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INTRODUCTION

This report describes the Geography Remote Sensfng Unit's involvement
in a U.S. Coast Guard sponsored test program to evaluate the offshore surface
target detection capabilities of two side-looking airborne radar systems.
Flight tests of an APS-94D real aperture and coherent-on-receive (COR)
- T synthetic aperture radar were conducted by the Coast Guard in three locations
off southern and central coastal California between May 19-21, 1976. Primary
responsibilities of the Geography Remote Sensing Unit (GRSU) in support of
the flight test and image interpretation phases of the test program were:

* Provide comprehensive ground truth support in each of the three
test areas coincident with radar overflights.

* Assess the target detection and resolution characteristics of the
APS-94D and COR radars based on interpretation of the flight test
imagery.

* Compare the target detection performances of the two systems.
These tasks were performed under contract DOT-CG-63898A (14 May 1976).

The subsections of the report which follow provide:

* Background information on the test program;

* An account of the procedures employ~d in acquiring and recording ground
truth data and identifying surface targets;

* A description of the methodological approach used in interpreting the
APS-94D and COR imagery;

* Results of our evaluations of the target detection capabilities and
resolution characteristics of the two systems;

* Conclusions regarding the relative capabilities of APS-94D and
COR to detect and image offshore targets.




BACKGROUND

During the period May 19-21, 1976 the United States Coast Guard sponsored
a series of flight tests off southern and central coastal California to evaluate
the target detection capabilities of two Motorp1a-developed side-looking airborne
radars. Systems involved in the tests were an APS-94D real aperture radar
and a coherent-on-receive (COR) synthetic aperture radar.* The APS-94D
was flown aboard a U.S. Army OV-1 Mohawk observation aircraft from Fort
Huachacha, Arizona. The COR system was installed aboard a U.S. Army C-47 on
loan to Motorola. Both aircraft were temporarily based at NAS Point Mugu,
California during the flight test period. Participating in the program,
in addition to Coast Guard and Army personnel, were researchers and engineers
from the Government Electronics Division of Motorola, Inc., Scottsdale, Arizona;
U.S. Naval Research Laboratory, Washington, D.C.; and Geography Remote Sensing
Unit, University of California, Santa Barbara California.

Primary objectives of the flight test program were to acquire sufficient
radar imagery and ground truth/field verification data to permit a meaningful
evaluation of the target detection capabilities of the two systems. These
objectives were achieved the first day when a total of ten coincident runs of
imagery were flown. Originally it had been planned to schedule coincident

overflights in at least two of the test areas. However, once flight operations

were underway, this proved ihfeasib1e due to minor aircraft maintenance problems.

Both radars were flown over the western Santa Barbara Channel on May 19

Detailed technical descriptions of the two radars are contained in the
Motorola, Inc. draft report submitted to Coast Guard, 1 July 1976.
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(Figure 1A). On May 20, the APS-94D was airborne over the eastern Santa Barbara

Channel imaging targets off the Oxnard-Ventura-Port Hueneme coastai area

' (Figure 1B). On May 21, f]fght operations were moved approximately 150 miles

northwest to Morro Bay (Figure 1C) where the COR aircraft flew several radar

runs.

GROUND TRUTH DATA COLLECTION

Ground Truth Support

Researchers from the Geography Remote Sensing Unit (GRSU) collected
ground truth data coincident with the APS-94D and COR overflights. The major
objectives of this support activity were to identify potential radar targets
in each of the test areas and accurately record their locations. Ground truth
data formats included low altitude aerial photographs, detailed sketch maps,
and extensive field notes. A chartered four-seat Cessena 172 served as an
airborne observation platform. A1l ground truth/target identification flights
were coordinated in advance with the Coast Guard field project officer, LT Les
Wiley. Continuous radio contact was maintained between ground truth and radar
test aircraft during flight operations. This permitted real time dissemination
of information concerning surface targets and facilitated vectoring of the
light aircraft to targets of opportunity.

Two experienced photographers and a qualified obServer were present on
each ground truth flight. Photggraphié eﬁuipment carried onboard included a
Minolta SRT 100 and two Minolfa SRT 101 35mm cameras fitted with Kodak wratten
1A (haze) and/or Kodak wfatten 15 (medium yellow) filters. Optionﬁl 28mm

wide angle and 135mm telephoto lenses also were available. Color (Kodachrome 25),

infrared Ektachrome (IE-135), and black and white (Panatomic X) film was used
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TABLE 1

APPROXIMATE FLIGHT PATHS FOR INDIVIDUAL RADAR RUNS

I. Santa Barbara Channel; 10 coincident APS-94D and COR runs (May 19, 1976)

. B . APS-94D COR
- B Run # From/To Delay  Mode Delay Mode
. & 0 A-B 0 km 0.L. 0 km 0.W.
- H 1 c-D 0 0.L. 0 0.W.
P 2 D-E 0 0.L. 0 0.W.
2 3 E-F 0 0.L. 0 0.L.
4 4 F-G 0 0.L. 0 0.1,
2 5 c-D 0 0.L. 0 0.W.
] 6 D-E 0 0.L. 0 0.W.
E | 7 E-F 0 0.L. 0 0.L.
2 8 F-C O s 0.L. 0 0.L.
g 9 B-H 0 0.L. 20 5t
4 " * See Figure 1A

i ** 0-50 km range
; II. Off Oxnard-Port Hueneme-Ventura; 7 APS-94D runs (May 15, 1976)
APS-94D COR

*

Run # From/To Delay Mode Delay Mode
0 B-A 0 km 0.L.

b 1 A-B 10 0.L.

3 2 c-D 20 0.L.

3 E-F 20 0.L. Not Flown
3A E-F 30 0.L.

| 4 G-H 40 0.L.

4 5 I-J 50 0.L.

* See Figure 1B

III. Morro Bay; 10 COR runs (May 12, 1976)

P APS-94D " COR

Run # From/To Delay Mode Delay Mode
8 A-B 0 km 0.M. ,
9 c-D 0 0.W. i
}(]) D—E 0 0.W.

