligible effect on
surface backscatter (reference 10), and all of the radar display clutter wer: assumed to be caused
by the high frequency wind driven waves.

The detection data versus significant wave height (Hg) were then compared to determine if
there was a difference between locations. The distribution of Hg values in Lake Erie for the
Fall 1992 experiment showed most of the Hjg to be at one value (2.3 feet) and that all other values
of Hg did not have enough data for a valid comparison to the Spring 1992 data. The detection
data at Hg equal to 2.3 feet showed no significant difference at the 90-percent confidence level.
It was assumed that, given more data, the other Hg value detection data would also show no
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significant difference. For this analysis, the life-raft data from the two experiments were
combined to form one data set.

22 DETECTION PERFORMANCE

Sections 2.2.1 and 2.2.2 present results of the sweep width analysis of the AN/APS-137
FLAR searching for life-raft and small boat targets. Lateral range curves and sweep width
estimates are provided for each target type search parameter combination that was sufficiently
represented in the data. Lateral range and range scale were identified as significant search
parameters for all combinations and were the variables of most concern when planning a search.

The lateral range plots show lateral range versus the probability of detection (Pdet) within
a specified lateral range window. Figure 2-1 is an example of a lateral range plot with a key to
the plot. Each probability plotted is denoted by a diamond (¢ ) corresponding to the
detection-to-opportunity ratio. The vertical bar through each "¢ " denotes the 90-percent
confidence interval for the data within the bin. The position of the " ¢" along the horizontal axis
corresponds to the average lateral range within each lateral range bin. The values for the
constants that were used to generate each of the curves are presented in Appendix B.
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Figure 2-1. Example of Lateral Range Plot




22.1 Life-Raft Targets
2.2.1.1 AN/APS-137 FLAR Performance

The data for life-raft detections were analyzed using LOGIT and a least-squares analysis
for variables that had a significant influence on detection performance at the 90-percent
confidence level. The sigaificant variables for life rafts are:

« Lateral range,
« Ruadar range scale, and
¢ Wind speed.

During the Fall 1992 experiment, data were collected for the 16- and 32-ami range scales.
These data were added to the Spring 1992 data which were all at 16-nmi range scale. The range
scale was shown to have a significant effect on detection performance, and the data were grouped
by range scale into two different subsets. Table 2-1 shows the detection opportunity results for
each subset.

The 16-nmi range scale data showed a breakpoint in detection performance at a wind
speed of 8 knots. Because an 8-knot breakpoint also resulted in two well-represented data
groups, the life-raft data were pooled into two data subsets that were each analyzed to determine
sweep width characteristics. The subsets are the following:

1. Wind speed 1.0 to 8.0 knots (454 opportunities), and
2. Wind speed 8.1 to 15.2 knots (231 opportunities).

Table 2-1. Detection Data for Life Rafts 16- and 32-nmi Range Scales

Range Scale Number of Number of
(nmi) Opportunities Detections
; 16 685 180
] 32 223 12 |
2 23
S



Figure 2-2 illustrates the results of the AN/APS-137 FLAR detection performance for the
16-nmi range scale for wind speeds from 1.0 to 8.0 knots. The results show a peak at 1.9 nmi
with a maximum Pdet of 0.58. The Pdet then decreased steadily to the edge of the range scale.
No detections were made beyond a lateral range of 14.0 nmi. These results are consistent with
results seen in earlier experiments (references 4 and 8). Figure 2-3 illustrates the results of the
detection performance for the 16-nmi range scale where the wind speed was from 8.1 to 15.2
knots. Above 8.0 knots, the detection performance of the AN/APS-137 FLAR decreased steadily
up to 15.2 knots (reference 4). The detection performance for the higher wind speed data was
noticeably worse at all lateral ranges than that of the lower wind speed data. The results agree
with the predicted relative performance (reference 10).
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Figure 2-2. AN/APS-137 FLAR Detection of Life Rafts
(16-nmi Range Scale; Wind Speed = 1.0 to 8.0 knots)
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Figure 2-3. AN/APS-137 FLLAR Detection of Life Rafts
(16-nmi Range Scale; Wind Speed = 8.1 to 15.2 knots)

The scarcity of low Hs (<1.5 feet} data for the Fall 199" ¢<periment was most likely the

For this reason, near-surface wind speed may be a more reliable -
detection performance of the AN/APS-137 FLAR. Additional data are needed to fill the void in
significant wave height data for a more complete analysis.

Ttz results of the sweep width analysis are shown in table 2-2.

Table 2-2. Sweep Width Analysis for Life Rafts using 16-nmni ! ange Scale

reason that Hs was identified as a significant variable for the S ring '992 data set and not for the
combined data set. Also, sea surface wind speed is typically
waves which creates the scattering facets on the water surfacc, °reating most of the radar cicite:.
~1ble to use in modeling the

seiter predictor of the wind driven

Wind Speed
(knots)

Average Wind Speed
(knots)

S ¥:ep Width (W)
(nmi)

1.0t0 8.0

6.0

8.8

8.1t015.2

10.3

3.8
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Figurc 2-4. AN/APS-137 FLAR Detection of Life Rafts
(32-nmi Range Scale)

Figure 2-4 illustrates the AN/APS-137 FLAR detection performance for life rafts for the
32-nmi range scale. From O to 16 nmi, the 16-nmi range scale performed significartly better
than the 32-nmi range scale. Since there were no detections in the 32-nmi range scale beyond 12
nmi, there was no advantage gained by searching at the longer ranges. The loss of resolution
severely degrales th: performance of the radar against low cross-section targets. The 12
detections for the entire data set yielded a sweep width of only 2.7 nmi. The 32-nmi range scale
should not be used for lite-raft searches.

PRSI

2.2.1.2 Comparison of Life-Raft Detection Performance of the AN/APS-137 FLAR to the
AN/APS-127 FLAR

The combined data from the Spring 1992 and Fall 1992 experiments were compared to the
corresponding data collected for the AN/APS-127 FLAR (reference 8). In order to compare the
two rada- capabilities, the AN/APS-137 FLAR data set was separated into two data subsets for
H; less than or equal to 2.0 feet and Hg between 2.0 and 3.6 feet. These criteria corresponded to




Table 2-3. AN/APS-137 FLAR and the AN/APS-127 FLAR
Life-Raft Sweep Width Values

ge Scale | Signiticant | ANJAPS-137 | AN/APS-127 | Corrected *
(nmi) Wave Height | Sweep Widths | Sweep Widths] AN/APS-137
(ft) (nmi) (nmi) Sweep width
| 1620 <20 8.6 7.0 8.9
\ 2.1103.9 6.8 3.4 7.1

* Presented only for comparison purposes and should not bi: used for operational
use of the radar.

the AN/APS-127 FLAR data grouping. Table 2-3 compares the sweep widths generated for both
radars. Sweep width calculations for the AN/APS-137 FLAR were also corrected for the
difference in -ange scales (16 nmi versus 20 nmi) from the AN/APS-127 FLAR and are
presented only for comparison purposes.

sbnshae

AN/APS-127 FLAR was compared to the 16-nmi range scale of the AN/AP-137 7_AR. For the
lower Hg data set, the overall detection performance of tne AN/APS-137 FLAR did not
appreciably differ from that of the AN/APS-127 FLAR. However, the AN/APS-137 FLAR did
perform noticeably better than the AN/APS-127 FLAR for the higher Hg data set. As with the
Spring 1992 data alone, there is degradation in the AN/APS-137 FLAR performance from 14 to
16 nmi when compared to the corresponding interval in the AN/APE-127 FLAR data. This is
likely due to the difference in range scales (16 nmi versus 20 nmi) giving the AN/APS-127
FLAR operator more opportunity to see the target. However, the AN/APS-137 FLAR can not
remedy this problem by switching to the 32-nmi range scale since on the 32-nmi range scale the

T cveninan ) & . - H o
riguies 2-5 through 2-8 show the results of the cormparison. The 20-nmi range scale of the

radar display resolution critically degrades the ability to detect life-raft targets.
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222 Small Boat Tarcets

2.2.2.1 AN/A *s.1" I FLAR Performance

The data for small boat detections were analyzed using LOGIT and a least-squares
analysis for variables that had a significant influence on detection performance at the 90-percent
confidence level. The significant variables for small boats are:

Lateral Range,
Range Scale,

Size, and
Wind speed.

Hull composition was not well represented in the data set and it could not be adequately
determined if this variable was a significant factor in determining detection performance.
Because the Spring 1992 experiment had no small boat data that could be used, all of the small
boat data were coilected on Lake Erie. As with the life-raft data, the small boat data were
grouped by range scale into twn different subsets, 16 nmi and 32 nmi. When the Pdet was
plotted against boat size, a significant increase in detections was evident for boat size greater
than 25 feet. At 25 feet and below, boat size had a negligible effect on Pdet. Boats larger than
25 feet are likely to have flat-sided deckhouse rather than a faired cabin. Increasing size
gene. lly means an increasing amount of superstructure greatly increasing the boat's radar
cross-section. Because 25 feet was a breakpoint for target detectability, each of the range scale
data sets was grouped into subsets using the following boat size criteria:

1. 20< size £ 25 feet, and
2. 25« size £ 35 feet,

All .nvironmental factors w.ore evaluated for their effects on Pdet. Though Hg and wind
speed were highly correlated {p = .78 ), H; was not identified as a significant variable at the
90-percent confidence level. Wind speed, however, did have a significant effect on detection
performance at the 90-percent confidence level. The small boat data were grouped by wind
speed using the following criteria:

1. Wind speed < 8.C kuots, and
2. Wind spead 8.1 to 15.2 knots.

)
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Wind speed breakpoint of 8.0 knots provided a sufficiently large difference in generated
sweep widths and an equitable distribution of the data.

Figures 2-9 through 2-16 illustrate the results of the AN/APS-137 FLAR performance.
Table 2-4 summarizes the number of detections, opportunities, and calculated sweep widths for
each of the eight data subsets.

The larger boats (most likely to have a deckhouse or superstructure) were considerably
more detectable in the higher wind speed conditions. The large boat sweep width values for the
higher wind conditions were more than double the corresponding sweep widths for the smaller
boats using the 16-nmi range scale. The larger radar cross section greatly increases the signal-to-
clutter ratio and results in the increased detectability. Though the data set for the 32-nmi range
scale is small, the same trend can be seen. There is a considerable increase in detection
performance between the smaller and larger boat size. The sharp drop in detection probability
for the smaller boat data set for all conditions corresponds with the trend noted in the life-raft
data. The lower cross section targets can easily be lost in high clutter situations, especiaily with
the lower resolution of the 32-nmi range scale. There is a marked decrease in detection
performance over the interval 0 to 16 nmi for the 16- to 32-nmi range scale for smaller toat size.
The decrease is cnly marginal for the larger boat size data set.

The higher wind speeds resulted in smaller sweep widths for all boat sizes and range
scales. For the 32-nmi scale (figure 2-13 through 2-16), it appears that the Pdet at shorter ranges
(less than 4 nmi) ic greater for the high wind data. This is due to the scarcity of data for the
higher wind speeds. The good performance of the FLAR at short ranges in figures 2-14 and 2-16
is likely due to a large increase in signal strength of the return echo compared to the increase in
clutter. A larger data set is needed to make a valid comparison.

The sweep widths for the same conditions are not significantly different for the two range
scales. Any loss in detection performance due to the loss of resolution in the 32-nmi range scale

is compensaied by the longer detection ranges.
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Table 2-4. AN/APS-137 FLAR Detection Data for
Small Boats for 16- and 32-nmi Range Scales

Tangc Sweep
Scale Size Wind speed Number of Number of Width
(nmi) (ft) (knots) portunities Detections (nmi)

16 8.1t015.2 77 330 | 22 186 | 84

26 - 35 <8 B8 | 108 B 13 209

8.1t015.2 110 74 17.2

20 - 25 <8 70 | 103 23 29 154

32 8.1t0 15.2 33 250 6 106 | NA

t 8.1tc 152 36 17 17.8

2.2.2.2 Comparison of Small Boat Detectior ¥: -formance of the AN/APS-137 FLAR to the
AN/APS-127 FLAR

Data from the Fall 1992 experiment were compared to the corresponding data for the
AN/APS-127 FLAR (reference 8). To directly compare the two data sets, the AN/APS-137
FLAR data were separated into two data subsets: Hj less than or equal to 2 feet, and Hg between
2 and 3.6 feet. Small boat size was used to divide the Hy subsets into sizes from 20 to 30 feet and
from 30 to 35 feet. For the purpose of comparison, the AN/APS-127 FLAR 20- and 40-nmi
range scales were compared to the AN/APS-137 FLAR 16- and 32-nmi range scales,
respectively. Figures 2-17 through figures 2-26 show the results of the comparison.

The AN/APS-137 FLAR performed comparable to or better than the AN/APS-127 FLAR.
Table 2-5 lists the results of the sweep width analysis for both radars. Those data subsets that did
not have sufficient data for a valid comparison of either radar are not shown. The radars
performed equally well within the degree of uncertainty of the sweep width calculations for the
following conditions:

¢ 16- and 20-nmi range scales; 20- to 30-foot boats; < 2-foot seas, and




o

e 16- and 20-nmi range scales; 31- to 42-foot boats; 2.1- to 3.6-foot seas.

The AN/APS-137 FLAR performs considerably better than the AN/APS-127 FLAR

against 20- to 30- foot small boat targets in higher seas. For the 16- and 20-nmi range scale,

23- to 30-foot boats in 2.1- to 3.6-foot seas, there is an approximate 100 percent improvement in

- performance as measured by sweep width. This is consistent with the improvements made in the
radar to reduce high clutter and enhance weak target detections.

The sweep width comparison of the 16- and 32-nmi rangy scales must also account for the

truncation of the detections when compared to 20- and 40-nmi range scales. Table 2-5 shows the
sweep width values for the AN/APS-137 FLAR when using xmax (see section 1.4.2.5) as

20- and 40-nmi range scale instead of 16- and 32-nmi range scale, respectively. These
calcuiations are shown only for comparison and should not be used for operational purposes.

Table 2-5. AN/APS-137 FLAR and the AN/APS-127 FLAR

Small Boat Sweep Width Values

"Range Scale ] omall Boat | Significant | ANAPS-137 | ANAPS-127 | Corrected ¥
(nmi) Size Wave Height | Sweep Widths | Sweep Widths | AN/APS-137
{ft) (ft) (nmi) (numi) Sweep width

<2 13.9 14.4 15.3

16/20 20-30 2.1103.6 14.1 7.3 14.9

<2 27.1 24.8 31.6

31-42 2.1t03.6 15.9 16.5 17.4

| 32040 20-30 2.0t03.6 16.1 15.4 16.5

* Presented only for comparison purposes and should not be used for operational use of the radar.
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23 HUMANFACTORS

The search parameters and general comments from the crew and the aircraft observer were
analyzed for search conditions that significantly affect the operator's ability to detect a valid
target. The search parameter that was analyzed for its direct effect on the operator was
time-on-task.

23.1 Qperator Performance

In the comparison of the AN/APS-127 FLAR detection performance with that of the
AN/APS-137 FLAR the latter does not stand out as having a clear cut advantage. One would
expect that the advantage of an advanced radar such as the AN/APS-137 FLAR would be most
pronounced for weak targets (life rafts) and poor environmental conditions. The data in figures
2-5 through 2-26 do not document this advantage as strongly as expected. The conclusion was
that detection of weak targets was operator limited and not radar limited. The radar operators
appeared to have difficulty identifying weak targets and distinguishing those weak targets from
environmental phenomena such as breaking waves. Operator detection difficulties could
possibly be tied to the lack of "feedback" in the training process and during operations. Also the
operator needs processing capabilities which discriminate and locate weak targets without
interrupting the process of a search.

232 Detection Performance Versus Time-on-Task

The radar operator, during the Fall 1992, remained on the radar for the entire day, except
for small breaks. The iadar operators were relieved on a regular basis during the Spring 1992
experiment.

For the Spring 1992 data set, time-on-task correlated with several environmental factors
and its effect on detection performance could not be effectively isolated. The data set could,
however, be analyzed when used with the Fall 1992 data set for similar environmental
conditions. Operators were rotated approximately every hour during the Spring 1992 experiment
and they stood the full 5-hour watch during the Fall 1992 experiment. There was some
degradation in performance between the first and third hours during the Fall 1992 experiment,
while the Spring 1992 performance was fairly constant. This degradation could not be explained
by changes in environmental conditions and is probably due to operator fatigue or boredom
during the middle hours of a long radar watch. Rotation of the radar watchstander appears to
reduce the fluctuations in performance that may occur during a long search.
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233 Detection Performance Yersus Relative Bearing

Figures 2-27 through 2-29 show the polar plots of the frequency of detection occurrence of
life rafts and small boats versus the relative bearing fron: the aircraft. The data points are plotted
with a cubic spline interpolation curve using detections in 30 degree windows. In figure 2-27,
the plot shows that for rafts the highest proportion of detections occurred from 30 to 45 degrees
either side of the nose of the aircraft. There is a slight decrease in the life-raft detection directly
in front of the aircraft. This performance characteristic strongly agrees with the model of
probability of detection based solely on integration time, or the amount of time that the target is
on the screen.

The other lateral range curves had a less pronounced dip at smaller lateral ranges than that
seen for life rafts. This corresponds to the increased detection performance for small boats at
small relative bearings. Small boats provide a much stronger radar return than life rafts and
would provide a positive signal-to-clutter ratio even within the clutter ring that occurs at
approximately 3 nmi. Because the boat targets provide a better signai-io-noise (S/IN) raiic ihey
can be detected at longer ranges yielding smaller relative bearing angles for a given lateral range.
Since life rafts have a lower S/N ratio they are more likely to be detected away from the nose of
the aircraft and forward of the wing.
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Figure 2-27. AN/APS-137 FLAR Life-Raft Detection Performance versus Relative Bearing
(16-nmi Range Scale)
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234  Crew Comments

The following is a summary of comments from the Spring 1992 and Fall 1992 experiments
made by the crew during the searches.