E- 0 0.L. *
12 F-C Not Flown 0 oL, 5
13 G-H 20 0.W. 53
14 E-F 0 0.M. &
15 F-1 0 0.W. &3
16 I-8 0 0.W. £
17 J-G ;0 0.W. {,;

-
"‘-

- * See Figure 1C

=

0.L., overland mode; 0.W., overwater mode

i
i
)} ;.‘
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to insure maximum identification of man-made and natural targets. The flight
observer was responsible for maintaining radioc communication with the field
project officer, taking field notes, drawing sketch maps showing the location
of moving and stationary targets, and keeping detailed camera logs.* ~ For
safety reasons the single-engineﬁ Cessna 172 maintained a minimum altitude of
400 feet when over the surfline and at least 1,000 feet when offshore. Marginal
visibility over the three flight test areas somewhat reduced the quality of
ground truth imagery. Medium to heavy haze was encountered over the Santa
Barbara Channel on May 19 and May 20, and a 1,500 foot cloud base off Morro

Bay restricted operations on May 21. Despite these problems, all potential
radar targets visually sighted by the ground truth team were successfully

photographed.
Identification of Targets

Following completion of the flight test program, the rough draft field
notes and sketch maps were finalized and all film was processed. Color and
color infrared slides were sorted and annotated with information from the camera
logs. The location of individual radar targets was recorded on preliminary
base maps of each overflight area. Fixed targets (excluding vessels) were
identified from photographic evidence or NOAA navigation charts. Vessels were
identified using field notes and photographic evidence or through inquiries to
commercial operators, fishermen, and Coast Guard personnel familiar with the

test areas. Detailed statistical information on stationary man-made targets

Camera logs contained the following information for each roll of film exposed:
roll number and frame number, subject (target) and location, aircraft heading
and altitude, approximate time, and miscellaneous remarks
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(e.g. buoys, floats, moorings, piers, breakwaters, and platforms) was
obtained through contacts with federal, state and local government officials
as well as representatives of private industry. Statistical data on individual

vessels were extracted from the U.S. Coast Guard's Merchant Vessels of the

United States (pub1ication CG-408, 1974 ed), provided through contacts with

owners, or estimated from ground truth imagery. Once obtained, these target

data were compiled in tabular form (see Appendix A, Target Information).

ANALYSIS OF RADAR IMAGERY

Image Acquisition

On June 4, 1976, representatives from the Coast Guard, Geography Remote
Sensing Unit, and Motorola met at the latter's Scottsdale facility to:
* Exchange information on the flight test program;

* View color and color infrared slides of radar targets in the over-
flight areas;

e Examihe the radar imagery acquired durihg the test flight program.
Approximately two weeks after completion of the flight tests, radar imagery
from the APS-94D and COR-overf]ights was obtained from Motorola, Inc. The
imagery included copy negatives for 17 APS-94D runs and 28 COR runs flown
between May 19-21, and contact prints from the May 19 APS-94D and COR runs.

Image Interpretation

Upon receipt of the imagery we began our evaluation of the target detection
capabilities of the two systems. A total of 17 APS-94D and 20 COR radar
images were analyzed. To facilitate interpretation, images were arranged
sequentially by radar system, overflight date, and flight run number. Radar
images for each run were interpreted by individuals who had participated in the

ground truth data collection program and were familiar with the known location
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of major targets of interest in the test areas. To determine target detect-
ability/non-detectability and resolution characteristics of the APS-94D and
COR, the following procedures were used when evaluating individual flight runs:

* Ground truth data and target location maps were reviewed to determine
the locations of all known targets in the imaged area.

E | * Marine and nearshore targets imaged were annotated on frosted
acetate overlays.

* Where a correlation existed between a known target and an imaged
target it was recorded as detected.

l * Known targets not imaged were annotated not detected.

* Comprehensive target data, including target type, slant range
distance from the aircraft, location, material composition, and whether
deticted or not detected were compiled for each run (Appendix B, Tables
1-4).

*»

Individual target returns were evaluated for resolution and ranked
on a scale from poor to good based on qualitative criteria (see
Appendix C, Parts I, II, and III).

RESULTS
Following are results of our evaluation of the target detection capabilities

and resolution characteristics of APS-94D and COR. These determinations based

§ on detailed interpretation of imagery from ten coincident APS-94D and COR

i flights over the western Santa Barbara Channel, seven APS-94D radar runs off
Oxnard-Ventura-Port Hueneme, and ten COR radar runs in the Morro Bay area.

. | A11 APS-94D radar runs were flown at 6500 feet ASL; COR runs were flown at

5500 feet ASL. Figures 1A, 1B and 1C show the approximate flight tracks for

the May 19, May 20, and May 21 overflights. An accompanying data sheet provides

information on range and mode of operation (overland and overwater) for each

APS-94D and COR run.




Target Detection

Summary results of the target detection capabilities of APS-94D and

COR during the May 19-21, 1976 tests are presented in Table 2 below.

TABLE 2

Detection/Non-Detection of Known Offshore
Targets by APS-94D and COR*

Man-Made” Surface Slickst A
Date System Possib]eC Detected % Possible Detected % Possible Detected %
5/19 APS-94D 163 156° 95.7 38 n 28.9 201 167 83.1
5/19 COR 162 120° 74:7 38 25 65.8 200 146 73.0
5/20 APS-94D 96" 93 96.9 0 0 = 96 93 96.9
5/21 COR 178 169 94.9 2 0 0.0 180 169 93.9

Buoys, floats, and moorings; piers, pilings, rock groins, and breakwaters;
platforms and vessels.

Natural oil seeps and oleyl alcohol spills.

Derived by counting all known targets in each image overflight area and adding
the total. APS-94D and COR totals for 5/19 do not agree due to slight variations
in radar run flight tracks and areas imaged.

Anchored crewboat MALLARD and tug CONTENDER counted as one detected and one
not detected target in those cases where APS-94D or COR merged returns.

Does not include the oil workboat CALDWELL which was tied up alongside
drilling ship CUSS I and imaged with the 1:itter.

APS-94D achieved the highest detection rate against man-made surface targets,
imaging 95.7 percent of the possible targets (156 of 163) during the May 19
test and 96.9 percent (93 of 96) on May 20. COR was less consistent, detecting

Data in this table were compiled from Table 1-4 Appendix B.

BECRTEVTIRES BSOS




94.9 percent (169 of 178) of the known man-made targets on May 21, but only
74.7 percent (121 of 162) on May 19 when flown coincident with the APS-94D.
COR,. however, proved more successful than APS-94D in detecting surface slicks. ;
During the May 19 test over the western Santa Barbara Channel, COR imaged |
65.8 percent of the known slicks (25 of 38), compared to APS-94D's detection
rate of 28.9 percent (11 of 38). Based on analysis of data for the coincident
overflights of May 19, APS-94D exhibited the highest overall target detection
rate imaging 86.6 percent of the known man-made and natural targets (167 of ?
201) compared to COR's detection rate of 73.0 percent (146 of 200).*

Comprehensive target detection data for offshore flight tests are found
in Appendix B, Table 1-4. Tables 1 and 2 cover the May 19 APS-94D and COR
operations over the western Santa Barbara Channel. Table 3 details May 20
APS-94D flights off Oxnard-Ventura-Port Hueneme, while Table 4 records information
interpreted from the May 21 COR overflights of the Morro Bay test area. These
tables document the target detection performance of the two radar systems on a
run-by-run, target-by-target basis. For each radar run, known targets in the image
area are listed by target type and slant range distance from the sensor aircraft.
A detailed analysis of the target detection performance of APS-94D and COR
against man-made targets and surface slicks in each of the flight test areas
follows: \ .

%%k
Man-Made Targets

SANTA BARBARA CHANNEL (May 19, 1976)

The number of known targets on the APS-94D and COR imagery differed slightly
due to minor variations in aircraft flight paths.
**

Includes buoys, floats, moorings, piers, pilings, rock groins, breakwaters,
platforms, and vessels.

10
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APS-94D (see Appendix B, Table 1 and Figure 2) - the APS-94D real aperture
radar system achieved a detection rate of 95.7 percent against 163 possible
targets imaged during the ten runs. These included 137 stationary and 26
moving targets, ranging in size from the 2,000 foot long Elwood Pier to a

16 square foot wooden float (see Appendix A, Part I for a-complete list of
known targets in the western Santa Barbara Channel). Targets were detected
consistently from all look directions. Slant range distance to individual
targets varied from 8.6 km to 24.8 km, using a 0-25 km range setting.

During Run 9 when the range setting was increased to 0-50 km, several targets

were detected in excess of 40 km from the sensor aircraft.

COR (see Appendix B, Table 2 and Figure 2) - the synethic aperture radar proved
less consistent than APS-94D, detecting fewer than 75 percent of the possible
targets (121 of 162). Approximately 73 percent of the stationary targets

(101 of 138) were detected, compared to 83 percent of the moving targets

(20 of 24). Runs 3 and 7 had the largest number of undetected targets, seven

e

each, followed by Runs 0, 6, 2, and 8 with four, three, two and two respectively.
Runs 3, 7, and 8 were flown in the overland mode; Runs 0, 2, and 6 in the
overwater mode. Stationary targets not detecteu by COR included a small

radar reflector marker buoy off Coal 0il Point and a 22 x 12 foot live

bait float off Goleta Pier (see Figure 2). These were not imaged on Runs

0, 2, 3, 6, and 7. Failure to detect moving targets (i.e. vessels) appears

to have occurred when COR was switched to the overland mode. Slant range
detection of man-made targets was achieved from distances of 6.5 km to

24.6 km using a 0-25 km swath width. Vhen operating with a 20 km delay

n
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(20-45 km swath width) during Run 9, target detection range was increased
to more than 40 km. Figure 3 compares the target detection performance of

r : APS-94D and COR during Run 6.

OXNARD-VENTURA-PORT HUENEME OFFSHORE AREA (May 20, 1976)

?

E - APS-94D (see Appendix B, Table 3 and Figure 4) - the APS-94D real

E ; aperture system was the only radar flown this date. A total of seven

E overflights were made at range settings varying from 0-25 km (0 delay) to 5
é { 50-75 km (50 km delay). Over 95 percent (93 of 96) of the known targets were |
detected.* Seventy-nine of the known targets were interpreted as being

stationary while 17 were classed as moving targets. The only known target

T p——

not detected on all runs was a marker buoy located between the Channel
Islands Harbor entrance and an offshore breakwater (see Figure 4). While

i detected at slant range distances of 14.2 km and 53.3 km on Runs 1 and

. - 3A, the buoy was not detected at distances of 27.8 km, 58.7 km, and 73.0 km

; on Runs 2, 4, and 5. At the longer distances, the buoy merged with the
return from a rock seawall located less than 100 feet away. For the remaining
targets, slant range to target varied from 5.8 km (Run 0) to 75.3 km (Run 5)
with no apparent significant reduction in the system's ability to detect

targets with increasing distance. Figure 5 shows target returns from the oil

e drilling vessel CUSS I with 0, 20, 30, 40 and 50 km delays in effect. Actual
‘ slant range distances to the vessel are 8.0, 30.6, 35.0, 42.7 and 56.2 km,
E . respectively, for the five delays. While the ship and positioning buoys can

be readily identified throughout the range variations, there is some degradation :

Does not include the oil workboat CALDWELL which was tied up alongside the i
drilling ship CUSS I and imaged with the latter. ;

; 13
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of image quality as distance increases (see Target Resolution subsection

for a discussion of this characteristic).

MORRO BAY (May 21, 1976)

- COR (see Appendix B, Table 4 and Figure 6) - COR was the only system airborne
over Morro Bay on May 21. Results for this date were considerably better
than the May 19 test, with 94.9 percent of the known targets detected
(169 of 178). A1l but two of the known targets were stationary. Runs 8
and 11 were the only overflights with more than one target not detected
(two each). The former run was flown in the overwater mode, the latter
in overland. Undetected targets included buoys, moorings, a pier, a rock
groin and a cabin cruiser. Targets Qere imaged at ranges varying from 2.5 km

to 24.6 km using a 0-25 km swath width.