* 240 knots is too fast to do an effective search for small targets. A better speed is
between 180 and 220 knots.

* Some operators thought they could see a raft out to about 4 nmi, others out to the end of
the range scale.

* Each operator thought they needed to "warm up" on the way out to the search area by
using visually identified targets of opportunity.

* Operators complained about losing contacts at about 5 nmi then regaining the same
target again at about 1 nmi. They thought that having the radar in manual tilt control
would solve this problem. (Manual tilt control would normally be used for
investigating a specific target.)

* B-Scan works well in discriminating between a target and a sea return.
= 235  Data Recorder/Observer Comments

The following is a summary of the comments recorded by the experiment team personnel
who were on the aircraft for the Spring and Fall searches.

[ ns

+ Faint or intermittent targets may have been missed in areas of heavy vessel traffic due

to operator loading.

* To the observer, it appeared that the operators could not consistently identify vessel
types by PPI display alone.

« Some radar operators did not understand why they should search further than the track
spacing.

* The 14-inch display reduces much of the eyestrain thét occurs with the 9-inch display.




+ Radar operator procedures varied significantly from operator to operator. Search
procedures and tagging procedures were largely based on personal preferences and, in
some cases, may have been due to the operator's perception of his role in a experiment
scenario rather than his role in a search. Variations included, but were not limited to,
the following;

- Use of B-Scan,

- Use of BKGD or THRS mode (video process),

- Auto or Manual Tilt Control,

- Area (on the screen) or concentration of the search, and
- Target-sea return discrimination.

23.6 Data Reconstruction Observations
The following is a summary of observations m e during the data reconstruction.

* The INS error was not constant after a course change. If the INS error has a significant
cross-track component, then it is possible that the distance between two successive legs
could be significantly larger than the recommended value, resuiting in a coverage factor
of less than 1.0.

* Operators appeared to concentrate much of their search within about one track spacing
distance from the aircraft.

» Weak contacts at very small CPAs were easily obscured by the aircraft heading cursor

—— bl T
Qll Wi ¢

Pl display. At 200 knots, the heading cursor moves sufficiently fast encugh
across the screen so that the cursor quickly hides close CPA contacts. Also, the
. operators appeared to search away from the cursor, making detection of weak close

aboard contacts less likely.

* Radar operators tended to wait to refresh the screen until approximately half the display
was off the screen. This equates to about 2 minutes between each screen refresh.
Additionally, it requires 5 to 10 seconds for each screen to be functional after a refresh.
The ahsence of a large part of the display due to infrequent screen refreshes was
responsible for several misses of weak targets with limited on-screen time.
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CHAPTER 3
CONCLUSIONS AND RECOMMENDATIONS

3.1 CONCLUSIONS

Based on the analyses in Chapter 2, the following conclusions are drawn conceming the
AN/APS-137 FLAR performance.

1. The significant variables for AN/APS-137 FLLAR detection performance for life-raft
targets are:

¢ Radar range scale,
¢ Lateral range, and
* Wind speed.

Radar range scale was, by far, the dominant variable in determining Pdet in all sea conditions.

2. The life-raft detection data for the AN/APS-137 FLAR show a notable decrease in
radar detection performance for wind speed conditions from 8.1 to 15.2 knots. The results agree
with the expected decrease in signal-to-noise ratio due to the corresponding increase in wind
driven waves that create much of the clutter on the screen.

3. The higher (32-nmi) range scale was significantly worse at detecting life-raft targets
than the 16-nmi range scale for the same conditions. There were only 12 detections from 223
opportunities. This decrease in detection performance is most likely due to the degradation in
display resolution from the 16-nmi range scale to the 32-nmi range scale.

4. The detection data were grouped by range scale and by using 2.0 feet as the Hg
criteria to compare the AN/APS-137 FLAR performunce to that of the AN/APS-127 FLAR. The
AN/APS-137 FLAR performed at a level comparable to the AN/APS-127 FLAR for Hg <2 feet,
but performed appreciably better with Hg from 2.0 to 3.6 feet.
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5. The AN/APS-127 FLAR performed better than the AN/APS-137 FLAR in the
interval between 14 and 16 nmi due to the greater range scale for the AN/APS-127 FLAR (20
omi versus 16 nmi),

6. Using standard radar search procedures, most of the raft detections were made
between 30 and 45 degrees on either side of the aircraft heading. This result agreed with
modeled results of detection versus target time within the radar range.

3.12 AN/APS-137 FLAR Detection Performance for Small Boats

1. The significant variables for AN/APS-137 FLAR detection performance for small-
boat targets are:

« Lateral range,
Range scale,
Size, and
Wind speed.

*

Lateral range was the dominant variable in determining Pdet.

2. There is a notable increase in detection of small boats greater than 25 feet. This may
be due o the likelihood of boats larger than 25 feet having a flat deckhouse rather than a faired
cabin. The deckhouse has a larger radar cross-section than the cabin providing a stronger return.

3. The AN/APS-137 FLAR is able to detect small boats beyond 16 nmi for Hg
conditions up to 3.6 feet and wind speed up to 15.2 knots. There is still a greater-than-zero Pdet
at the edge of the 16-nmi range scale, even for the higher Hy/wind speed c~nditions. There is a
subtantial degradation in detection performance at shorter ranges when using the 32-nmi range

scale.

4. The AN/APS-137 FLAR detection performance against 23- to 30-foot small boats is
markedly improved over that of the AN/APS-127 FLAR for the 16-nmi ;ange scale in higher sea
conditions (2.1 to 3.6 feet). The performance of the AN/APS-137 FLAR is comparable or only
marginally better than that of the AN/APS-127 FLAR for all other tested conditions.




5. From observing the radar operators and reviewing vidcotapes of the radar screen, the

operators have some difficulty distinguishing a weak contac’ from a persistent sea return (stch as
from breaking waves).

6. The small boat detections were i.1ade primarily in front of the aircraft. The data set is
. small, however, and the performance versus relative bearing analysis cannot draw any definite
conclusions. It appears that the small boat detections are not as dependen on position on the
screen as the life-raft detections. This may be due to the larger amplitude radar echoes.

313 General Conclusions

i. The 14-inch Palletized Radar Operator's Station (PRQOS) display is an improvement
over the previcus 9-inch display. The display is easy to read and produces less eyestrain over a

prolouged search.

2. Although there does not appear to be a standard screen refresh procedure, most
operators, on the average, refresh the screen when approximately one-quarter of the range scale
has gone off the dispiay. The results of this can be szez, to some degree, when reviewing the
distribution of range versus relative bearing of small boat and life-raft detections. This method
may be better than using a standard refresh tinie interval. Radar operators are often too busy to
keep track of the clock but can easily monitor the progress of the radar sweep across the display.

3. There does not appear to be an accepted criteria among the operators for using either
the BKGD or THRS mode of the Video Process function. Though most operators typically use
BKGD, some operators prefer to always use THRS, which could suppress weak signals.

4. The AN/APS-137 radar has a detection capability supexior to that of the AN/APS-127

radar for weak ‘argets, such as life rafts and the small boats under 30 feet, under adverse weather

. conditions. For the larger category of small boat targets there is no clear cut gain in performance
using the AN/APS-137.

32 KRECOMMENDATIONS

The following recommerndations are made concerning airborne search planning using the
AN/APS-137 FLAR.
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321 -137 FLAR for Life Rafts
1. The sweep widths provided in table 3-1 should be used for all AN/APS-137 FLAR
searches for life rafts.

2. The 32-nmi range scale should never be used for life-raft searches. This range scale
degrades detection performance at all lateral ranges, possibly due to the degradation in the screen
resolution.

3. When the 16-nmi range scale is used to search for life rafts, there were enough
life-raft targets detected from 8 to 12 nmi to preclude using the 8-nmi range scale even for higher
wind speed and significant sea height conditions. The 16-nmi range scale allows for longer
visual integration time and less required screen-refreshing than the 8-nmi range scale. The
16-nmi range scale should be used whenever searching for life rafts. The 8-nmi range scale
should be used only to briefly to investigate a target.

4. The radar operator should turn the cursor off when searching for life-raft targets. The
cursor provides an unwanted distraction that may also hide a weak, close aboard target.

Table 3-1. Sweep Widths for 4-, 6- and 10-Person Life Rafts
Using the AN/APS-137 FLAR

Mmi-‘m-ﬂl

Range Scale Wind Speed Sweep Width
(nmi) (knots) (nmi)
1.0t0 8.0 8.8
16 8.1 10 15.2 3.8
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322 AN/APS-137 FLAR Search for Small Boats

1. The sweep widths provided in table 3-2 should be used for all AN/APS-137 FLLAR
searches for sinall boats from 20 to 35 feet in overall length.

2. The total detection performance, as reflected in the sweep width values, on the
32-nmi range scale was comparable to that on the 16-nmi range scale. The cheice of range scales
for small boat searches can be left to the operator. However, the use of the 32-nmi range scale
has the advantage of greater target integration time.

3.2.3 General Recommendations

1. The AN/APS-137 FLAR operator should reposition the sweep origin periodically to
maximize the on-screen time for weak or close aboard contacts. These contacts may only appear

Wl adlyr aafmam vy ey 3 H @y ' imiz:
oriefly before they arc lost in the increasing clutter or in the fuselage shadow, Maximizing the

uninterrupted time that the operator can observe the screen will improve the ability to detect
these contacts. The operator, in ground stabilization mode, should not allow more than one
quarter of the radar display range, directly in front of the aircraft, to go off the screen. When
repositioning the sweep origin, the operator should not reposition the displzy so that more than
one quarter of the radar display range, off the aircraft beam, is off the screen. Figure 3-1
illustrates the recomrended limits.

Table 3-2. Sweep Widths for Small Boats ( 20 to 35 feet) Using the AN/APS-137 FLAR

Range ocale Size Windspesd Sweep Width

(nmji) (ft) (knots) (nmi)
20-25 < 8.0 17.7

16 8.1to 15.2 8.4
2610 35 <8.0 20.9

8.1to 15.2 17.2

20-25 <8.0 15.4

32 8.1t015.2 N/A
2610335 <8.0 25.6

8.1to 15.2 17.8
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Figure 3-1. Example of Recomnmended Screen Positions for
AN/APS-137 FLAR GND Stabilized Display

2. Radar operators should not concentrate all of their efforts to within one track spacing
but should always look out to the end of the recommended range scale for the following reasons:

» For weak targets, the lower surface backscatter at longer ranges may actually enhance
detectability under certain environmental conditions,

» The overlapping of detection opportunities for multiple legs significantly increases the
total Pdet, even for marginally detectable targets, and
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* Environmental conditions that may cause shadow zones require that the radar operator
search over the entire range scale along the search path of the SRU.

» Sweep width calculations are based on looking out to the edge of the range scale.

3.  'When conducting searches for weak or small targets, the operator should turn the
heading cursor off or at least decrease the cursor brightness. Since a large portion of the
detections are made in front of the aircraft, there is a good chance that leaving the cursor on may
actually hide close aboard, weak contacts.

4. During a long search (> 5 hours), the operators may become bored in the beginning
(1 to 2 hours) of the search, anticipating the long hours ahead. For long searches, rotate the
operator after the first hour and then every one to two hours afterward.

5. Develop operator training exercises which use real identifiable targets in the life-raft
and small boat categeries to provide positive operator "feedback".

6. Equip Coast Guard search radars with weak target location and discrimination
capabilities that assist the operator and which do not interrupt the search process.

32.4 Recommendations for Future Research

1. Future experiments should include data to determine the effects of altitude on
detcction performance under various environmental conditions. Lower altitude is expected to

decrease the cluiter ai inoderate ranges due to the lower radar grazing angle with the surface of
the ocean.

2. Both low and high H; data are needed to fully investigate the effect. of significant
wave height on detection performance. Significant wave height, along with wind speed, is
needed to fully characterize the environment for a search.

3. The data collected for the AN/APS-137 FI.LAR does not contain sailboat data. Lu light
of the data collected, the effects of the general low profile and tall mast structure of a typical
sailboat cannot be predicted. Future experiments should include sailboats as targets.
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APPENDIX A

SEARCH DATA

KEY TO DATA

This appendix contains the raw data files for the U.S. Coast Guard AN/APS-137
Forward Looking Airborne Radar experiment conducted in the spring and fall of 1992. Each
datz file is labeled with the date on which the data were collected.

The data files are listed in chronological order. Each file record represents one search
unit/target interaction and describes the target detection opportuniry using 14 parameters of
interest. The following is a key to the format of each record.

Item 1:

Ttem 2:

Item 3:
Tomom A

ALdsddd “¥e

Item 5:
Item 6;
Item 7:

Tten: 8:
Item 9:

Item 10:
Item 11:

Item 12:

ftem 13:

Item 14:

DET

TOT

RNG
LATRNG

Ak & A

RNGSC
RBg
ALT

WDSP
SWDIR

HS
PRECIP

WHCAPS
SIZE

TGTREF

Detection?
1=yes,0=no
Time on task (hours)
The aircraft reported range
Latersl range (nantical miles}
Range scale
8-,16- and 32-nautical miles
Relative Bearing of the target from the aircraft
(degrees)
Aircraft altitude (feet)
Wind speed (knots)
Relative wave direction
1 =looking into oncoming waves,
0 =looking across the direction of wave
-1 =looking at the backside of the waves
Significant wave height (feet)
Precipitation level
0 = none, | = light, 2 = moderate, 3 = heavy
Whitecap coverage
0 = none, 1 = light, 2 = heavy
The size of the target (feet)

rafts = capacity
boats =overall length
Type of target

rafis =0

rafts with reflector =1

boats wood =2
fiberglass =3
metal =4




St “
i

Y. am
Maren av,

DET TUT RNG LATRNG KRNGSC RBG ALT WODSP SWDIR HS PRECIP WHCAPS SIZE TGTREF

ooy
k-2 74

1 05 99 9.9 16 092 1500 76 0 1.6 0 0 6 0
1 06 74 70 16 112 1800 7.6 1 1.6 0 0 10 0
1 07 60 1.5 16 345 1500 7.6 1 1.6 0 0 10 0
1 07 21 0.4 16 010 1500 7.6 -1 1.6 0 0 10 0
1 1.0 30 2.8 16 077 1500 6.0 0 3.0 0 0 10 0
112 4l 1.1 16 016 1500 6.0 -1 3.0 0 o} 6 0
113 7 6.9 16 079 1500 60 130 0 0 10 0
1 14 07 02 16 00C 1500 6.0 -1 30 0 0 4 0
1 1.5 38 3.8 16 080 1500 7.4 0 1.6 0 0 6 0
1 15 50 49 16 259 1500 6.0 0 3.0 0 0 6 0
1 1.8 54 0.1 16 003 1500 7.8 -1 1.6 ) 0 6 0
119 3l 3.0 16 230 1500 7.6 0 1.6 0 0 10 0
1 20 83 82 16 092 1500 7.6 0 1.6 0 0 6 0
1 21 11 6.2 16 310 1500 7.6 i 1.6 0 0 10 0
1 23 63 3.6 16 034 1500 5.2 -1 30 ) 0 6 Q
1 24 61 4.6 16 310 1500 5.2 1 3.0 0 0 6 0
1 24 60 20 16 020 1500 52 1 3.0 0 0 6 0
1 26 36 0.2 16 000 1500 52 1 3.0 0 0 6 0
127 1.2 9.2 16 056 1500 52 -1 30 0 0 41 3
1 27 29 28 16 243 1500 52 1 30 0 0 10 0
I 28 93 4.8 16 332 1500 5.2 0 3.0 0 0 6 0
1 29 93 89 16 104 1500 6.4 0 3.0 0 0 10 0
1 29 41 4.1 16 097 1500 6.4 0 3.0 0 0 10 0
1 30 36 3.6 16 095 1500 6.4 0 30 0 0 10 0
1 34 36 2.2 16 322 1500 7.0 A 0020 0 1 6 0
1 34 56 5.5 16 082 1500 7.0 0 2.0 0 1 10 0
1 35 124 9.9 16 307 1500 7.0 1 2.0 0 1 52 3
1 35 24 2.3 16 072 1500 7.0 0 2.0 0 1 10 0
1t 35 20 0.1 i6 000 1500 7.0 1 2.0 1 i 6 0
1 37 84 53 16 039 1500 7.6 1 3.0 0 0 6 0
1 38 15 2.7 16 016 1500 7.6 1 3.0 0 0 10 0
1 38 88 49 16 326 1500 7.6 1 3.0 0 0 37 4
1 39 53 0.9 16 009 1500 7.8 1 3.0 0 0 10 0
1 39 118 38 16 341 1500 7.3 0 2.6 0 0 10 0
1 39 96 9.0 16 290 1500 7.8 0 2.6 0 0 4 0
1 40 82 4.4 16 328 1500 7.8 0 2.6 0 0 41 3
1 40 31 3.0 16 284 1500 7.8 -1 28 0 0 6 0
1 40 16 7.5 16 098 1500 78 0 26 0 0 10 0
1 41 30 0.6 16 011 1500 7.8 0 2.6 0 0 41 3
1 41 20 1.5 16 133 1500 7.8 0 2.6 9 0 6 0 .
1 42 127 23 16 011 1500 7.8 26 0 0 45 3
1 42 43 4.1 16 252 1500 7.8 1 2.6 0 0 4 0
1 43 109 0.1 16 002 1500 9.7 -1 26 0 0 37 4
1 46 9.1 2 16 014 1500 6.8 -1 1.6 0 0 10 0
1 47 16 3.7 16 029 1500 6.8 -1 1.6 0 0 52 3
1 47 50 5.0 16 268 1500 6.8 0 1.6 0 0 6 0
1 48 129 6.5 16 030 1500 6.8 -1 1.6 0 0 56 3
1 48 6l 1.5 16 014 1500 7.2 i 1.6 0 0 52 3
1 51 52 4.7 16 064 1500 99 1 26 0 0 6 0
1053 1.2 2.7 16 014 1500 99 1 2.6 0 0 45 3
1 53 82 0.1 16 000 1500 99 1 26 0 0 4 0
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March 30, 1992
DET TOT RNG LATRNG RNGSC RBG ALT WDSP SWDIR HS PRECIP WHCAPS SIZE TGTREF

1 53 145 42 16 017 1500 8.6 1 26 0 0 41 3
1 12 6l 6.1 16 087 1500 6.0 1 30 0 0 6 0
I 1.6 24 24 16 082 1500 6.0 0 30 0 0 6 0
1 22 62 55 16 063 1500 7.6 0 16 0 0 6 0
1 24 93 79 16 302 1500 5.2 1 30 0 0 10 0
1 28 134 124 16 068 1500 6.4 4 30 0 0 4s 3
1 33 154 148 16 073 1500 6.8 0 20 0 1 52 3
] 1 33 107 106 16 263 1500 6.3 0 20 0 | 6 0
139 141 6.4 16 333 1500 7.8 0 30 0 0 45 3
2 0l 112 112 16 090 1500 4.9 426 0 0 4 0
) 2 0l 45 45 16 090 1500 4.9 4 26 0 0 6 0
2 01 06 0.6 16 270 1500 4.9 1 26 0 0 6 0
2 01 151 15.1 16 090 1500 4.9 4 26 0 0 6 0
202 103 103 16 090 1500 49 A4 26 0 0 4 0
2 03 49 49 16 090 1500 4.9 0 26 O 0 6 0
2 03 135 135 16 090 1500 49 0 26 0 0 6 0
203 29 29 16 090 1500 5.4 0 26 0 0 10 0
2 04 120 120 16 090 1500 54 o 26 0 0 6 0
2 06 53 53 16 090 1500 7.6 0 16 0 0 10 0
2 06 1.1 1.1 16 090 1500 7.6 0 16 0 0 10 0
- 2+ 87 42 432 % 00 150 14 0 16 0 0 10 0
2 07 129 129 16 270 1500 7.6 o 16 0 0 6 0
2 08 42 42 16 270 1500 7.6 0 16 0 0 6 0
2 09 144 144 16 270 1500 6.0 0 30 0 0 6 0
210 61 6.1 16 270 1500 6.0 0 30 o 0 & 0
2 10 16 7.6 16 270 1500 60 0 30 0 0 6 0
2 10 141 141 16 270 1500 &0 o 30 0 0 10 0
2 10 09 09 16 090 1500 6.0 0 30 0 0 6 0
2 L1 46 46 16 270 1500 60 4 30 0 0 4 0
2 12 94 9.4 16 270 1500 6.0 -1 300 0 6 0
2 12 1.8 118 16 270 150 6.0 4 30 0 0 10 0
2 12 58 5.8 16 270 1500 6.0 -4 30 0 0 4 0
2 13 1.0 1.0 16 090 1500 6.0 1 30 0 0 4 0
2 13 SS 5.5 16 270 1500 6.0 -4 30 0 0 6 0
2 14 105 10S 16 270 1500 6.0 14 30 0 0 6 0
215 140 140 16 000 1500 60 0 30 0 0 10 0
2 15 102 102 16 090 1500 6.0 0 30 O 0 10 0
2 16 136 136 16 0% 1500 6.0 0 30 0 0 10 0
2 16 68 6.8 16 270 1500 6.0 0 30 O 0 10 0
2 16 105 105 16 0% 150 6.0 0 30 O 0 6 0
2 19 116 116 16 090 1500 7.6 e 16 0 0 10 0
2 18 47 4.7 16 270 1500 7.6 0 16 0 0 10 0
. 219 156 156 16 090 150 7.6 0 16 0 0 10 0
219 9.0 9.0 16 270 1500 76 o 16 0 0 10 0
2 21 84 8.4 16 090 1500 7.6 0 16 0 0 10 0
2 21 102 102 16 090 1500 76 0 16 0 0 10 0
2 22 110 110 6 2 0 16 0 16 0 0 6 0
2 24 128 128 16 0% 150 5.2 0 30 0 0 10 0
2 24 154 154 16 270 1500 52 0 30 0 0 6 0
2 24 155 15.5 16 270 1500 5.2 0 30 0 0 37 4
2 24 42 4.2 16 270 1500 5.2 0 30 0 0 W0 0
A-3
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March 30, 1692

DET TOT RNG LATRNG RNGSC RBG ALT WDSP SWDIR HS PRECIP WHCAPS SIZE TGTREF
2 24 108 10.8 16 090 1500 S22 0 3.0 0 0 6 0
2 25 86 8.6 16 270 1500 5.2 0 3.0 0 0 10 0
b) 25 51 5.1 16 090 1500 5.2 i 3.0 0 0 4 0
2 25 1338 13.8 16 270 1500 5.2 -1 3.0 0 0 10 0
2 2.6 158 15.8 16 N0 1500 52 1 3.0 0 0 6 0



DET TOT RNG LATRNG
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0.1
0.3
03
0.6
1.1
1.5
1.7
1.8
2.0
21
22
27
3.6
37
37
4.0
4.0
4.0
4.2
4.3
4.3
4.5
4.6
5.0
50
5.0
5.2
52
32
4.0
4.3
0.1
0.1
0.1
0.2
0.3
0.6
0.7
0.7
0.8
0.8
0.8
11
1.1
1.2
1.2
1.3
1.3
1.3
1.3
1.3

18.3
39
6.1
11.7
1.2
39
7.0
7.6
5.7
4.9
8.2
0.7
9.7
15.9
4.6
1.1
14.6
35
5.0
2.7
7.6
44
8.4
7.1
10.0
89
46
39
50
11.7
8.1
13.2
54
1.1
10.0
9.2
5.0
25
9.8
0.0
62
13.0
4.2
6.4
4.4
8.8
3.9
6.9
0.5
7.5

~
-

14.4
32
1.2
111
2.0
2.6
0.6
0.9
1.3
0.4
35
0.3
9.2
15.8
4.6
5.0
55
35
0.6
0.6
32
4.0
72
04
8.5
5.5
4.3
3.2
3.5
4.4
5.2
13.2
54
1.1
10.0
22
5.0
2.5
9.8
0.0
6.2
13.0
4.2
6.4
4.4
8.8
39
6.9
0.5
7.5
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RNGSC RBG ALT WDSP SWDIR HS PRECIP WHCAPS SIZE TGTREF
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April Q1, 1992
1000 56
1000 8O0
1000 8.0
1000 29
1000 74
1000 76
1000 76
1000 76
1000 70
1000 7.0
1000 4.7
1000 7.8
1000 64
1000 62
1000 62
1000 52
1000 52
1000 52
1000 4.5
1000 4.5
1000 4.5
1000 4.5
1000 4.5
1000 3.7
1000 3.7
1000 3.7
1000 3.7
1000 3.9
1000 39
1000 5.2
1000 4.5
1000 5.6
100 5.6
1000 5.6
1000 7.8
1000 7.8
1000 2.9
1000 5.6
1000 5.6
1000 5.6
1000 5.6
1000 5.6
1000 74
1000 74
1000 7.6
1000 7.6
1000 7.6
1000 7.6
1000 7.6
000 746
1000 76

A-5

23
2.3
23
30
23
23
23
23
30
30
30
23
30
KR
30
20
20
20
20
20
20
20
20
26
26
2.6
2.6
26
2.6
20
2.0
23
2.3
2.3
23
23
3.0
3.0
3.0
3.0
3.0
3.0
2.3
2.3
2.3
23
23
23
2.3
23
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6
6
6
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56
52
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6
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6
4
4
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4
6
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10
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6
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April 01, 1992
DET TOT RNG LATRNG RNGSC RBG ALT WDSP SWDIR HS PRECIP WHCAPS SIZE TGTREF

2 16 1.0 1.0 16 270 1000 76 -1 2.3 0 0 10 0
2 1.6 116 1.6 16 270 1000 7.6 -1 23 0 0 10 0
2 1.7 4.2 4.2 16 090 1000 7.6 1 23 0 0 10 0
2 1.7 70 7.0 16 270 1000 7.6 -1 23 0 0 10 0
2 1.7 112 11.2 16 270 1000 7.6 -1 2.3 0 0 10 0
2 1.7 s¢ 5.6 16 090 1000 76 1 23 0 0 6 0
2 20 178 7.3 16 090 1000 7.0 1 3.0 0 0 6 0
2 21 48 4.8 16 270 1000 70 -1 3.0 0 0 6 0
2 2.1 140 14.0 16 090 1000 70 1 30 0 0 10 0
2 21 72 7.2 16 B0 1000 7.0 1 30 0 0 10 0
2 22 120 12.0 16 090 1000 4.7 1 3.0 0 0 10 0
2 22 46 4.6 16 050 1000 47 -1 30 0 0 10 0
2 22 88 8.8 16 270 1000 4.7 1 30 0 0 10 0
2 22 142 14.2 16 270 1000 4.7 1 30 0 0 10 0
2 22 98 9.8 16 030 1000 47 -1 3.0 0 0 6 0
2 23 2.8 2.8 16 270 1000 4.7 1 30 0 0 6 o
2 25 6.1 6.1 16 090 1000 89 -1 2.3 0 0 6 0
2 26 01 0.1 16 270 1000 8.9 1 23 0 0 6 0
2 26 82 8.2 16 270 1000 89 1 2.3 ¢ 0 6 0
2 26 158 15.8 16 270 1000 8.9 1 23 0 0 6 0
2 26 122 12.2 16 090 1000 89 -1 23 0 0 10 0
2 26 55 3.3 i 040 1000 3% -1 2.3 0 o <] 9]
2 27 78 7.8 16 270 1000 7.8 1 23 0 0 10 0
2 27 60 6.0 16 650 1000 7.8 -1 23 0 0 10 0
2 28 &1 8.1 16 270 1000 7.8 1 23 0 0 45 3
2 2.8 1.2 1.2 16 050 1000 7.8 -1 23 0 0 6 0
2 28 99 99 16 090 1000 7.8 -1 2.3 (] ¢ 10 o
2 28 22 22 16 050 1000 7.8 -1 2.3 0 0 6 ]
2 2.8 117 11.7 16 270 1000 7.8 1 2.3 0 0 4 0
2 28 21 2.1 16 270 1000 7.8 ] 2.3 0 0 4 0
2 36 07 0.7 16 090 1000 64 0 3.0 0 0 10 0
2 37 135 13.5 16 273 1000 6.2 0 3.0 0 0 10 0
2 3.7 133 133 16 050 1000 6.2 0 3.0 0 0 10 0
2 37 66 6.0 16 0% 1000 6.2 -1 3.0 0 0 6 0
2 40 116 1.6 16 090 1000 52 -1 2.0 0 ! 6 C
2 4.1 55 5.5 16 270 000 5.2 1 2.0 0 1 4 0
2 42 46 4.6 16 00 1000 5.2 - 2.0 0 i i0 0
2 42 134 13.4 16 090 1000 S.2 -1 2.0 0 ! 10 0
2 43 138 13.8 16 090 1000 435 -1 2.0 0 1 6 0
2 4.3 145 14.5 16 090 1000 4.5 -1 2.0 0 1 6 0
2 4.3 105 10.5 16 050 1000 45 -1 2.0 0 1 4 0
2 44 152 152 16 270 1000 4.5 -1 2.0 0 1 4 0
2 44 55 5.5 16 270 1000 4.5 -1 2.0 0 1 4 0
2 46 8BS 8.5 16 270 1000 4.5 -1 2.0 0 1 10 0
2 46 1.7 17 16 050 1000 45 1 20 0 1 4 0
2 46 09 09 16 09 1000 4.5 1 2.0 0 ! 54 3
2 4.7 06 0.6 16 090 1000 4.7 1 2.0 0 1 6 0
2 4.7 152 15.2 16 270 1000 4.7 -1 20 0 1 6 0
2 47 08 0.8 16 090 1000 4.7 1 20 0 l 37 4
2 50 112 112 16 270 1000 37 -1 2.6 0 0 6 0
2 50 111 11.1 16 0% 1000 37 1 26 0 0 52 3

A-6



DET TOT RNG LATRNG RNGSC RBG ALT WDSP SWDIR HS PRECIF WHCAPS SIZE TGTREF

[ 8]

2
2
2
2
2
2
2
2
2
2
2

5.1
5.1
5.1
5.1
5.2
5.2
5.2
5.2
5.3
0.7
0.7
36

1.7

6.6

6.5
11.4
9.4
14.5
9.5

36
32

2.6

4.8

6.0

1.7

6.6

6.5
11.4
94
14.5
9.5

3.6

3.2

2.6

4.8

6.0

16
16
16
16
16
16
16
16
16
16
16
16

020
270

April 01, 1992

1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000

37
37
37
37
39
3.9
39
39
39
5.6
5.6
6.4

2.6
2.6
2.6
2.6
2.6
2.6
2.6
2.6
2.6
3.0
3.0
3.0
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DET TOT RNG LATRNG RNGSC RBG
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0.0
0.1
02
0.2
0.6
1.0
12
1.5
1.6
19
3.3
3.3
3.3
3.8
3.9
40
43
43
4.4
44
44
44
45
47
48
0.1
0.1
0.1
0.2
0.2
0.3
0.3
0.5
0.5
0.7
0.7
08
08
09
1.0
10
10
1.1
1.1
12
12
12
12
13
14
14

7.6
6.7
16.0
1.8
8.2
10.3
7.6
5.8
9.0
10.5
13.1
4.6
10.0
6.0
13.2
9.4
11.0
6.0
14.1
3.1
5.1
12.6
9.3
1.2
9.3
0.4
0.6
15.9
13.8
11.2
57
1.4
0.7
9.4
3.7
15.3
4.7
5.2
3.6
0.8
109
3.8
8.3
15.6
6.2
0.7
104
120
5.7
10.7
5.1

54
6.6
12.6
1.8
7.7
6.8
04
5.6
1.5
9.7
1.1
1.7
9.5
3.9
3.0
38
4.0
5.7
10.0
2.4
0.0
5%
8.8
1.3
9.2
04
0.6
15.9
13.8
11.2
5.7
1.4
0.7
9.4
3.7
15.3
4.7
5.2
3.6
0.8
10.9
3.8
8.3
15.6
6.2
0.7
10.4
12.0
5.7
10.7
5.1

2
32
32
32
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16

044
079
052
090
077
318
002
072
014
065
355
023
073
317
345
335
019
291
3i4
051

270

270
270
270

270
270

270
270

270
270
270

270
270

Aprni 03, 1992

ALT WDSP SWDIR HS PRECIP WHCAPS SIZE TGTREF
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DET TOT RNG LATRNG RNGSC RBG ALT WDSP SWDIR BS PRECIP WHCAPS SIZE TGTREF
2 14 70 7.0 16 090 1500 10 0 30 0 1 4 0 N
2 1.4 133 133 16 090 1500 10 0 30 0 1 6 0
2 1.5 109 10.9 16 270 1500 i0 0 30 ¢ 0 10 0
2 15 4.1 4.1 16 270 1500 10 ] 30 0 0 10 0
2 1.5 110 11.0 16 050 1500 10 0 3.0 0 0 4 0
2 1.6 8.5 8.5 16 270 1500 10 0 30 0 1 10 0
2 1.6 338 38 16 090 1500 10 0 30 0 1 4 0

. 2 1.6 136 13.6 16 050 1500 10 0 30 0 1 10 0
2 1.7 80 8.0 16 270 1500 10 0 30 1 1 10 0
2 1.6 3.8 3.8 16 275 1500 10 0 30 1 1 6 0

. 2 1.6 04 6.4 16 090 1500 10 4] 3.0 1 1 6 0
p 1.6 120 12.0 16 050 1500 10 0 3.0 1 1 6 0
2 1.9 109 10.9 16 270 1500 7 1 36 1 1 10 0
2 19 08 0.8 16 270 1500 7 1 3.6 1 1 10 0
2 1.9 125 12.5 16 090 1500 7 -1 3.6 i 1 10 0
2 20 20 2.0 16 270 1500 7 1 3.6 0 0 10 0
2 2.1 155 15.5 16 270 1500 7 -1 3.6 0 o 6 0
2 2.1 56 5.6 16 090 1500 7 -1 36 0 0 10 0
2 2.1 50 5.0 16 0% 1500 7 -1 3.6 0 0 10 0
2 21 18 7.8 16 270 1500 7 -1 3.6 0 0 i0 0
2 2.1 185 15.5 i6 270 1500 7 -1 3.6 0 0 6 0
2 23 139 139 16 050 1500 7 ¢] 2.6 0 1 10 0
2 24 98 9.8 16 090 1500 7 0 26 0 1 6 0
2 24 07 0.7 16 270 1500 7 0 2.6 0 1 6 0
[ 24 7.0 6.2 16 289 1500 7 ¢] 2.6 0 1 6 0
2 24 14.6 14.6 16 090 1500 7 0 2.6 0 1 10 0
2 24 17 1.7 16 270 1500 7 0 2.6 0 1 10 0
2 25 19 1.9 16 090 1500 7 0 2.6 0 1 4 0
2 24 130 13.0 16 270 1500 7 o 2.6 0 1 6 0
2 24 132 132 16 270 1500 7 0 2.6 0 1 37 4
2 26 158 15.8 16 050 1500 7 0 2.6 0 o 10 0
2 26 60 9.0 16 050 1500 7 0 2.6 0 0 10 0
2 26 07 0.7 16 270 1500 7 0 2.6 0 0 6 0
2 26 61 6.1 16 270 1500 7 0 2.6 0 0 4 0
2 26 129 12.9 16 270 1500 7 0 26 0 0 6 0
2 26 26 2.6 16 270 1500 7 0 2.6 0 1 4 0
2 26 89 89 16 270 1500 7 0 2.6 0 1 6 0
2 27 151 15.1 16 090 1500 T 0 2.6 0 1 10 0
2 27 97 9.7 16 090 1500 7 0 2.6 0 1 10 0