Surface Slicks

SANTA BARBARA CHANNEL (May 19, 1976)

Crude oil naturally seeping from the ocean floor and forming surface slicks
in four areas and oleyl alcohol spilled at two locations by Naval Research
Laboratory personnel provided reliable targets for analyzing the oil detection
capabilities of APS-94D and COR. Natural slicks ranged in size from 3.9 to
6.0 square miles. The simulated o0il slicks, created by the controlled release
of small quantities of oleyl alcohol from the USCG cutter PT. JUDITH, were :
estimated at 80 x 120 feet and 2.25 miles x 300 feet. Wind direction during
the tests was 220° at ten knots; swell direction was 270° with three foot waves.
These conditions were considered favorable for the radar tests. Under such

conditions the surface roughness of non-oil areas theoretically should provide

17
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good backscattering compared to oil covered areas where a dampening or flattening

effect on capillary waves reduces surface returns (see sketch map Figure 7).

COR (see Appendix B, Table 2) - the COR consistently detected surface

slicks associated with natural oil seepage and the long oleyl alcohol spill
from all look directions. Only the small oleyl alcohol spill located south-
west of platform Holly was not detected. Failure of COR to image the smaller
of the two artificial slicks was likely due to the slick's limited surface
area (i.e. approximately 960 square feet) compared to the minimum cell size
resolution of the system. Overall success rate of COR against actual and
simulated surface slicks was 65.8 percent (25 of 38). If the small oleyl
alcohol spill is excluded from this tabulation, COR's detection rate increases
to 83.3 percent of the known targets (25 of 30). Using the 0-25 km range
setting, 0il was detected at slant range distances up to 18.4 km from the sensor
aircraft. With a 20 km delay (20-45 km range setting) in effect, the maximum
slant range distance at which oil was imaged was 26.1 km. With the exception
of Run 4, the vertically polarized COR synthetic aperture system provided
excellent contrast between both the detecta“le natural and artificial surface
slicks and the ocean surface. Figure 8 illustrates the oil detection

capability of COR using imagery from Runs 6 and 7.

APS-94D (see Appendix B, Table 1) - the horizontally polarized APS-94D

real aperture radar was less successful than COR in the detection of natural
and artificial surface slicks. Whereas COR detected slightly more than 65
percent of the known slicks, APS-94D imaged only 28.9 percent (11 of 38).

. 19




FIGURE 7

RUNS 2,6 —

|
! COAL OIL
POINT

5 e
Nw
38
i
-— /'€ SNNY

hypothetical capiliary surface
with oil

hypothetical capillary sz;foce
without oil
N

B ‘?

<—RUNS 0, 4,8

TSR =S —

Sketch map depicting approximate wind and swell directions in
the western Santa Barbara Channel, May 19, 1976. Loak direc-
tion from APS-94D and COR perpendicular and to the right of
the aircraft flight direction for each run.
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The small oleyl alcohol slick was not detected. In contrast to COR, APS-94D

appeared to be extremely dependent on look direction for the detection of

oil. Dufing the May'19 test, Runs 3 and 7 were the only overflights which

provided good contrast between oil and water. Not surprisingly, they

also were the only runs where the real aperture system was comparable to

COR in the accurate detection of 0il. The look direction on both of

these runs (3 and 7) was into the swell and somewhat across the surface

wind direction. The eight remaining ruhs were flown with the 1ook direction

either perpendicular to or with the swell direction (Figure 7). No oil

was detected on Runs 0, 1, 4, 5, 6, and 9 and only limited success was

achieved on Runs 2 and 8. Figure 9 compares APS-94D images for Runs 6 and 7.
From the limited sampling data available, it cannot be determined at

this time whether the inability of APS-94D to consistently detect surface

slicks in the western Santa Barbara Channel was due to the horizontal polar-

ization of the APS-94D antenna, incorrect gain settings, or a combination

of these factors. Further overwater flight tests involving the APS-94D,

are recommended including using antennas of different sizes and, testing of

horizontal and vertical polarizations under a variet} of gain settings to

document optimum detection characteristics for oil targets.

OXNARD-VENTURA-PORT HUENEME (May 20, 1976)

- APS-94D (see Appendix B, Table 3) - no surface oil was detected in the flight

test area.

MORRO BAY (May 21, 1976)

- COR (see Appendix B, Table 4) - although small areas of natural seepage were

observed in the area off Morro Rock during the ground truth flight, and Naval

22
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Research Laboratory personnel released quantities of oleyl alcohol from the
USCG Cutter CAPE HEDGE, no oil was conclusively detected on COR Runs 8-17.
Surface conditions were smooth with wind velocity estimated at four knots
(maximum) and swell height at one foot. It is probable that the lack of
contrast between 0il and non-o0il areas resulted iﬁ COR's inability to detect

surface slicks.

*
Target Resolution

A qualitative evaluation of the target resolution characteristics of
AP5-94D and COR was performed in conjunction with our analysis of target detection.
This involved analyzing individual returns from known targets on each APS-94D
and COR run, then ranking these target returns on a scale from poor to good.
Criteria used in ranking included: (1) quality of the return (i.e. sharpness/
clarity), and (2) target contrast with background objects and/or the sea surface

(see Appendix C, Explanatory Notes for a detailed explanation of the methodology

used in ranking target returns and definitions of terms used in ranking system).
General results of our target resolution performance evaluations are Tisted

**
below. Data are arranged by date, system, and type of target:

Our evaluation of target resolution concentrated on assessing the sharpness and
background contrast of APS-94D and COR radar returns from man-made and surface
slick targets. Technical data on theoretical ground range and azimuth
resolutions are contained in the Mororola, Inc. report.

See Appendix C, Parts I-III for detailed target resolution evaluations of
APS-94D and COR on a run-by-run basis.

24




TABLE 2

Target Resolution Performance Evaluation

General Target Type

1. Man-Made
Possible targets
No. ranked good
No. ranked fair
No. ranked poor
% detected targets
ranked good

2. Surface Slick
Possible targets
No. ranked good
No. ranked fair
No. ranked poor
% detected targets
ranked good

3. A1l Targets
Possible targets
No. ranked good
No. ranked fair
No. ranked poor
% detected targets
ranked good

APS-94D COR APS-94D COR
5/19/76 5/19/76  5/20/76  5/21]16
163 133 96 173
139 7
15 14 13"' 3
2 25 Py 17
89.1 67.8 80.6 70.4
38 38 2
8 20 i
1 4
2 1
72.7 80.0
167 146 93 169
147 102 75 119
16 18 18 33
4 26 g 17
88.0 69.7 80.6 70.4

Excludes targets not detected.

Overall, APS-94D achieved a target resolution rating of "good" for over

80 percent of the targets detected on both May 19 and May 20.
was rated "good" against only 69.7 percent of the detected targets during the
May 19 coincident overflights, and 70.4 percent against all targets on May 21.

Interpreted returns from man-made targets consistently appeared sharper on

APS-94D imagery compared to COR (see Figure 10).

discrimination of multiple targets in cases where they were located in close

25

Conversely, COR

This permitted more reliable
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FIGURE 11
TARGET RESOLUTION OF COR IN THE OVERLAND MODE (May 21, 1976)

Photograph shows enlargement of image from Run 12 flown over Morro Bay

on May 21, 1976. Range was 0-25 km. Targets identified on this image

include: (A) Buoy #3 southeast of Morro Rock; (B) Buoy #5; (C) Buoy #4;

(D) 7-point tanker mooring #1; (F) 5-point tanker mooring #2; (G) 5-point
tanker mooring #3; (H) 1,200' long Chevron oil pier, (I) 7-point tanker

mooring #2; (J) Buoy #7; (K) Buoy #8, southeast of Cayucos Pier (not pictured);
and (L? Buoy #10. Note sharpness of man-made targets with the overland mode.
Individual floats within the tanker moorings are visible.




proximity to one another (e.g. individual floats in a 5-point tanker mooring),

or targets in areas with high background reflectance (e.g. within or adjacent
to kelp beds). Conversely, COR often merged closely spaced man-made targets
making it difficult or impossible for an interpreter to discriminate individual
targets from other background returns. This reducéd detection/resolution may
have been a function of gain, mode setting and the multiple look features of
COR, however. For example, while surface targets on COR imagery tended to merge
when the overwater mode was used (Figure 10), good target discrimination was
achieved when the system was switched to the overland mode (Figure 11).

In terms of target resolution performance, COR proved slightly better than

APS-94D against detected surface slicks (80 percent to 72.7 percent).

CONCLUSIONS

Our major findings may be summarized as follows:*

* Detection of Man-made targets - APS-94D consistently detected man-made
targets (fixed and moving) from a variety of look directions and ranges.
COR failed to image a number of targets detected by APS-94D, although
overall target detection reliability was relatively consistent.

* Detection of surface slicks - COR detected surface concentrations of
natural seep oil from all look directions when sea states provided
sufficient contrast between oil covered and open water returns. APS-94D
detected oil only when the system was looking approximately into the
direction of wind and wave movement.

It should be noted that the conclusions drawn in this report are based
on an analysis of less than twenty imagery runs by each system; only ten of
which were flown concurrently. Because of this we emphasize that our summary
conclusions should be regarded as preliminary and only used as supplemental _ L
inputs to any decision-making process. It is not the intention of GRSU re-
searchers, based on these limited data, to make final recommendations as to

which system woula best fulfill the Coast Guard's offshore airborne surveillance
requirements.
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* Resolution - Target returns on APS-94D imagery were consistently sharper
than those on COR. This permitted reliable discrimination of multiple
targets in close proximity to one another or targets in areas with high
background reflectance. Conversely, COR often merged closely spaced
individual targets and failed to discriminate individual targets from
other background returns. :

- * Although datavderived from the flight test program answer many questions

concerning the offshore target detection capabilities and target
resolution characteristics of APS-94D and COR, a number of basi
questions remain, including: .

- The reasons for non-detection of oil by APS-94D except when looking
into the swell direction.

- Documentation of factors affecting detection of moving targets by
COR when operating in the overland mode.

- Determination of optimum and maximum detection ranges of both systems
for man-made and natural surface targets under a variety of sea states
and operating conditions.




APPENDIX A
TARGET INFORMATION AND REPRESENTATIVE PHOTOGRAPHS
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|
! Section A provides statistical data for known targets in each of the
|

three test areas. Moving targets were identified using field verification
aerial photography flown by the Geography Remote Sensing Unit May 19-21, 1976.
Fixed targets were located and identified from aerial photography, NOAA navi-
gation charts, and USGS topographical quadrangle maps. Statistical data .
for fixed targets were obtained through direct contacts with representatives

of federal, state, and local government and private companies. Ship dimensions

were extracted from the U.S. Coast Guard's Publication CG-408 Merchant Vessels

of the United States (1974 ed.) or estimates based on aerial photography and

field observations.

EXPLANATORY NOTES
‘ Target - refers to the type of target
Location - approximate lTocation of the target (use with area reference maps:
Figure 2 - western Santa Barbara Channel; Figure 4 - Oxnard-Ventura-
Port Hueneme offshore; Figure 6 - Morro Bay).
Dimensions - for calculating radar cross-sections. Normally listed in feet
(man-made targets) or square miles (5urfacé élicks).
g Composition - Material composition of the target. A - aluminum, C - concrete,

F - Fibreglass, P - plastic, R - rock, S - steel, and W - wood.
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Platforms
Surface Slicks

Vessels

A9

)

P —




oLy

*9/6l ‘L1l dunp paydeubojoyd S40323|494
A3uu0d Jepeda yjtm paddinbs st Aong uory
-JNA3SUOD [393S Y| °J40QURH BJUBQURY eIURS 03
3JUeJu3 3y} J4eau pajedo| Aong ucrjebiaey

9/61 ‘Ll @dunp

paydeabojoyd -3uLod |LQ Le0) 340 BuLruoow
Jajuel jurod-g |L( yewuang ayjl 4O 3S3M pajedo’
*SU0323494 JBUU0D JdepeU YILM AONq JadjJew | [ews

SONIYOOW ONY S1v01d “sAong I

st




‘9/61
‘02 Aey paydeuabojoyd 02 Aey uo 40queH Spue|S]
|duuey) pue | Aey uo A||OH wiojle|d 40 3abuel
uoLjedqL|ed e se paeng 3seo) ayl AqQ pasn 403
-09|494 Jeped YiLm jeo|y dL3seld pue poom ||ews