. 2 27 142 14.2 16 270 1500 7 0 2.6 0 1 4 0
2 27 159 15.9 16 270 1500 7 0 2.6 0 1 41 3
2 33 114 114 16 090 1500 6 -1 33 1 0 10 0

. 2 38 54 5.4 16 270 1500 g 0 3.0 0 0 6 0
2 3.8 101 10.1 16 090 1500 g 0 3.0 0 0 6 0
2 38 43 43 16 050 1500 9 0 3.0 0 0 6 0
2 37 74 7.4 16 270 1500 8 0 3.0 0 0 54 3
2 3.8 150 15.0 16 030 1500 9 0 3.0 1 1 6 0]
2 38 27 2.7 16 090 1500 9 0 3.0 1 1 10 0
2 38 24 24 16 270 1500 9 0 3.0 1 1 6 0
2 38 126 12.6 16 090 1500 9 0 3.0 1 1 4 0
2 39 108 10.8 16 090 1500 S 0 3.0 0 0 6 0

=
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TOT RNG LATRNG

39
39
4.0
4.0
4.0
4.1
4.1
4.2
4.2
4.2
4.2
4.3
4.3
4.4
4.5
45
4.7
4.7
4.7
29
12
24
25
0.1
2.8
2.8
2.8
2.8
2.8
29
29
2.9
2.9
3.0
3.0
3.0
29
29
3.0
3.0
3.0
3.1
3.1
4.8

5.6
1.3
9.7
34
20
14.8
14.7
12.5
7.1
5.5
11.6
123
9.6
12.6
4.8
114
115
9.2
119
2.0
15.9
4.9
143
9.8
14.9
2.6
35
9.0
10.7
139
4.2
8.0
9.6
8.7
6.2
38
8.7
10.0
8.7
6.3
39
8.7
13.6
1.8

5.6
1.3
9.7
34
2.0
14.8
14.7
12.5
7.1
5.5
11.6
123
9.6
12,6
4.8
114
115
9.2
11.9
1.7
15.7
49
14.3
9.8
14.9
2.6
3.5
5.0
10.7
13.9
4.2
8.0
9.6
8.7
6.2
38
87
10.0
8.7
6.3
39
87
13.6
1.8

RNGSC RBG ALT WDSP
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16
16
16
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16
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16
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16
16
16
16
16
16
16
16
16
16
16
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1500
1500
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SWDIR HS PRECIF WHCAPS SIZE
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1
1
1
1
1
1
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1
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0
0
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1
1
1
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1
1
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ki April 08, 1992
DET TOT RNG LATRNG RNGSC RBG ALT WDSP SWDIR HS PRECI? WHCAPS SIZE TGTREF

1 01 74 6.9 16 115 1000 72 0 23 9 0 4 0
1 02 47 1.7 16 021 1000 72 23 0 0 10 0

1 03 52 1.9 16 022 1000 72 123 0 0 6 0

1 05 1.8 0.1 16 000 2000 124 126 0 0 10 0

1 07 74 5.1 16 044 2000 11.1 0 26 0 0 10 0

1 1.0 34 3.4 16 087 2000 5.4 0 20 0 0 10 0

1 12 62 4.2 16 318 2000 5.4 0 20 0 0 6 0

. I 13 6.5 3.8 16 036 2000 54 -1 20 0 0 10 o

) 1 13 6.4 0.8 16 008 2000 54 1 20 0 0 10 0

: 1 14 74 4.7 16 040 2000 54 -120 0 0 6 0
. 1 14 108 106 16 101 2000 5.4 0 20 0 0 4 0

1 16 60 1.0 16 351 2000 9.9 - 26 0 1 10 0

1 1.7 82 1.7 16 348 2000 99 -1 23 0 1 10 0

1 1.7 69 5.9 16 121 2000 99 0 23 0 1 10 0

1 18 57 5.2 16 249 2000 99 0 23 0 1 6 0

1 20 72 7.2 16 276 2000 74 0 23 0 0 4 0

1 20 83 8.2 16 103 2000 74 0 23 0 0 6 0

1 21 101 9.8 16 280 2000 74 0 23 0 0 54 3

1 22 100 8.8 16 059 2000 74 1 23 0 0 6 0

i 1 22 6l 6.1 16 280 2000 74 4 23 0 0 10 0
1 22 130 13.0 16 271 2000 74 23 0 0 10 0

I 23 67 0.6 16 006 2000 74 .1 23 0 0 10 0

1 23 65 4.1 i6 320 2000 74 0 23 0 o] 4 )

2 1 23 83 75 16 066 2000 74 10023 0 0 10 0
" 1 24 5% 5.8 16 270 2000 74 0 23 0 0 10 0
1 24 112 0.8 16 004 2000 74 4 23 0 0 4 0

1 24 107 5.4 16 330 2000 7.4 -1 23 0 0 6 0

1 27 29 15 16 034 2000 105 -1 26 0 1 6 0

1 27 37 1.2 16 328 2000 105 4 26 0 1 6 0

1 28 116 4.4 16 358 2000 10.5 1 20 0 1 10 0

) 1 31 131 11.2 16 059 2000 7.0 1 2.0 0 0 6 0
1 32 60 5.8 16 105 2000 70 0 20 0 0 6 0

1 33 56 4.0 16 315 2000 7.0 0 20 0 0 a1 3

” 1 34 55 1.5 16 344 2000 7.0 0 20 0 0 41 3
- 1 35 4z 09 16 012 2000 54 420 0 0 6 0
1 38 67 14 16 348 2000 9.3 1 26 0 1 10 0

o 1 38 87 8.4 16 288 2000 9.3 1 26 0 1 6 0
1 38 42 0.9 16 350 2000 9.3 426 0 i i0 0

1 43 82 6.3 16 310 2000 6.2 0 2.3 0 0 10 0

~ . 1 45 63 4.9 16 051 2000 62 1 23 0 0 10 0
1 45 64 2.1 16 019 2000 62 a1 23 0 0 10 0

1 45 89 7.5 16 302 2000 6.2 0 2.3 0 0 10 0

; 1 45 92 34 16 338 2000 7.0 123 0 0 6 0

1 48 103 09 16 355 2000 86 126 0 ] 10 0

1 48 103 6.6 16 320 2000 86 126 0 1 6 0

2 01 58 5.8 16 090 1000 72 123 0 0 6 0

2 02 157 15.7 16 050 1000 7.2 1 23 0 0 4 0
) 2 02 144 14.4 16 050 1000 72 0 2.3 0 0 10 0
2 02 118 11.3 16 0% 1000 7.2 0 2.3 0 0 10 0
; 2 03 154 15.4 16 050 1000 7.2 0 23 0 0 6 0
I 2 03 60 6.0 16 090 1000 72 0 23 0 0 6 0




BN RNRN RN RN R RNDRBRDBRODODPDRNRPNNENDDODRLDRRLODRPODDODOMMNBDODRLDODRPDRDPDODOEDDNDRDRODODODRDRDRDRDDN

0.5
0.6
0.6
0.7
0.7
0.9
0.9
0.9
1.0
1.0
1.0
1.1
1.1
1.1
1.2
1.2
1.3
1.3
1.3
14
1.4
1.6
1.0
1.6
1.8
1.8
1.8
1.8
20
2.0
2.1
2.1
21
2.1
2.1
22
22
i3
2.3
23
2.4
2.4
2.4
2.4
2.5
2.5
2.5
2.7
27
2.7
31

9.8
8.4
34
147
47
KR

0.8
10.4
6.1

14.9
9.2
0.4
1 4
15.2
5.0
10.0
13.1
94
9.2
4.6
8.6
10.8
117
9.6
15.4
7.7
48
14.8
124
1.0
57
2.8
12.7
9.4
0.0
1.1

14.8
id.1
14.4
9.2

4.0
34
04
9.0
13.0
13.0
14.6
9.0
11.4
9.2
1.4

9.8
8.4
34
14.7
4.7
KR
0.8
104
6.1
14.9
9.2
0.4
104
15.2
5.0
10.0
13.1
9.4
9.2
4.6
8.6
10.8
11.7
9.6
15.4
717
4.8
14.3
124
1.0
5.7

~
L

12.9
94
0.0
1.1
14.8
14.1
14.4
9.2
4.0
34
04
9.0
13.0
13.0
14.6
9.0
114
9.2
7.4

16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
i6
16
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16
16
16
16
16
16
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April 08, 1992
DET TOT RNG LATRNG RNGSC RBC ALT

2000
2000
2060
2000
2000
2000
2000
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WDSP SWDIR HS PRECIP WHCAPS SIZE TGTREF

11.1
111
111
11.1
1.1
6.4
6.4
6.4
5.4
5.4
5.4
5.4
5.4
5.4
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54
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5.4
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April 08, 1992

DET TOT RNG LATENG RNGSC RBG ALT
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WDSP SWDIR HS PRECIP WHCAPS SIZE TGTREF
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Aprii 10, 1992

DET TOT RNG LATRNG RNGSC RBG ALT
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1.9
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20
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21
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2.5
2.5
37
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4.2
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2.6
2.9
3.0
32
1.6
26
2.7
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3.0
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3.0
3.1
i1
3.1
3.2
33
33
3.5

RNG LATRNG RNGSC RBG

1.8
14.7
5.3
14.7
53
124
15.5
72
3.8
10.3
9.3
7.1
9.3
8.4
12.5
12.6
3.1
56
70
1.7
2.5
11.1
1.0
11.9
0.0
1.0
4.4
114
04
6.4
3.0
42
3.8
3.5
4.0
14.6
7.8
4.1
7.0
133
4.2
9.6
6.0
1.3
2.8
0.6
10.0
138
1.4
11.0
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Amel 10
apiEs iV

DET TOT RNG LATRNG RNGSC RBG ALT WDSP SWDIR S PRECIF WHCAPS SIZE TGTREF ‘
2 s 32 32 16 270 1500 7.0 i 1.3 0 0 10 0
2 35 118 11.8 16 270 1500 7.0 1 1.3 0 0 10 0

10Q7
L7k

A-16




September 24, 1092

DET TCT ENG LATRNG RNGSC KBG ALT WOSPF SWODIR #§S PRECIT WHCAYS SIZE TGTRET

0.1 201 5.1 16 146 1500 115 ! 2 is
02 52 1.4 16 154 1500 115 1 10
02 62 5.7 16 292.2 1500 115 0 28
04 39 7.6 o 582 1500 119 0 22

0.5 6.3 59 16 657 1500 119 0 30 !
0s 1id 1.8 16 9.3 1500 119 ] 6
0.8 9.6 0.6 16 34 1500 119 -1 30
. 0.9 104 0.5 16 2.8 1500 99 -1 28
1 8.5 6.6 16 507 1500 99 -1 35
1.3 84 2.6 16 177 1500 113 1 35
. 1.3 115 3.1 16 149 1500 113 i 28

1

1.6 6 33 16 341 1500 113
1.9 128 0.7 16 32 1500 109 -1
1.9 143 2.5 16 10 1500 109 -1
21 114 0.6 16 3 1500 109 -1
0.1 54 54 16 90 1500 115
0.3 49 4.9 16 270 1500 1L9
04 06 0.6 16 270 1500 119
04 58 58 16 270 1500 119
05 38 38 16 270 1500 119
05 O 0 16 270 1500 119
0.7 74 74 16 270 1500 11
0.8 5.5 55 16 270 1500 11
08 17 17 16 270 1500 11
08 2 2 16 1500 99
09 03 0.3 16 90 1500 99
09 49 49 16
09 05 0.5 16 1500 99
09 0 0 16 1500 99
1 67 6.7 16 270 1500 99
14 112 112 16
4 44 44 16
1.4 14.8 14.8 16
1.5 4 4 16
1.5 156 15.6 16
1.5 9.1 9.1 16
1.5 39 39 16
16 15 1.5 16
1.6 53 53 16
1.6 92 92 16 1500 113
1.7 11.4 11.4 16 1500 11.3
18 74 74 16 270 1500 109
19 55 55 16 270 1500 109
19 1.7 17 16 270 1500 109
03 0.3 16 90 1500 109
49 49 16 270 1500 109
0.5 0.5 16 270 1500 10.9
0 16 270 1500 109
6.7 6.7 16 270 1500 109

&
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September 25, 1992 Search |
DET TUT BNG LATRNC RNGSC RBC ALY WDSP SWDIR HS PRECIP WHCAPS SIZE TGTIREF

{ Y 8.7 36 16 243 1500 97 0 6 Q 1 28 k!
1 0 8.8 2.6 16 17.3 1500 9.7 ! 2.6 0 i 23 3
1 o 10.3 7 16 42.8 1500 97 0 2.6 0 1 21 k)
1 0.1 141 4.9 16 204 1500 9.7 0 2.6 0 1 20 3
i 0.1 127 2.1 16 9.3 1500 9.7 1 26 0 i 35 2
1 0.1 148 0.5 16 2 1500 97 1 .6 0 1 32 4
1 062 214 5.1 16 139 1500 97 0 2.6 0 1 28 ]l
1 03 161 27 16 96 1500 9.7 0 2.6 o 1 30 3
1 0.5 44 0.7 16 9.3 1500 107 0 2.6 0 1 32 4
i 05 44 4.2 16 2544 1500 107 -1 2.6 0 1 6 0
1 0.6 124 1.5 16 7.1 1500 107 0 2.6 0 1 6 0
1 07 66 5.6 16 57.2 1500 107 0 2.6 0 1 30 3
1 0.8 146 6.2 16 249 1500 107 ¢ 2.6 0 1 2 3
i 09 139 59 16 244 1500 9.3 0 26 0 l 32 4
1 0o 121 6.2 16 307 1500 93 o 2.6 Q 1 35 2
1 09 13¢ 0.4 16 1.9 1500 9.3 -1 23 0 ! 20 3
1 1.3 89 8.8 16 844 1500 9.3 1 2.3 0 1 22 3
1 1.5 134 5.6 16 247 1500 9.3 1 23 0 1 28 3
1 1.5 111 10.7 16 739 1500 9.3 1 23 0 1 22 3
1 1.7 133 5 16 223 1500 9.3 -1 23 (Y] { 30 3
1 1.8 132 8.7 16 378 1500 93 -1 23 0 1 24 3
} 2.1 125 12.5 16 94.1 1500 7 1 2 0 1 28 3
1 24 115 6.4 16 334 1500 68 1 2 U i 30 4
1 24 48 48 16 2669 1500 6.8 0 2 0 1 4 3
1 25 5d 0.5 16 56 1500 68 1 2 Q [ 30 3
i 27 146 1.5 16 58 1500 6.8 -1 2 0 1 24 3
1 27 153 0.8 16 3.1 1500 6.8 -1 2 0 ! 30 4
2 ol 06 06 16 270 1500 g -1 26 0 | 22 3
2 03 04 04 16 270 1500 9.7 1 26 0 l 22 3
2 03 33 33 16 90 1500 9.7 1 2.6 0 1 10 0
2 04 28 28 16 270 1500 107 1 6 0 1 6 0
2 04 37 37 16 270 1500 109 ) 26 0 1 6 0
2 04 04 04 16 90 1500 107 1 26 0 ] 6 0
2 04 02 nz 16 90 1500 107 1 2.6 0 1 6 0
2 06 49 4.9 io 270 1500 107 } 3 c ] 32 4
2 07 5.7 5.7 16 270 1500 10.7 1 2.3 0 l 6 0
2 0.7 6 6 16 270 1500 107 1 23 0 1 6 0
2 07 18 1.8 16 270 1500 107 i 2.3 0 ! 6 0
2 08 28 28 16 27¢ 1500 107 l 23 0 1 6 0
2 08 87 8.7 16 270 1500 109 1 2.3 0 ! 10 0
2 08 03 03 16 270 1500 107 ! 23 0 1 28 3
2 1.1 1.5 1.5 i6 90 1500 93 -1 23 0 ! 21 3
2 1.1 54 54 16 270 1500 9.3 1 23 0 I 23 3
2 1 08 08 16 270 1500 9.3 1 23 0 l 28 3
2 1.2 62 6.2 16 90 1500 9.3 1 23 0 1 28 3
2 1.3 108 10.8 16 90 1500 93 1 23 0 1 23 3
2 1.3 4 4 16 90 1500 93 1 23 0 1 21 3
2 1.4 63 6.3 16 90 1500 9.3 1 2.3 0 1 20 3
2 1.4 116 1.6 16 90 1500 93 ; 2.3 0 1 35 p
2 1.4 111 1.1 16 %0 1500 93 1 23 ] 1 32 4
2 1.5 148 14.9 16 270 1500 9.3 ! 2.3 0 1 24 3




Seplember 25, 1992 Search 1
= DET TOT RNG LATRNG RNGSC RBG ALT WDSP SWDIR HS PRECIP WHCAPS SIZE TGTREF

% 2 15 14l 14.1 16 90 1500 9.3 1 23 0 1 10 0
- 2 15 113 113 16 270 1500 93 -1 23 0 1 30 3
2 1.6 82 8.2 16 90 1500 93 1 23 0 1 6 0
A 2 16 105 105 16 9 1500 93 123 0 1 30 3
. 2 16 13 7.3 16 %0 1500 93 1 23 0 1 6 0
I 2 1.6 114 114 16 9 1500 93 1 23 0 1 6 0
2 17 127 127 16 270 1500 9.3 1 2 0 1 6 0
. 2 17 139 139 16 270 1500 9.3 1 2 0 1 6 0
L 2 18 BT 117 16 270 1500 9.3 1 2 0 1 28 3
8 2 18 105 10.5 16 9% 1500 7 -1 2 0 1 30 4
: . 2 2 138 138 16 270 1500 7 1 2 0 1 20 3
2 2 101 10.1 16 270 1500 7 1 2 0 1 21 3
N 2 22 149 149 .6 90 1500 7 0o 2 0 1 21 .
2 2 27 52 5.2 16 270 1500 6.8 0 2 0 1 30 3
3
N
i
i