"9/61 ‘LI sunp

paydeabojoyqd °sapLs 3yl buo|e JuswadA04

-UL34 |933S Y3LM UOLIINUISUOD POOM JO SL 3e0|4
*4dld ©33|09 }J4O padoydue 3e0|J ILRQ BALT

"9/61 ‘L1 dunp paydeabojoyq waoyie|d bupf|Lap
LLO UOXXJ M3U © JC uOL}eD0] 3Y3 dew 03 uejrde)
30 MS pasoydue s3eo|y Aueaodwdl ybLa jo aug
*40303|}34 Jeped y3im 3eoly buruorlrsod |ejsy

-143| wo33og

-3ybLa doy

-343| doj

)’.’.“-’: AN A 8 ey a

-t ey -

B PO P a0k b idi

L SR

- s gl

PR T —




cLY

"9/61 ‘LL 3unp

paydeaboloyd -3uLod (L0 (RO] 330
Buruoow uajuel JuLod-G uLylLm jJeoly
furaoow |enpLALpuL jo M3LA dn 3s0|)

*SPNO|d MO| J3pun 9/61 12 AeW
paydeabojoyd -3uede 3394 0G1-001 Ala3ew
-1xoudde padeds aJe S3eols LeISW "NO0Y OJUOW
30 MN pa3ed0| Buraoow uajue3 jutod usA3g




eLy

*9/6L ‘L1 dunp paydeabojoyd 43Ld poom|3
340 3sed 340ddns 43id 33940uU0D0 pauopueqy

"9/61 ‘61 Aew paydeabojoyd -43aLd 33109

*azey Aaeay ybnouayy 9/61 ‘6L Aen
paydeabojoyd “(3ybra) ¥YIONILNOD Bn3 ueado
ay3 pue (423u3d) QUYTIVW Pue (343L) 30IL
INNC S3eogmaud 3yl adqe ydeabojoyd sy3

uL S|3SS3aA juaoddns |LQ “poom|3 JO Yyinos
pajedo| 43atd poom|3 buo| 3004 000°2

-143| wo3jog

-3ybLu doy

-148| doy

SY3LYMIYIYE

ANV SNIOY9 X004 ‘SONITId “S¥3ld

11

I




B

v LY

*3aseq pno|d
3004 Q0G| © 43pun |z Aey uajel sydeubojoyd ||y

*Aemasned uatd jO 3pLS 4dY3Ld uo
sjeol buruoow 330N °yoeag elLAY 0 MN
pajed0| 43id 3soddns | L0 jO eaue juaoM -3ybLua woljog

‘Aeg 0u40) 03 3dueajud ay3 e suroub 320y -3ybira doy

400 Aq pa3oa33p

J0u 3u4am 3say] “Aeg odsiqp SLn] ueg ul

paJoydue sjeoq |lews JO Jaqunu 3bue|

930N °(3ybtu) uaLd juoddns Lo ue pue

(3491) 43Ld SLnq ueS Ju04 3aJ4e punouabyoeq
UL S4dLd °SLN] ueS JuLod }30 uroub o0y -333| dop

syoN Y

St e e S—

bR

1.4



SLY

B/61 ‘6L AeW paydeabojoyqd - (433uad) jJuRYM
SUJR3]S pue JOQUBH 3JYoej euequeg ejueS -3143| uo3log

"9/61 ‘02 Aew paydeubojoyq -Joquey
3WAUSNH 03 3dURJIUD 3y3 3e utouab }d0y -3ybLa doj

"9/61 ‘02 Aew
SuoL3Lpuod Azey A|awdu3xa ul paydeaboloyd
- A9]BMYRIUQ pue J0QUBH Spue|S] |3uuey) -343| doj

o .2 [ SR . . <




9Ly

‘961 ‘LL aunp

paydeabojoyq - (esequeg ejues) jJueym suaeals Jo
3sed aut|adid aamss buihle| y3grds wuojjeld
d4neapAy s, °0) UOLIONUISUO) SILQqQqL] A|e3H

*9/61 ‘L1 dunp paydeabojoyq °Auedwo)
PLaLJYdLY d13ue|ly Aq pajesado st ATI0H “3uLod (L0
120 340 Pa3e207 “ATI0H waojred bur|ftap (L0

e SWN0ALYd 111 “

) 4

sy NN




"9/6L ‘6L Ael uaxyey sydeabojoyd ||y

*H0) 40 Qp6-Sdy UO PIAUSSJO 30U Sem

NOLLS "3994 09 X 3934 Q0L A|o3ewixosdde sem
NOLS 3Yy3 JO eade wnuwixel - (g) 9Ap udjJew
yitm (y) LLids oyodje [A3Lo |[euwsS

*U43]S 3dY3 43A0 [oyod|e [A3|0
buLseajau HLIONC “1d 40 M3LA 3pLSpeOUg

*azey 3yl ybnouaylz 3a|qLsLA (q) abedsss | Lo
Leanjeu 4o eaae abue| 930N °'9/61 ‘6L Aey
uaye} 03oyd “(J) ATIOH waojield 430 (9)
(oyoa(e (Aa(o butdwnp (y) HLIAND "ld 4333N)

~3ybLu wo3zjog

~3ybLu doy

~349| do]

SAJITS VNS “AI

e




wp<

"9/61 ‘61 Aew paydesboloyq
*3uUL04 |LO LRO) 4O 3sed 3snf bBuroejuns |LO daag

"9/61 ‘61 Aey paydeabojoyd -uol}
-RJAJU3OU0D 3d2eJuUNS AARAY JO B3IJR SYURW 43IFL|D
ung ‘juLod |LQ Leo) 340 sdasas |LO [eanjep




*9/6L /L aunp

paydeabo30uyd °punouabyoeq ayl uL waos
-3e|d burAejadid aamas sy3 930N “euaequeg
pjues 40 pasoyoue abaeq pues 3004 0ZL