September 25, 19892 Search 2 i
DET TOT RNG LATRNG RNGSC RBG ALT WDSP SWDIR HS PRECIP WHCAPS SIZE TGTREF
1 317 49 4.8 32 77.1 1500 6.2 1 1.6 0 1 28 3
1 3.17 123 9.3 32 49 1500 6.2 1 1.6 0 1 23 3
1 118 163 84 32 31 1500 6.2 1 1.6 0 1 22 3
1 32 179 5.6 32 18 1560 62 1 1.6 0 1 20 3
1 321 236 104 2 261 1500 6.2 1 1.6 0 1 35 2
I 321 289 10 32 203 1500 6.2 1 1.6 0 1 32 4
i 349 123 8 32 40.5 1500 6 1 1.6 0 1 30 3
1 358 168 8.5 32 306 1500 6 1 1.6 0 1 32 4 .
1 3.88 285 13.9 32 29.1 1500 5.2 0 1.6 0 1 28 3
1 39 303 6.7 32 128 1560 2 -1 1.6 0 1 24 3
i 394 27.1 18.4 32 427 1500 52 0 1.6 0 1 22 3
1 394 278 101 32 214 1500 5.2 -1 1.6 0 1 30 4
1 405 222 19.1 32 593 1500 5.2 0 1.6 0 1 32 4
1 406 263 14.8 32 344 1500 5.2 0 1.6 0 1 20 3
2 321 31 3.1 32 9% 1500 6.2 1 2 0 1 21 3
2 339 191 19.1 32 270 1500 6 -1 2 0 1 30 4
2 342 16 16 32 270 1500 6 -1 2 o 1 24 3
2 343 89 8.9 32 90 1500 6 1 2 0 1 22 3
2 346 4.2 42 32 90 1500 6 1 2 0 1 28 3
2 347 127 127 32 %0 1500 6 1 2 0 1 10 C
2 349 124 124 32 270 1500 6 -1 2 0 1 30 3
2 354 656 6.6 32 o 1500 6 1 2 o 1 6 0
2 358 56 5.6 32 %0 1500 6 1 2 0 1 6 0
2 358 98 9.8 32 90 1500 6 1 2 0 1 4] ]
2 362 95 95 32 90 1500 6 1 2 0 1 6 0
2 364 5.2 52 32 9 1500 6 1 2 0 i 6 0
2 382 185 185 32 270 1500 6 H 2 0 0 32 4
2 383 15 15 32 270 1500 6 1 2 0 0 6 0
2 386 193 193 32 270 1500 0 1 2 0 0 6 0
2 389 195 19.5 32 270 1500 5.2 i 2 0 G 6 0
2 389 154 154 32 270 1500 5.2 l 2 0 0 6 0
2 393 163 16.3 32 270 1500 5.2 1 2 0 0 6 0
2 393 175 17.5 32 270 1500 5.2 1 2 0 0 30 3
2 398 29 29 32 90 1500 52 -1 2 0 0 30 3
2 399 223 223 32 270 1500 52 1 2 0 0 10 0
2 414 197 19.7 32 270 1500 52 1 2 0 0 35 2
2 42 7.8 17.8 32 270 1500 52 1 2 0 0 22 3
2 423 19 19 32 270 1500 52 1 2 0 0 23 3
z 423 133 133 32 270 15C0 52 1 2 0 0 21 3
2 427 14.3 14.3 32 270 1500 5.2 1 2 0 0 28 3 .
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DET TOT RNG LATRNG RNGSC RBG ALT WDSP SWDIR HS PRECIP WHCAPS SIZE TGTREF

1 4.39 146 14.4 32 984 1500 5.6 1 1.6 0 0 28 3

1 442 189 17.6 32 69.3 1500 56 1 1.6 0 0 22 3

1 4.45 18 14.9 32 56.1 1500 56 1 1.6 0 0 20 3

1 445 244 19.7 32 53.7 1500 5.6 1 1.6 0 0 35 2

1 445 285 19.2 32 42.3 1500 5.6 1 1.6 0 0 32 4

1 446 30.1 9.1 32 i7.7 1500 5.6 0 1.6 0 0 30 4

1 449 284 6.3 32 13 1500 5.6 0 1.6 0 0 24 3

) 1 454 288 14.1 32 293 1500 5.6 1 1.6 0 0 28 3
f 1 4.57 242 2.4 32 5.7 1500 5.6 0 1.6 0 0 30 3
1 501 173 12.8 32 479 1500 5.6 0 1.6 0 0 32 4

. 1 506 24 1.7 32 18.7 1500 5.6 ) 1.6 0 0 30 3
1 5.15 192 4.4 32 13.2 1500 5.6 0 1.6 0 0 28 3

1 5.19 303 19.2 32 393 1500 5.6 -1 1.6 0 0 30 4

1 52 174 8.7 32 330.1 1500 5.6 0 1.6 0 0 22 3

1 527 249 10.2 32 242 1500 5.6 0 1.6 0 0 35 2

1 533 246 7.7 32 18.2 1500 5.6 0 1.6 0 0 22 3

2 442 136 136 32 90 1500 5.6 1 1.6 0 0 21 3

2 442 18.9 18.9 32 90 1500 5.6 1 1.6 0 0 23 3

2 463 18% 18.8 32 90 1500 5.6 1 1.6 0 0 22 3

2 4.67 227 27 32 90 1500 5.6 1 1.6 0 0 10 0

2 474 17.7 17.7 32 90 1500 5.6 1 1.6 0 0 30 3

3 2 475 168 16.8 32 90 1500 5.6 1 1.6 0 0 6 0
2 479 16 16 32 9¢ 1500 5.6 1 1.6 0 0 6 0

2 479 20.1 20.1 yi 9 1500 56 1 1.6 0 0 6 0

2 483 199 19.9 32 90 1500 5.6 1 1.6 0 0 6 0

2 4.85 157 15.7 32 90 1500 5.6 1 1.6 0 0 6 0

2 48 217 21.7 32 90 1500 5.6 1 1.6 Q 0 32 4

2 507 5.7 5.7 32 270 1500 8.7 1 1.6 0 0 6 0

2 3.09 10 10 32 270 1500 8.7 1 1.6 0 0 6 0

2 313102 10.2 2 270 1500 8.7 1 1.6 0 0 6 0

2 513 6 6 32 210 1500 8.7 i 1.6 0 0 6 0

2 5.% 6.9 6.9 32 270 1500 8.7 1 1.6 0 0 6 0

2 5.2 12.8 12.8 32 270 1500 8.7 1 1.6 0 0 10 0]

2 527 169 16.9 32 90 1500 8.7 -1 1.6 0 0 24 3

2 534 9.7 9.7 32 270 1500 8.7 1 1.6 0 0 32 4

2 5.4 5.7 5.7 N 270 1500 8.7 1 1.6 0 0 20 3

2 548 5.6 5.6 32 270 1500 8.7 1 1.6 0 0 21 3

2 5..8 9.5 9.5 32 270 1500 8.7 1 1.6 0 0 23 3

2 551 4.1 4.1 N 270 1500 8.7 1 1.6 0 0 28 3
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DET TOT RNG LATRNG

1

BN DR RN R R DD RD D RO N RN DR R R R R R e e ek b et bl el ek et et e pmd e e b e e et e et e e e e e e

0.1
0.1
0.1
0.2
0.2
04
0.4
0.4
0.5
0.5
0.7
0.8
0.9
1
1
1.1
1.2
1.3
1.4
14
1.6
1.6
1.8
1.9
2
2.1
2.6
29
0.1
0.1
0.3
0.3
0.3
0.5
0.5
0.5
0.3
0.7
0.7
0.7
0.7
0.7
0.7
08
0.9
0.9
0.9
0.9
0.9
1.1
1.1

37
9.2
79
6.2
125
44
7.2
4.5
104
5.5
7.9
73
6.9
8.2
79
2.6
14
9.4
13.8
14.9
10.9
9
29
2
8.1
132
14
8.6
14
10.6
1.5
53
1.8
1
52
0.7
4.8
57
0.7
15
6.2
0.2
6.4
12.8
1.2
0.1
6.9
13
0.1
16
Q.2

31
5.4
1.7
0.6
54
13
59
0.4
0.3
2.1
5.7
0.7
6.1
5.9
52
23
13.9
8.5
105
11.3
7.1
5.5
1.5
19
8.1
52
1.8
0.9
14
10.6
1.5
5.3
1.8
1
52
0.7
4.8
3.7
0.7
7.5
6.2
0.2
6.4
12.83
7.2
0.1
6.9
13
0.1
16
0.2

RNGSC RBG
16 592
1¢ 36.1
16 12.5
16 5.3
16 25.%
16 16.8
16 55.1
16 4.5
16 15
16 227
16 46.6
16 5.5
16 119.1
16 46.5
16 412
16 243.2
16 96.3
16 294.6
16 49.1
i6 49.9
16 40.8
16 37.6
16 314
16 86.4
16 90.2
16 233
16 14.4
16 6.1
16 90
16 90
16 90
16 270
16 90
16 90
16 270
16 90
16 270
16 270
16 270
16 270
16 270
16 270
16 270
16 90
16 270
16 270
16 270
16 90
16 90
16 270
16 270

WDSP SWDIR HS PRECIP WCAPS SIZE TRGREF

11.9
11.9
11.9
11.9
11.9
11.9
11.9
11.3
11.3
11.3
11.3
11.3
11.3
12.1
12.1
12.1
12.1
12.1
12.1
13.2
13.2
13.2
13.2
13.2
13
13
15.2
15.2
11.9
11.9
11.9
11.9
11.9
11.3
11.3
11.3
11.3
11.3
11.3
113
113
113
113
11.3
113
11.3
12.1
121
12.1
12.1
12.1
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DET TOT RNG LATRNG RNGSC RBG ALT “WDSP SWDIR HS PRECIF WCAPS SIZE TRGREF

2 11 6 6 16 270 1500 121 i 2.3 0 1 22 3
2 122 152 15.2 16 %0 1500 121 0 23 0 1 23 3
2 127 102 10.2 16 270 1500 12.1 -1 23 0 1 23 3
2 1.3 145 14.5 16 270 1500 121 -1 2.3 0 1 31 2
2 131 82 8.2 16 90 1500 121 1 23 0 1 23 3
2 138 121 12.1 16 90 1500 121 1 23 0 i 22 3
2 14 7.6 7.6 16 90 1500 121 1 23 ¢ 1 24 3
. 2 1.5 139 13.9 16 270 100 132 -1 23 0 1 30 4
2 1.5 53 53 16 %0 1500 132 1 23 0 1 10 0
2 1.5 123 12.3 16 90 1500 132 1 2.3 0 1 10 0
2 1.5 8 8 16 270 1500 132 -1 23 0 1 24 3
2 1.6 55 5.5 16 90 1500 132 1 23 0 1 10 0
2 1.6 125 12.5 16 90 1500 13.2 1 23 0 1 23 3
2 1.6 11.6 11.6 16 90 1500 132 1 2.3 0 1 22 3
2 1.6 15 15 16 270 1500 132 1 23 0 1 6 0
2 1.7 5.6 5.6 16 90 1500 132 1 23 0 1 6 0
2 1.7 118 11.8 16 90 1500 132 1 23 0 1 6 0
2 1.7 115 115 16 90 1500 132 0 23 0 1 32 4
2 1.7 i1 1 16 270 1500 13.2 -1 2.3 0 1 6 0
2 1.8 112 11.2 16 270 1500 132 1 2.3 0 1 35 2
2 1.8 9.2 9.2 16 90 1500 13.2 -1 23 0 1 6 0
2 1.8 113 113 16 270 1500 13.2 -1 2.3 0 1 10 0
2 1.9 112 112 16 270 1500 13.2 -1 23 0 1 10 0
2 22 107 10.7 16 90 1500 13 0 23 0 1 23 3
2 22 81 6.1 16 90 1500 13 0 23 0 1 3t 2
2 224 55 5.5 16 270 1500 13 0 23 0] 1 23 3
2 22 03 0.3 16 90 1500 13 0 2.3 0 1 32 4
2 24 03 03 16 270 1500 13 1 23 0 1 3 2
2 25 36 3.6 16 270 1500 15.2 -1 23 0 1 30 4
2 26 23 23 16 90 1500 152 0 23 0 1 24 3
2 27 4.1 4.1 16 270 1500 15.2 -1 23 0 1 6 0
2 28 15 1.5 16 270 1500 15.2 -1 23 0 1 6 0
2 2.8 6 6 16 270 1500 15.2 1 23 0 1 30 3
2 28 46 4.6 16 270 1500 15.2 0 23 0 1 24 3
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Saptember 30, 1992 Search 1 1

DET TOT RNG LATRNG RNGSC RBEC ALT WDSP SWDIR HS BRECIP WCAPS SIZE TRGREF

1 0 69 2.7 16 23.1 1500 124 0 2.3 0 1 6 0

1 0 72 1.2 16 9.7 1500 124 0 2.3 0 1 32 4

1 0 11.7 10.4 16 62.6 1500 124 1 2.3 0 1 6 0

1 0.1 111 9.8 16 627 1500 124 -1 23 0 1 22 3

1 0.1 12 9.7 16 54 1500 124 0 23 0 1 32 4

1 02 10.8 5.7 16 32 1500 124 0 2.3 0 1 35 2

1 02 104 4.3 16 244 1500 124 0 23 0] 1 28 3

2 0 39 % 1o 270 1500 124 1 2.3 0 1 23 3 .
2 0.1 5.3 5.3 16 270 1500 124 0 2.3 0 1 22 4

2 0.1 9.8 9.8 16 270 1500 124 1 2.3 0 i 31 2

2 0.1 10 10 16 90 1500 124 -1 2.3 0 1 24 3

2 0.1 2.7 2.7 16 90 1500 124 -1 2.3 0 1 23 3

2 02 94 9.4 16 90 1500 124 -1 23 0 1 6 0

2 02 95 9.5 16 9 1500 124 -1 23 0 1 10 0




September 30, 1992 Search 2
DET TOT RNG LATENG RNGSC RBG ALT WDSP SWDIR HS PRECIP WCAPS SIZE TRGREF
1 0 13.8 9.6 32 442 1500 124 0 23 0 1 35 2
i 01 92 3.1 32 20 1500 124 0 2.3 0 1 22 3
i 03 4.1 3.7 32 663 1500 113 -1 23 0 1 30 3
1 0.7 84 4.9 32 36 1500 111 0 23 0 1 30 3
1 0.8 132 114 32 60.1 1500 11.1 1 23 0 1 30 4
1 1.15 141 133 32 289.7 1500 111 0 23 0 1 22 4
1 1.15 43 04 32 354 1500 111 0 23 0 1 31 2
1 09 12 8.6 3z 458 1500 111 0 2.3 0 1 6 0
2 0 249 249 32 270 1500 124 1 23 0 1 30 4
2 01 42 4.2 32 90 1500 124 0 23 0 1 10 0
. 2 0.1 134 134 32 270 1500 124 1 2.3 0 1 30 3
2 0.1 16 16 32 270 1500 124 0 2.3 0 1 6 0
2 031 98 98 32 90 1500 124 -1 2.3 0 1 24 3
2 0.1 47 4.7 32 90 1500 124 0 23 0 1 10 0
2 0.1 9 9 32 90 1500 124 0 23 0 1 10 0
2 01 38 38 32 9 1500 124 0 23 0 1 10 0
2 02 838 8.8 32 90 1500 113 0 23 0 1 6 0
2 02 21 2.1 32 9 1500 113 0 23 0 1 6 0
2 03 94 94 32 20 1500 113 0 23 0 1 6 0
2 03 38 38 32 90 1500 113 0 23 e 1 6 0
2 03 42 42 32 90 1500 11.3 0 23 Y 1 6 0
2 04 105 10.5 32 90 1500 113 -1 23 0 1 21 3
p- 0.5 205 .5 32 27 1566 1t3 -1 2. 1 4 21 3
2 05 142 14.2 32 270 1500 113 0 23 0 1 6 0
2 0.5 14 14 32 270 1500 113 -1 23 0 1 30 3
2 06 138 13.8 32 270 1500 113 0 23 0 1 6 0
2 06 193 19.3 32 270 1500 113 0 23 0 1 6 0]
2 06 121 12.1 32 270 1500 113 0 23 0 1 6 0
2 0.6 188 18.8 32 270 1500 113 0 23 0 1 6 0
2 07 132 132 32 270 1506 11.3 -1 23 0 1 22 3
2 0.7 136 13.6 32 270 1500 1L3 0 2.3 0 1 10 0
2 0.7 188 18.8 32 270 1500 113 0 2.3 0 1 10 0
2 07 145 14.5 32 270 1500 111 0 2.3 0 1 10 0
2 0.7 201 20.1 32 270 1500 111 -1 23 0 1 35 2
2 0.7 201 20.1 32 270 1500 111 -1 23 0 1 24 3
2 0.7 62 62 32 90 1500 111 0 23 0 1 6 0
2 08 14 14 32 216 1500 111 -1 23 0 1 10 0
Z 0.8 %2 i5.2 32 276 15 1Lt ¢ 23 0 1 10 0
2 0.8 142 14.2 k] 270 1500 111 -1 2.3 0 1 28 3
. 2 0.8 143 143 32 270 1500 111 -1 23 0 ] 35 2
2 0.8 191 19.1 32 270 1500 1141 0 23 0 i 6 0
2 0.9 154 15.4 32 270 1500 1Ll -1 23 0 1 32 4
. 2 09 196 19.6 32 270 1500 111 0 23 0 1 22 3
2 0.9 125 12.5 32 270 1500 111 0 23 0 1 23 3
2 0.9 07 0.7 32 90 1500 11.1 0 ) 0 1 6 0
2 09 204 204 32 270 1500 111 0 23 0 1 24 3
2 0.8 63 6.3 32 270 1500 111 0 23 0 1 23 3
2 09 172 7.2 32 270 1500 111 0 23 0 ! 32 4
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DET TOT

1.31
1.31
1.32
1.48
1.52
1.53
1.64
1.94
204
212
223
2.26
234
2.37
2.39
24
1.33
1.34
1.34
1.34
1.34
1.46
1,48
1.52
1.52
1.54
1.56
1.59
1.59
1.59
1.63
1.64
1.66
1.7
1.74
1.75
1.76
1.832
1.84
1.85
1.96
1.99
2.07
2.08
2.12
2.15
2.18
2.19
2.22
2,22
2.23

135
7.5
8.8
4.5
8.2
16
13.9
8
38
7.1
8.6
9.6
209
9.6
14.7
73
9.1
6.4
12.8
20.6
54
202
193
14.4
19.4
8.1
14.2
20.6

14.7
19
13.9
43
19
123
19.6
14.1
146
154
214
11.2
44
9.5
23
89
14.3
3.8

4.6
11.4
16.1

0.8
4.1
0.4
14.4
4.3
154
128
5.1
38
3.2
5.8
44
3
9.6
9.7
2.5
9.1
6.4
12.8
2C.6
54
202
19.3
144
19.4
8.1
142
20.6

147
19
139
43
19
123
19.6
14.1
14.6
154
214
11.2
44
9.5
23
89
14.3
38

4.6
11.4
16.1

32
32
32
32
32
32
32
32
2
32
32
32
32
32
32
32
32
32
32
32
32

32
32
32
32
32
32
32
32
32
32
32
32
32
32
32

32
22

32
32
32
32
32
32
32
32
32
32
32
k7
32

September 30, 1992 Search 3
RNG LATRNG RNGSC RBG

3.3
327
2.8
93.5
31.5
73.9
66.8
39.6
81.4
26.6
42.1
27.6
8.2
86.4
414
20.4
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27
270
270
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ALY
1500
1500
1500
1500
1500
1500
1500
1500
1500
1500
1500
1500
1560
1500
1500
1500
1500
1500
1500
1500
1500
1500
1500
1500
1500
1500
1500
1500
1500
1500
1500
1500
1500
1500
1500
1500
1500
1500

S

1500
1500
1500
1500
1500
1500
1500
1500
1500
1500
1500
1500
1500

WDSP SWDIR HS PRECIP WCAPS SIZE

1.1
11.1
1.1
9.7
9.7
9.7
9.7
8.9
8.9
8.9
8.9
8.9
8.9
8.9
8.9
8.9
11.1
1.1
11.1
111
11.1
9.7
@7
9.7
9.7
9.7
9.7
9.7
9.7
9.7
9.9
97
9.7
9.7
9.7
9.7
9.7
9.7
9.7
9.7
89
8.9
8.9
8.9
89
89
8.9
89
89
8.9
8.9
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Sepiember 30, 1992 Search 3 E

DET TOT BNG LATRNG RNGSC RBG ALT WDSP SWDIR HS PRECIP WCAPS SIZE TRGREF
2 226 41 4.1 32 270 1500 89 -1 2.3 0 1 10 0
2 226 141 14.1 32 90 1500 &9 1 2.3 0 1 30 3
2229 155 15.5 32 90 1500 89 1 2.3 0 1 30 4
2 229 93 9.3 32 270 1500 89 -1 23 0 1 10 0
2 233 63 9.3 32 270 1500 8.9 -1 23 ] 1 6 0
2 234 41 4.1 32 270 1500 &9 -1 2.3 0 1 32 4
2 244 112 11.2 32 276 1500 8.6 -1 23 o 1 24 3
. 2 246 99 9.9 32 90 1500 86 1 23 4] 1 22 4
2 247 108 10.8 32 90 1500 8.6 -1 2.3 0 1 6 0
2 248 37 37 32 90 1500 8.6 1 2.3 0 1 23 3
2 248 09 0.9 32 90 1500 8.6 -1 2.3 0 1 6 0 )

T
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September 30, 192 Search 4
DET TOT RNG LATRNG RNGSC RBG ALT WDSP SWDIR HS PRECIP WCAPS SIZE TRGREF

1 268 7.9 i 15 75 1500 8.6 0 2.3 0 1 22 3
1273 718 5 16 402 1500 86 0 2.3 0 1 32 4
1 276 26 0.2 16 3.5 1500 86 0 2.3 0 1 6 0
1 277 82 4.6 16 341 1500 86 0 2.3 0 1 35 2
1 28 9i 33 16 216 1500 86 0 2.3 0 1 30 3
1 293 77 6.2 16 535 1500 74 Q 2.3 0 1 22 3
1 30t 39 0.4 16 56 1500 74 0 2.3 0 1 6 0
1 308 9.4 35 16 2 1500 74 0 2.3 0 1 30 3
1 31 64 22 16 202 1560 7.4 0 2.3 0 1 21 3
1 32 73 32 16 242 1500 74 0 2.3 0 1 30 3
132 89 8.1 16 643 1500 74 0 2.3 0 1 21 3 .
1 323 41 1 16 143 1500 74 0 2.3 0 1 6 0
1 327 66 0.7 16 58 1500 74 0 2.3 0 1 6 0
1 332 65 59 16 657 1500 74 -1 2.3 0 1 6 0
1 332 25 1 1§ 239 1500 74 0 2.3 0 1 6 0
1 336 94 0.6 16 39 1500 74 0 2.3 0 1 22 3
1 344 64 57 16 643 1500 8.7 0 2.3 0 1 10 0
1 346 42 1.4 16 189 1500 87 0 2.3 0 1 10 0
i 348 82 2.6 16 183 1500 8.7 0 2.3 0 1 30 3
1 25 48 0.9 16 114 1500 87 0 23 0 1 10 0
1 351 111 12 16 64 1500 8.7 0 2.3 0 ] 35 2
t 355 84 1.1 16 76 1508 87 ¢ 23 o o 2] 4
1 367 67 0.7 16 57 1500 87 0 2.3 0 0 23 3
1 369 7 6 16 594 1500 87 1 2.3 0 0 32 4
1 381 119 11.3 16 2873 1500 87 0 2.3 0 0 23 3
1 382 114 11.3 16 2773 1500 87 0 2.3 0 0 6 0
1 388 99 4.6 16 278 1500 87 0 23 o 0 23 3
1 39 3 0.7 16 135 1500 87 0 2.3 0 0 32 4
1 397 115 58 16 304 1500 8 0 2.3 0 0 32 4
1 401 106 58 16 33 1500 8 0 2.3 0 0 as 2
1 404 13.1 7.1 16 331 1500 8 0 23 0 0 30 3
1 408 63 55 16 602 1500 8 -1 2.3 0 0 10 0
1 413 59 59 16 927 1500 8§ -1 2.3 0 0 10 0
1 416 53 4.9 16 658 1560 8 -1 23 0 0 10 0
1 416 93 42 16 271 1500 8 0 2.3 0 0 22 3
1 425 S§9 33 16 34 1500 8 0 23 0 0 6 0
T 426 8.l 74 16 55 1500 8 1 2. ) 0 24 3
1 437 96 96 16 851 1500 8 -1 23 0 0 22 3
1 457 116 11.5 16 972 1500 2 -1 23 0 0 32 4
1 463 106 52 16 292 1500 6.2 0 23 0 0 32 4 .
1 4.68 111 10.3 16 1125 1500 6.2 23 0 0 23 3
1 468 85 84 16 100.8 1500 6.2 ] 2.3 0 0 22 4
1 47 36 36 16 946 1500 6.2 -1 23 0 0 23 3
1 481 154 10.7 16 442 1500 6.2 0 2.3 0 0 32 4
1 482 85 33 16 23 1500 6.2 0 23 0 0 22 4
1 4.82 122 12.2 16 875 1500 6.2 -1 23 0 ) 6 0
: 1 496 103 1.1 16 6 1500 74 0 23 0 0 30 4 |
‘ 1 503 21 1.1 16 303 1500 74 0 23 0 0 30 3
1 506 36 3.2 16 614 1500 7.4 0 2.3 0 0 6 0
e 1 511 74 1.5 16 117 1500 7.4 0 2.3 0 0 24 3
1 524 7 3.7 16 318 1500 7.4 0 23 0 0 24 3
i A-28 E
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]
September 30, 1592 Search 4 =
DET TQT RNG LATRNG RNGSC RBG ALT WDSP SWDIR HS PRECIPF WCAPS SIZE TRGREF
i 532 4.6 1.9 16 246 1500 7.4 0 23 0 0 6 0
1 533 9 39 16 255 1500 7.4 0 23 0 0 30 3
1 536 8.7 4.1 16 28.1 1500 74 0 2.3 0 0 30 4
2 268 11.6 11.6 16 270 1500 8.6 1 23 0 1 32 4
2 268 6.2 6.2 16 270 1500 8.6 1 23 0 1 23 3
2 268 2.3 2.3 16 90 1500 8.6 0 23 0 1 24 3
2 281 0.2 02 16 90 1500 8.6 1 2.3 0 1 10 4]
- 2 2.84 5 5 16 270 1500 8.6 1 23 0 1 10 0
2 288 4.5 4.5 16 270 1500 8.6 1 23 0 1 10 0
2 2.88 3 3 16 20 1500 8.6 -1 23 0 1 35 2
- 2 291 0.2 0.2 16 270 1500 - 8.6 1 23 0 1 106 0
2 291 5.4 5.4 16 270 1500 8.6 1 23 Y 1 10 0
2 298 0.2 02 16 270 1500 74 1 23 0 1 6 0
2 302 6.9 6.9 16 270 1500 7.4 1 23 0 i 6 0
2 305 52 5.2 16 270 1500 7.4 1 23 0 1 6 0
2 311 4.7 4.7 16 270 1500 74 1 23 0 1 6 0
2 338 5.7 5.7 16 270 1500 7.4 1 2.3 0 0 6 0
2 34 06 0.6 16 270 1500 8.7 1 23 0 0 10 0
2 348 9.7 9.7 16 270 1500 8.7 -1 23 0 0 as 2
2 355 6.l 6.1 16 270 1500 87 1 23 0 0 10 0
2 359 6.1 6.1 16 270 1500 8.7 1 23 0 0 6 0
2 368 128 128 6 278 1500 87 -1 23 1] 0 22 3
2 3711 87 8.7 16 270 1500 87 -1 2.3 0 0 24 3
2 3 131 13.1 16 90 1500 87 1 23 4} 0 31 2
2 373 14 14 16 90 1500 8.7 1 2.3 0 0 6 0
2 374 4.1 4.1 16 0 1300 8.7 1 2.3 0 0 6 0
2 374 7.4 1.4 16 90 1500 8.7 1 23 0 0 23 3
2 38 8.8 8.8 16 270 1500 . 87 -1 23 0 0 6 0
2 39 124 124 16 270 1500 8.7 1 2.3 0 0 22 4
2 39 8 8 16 270 1500 8.7 i 2.3 0 0 3 2
2 391 139 139 16 90 1500 8.7 -1 2.3 0 0 24 3
2 403 109 109 16 90 1500 8 -1 2.3 0 0 6 0
2 4.06 10.8 10.8 16 a0 1500 8 -1 2.3 0 0 10 0
2 4 7 132 132 16 270 1500 8 1 2.3 0 0 30 4
2 409 127 12.7 16 270 1500 8 i 2.3 0 0 30 3
2 4.13 147 14.7 16 270 1500 8 -1 2.3 0 0 ) 0
2 414 15 15 16 Qy 1500 R -1 23 0 0 35 2
2 4.16 10.2 10.2 16 90 1500 8 -1 2.3 0 0 10 0
2 42 131 13.1 16 270 1500 8 1 2.3 0 0 24 3
. 2 423 10.1 10.¢ 16 90 1500 8 -1 23 0 0 6 0
2 427 5.1 51 16 90 1500 8 -1 23 Q0 0 6 0
2 427 106 10.6 16 90 1500 8 -1 23 0 0 6 0
v 2 431 104 10.4 16 270 1500 8 -1 2.3 0 0 6 0
2 431 88 8.8 16 270 1500 8 -1 2.3 0 0 6 0
2 434 157 15.7 16 270 1500 8 -1 2.3 0 0 6 0
2 441 10.8 10.8 16 270 1500 8 -1 2.3 0 0 10 0
2 445 11.8 11.8 16 270 1500 6.2 -1 2.3 0 0 10 0
2 446 89 89 16 90 1500 6.2 -1 2.3 Q0 0 6 0
2 448 115 11.5 16 270 1500 6.2 -1 2.3 0 0 10 0
2 4,49 131 131 16 270 1500 6.2 -1 213 0 0 30 3
2 449 6.3 6.8 16 %0 1500 6.2 { 2.3 0 0 30 3
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DET TOT RNG LATRNG RNGSC RBG ALT WDSP SWDIR HS PRECIP WCAPS SIZE TRGREF !

2 452 7 7 16 90 1500 6.2 1 2.3 0 0 30 4

2 452 118 11.9 16 270 1500 6.2 -1 23 0 0 35 2

2 468 22 22 16 90 1500 6.2 1 23 e 0 31 2 '
2 468 28 2.8 16 90 1500 6.2 -1 2.3 0 0 6 0

2 4.7 12 72 16 270 1500 6.2 -1 2.3 0 0 6 0

2 482 27 2.7 16 90 1500 6.2 1 23 0 0 6 ¢

2 482 9 9 16 90 1500 6.2 -1 23 0 0 23 3

2 486 32 3.2 16 270 1500 6.2 1 23 0 0 31 2 .
2 515 155 15.5 i6 9 1500 74 -1 23 0 0 22 3

2 518 146 14.6 16 90 1500 74 1 2.3 0 0 6 0

2 552 76 7.6 16 270 1500 72 -1 23 0 0 6 0 -

2 552 0.1 0.1 16 90 1500 7.2 0 23 0 0 22 4

2 552 18 7.8 16 270 1500 7.2 0 23 0 0 31 2

ey




DET TOT RNG LATRNG RNGSC RDG ALT WDSP SWDIR HS PRECIP WCAPS SIZE TRGREF

1 0 8 3.3 32 243 1500 49 0 1.6 0 1 22 3
1 0 11.6 7 32 3.1 1500 4.9 0 1.6 0 1 33 3
1 0 11.3 3 32 154 1500 4.9 0 1.6 0 1 34 3
1 V2 SIS A 9 39 32 207 1500 4.9 0 1.6 0 1 32 4
1 02 5.5 3.5 32 404 1500 49 0 1.6 0 1 is 2
1 23 145 3 32 12 1500 49 0 1.6 0 i 28 3
1 04 115 113 3. 779 1500 4.9 -1 1.6 0 1 30 3
. 1 04 117 9.9 R 578 1500 5.1 -1 1.6 0 1 6 0
1 0.5 166 9.6 32 355 1500 5.1 0 1.6 0 1 26 3
1 07 193 2.3 32 69 1500 5.1 0 1.6 0 1 30 3
" 1 09 108 1.9 32 10 1500 5. 0 1.6 0 1 24 3
1 09 179 17.9 32 904 1500 51 -1 1.6 0 1 21 3
i 09 109 6.4 32 36 1500 43 0 1.6 0 1 32 4
1 1 9.7 36 32 22 1500 43 0 1.6 0 1 4 3
i 1.1 125 1.2 32 54 1500 43 0 1.6 0 1 35 3
2 Q 16 16 32 270 1500 4.9 1 1.6 0 1 30 3
2 0.1 95 9.5 32 90 1500 4.9 -1 1.6 0 1 6 0
2 0.1 198 19.8 32 90 1500 49 1 1.6 0 0 20 3
2 0.1 94 9.4 32 90 1500 49 -1 1.6 0 1 24 3
2 01 52 5.2 32 90 1500 4.9 -1 1.6 o 1 23 3
2 02 34 34 2 90 1500 49 -1 1.6 0 1 10 0
2 03 37 37 32 90 1500 49 -1 1.6 0 i 10 0
2 03 32 32 32 90 1500 49 -1 1.6 v 1 10 v
2 03 141 14.1 32 270 1500 409 1 1.6 0 1 24 3
2 03 101 10.1 32 90 1500 49 -1 16 0 i 10 0
2 03 32 32 32 90 1500 49 -1 1.6 0 1 10 0
2 03 85 8.5 32 90 1500 49 -1 1.6 0 1 33 2
2 04 177 17.7 32 270 1500 49 -1 1.6 0 1 6 0
2 04 14 14 32 270 1500 49 i 1.6 0 1 30 3
2 04 99 9.9 32 90 1500 4.9 -1 1.6 0 1 2 3
2 04 31 3.1 32 90 1500 5.1 -1 1.6 0 1 6 0
2 04 92 9.2 32 9% 1500 5.1 -1 1.6 0 1 6 0
2 05 53 9.3 32 90 1500 51 -1 1.6 0 1 6 0
2 05 32 32 32 90 1500 5.1 -1 1.6 0 1 6 0
2 0.5 9 9 32 90 1500 5. -1 1.6 0 1 6 0
2z 07 198 19.8 32 270 1500 54 -1 l.e 0 1 26 3
2 07 187 18.7 32 270 1800 5.1 -1 1.6 0 i 6 0
2 07 127 127 32 270 1500 s -1 1.6 0 1 6 0
2 0.7 189 18.9 32 270 1570 51 -1 1.6 0 1 6 0
. 2 08 213 21.3 32 270 1500 5. -1 1.6 0 1 30 3
2 08 185 18.5 32 270 1500 5.1 -1 1.6 0 1 6 0
2 08 124 124 32 270 1500 5.1 -1 1.6 0 1 6 0
2 08 85 8.5 32 9% 1500 5.1 -1 1.6 0 1 6 0
2 08 186 18.6 2 270 1500 51 -1 1.6 0 1 22 3
2 08 126 12.6 32 270 1500 5.1 -1 1.6 0 1 18 3
2 09 123 12.3 32 270 1500 5. -1 1.6 0 1 10 0
2 09 191 19.1 32 270 1500 43 -1 1.6 0 1 10 0
2 09 122 12.2 32 270 1500 43 -1 1.6 0 1 10 0
2 09 125 12.5 32 270 1500 4.3 -1 1.6 0 1 10 0
2 1 12.2 12.2 32 270 1500 4.3 -1 1.6 0 ! 10 0
2 1 123 123 32 270 1500 43 -1 1.6 0 1 33 p
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October 06, 1992 Search 1