*9zey AAeay ybnouyy

9/61 ‘02 Aew paydeabojoyqd -apisbuole

dn pat3 st T71IMATYI 3e0g340M 3004 2Pl
S,3ULJR) 433EM3PL| “eUNJUBA JO 3S3MY3INOS
sa|Lw xLS A|33ewrxouadde paaoydsue 1 SSN)
diys BuL|[Lap LLO 3004 092 S,dULUel JewO|H

‘9/61 ‘6L Aew
paydeuabojoyq “°bHuo| 3994 G/ A|33ewtrxoudde
SL |9SS3A patjliuspLufn  “ATIOH w40jleld 40
153MY3nos Aemaapun 6n3 ueado pa||ny-uspoom

-343| wo3zjog

-3ybLa doj

ST3SS3A

A

g




——— e e e b ot N cicm aiani Sabaniais

0cY

"961 ‘12 Aey paydeabojoyd %20y
0JJOW 330 320q BULYSLy 3004 Op PaL4LIuapLun -333| wWOIjog

"9/61 ‘12 AeW paydeabojoyd 320y
0440l 43O Seas w|ed ui |oyod|e |Aa|o0 bul
-dunp 39Q3H 3dYD 4333n> P4enY 3seo) 3004 G6 -3ybia doy

*9/61 ‘02 Aew paydeabojoyq
*40QueH Spue|S] [3uuey) 03 Buruaniaua

V1134153 320q butysiy 3uods 3004 G9 ~-333| doy

-~ & . X .
oo Bl i S b s o g e s . et




9461 ‘L1 dunp paydeaboloyqd
*(edequaeg ejueg) jueym suJesls 40 3se’d
paJoyoue JO7Id L9SSSA bBuL|Les pajsew-om3 3yj

9/61 ‘02 Aew paydeabozoyd
*40queH Spue|S] |3uuey) jijo0 %mzwvcz jeoqjtLes




APPENDIX B

COMPREHENSIVE EVALUATION OF APS-94D
AND
COR FOR TARGET DETECTION .
IN THE
SOUTHCENTRAL CALIFORNIA TEST AREA
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CALIFORNIA UNIV SANTA BIRBARA GEOGRAPHY REHOTE SENSI-ETC F/G 17/9
SUMMARY EVALUATION OF THE OFFSHORE TARGET DETECTION CAPABILITIE==ETC(U)
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APPENDIX C

Summary Evaluation of the Capabilities of APS-94D
and COR Radars to Detect Selected Marine and Near-
shore Targets Off Southcentral California

(May 19-21, 1976)

1. Santa Barbara Channe) (APS-94D and COR)
I1. Oxnard-Port Hueneme-Ventura Area (APS-94D only)
III. Morro Bay Area (COR only)
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EXPLANATORY NOTES

Data are presented in tabular form for the APS-94D and COR systems

on a run-by-run, individual target basis (also see Appendix B, Tables 1-4).
The basic methodology used by GRSU researchers in ranking the

target detection capabilities of each system was to:

* Analyze all useable APS-94D and COR radar imagery flown during
the three day test program. Ll

* Locate and identify known marine and nearshore targets imaged by
each system on a run-by-run basis.

* Rank individual target returns qualitatively on a scale from poor
to good (see below). Ranking primarily was based on the sharpness
and target resolving characteristics of target returns. Known
targets for which no radar return was recorded were classified
as not detected.

Target Resolution Classification Key

G - Good. Target sharp and well-defined. Where targets are clustered,
individual targets or components of individual targets (e.g., floats
within a tanker mooring) are clearly discernable.

F - Fair. Target readily identifiable, but lacks sharpness and clarity.
Individual targets often merge together or with image background.

P - Poor. Target usually identifiable only through prior knowledge
of exact location. Lacks sharpness and characteristically merges
with background. Separate components of an individual target
(e.g. floats in a tanker mooring) cannot be discriminated.

ND - Not Detected. Target not recorded on the image.

No Symbol - Not Imaged. Target not located within the area imaged.
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Date: May 19, 1976
Location: Santa Barbara Channel between Carpinteria and Capitan (see Figure2)
Systems:  APS-94D and COR ’

APS-94D (Use with Table 1, Appendix B)

= Run (see Figure 1A)
i TARGET LOCATION 0)112)3]4]|5]|6)7|81]9
i
3 BUOYS, FLOATS AND MOORINGS
Positioning buoys/floats SW of Capitan G G
2 Coast Guard Float SW of Holly FIG|G|G
A 7-point mooring Off Casitas Pier G
; 5-point mooring Off Coal 0il Point G|G|G|G|{G|{F|G|G|G|F
g 5-point mooring Off Capitan G|G|G G|G
2 Marker buoy SW of Coat 0il Point 6|6)]G]G)]G|]G|G|G|G|G
3 Navigation buoy Off Santa Barbara (inner) G
] Navigation buoy Off Santa Barbara (outer) G
' Live bait float Off Goleta Pier G G|G|G FI|G P
PIERS AND PILINGS
Casitas Pier SE of Carpinteria G
Biltmore Pier E of Santa Barbara G F
Stearns Wharf Santa Barbara G P
Goleta Pier S of Goleta G G|G|G G|G F
Elwood Pier S of Elwood G|G|G|G G|[G|G|G|G
Pier support E of Elwood Pier G|G|G|G G|G|G|G|G
PLATFORMS
Union A Off Summerland G G
Union B Off Summerland G G
Hillhouse Off Summerland G |
Hilda Off Summerland G
Hazel Off Summerland
Houchin Off Carpinteria G
Hogan Off Carpinteria G
Hope Off Carpinteria G
Heidi Off Carpinteria G
s Holly Off Coal 0il1 Point G|G|G|G|]G|G|G|G|G]G |
Spider Off Santa Barbara G F
.3
: SURFACE SLICKS '
011 Union A to Santa Barbara| ND :
011 Off Hope Ranch ND| |F |G ND| G ND .
011 Off Goleta Pier ND|ND| G [G | ND| |ND|G ND 1.5
0il Off Coal 0il Point ND| ND| ND| G | ND{ ND| ND|G | P | ND L
Oley! alcohol SW of Holly NOD{ ND| ND| ND( ND{ ND{ ND| ND{ ND e,
Oleyl alcohol SE of Holly ND{G | P | ND !