DET TOT RN LATRNG RNGSC RBG ALT WDSP SWDIR HS PRECEP WCAPS SIZE TRGREFR
L1 14 14 32 270 1500 43 -1 1.6 1 23 3
Ly 177 17.7 32 270 1500 43 -1 1.6 1 24
1.15 268 26.9 32 270 1500 43 1 1.6 0 20
It 78 7.8 32 90 1500 43 1 1.6 i 30
1.1 179 17.9 32 270 1500 43 -1 1.6 i 6
1.2 44 4.4 32 270 1500 4.3 -1 1.6 1 22 '
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October 06, 1692 Search 2
DET TOT RNG LATRNG RNGSC RBG ALT WDSP SWDIR HS PRECIP WCAPS SIZE TRGREF

1 1.44 187 18.4 32 279.7 1500 4.3 0 1.6 0 1 30 3
1 144 312 2.3 32 141 1500 43 1 1.6 0 0 20 3
1 1.56 10 0.3 32 1.8 1500 1.7 0 1.6 0 1 24 3
1 1.56 89 8 32 1169 1500 1.7 0 1.6 o 1 32 4
1 1.65 359 Q.5 32 52 1500 1.7 0 1.6 0 ! 30 3
1 1.67 138 13.8 2 888 1500 1.7 -1 1.6 0 1 28 3
1 2.15 93 84 32 64.6 1500 1 0 1.3 0 1 22 3
. | 2.18 39 3.6 32 2927 1500 1 1 1.3 0 0 30 3
1 223 8.1 8 32 g84.1 1500 1 -1 13 0 1 10 0
1 226 108 3.8 32 20.5 1500 1 1.3 0 H 32 4
1 242 7.7 7.7 32 954 1500 1 1 1.3 0 1 34 3
2 144 177 17.7 32 90 1500 43 -1 1.6 0 1 6 0
2 144 32 32 32 9% 1500 43 0 1.6 0 1 34 3
2 14 1.1 1.1 32 270 1500 43 0 1.6 0 1 35 3
2 145 134 13.4 32 90 1500 4.3 -1 1.€ 0 1 23 3
2 1.5 12 12 32 %0 1500 4.3 -1 L} c H 35 3
2 1.53 115 11.5 32 90 15C0 4.3 -1 N 1 10 0
2 1.58 137 13.7 32 N 1500 43 -1 y o J 1 10 0
2 1.61 133 133 32 90 1500 43 -1 1.6 4] 1 10 0
2 1.61 202 20.2 32 9 15060 4.3 -1 1.6 0 1 10 0]
2 1.64 134 134 32 90 1500 43 -1 1.6 0 1 10 0
2 1.65  20.1 20.1 3z 80 1500 43 -1 1.6 0 1 35 2
2 1.68 75§ 75 32 270 1500 43 -1 1.6 0 1 6 0
2 1.68 199 16.9 32 90 1500 4.3 -1 1.6 0 1 22 3
2 1.72 133 133 32 90 1500 43 1 1.6 0 1 6 0
2 172 194 194 32 0 1500 43 -1 1.6 0 1 6 0
2 1.72 217 21.7 32 90 1500 43 -1 1.6 0 1 30 3
2 1.79 196 19.6 32 %0 1500 4.3 1 1.6 0 1 6 0
2 1.7¢ 134 134 32 90 1500 43 -1 1.6 0 1 ) 0
2 1.83 193 19.3 32 90 1500 4.3 -1 1.6 0 1 6 0
2 1.87 21 21 2 90 1500 4.3 1 1.6 0 1 26 3
2 1.99 107 10.7 32 276 1500 1 -1 1.6 0 1 26 3
2 203 B8 8.8 32 270 1500 1 1 2 0 1 6 0
2 2,06 29 29 32 270 1500 1 1 1.3 0 1 6 0
2 2,06 9 9 32 270 1509 1 -1 1.3 0 1 6 0
2 2.12 106 10.6 32 270 1500 1 -1 1.3 0 1 30 3
2 2.13 8.6 8.6 32 270 1500 i i 1.3 Y] i [} G
2 2,13 Z4 24 32 270 1500 1 1 13 0 1 6 U
2 2.16 185 18.5 32 90 1500 1 -1 1.3 0 1 6 0
s 2 2.17 104 10.4 32 % 1500 1 1 1.3 0 1 30 3
2 2.2 2.2 22 32 270 1500 1 -1 1.3 0 1 16 0
2 22 104 10.4 32 270 1500 1 -1 1.3 0 1 35 2
. 2 224 107 10.7 32 90 1500 1 1 1.3 0 1 24 3
2 2.24 2 2 32 270 1500 1 -1 1.3 0 1 10 n
2 227 23 2.3 32 270 1500 i -1 1.3 0 1 10 0
2 2.31 1.9 1¢ 32 270 1500 1 -1 1.3 0 1 10 0
2 2.34 2 2 32 270 1500 1 -1 1.3 0 1 35 2
2 239 34 34 3z 270 1500 1 -1 1.3 4] ! 23 3
2 242 7.1 7.1 32 270 1500 1 -1 1.3 0 { 24 3
N 244 147 14.7 3 273 1500 1 i 1.3 0 0 20 3
2 245 116 11.6 32 90 1500 1 1 1.3 0 1 35 3
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Qctober 006, 1992 Search 2
DET TOT RNG LATRNG 2N..SC RBG ALT WDSP SWDIR HS PRECIP WCAPS SIZE TRGREF

2 245 18 18 32 90 1500 1 1 1.3 0 1 30 3
2 245 713 7.3 32 270 1500 1 -1 1.3 0 1 6 0
2 249 62 6.2 32 90 1500 1 1 1.3 0 1 22 3
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DET TOT RNG LATRNG RNGSC RBG ALT WDSP SWDIR HS PRECIP WCAPS SIZE TRGREF

1 262 155 15.5 16 2729 1500 1 -1 1.3 0 0 22 3
1 263 91 22 16 345.¢ 1500 1 0 13 0 0 6 0
I 268 136 6.4 16 332 1500 1 -1 1.3 0 0 23 3
1T 272 15 79 16 328.3 1500 1 -1 13 0 0 35 2
1 278 15 13.1 i6 299.1 1500 1 -1 1.3 U 0 32 4
1 289 13 6.8 16 328.8 1500 1 -1 13 ¢ o 30 3
1 289 85 83 16 2604 1500 1 -1 13 G 0 10 0
. 1 29 135 1.6 16 353.2 1500 1 0 1.3 0 0 22 3
1 293 152 0.2 16 359.1 1500 1.2 0 13 0 0 30 3
1 3 2.5 2.1 16 302.5 1500 12 -1 13 0 0 6 0
- 1 301 86 3.4 16 259.5 1500 12 -1 1.3 0 0 6 0
1 302 101 1.8 18 350 1500 1.2 0 1.3 0 0 6 0
1 307 143 1.3 16 3547 1500 12 0 1.3 0 o 25 3
1 321 6 3.9 16 3193 1500 12 1 1.3 0 0 26 3
1 324 175 34 16 333.3 1500 12 0 13 0 0 6 0
1 327 64 2.6 16 235 150 12 0 1.3 0 0 6 0
1 334 171 29 16 242 1500 1.2 0 1.3 0 0 6 0
1 337 99 5 16 148 1500 12 0 1.3 0 0 30 3
1 341 82 2.6 16 341.8 1500 12 0 1.3 0 0 35 2
1 345 69 6.3 16 113.5 1500 1.7 0 13 0 0 10 0
1 345 177 35 16 27.1 1500 1.7 0 1.3 0 0 10 0
1 345 &5 a7 16 325.8 1500 17 1 13 0 0 10 0
1 349 156 8.7 16 335 1500 17 0 1.3 0 0 32 4
1 3.5 44 29 16 413 1500 17 -1 1.3 0 0 10 0
1 353 129 33 16 151 1500 1.7 -1 1.3 0 0 35 2
1 3353 55 34 16 379 1500 17 -1 13 0 0 10 0
1 362 35 2.6 16 467 1500 1.7 -1 1.3 0 0 23 3
1 366 86 2 16 346.3 1500 17 -1 i3 0 0 6 0
1 372 103 6.4 16 383 1500 1.7 -1 1.3 0 0 3
1 383 47 3 16 320.1 1500 17 1 1.3 0 0 22 3
1 3.8 124 8.7 16 315.5 1560 17 1 1.3 0 0 35 3
1 3.87 123 4.9 16 336.5 1500 1.7 1 1.3 0 0 34 3
1 391 114 5.6 16 295 150 1.7 1 1.3 0 0 23 3
1 394 134 4 16 173 1500 35 1 1.3 0 0 35 2
1 398 107 1.6 16 351.3 1500 35 1 1.3 0 0 32 4
1 405 66 39 16 36.1 1500 35 1 1 v 0 10 0
1411 87 33 16 224 1500 35 1 1 O 0 10 0
I 417 98 9.2 16 2884 1500 35 0 1 0 0 30 3
1 431 116 35 16 17.8 15G0 3.5 -1 1 0 0 30 3
. 1 44 98 35 16 20.7 1500 3.5 -1 1 G 0 24 3
1 445 128 4.4 16 3397 1500 3.5 -1 1 0 0 32 4
1 4.5 13 9.8 16 311 1500 35 -1 1 0 0 35 2
. 1 457 133 122 16 2839 1500 3.5 0 1 0 0 23 3
1 461 22 1.4 16 3i8.6 1500 3.5 -1 1 Q 0 34 3
1 4.68 37 2.1 16 3249 1560 35 -1 1 0 0 22 3
1 478 89 73 16 549 1500 35 1 1 0 0 22 3
I 479 14 1.7 16 7 1500 35 ! 1 0 0 35 3
1 483 129 3.7 16 26,5 1500 3.5 1 1 0 0 34 3
1 494 146 14 t6 73.6 1500 43 0 1 0 0 35 2
1 495 135 8.3 6 38 1500 43 1 1 0 0 32 4
i 502 938 0.3 16 1.6 1500 4.3 1 1 0 0 24 3
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October 06, 1992 Search 3

DET TOT RNG LATRNG RNGSC RBG ALT WDSP SWDIR HS PRECIP WCAPS SIZE TRGREF
1 519 0.1 16 0.6 1500 4.3 1 1 0 0 30 3
1 522 92 4.1 16 3336 1500 43 .1 1 0 0 30 3
1 527 37 33 16 130 1500 4.3 0 1 0 0 6 0
1 529 104 4.3 16 3322 1500 4.3 -1 1 0 0 24 3
1 539 128 122 16 2863 1500 4.3 0 1 0 0 32 4
1 545 149 9.3 16 3214 1500 52 -1 1 0 0 34 3
1 547 146 4.9 16 3403 1500 5.2 -1 1 0 0 35 3
2 268 49 4.9 16 90 1500 1! -1 1.3 0 0 20 3 N
2 271 25 2.5 16 270 1500 1 -1 13 0 O 24 3
2 282 8l 8.1 16 270 1500 1 -1 13 0 0 10 0
2 284 19 7.9 16 270 1500 1 -1 1.3 0 0 1c 0
2 28 14 14 16 270 150 1 -1 1.3 0 0 10 0
2 293 82 8.2 16 270 1500 12 -1 1.3 0 0 10 0
2 293 14 14 16 270 1500 1.2 413 0 0 35 2
2 307 8 8 16 270 1500 12 -1 13 0 0 6 0
2 311 21 2.1 16 270 1500 12 -1 13 0 0 6 0
2 33 36 3.6 16 270 1500 12 0 13 0 0 6 0
2 337 48 4.8 16 270 1500 12 0 13 0 0 30 3
2 337 32 32 16 270 1500 12 0 13 0 0 6 0
2 341 158 15.8 16 90 1500 1.2 0 1.3 0 0 30 3
2 341 35 3.5 16 270 1500 12 0 13 0 0 22 3
2 366 13.1 13.1 16 90 1500 17 0 13 0 0 34 3
2 366 16 16 16 270 1500 1.7 -1 1.3 0 0 24 3
2 368 176 7.6 16 270 1500 1.7 -1 13 0 0 20 3
2 372 108 10.8 16 270 1500 1.7 1 13 0 0 20 3
2 389 156 15.6 16 270 1500 1.7 0 1.3 0 0 30 3
2 389 102 10.2 16 90 1500 1.7 0 13 0 0 6 0
2 39 155 15.5 16 9 1500 17 0 1.3 0 0 20 3
2 393 96 9.6 16 90 1500 3.5 0 13 0 0 24 3
2 404 37 37 16 90 1500 3.5 0 1 0 0 10 0
2 411 34 34 16 90 1500 3.5 0 1 0 0 10 0
2 411 93 93 16 270 1500 3.5 0 1 0 0 24 3
2 4 103 10.3 16 90 1500 35 0 1 0 0 10 0
2 415 101 10.1 16 90 1500 3.5 0 1 0 0 35 2
2 418 43 43 16 90 1500 3.5 0 1 0 0 30 3
2 418 98 938 16 90 1500 3.5 0 1 0 0 22 3
2 422 33 33 16 90 1500 3.5 0 1 0 0 6 0
2 422 114 1.4 16 90 1500 3.5 0 i 0 0 30 3
2 422 94 9.4 16 90 1500 3.5 0 1 0 0 € 0
2 426 35 3.5 16 90 1500 3.5 0 1 0 0 6 0 R
2 426 9.7 9.7 16 90 1500 3.5 0 1 0 0 6 0
2 429 87 8.7 16 270 1500 3.5 0 1 Q 0 6 0
2 433 151 15.1 16 270 1500 3.5 0 1 0 0 6 0 i
2 433 9 9 16 270 1500 3.5 0 1 0 0 6 0
2 437 155 15.5 16 270 1500 35 0 1 0 0 2 3
2 437 118 11.8 16 90 1500 3.5 0 1 0 0 6 0
2 438 106 10.6 16 270 1500 3.5 0 1 0 0 30 3
2 44 15y 15.9 16 270 1500 3.5 0 1 0 0 35 2
2 44 92 9.2 16 270 1500 3.5 0 1 0 0 10 0
2 444 93 9.3 16 270 1500 3.5 0 1 0 0 10 0
2 447 98 9.8 16 270 1500 3.5 0 1 0 0 10 0




October 06, 1992 Search 3
DET TOT RNG LATRNG RNGSC RBG ALT WDSP SWDIR HS PRECIP WCAPS SIZE TRGREF
2 451 96 9.6 16 270 1500 35 0 1 0 0 10 0
2 462 152 15.2 16 276G 1500 35 0 1 0 0 24 3
2 465 32 32 16 9 1500 35 0 1 0 0 35 3
2 465 103 10.3 16 90 1500 3.5 0 1 0 0 30 3
2 466 156 15.6 16 270 1500 3.5 0 1 0 0 6 0
2 485 5.5 5.5 16 270 1500 35 0 1 0 0 30 3
2 5 13.6 13.6 16 90 1500 43 0 1 0 0 10 0
2 503 137 13.7 16 a0 1500 43 0 1 0 0 10 0
2 508 13 13 16 90 1500 43 0 1 0 0 10 0
2 511 129 12.9 16 90 1500 43 0 1 0 0 10 0
2 514 82 8.2 16 270 1500 43 0 1 0 0 6 0
2 518 124 124 16 90 1500 43 0 1 0 0 6 0
2 55 2.3 23 16 90 1500 5.2 -1 1 0 0 30 3
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October 08, 1992 Search 1
DET TOT RNG LATRNG RNGSC RBG ALT WDSP SWDIR HS PRECIP WCAPS SIZE TRGREE

e I S

1 009 12 5.1 16 251 1500 99 -1 1.6 0 1 28 3

1 009 86 1 16 3534 1500 99 -1 1.6 0 1 34 3

1 011 137 0.3 16 1.2 1500 99 0 1.6 0 1 35 2

1 013 165 39 16 3464 1500 99 -1 1.6 0 1 35 2

1 017 63 0.9 16 81 1500 99 0 1.6 0 1 32 4

1 018 87 0.8 16 51 1500 99 0 16 0 1 10 0

1 021 65 6.1 16  289.1 1500 99 -1 1.6 0 1 10 0

1 022 125 0.9 16 356 1500 9.9 -1 1.6 0 1 28 3 .
1 026 62 5.1 16 3041 1500 9.9 -1 1.6 0 1 10 0

1 033 115 0.5 16 3575 1500 9.9 0 1.6 0 1 30 3

1 085 123 45 16 3387 1500 95 1 1.6 0 1 28 3

1 09 143 1.2 16 3553 1500 9.1 1 1.6 0 i 35 2

1 093 12t 6.1 16 330 1500 9.1 1 1.6 0 1 32 4

1 094 132 5.5 16 3351 1500 9.1 1 1.6 0 1 35 2

1 096 27 038 16 183 1500 9.1 0 1.6 0 1 10 0

1 1 117 4 16 3399 1500 9.1 1 1.6 0 1 34 3

1 101 17 c.1 16 08 1500 9.1 B 1.6 0 1 28 3

I 124 53 1.2 16 3465 1500 9.1 -1 1.6 0 1 22 3

1 131 145 5 16 203 1500 9.1 0 1.6 0 1 28 3

1 131 144 9 16 388 1500 O.1 o 1.6 0 1 34 3

1 14 132 104 16 521 1500 9.1 0 1.6 0 1 32 4

1 1.4 113 5.9 16 31.6 1500 9.1 0 1.6 0 1 35 2

1 142 102 10.1 16 84.9 1500 9.1 I 1.6 0 i 35 z 3
1 143 157 153 16 2829 1500 9.1 1016 0 1 30 4

1 146 151 8.9 16 363 1500 9. 0 1.6 0 1 28 3 }
2 0 14 14 16 270 1500 9.9 -1 1.6 0 1 22 3

2 003 08 0.8 16 270 1500 99 -1 1.6 0 1 24 3

2 003 08 0.8 16 270 1500 99 -1 1.6 0 1 26 3

2 006 22 22 16 %0 1500 9.9 1 1.6 0 1 20 3

2 006 09 09 16 90 1500 9.9 1 1.6 0 1 22 3

2 014 29 29 16 90 1500 99 1 1.6 0 1 23 3

2 021 4 4 16 270 1500 99 1 1.6 0 1 6 0

2 032 27 2.7 16 9% 1500 9.9 1 1.6 0 1 10 0

2 039 07 0.7 16 270 1500 9.5 1 1.6 0 1 6 0

2 043 01 0.) 16 2700 1500 9.5 1 1.6 0 1 6 0 1
2 049 13 1.3 16 920 1500 95 1 1.6 0 1 6 0 1
2 069 68 6.8 16 270 1500 95 1 1.6 0 1 6 0 !
2 075 54 5.4 16 270 1500 9.5 1 1.6 0 i 6 o

2 079 47 4.7 16 270 1500 9.5 1 1.6 0 1 6 0 ;
2 079 175 15 16 270 1500 9.5 1 1.6 0 1 30 3 .
2 086 81 8.1 16 270 1500 9.5 1 1.6 0 1 10 0
2 09 02 02 16 270 1500 9.l 1 1.6 0 1 10 0 i
2 095 64 6.4 16 270 1500 9.1 1 1.6 0 1 10 0 .
2 097 59 59 16 270 1500 9. ) 1.6 0 1 10 0

2 097 12 12 16 270 1500 9. 1 1.6 0 1 6 0

2 105 6.1 6.1 16 270 1500 9. 1 1.6 0 1 23 2

2 113 9l 9.1 16 270 1500 9.1 1 16 0 1 20 3

2 113 95 9.5 16 270 1500 9.1 1 1.6 O 1 22 3

2 115 3 3 16 270 1500 9.1 1 1.6 0 1 24 3

2 115 3 3 16 270 1500 9.1 1 1.6 0 i 26 3

2 116 66 6.6 16 9 1500 9.1 -1 1.6 0 1 22 3




October 08, 1992 Search |
== DET TOT RNG LATRNG RNGSC RBG ALT WDSP SWDIR HS PRECIF WCAPS SIZE TRGREF

2 127 8.1 8.1 16 90 1500 9.1 1 1.6 0 1 24 3

" 2 127 8.1 8.1 16 90 1500 9.1 1 1.6 0 1 26 3
2 13 147 14.7 16 90 1500 9.1 1 1.6 0 1 20 3

2 13 149 14.9 16 9 1500 9.1 1 1.6 0 1 22 3

2 138 105 10.5 16 90 1500 9.1 1 1.6 0 1 23 3

2 145 59 59 16 90 1500 9.1 1 1.6 0 1 0

2 146 38 3.8 16 9% 1500 9.1 1 1.6 0 1 10 0

. 2 146 10.6 10.6 16 90 1500 9.1 1 1.6 0 1 16 0

2 148 11 11 16 90 1500 9.1 | 1.6 0 1 10 0

2 149 147 14.7 16 270 1500 9.1 -1 1.6 0 I 30 3

. 2 152 47 4.7 16 90 1500 9.1 1 1.6 0 1 10 0

2 152 143 14.3 16 270 1500 9. 1 1.6 0 1 6 0

2 156 125 12.5 16 90 1500 9.1 1 1.6 0 1 10 0

2 162 147 14.7 16 90 1500 9.1 I 1.6 0 1 30 3
2 163 9 9 16 90 1500 9.1 1 1.6 0 1 6 0

2 167 96 9.5 16 90 1500 9.1 1 1.6 0 1 6 0

2 L7l 149 14.9 16 270 1500 9.1 1 1.6 0 1 6 0

2 174 146 14.6 16 270 1500 9. 1 1.6 0 1 6 0

2 1.82 124 12.4 16 90 1500 9.1 -1 16 0 1 24 3

z 184 87 8.7 16 90 1500 9.1 1 1.6 0 1 6 0

. 2 184 104 10.4 16 270 1500 9.i 1 1.6 0 1 10 0
2 184 146 14.6 16 270 1500 9.1 1 1.6 0 1 28 3

2 13 83 83 5 o 1500 4 ¢ 18 & 1 W 3

A-39




=
5

VIR R R R N R RN R DR NN RN RS RNRR RN R R R R e e e e b et e b el e e e e el e ed

(SN IS B ST S SIS S

TOT
1.87
1.87
1.88

1.9
1.98
2.06
2.09
2.13
2.16

238
248
249
275
2.75
2.81
1.84
1.84
1.84
1.84
1.4
1.84
1.85
1.86
1.9
1.92
1.92
1.93
1.93
1.96
1.99

2.08
222
223
225
233
2.33
234
238
2.4
2.4
241
241
242
2.44
248
248
2.52
2.52
2.53

October 08, 1992 Search 2

RNG LATRNG RNGSC RBG

9.6
14.8
142
11.7
15.5
i1
129
9.4
6.5
14.5
14.4
44
i0
11.1
14.7
17
14.7
15.4
182
214
9.2
124
8.7
103
16.6
16.2
9.4
10
16.5
15.7
10.4
16
20.6
89
17.8
259
21
193
15.3
204
21
5.7
16.1
14
20.8
21.2
14.8
19
13.9
25
189

8.2
14.6
11.4
10.1
14.3
33
125
8.3
02
57
39
44
8.1
59
25

1
14.7

15.4
18.2
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October 08, 1992 Search 2
DET TOT RNG LATRNG RNGSC RBG ALT WDSP SWDIR HS PRECIP WCAPS SIZE TRGREF

2 233 195 19.5 32 % 1500 78 1 1.6 0 1 6 0
2 2353 271 27.1 32 90 1500 78 I 1.6 0 1 30 3
2 275 244 24.4 32 270 1500 7.8 1 1.6 0 1 6 0
2 275 2718 27.8 32 270 1500 7.8 1 1.6 0 1 10 0
2 275 187 18.7 32 270 1500 7.8 1 1.6 0 1 22 3
2 276 09 0.9 32 270 1500 7.8 1 1.6 0 1 6 0
2277 242 24.2 32 270 1500 7.8 1 1.6 0 1 3
. 2 2717 20 20 32 270 1500 738 1 1.6 0 1 10 0
2 281 262 26.2 2 270 1500 78 1 1.6 0 1 10 0
Z 283 258 25.8 32 270 1500 78 1 1.6 0 1 10 ¢
- 2 283 19 19 32 270 1500 7.8 1 1.6 0 1 10 0
2 284 211 211 32 270 1500 78 1 1.6 0 1 6 0
2 284 1 1 32 o 1500 738 -1 1.6 0 ! 30 4
2 285 26 26 32 270 1500 7.8 1 1.6 a 1 32 4
2 287 253 25.3 R 270 1500 7.8 1 1.6 0 1 35 2
2 291 201 20.1 n 270 1500 5.6 1 1.6 0 1 28 3
7 292 241 24.1 2 270 1500 5.6 1 1.6 0 i 34 3
2 292 262 26.2 32 270 1500 5.6 1 1.6 0 1 23 3
2 299 293 29.3 32 270 1500 56 1 1.6 0 1 20 3
2 302 217 21.7 32 270 1500 5.6 1 1.6 0 1 24 3
2 303 13 13 32 270 1500 S6& 1 1.6 0 1 22 3
2 3 39 3.9 32 % W 50 14} 1.6 i i 35 3
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October 08, 1992 Search 3

DET TOT RNG LATRNG RNGSC KRBG ALT WDSP SWDIR HS PRECIP WCAPS SIZE TRGREF
1 322 6 5.8 16 259.8 1500 56 -1 1.6 0 1 22 3
1 322 123 10.9 16 S A 1 1.6 0 1 20 3
1 324 178 5.2 16 RN 0 1.6 0 1 34 3
1 326 144 12 16 ) Y 0 1.6 0 1 28 3
I 329 18 6.5 16 - AR 56 0 1.6 0 1 35 2
1 333 15 22 16 AV - X 0 1.6 0 i 35 2
1 333 1438 7 16 284 o 56 Q 1.6 0 1 32 4
1 341 145 54 16 22 1500 45 0 1.6 0 1 28 3 .
1 342 187 18.2 16 283 1500 45 -1 1.6 0 1 30 3
1 347 172 0.1 16 1 1500 45 0 1.6 0 0 22 3
1 369 69 6.8 16 100.5 1560 45 1 1.6 0 0 6 0 -
1 3.7 106 7.1 16 42 1500 45 0 1.6 0 0 26 3
1 404 181 9.5 16 319 1500 17 0 13 0 0 30 3
1 404 129 129 16 848 1500 17 -1 1.3 0 0 24 3
1 406 149 14 16 289.1 1500 1.7 i 13 0 0 28 3
1 4.1 151 107 16 3149 1500 17 1 1.3 0 0 35 2
1 413 95 8.7 16 2937 1500 1.7 1 1.3 0 0 10 0
1 413 168 157 16 2908 1500 1.7 1 1.3 0 0 32 4
I 414 178 14.9 16 3032 1500 1.7 1 1.3 0 0 35 2
1 414 116 i1.2 16 751 1500 1.7 -1 1.3 0 0 30 4
1 42 164 14.5 16 297.8 1500 1.7 1 1.3 0 0 34 3
2 3 27 2. 16 o 1588 ss H 1.6 ¢ ¢ 24 4
2 332 13 7.5 16 9 1500 56 1 1.6 0 0 23 3
2 341 01 0.1 16 S0 1500 45 1 1.6 0 0 10 0
2 341 22 22 16 90 1500 45 1 1.6 0 0 6 0
2 341 69 6.9 16 90 1500 45 1 1.6 0 0 10 0
2 343 73 7.3 16 90 1500 45 1 1.6 0 0 10 0
2 347 1 1 16 90 1500 45 | 1.6 0] 0 10 0
2 351 88 8.8 16 90 1500 45 1 1.6 0 0 H 0
2 358 109 10.5 16 90 1500 45 1 1.6 0 0 30 3
2 359 52 52 16 90 1500 45 ] 1.6 0 0 6 0
2 363 59 59 16 90 1500 45 1 1.6 0 0 6 0]
2 369 71 7.1 16 90 1506 45 1 1.6 (] 0 6 0
2 374 72 72 16 90 1500 45 0 1.6 0 0 26 3
2 393 153 15.3 16 270 1500 17 1 1.6 0 0 6 0
2 397 146 14.6 16 270 1500 1.7 1 1.3 0 0 6 0
2 405 5 9 6 276 1560 17 H 1.3 4] e 2 3
2 4.08 91 9.1 16 90 1500 1.7 1 13 0 0 6 0
2 409 99 9.9 16 270 1500 1.7 I 1.3 0 0 10 0
2 415 156 15.6 16 270 1500 1.7 1 1.3 0 a 10 0 v
2 416 109 10.9 16 270 1500 1.7 1 13 0 0 6 0
2 416 108 10.8 16 270 15060 17 1 1.3 0 0 35 2
2 423 97 9.7 16 270 1500 1.7 1 1.3 0 0 28 3 .
2 424 152 15.2 16 270 1500 1.7 1 1.3 0 0 23 3
2 434 10 10 16 270 1500 1.7 1 1.3 0 0 24 3
2 434 25 2.5 16 270 1500 17 1 1.3 0 0 22 3
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October (8, 1992 Search 4 i
DET TOT RNG LATRNG RNGSC RBG ALT WDSP SWDIR HS PRECIP WCAPS SIZE TRGREF
1 444 21 18 32 587 1500 43 0 1.3 0 0 20 3 ]
1 451 17.6 9 R 308 1500 43 0 1.3 0 0 28 3
1 453 158 12.8 32 541 1500 43 o 13 0 0 34 3
1 455 239 10 R 246 1500 43 0 13 0 0 35 2
1 46 165 12.2 32 3122 1500 43 013 0 0 30 4
1 461 148 14.1 2 722 1500 43 1 13 0 0 35 2
1 462 155 14.3 kY) 675 1500 43 1 1.3 0 0 32 4
. 1 465 77 74 3 75.7 1500 43 1 1.3 0 0 10 0
1 469 149 13.1 2 612 1500 43 1 13 0 0 28 3
1 473 108 7.7 2 453 1500 43 0 1.3 0 0 22 3
- 1 498 149 14.8 2 84.5 1500 21 1 13 0 0 26 3
1 502 10.8 1.9 3R 44 1500 21 1 13 0 0 26 3
1 526 147 4.3 32 3429 1500 2. 1 13 0 0 28 3
1 532 165 09 2 2101500 2.1 0 13 0 0 35 2
1 534 266 1.7 R 37 1500 2.1 0 13 0 0 28 3
1 536 14 3.6 32 3451 1500 2.1 1 1.3 0 0 35 2
1 537 73 4 32 3265 1500 2.1 1 13 0 0 10 0
1 541 153 2 32 3523 1500 37 1 13 0 0 34 3
1 548 161 6.7 32 3355 1300 37 1 13 0 0 20 3
2 447 22 22 kY) 90 1500 43 1 13 0 0 22 3
2 448 96 96 k}) 90 1500 43 1 13 0 0 24 3
2 458 146 146 2 90 1500 43 1 13 0 0 23 3
2 466 10.1 10.1 2 90 1500 4.3 1 1.3 0 0 6 0
2 467 148 14.8 2 90 1500 4.3 1 13 0 0 10 0
2 469 152 152 32 90 1500 43 1 13 0 0 10 0
2 47 105 10.5 32 270 1500 43 413 0 0 30 3
2 473 9 9 12 90 1500 43 1 13 0 0 10 0
2473 10.1 10.1 2 270 1500 43 ! 13 0 0 6 0
2 47 137 13.7 2 270 1500 43 413 0 0 24 3
2 477 168 16.8 32 90 1500 43 1 1.3 0 0 10 0
2 484 133 13.3 2 90 1500 43 1 13 0 0 6 0
2 488 14 14 2 90 1500 43 1 13 0 0 6 0
2 494 153 15.3 32 %0 1500 2.1 1 13 0 o} 6 0
2 512 53 5.3 32 270 1500 2.1 1 1.3 0 0 6 0
2 S17 39 39 32 270 1500 21 1 1.3 0 0 6 0 I
2 522 32 32 2 270 1500 2.1 1 1.3 0 0 6 0
2 529 65 6.5 2 270 1500 21 1 1.3 0 0 10 0
2529 241 241 2 9% 1500 2.1 1 130 0 24 3 i
2 53 24 2.4 32 90 1500 2.1 113 0 0 2 3
‘ 2 533 205 20.5 32 %0 1500 2.1 1 1.3 0 0 6 0
2533 1S 1.5 32 %0 1500 2.1 1 1.3 0 0 10 0
2 536 209 209 32 90 1500 2.1 q1 013 0 0 30 3
. 2 538 46 4.6 32 270 1500 2.1 1 13 0 0 10 0
2 54 27 2.9 32 9% 1500 37 1 1.3 0 Q 10 0
2 54 2 232 32 90 1500 37 4013 0 0 30 4
2 54 06 0.6 32 %0 1500 37 I 1.3 0 0 6 0
2 541 6l 6.1 32 270 1500 37 1 1.3 0 0 32 4
2 548 3 3 32 270 1500 3.7 0 1.3 0 0 23 3
2 549 115 1.5 32 %0 1500 37 0 1.3 0 0 2 3
2 549 45 4.5 32 2710 1500 37 0 1.3 0 0 24 3
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APPENDIX B
BEST FIT CURVE CONSTANTS

The following table lists the values for the constants of the lateral range curves in figures 2-2

through 2-26.
Table B-1. Lateral Range Curve Coefficients
Figure A B C Sweep Width

N 22 11.607 2.171 20.169 88
2-3 6.611 0.00 20.94 3.8
24 1.349 6.248 7.096 2.7
2-5 5.258 4.57 11.639 7.0
26 8.767 2.829 15.235 8.6
2-1 14.069 0 87.695 3.4
2-8 12.790 1.085 28.983 6.8
2-9 52.881 3.446 68.247 17.7
2-10 15.082 4.236 37,303 8.4
2-11 208.5 0 250.030 20.9

2-12 38.260 2.686 44.014 17.2
2-13 24,322 5.286 41.071 15.4
2-14 N/A N/A N/A. N/A
2-15 ~70.829 4.9%9 00.437 25.6
2-16___ 28.897 1.153 27.581 17.8
2-17 59.522 9.903 136.500 14.4

2-18 80.200 0 124.105 13.9
2-19 7.563 8.24 21.614 7.3
2-20 ~24.833 3.149 33.533 14.1
2-21 91.464 9.022 118.919 2438
2-22 298.792 7.650 317.880 27.1
223 75.781 8.253 153.563 16.5
2-24 50.872 3.768 75.156 15.9
2-25 95.67 16 382.68 15.4
2-26 26.871 1.015 32.425 16.1
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