TP TSI A T 5 At T T, PSRRI - AT R eyt Y Sy W




Run (see Figure 1A)
0|11213]|4|51|6]7

TARGET LOCATION 819
VESSELS
Sailboat (unid) SW of Goleta Pier- G|G|G|G G G|G|G

SW of Holly

Sailboat (unid) Off Goleta Pier G G|G
Sailboat (unid) Off Santa Barbara G
Catamaran (unid) Off Santa Barbara G
Cabin cruiser (unid) 0ff Naples Reef G|G|G G G|G
Sailing (PILOT) Off Santa Barbara G G
0i1 crewboat (unid) NE of Hillhouse G
0il crewboat (unid) N of Hope G
0i1 Crewboat (JUNE TIDE) NW of Holly G/G| |G G,
0i1 crewboat (MALLARD) E of Ellwood Pier FYF| FY 6 FY 6 | FY PYF
Ocean tug (unid) SW of Holly-SW of Capitan G |G |G 3 J 6
Ocean tug (CONTENDER) E of Elwood Pier FY FY FY 6 F FY P*| F
Sand barge (unnamed) Off Santa Bagbara G G
Sand barge (unnamed) Off Santa Barbara G G
Cutter (PT. JUDITH) Off Holly G|[G|[G|[G G G G

* Merged return; vessels anchored approximately 30-40 meters apart
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Date: May 19, 1976

T R e

Location: Santa Barbara Channel between Carpinteria and Capitan (see Figure 2)
Systems: APS-94D and COR
COR (Use with Table 2, Appendix B)
Run (see Figure 1A)

TARGET LoCAT P 0 (12134156 9
BUOYS, FLOATS, AND MOORINGS
Positioning buoys/floats SW of Capitan F G
Coast Guard Float SW of Holly G (PG |ND
7-point mooring Off Casitas Pier G
5-point mooring Off Coal 0il Point F|P|{P |G |G |G |G |NDIG G
5-point mooring Off Capitan P | ND|{ ND G
Marker buoy SW of Coal Qil Point P |F |[ND|G |G [G |ND|ND|P |P
Navigation buoy Off Santa Barbara {inner) P
Navigation buoy 0ff Santa Barbara (outer) ND
Live bait float Off Goleta Pier P ND; ND! G ND| ND G
PIERS AND PILINGS
Casitas Pier SE of Carpinteria G
Biltmore Pier E of Santa Barbara P G
Stearns Wharf Santa Barbara F P
Goleta Pier S of Goleta P{P|PINDIG|G|G|G G
Elwood Pier S of Elwood G|G|G|G|G[G|[G|G|G
Pier support E of Elwood Pier P|G|P|NDJG|G|G|G|F
PLATFORMS
Union A Off Summerland G
Union B 0ff Summerland G
Hillhouse Off Summerland G
Hilda 0ff Summerland G
Hazel Off Summerland G
Houchin Off Carpinteria G
Hogan Off Carpinteria G
Hope Off Carpinteria G
Heidi 0Off Carpinteria G
Holly Off Coal 0il Point G{G{G|{G|G{G|G|G|G
Spider 0ff Santa Barbara G ND
SURFACE SLICKS
0i1 Platform A-Santa BarbaraL G
0il 0ff Hope Ranch G G|{G G|G ND
0il Off Goleta Pier G|ND| G| G |ND;ND| G| G 3
011 Off Coal 0il Point G|F|G|{GIND|F|G|G|G|F
Oleyl alcohol SW of Holly ND| ND!ND|ND| ND| ND| ND} ND
0leyl alcohol SE of Holly P|G{G|G
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Run (see Figure 1A)
11213141516

TARGET LOCATION 0 71819
VESSELS
Sailboat (unid) SW of Goleta Pier- G |P|G|NDJG |G |G |ND|G

SW of Holly

Sailboat (unid) 0ff Goleta Pier P ND| ND| ND| ND
Sailboat (unid) Off Santa Barbara F p
Catamaran (unid) Off Santa Barbara G
Cabin cruiser (unid) Off Santa Barbara P
Sailing (PILOT) Off Naples Reef P |ND|P | ND| G | ND] ND|G | G
0i1 crewboat (unid) NE of Hillhouse G
0i1 crewboat (unid) N of Hope G
0i1 crewboat (JUNE TIDE) NW of Holly G G* o G* Fo F ND|
0i1 crewboat (MALLARD) E of Ellwood Pier P F7| PT| P*| P'| F*| F*| ND| F¥
Ocean tug (unid) SW of Holly-SW of Capitan G 16} JGt )| _ ND
Ocean tug (CONTENDER) E of Elwood Pier P*| F*| ¥ P7| P¥| F*| F*| ND| F*
Sand barge (unnamed) Off Santa Barbara ND ND
Sand barge (unnamed) Off Santa Barbara G G
Cutter (PT. JUDITH) Off Holly G{G(G(NDG|G |G |ND G

* Merged return; vessels anchored approximately 30-40 meters apart
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Date: May 20, 1976
Location: Santa Barbara Channel between Hueneme and Ventura (see Figure 4)
Systems:  APS-94D
APS-94D (Use with Table 3, Appendix B)
Run (see Figure 1B)
TARGET LOCATION 0111213 3% 415
BUOYS, FLOATS AND MOORINGS
Buoy #1 Off Ventura Pier G G|G|F|G
Buoy #2 Off Ventura Marina G G|G|G|G
Buoy #3 SE of Ventura Marina G G|G|G|G
Buoy #4 Of f Mandalay Beach G|G|G|G]|F
Buoy #5 SE of Channel island Harbor G | ND G | ND| ND
Buoy #6 O0ff Hueneme Harbor G|G GG
Buoy #7 0ff Ormond Beach FI|F
5-point mooring 0ff Ventura Pier G G|G|G
5-point mooring Off Ventura Marina G G|G|G
9-point mooring 0ff Mandalay Beach G|G|F|F|G
9-point mooring Surrounding CUSS I G G|G|F|F
Coast Guard float 0ff Channel Island Harbor F|G
PIERS, ROCK GROINS, AND
BREAKWATERS
Ventura Pier Ventura G G
Hueneme Pier SE of Hueneme Harbor G
Corps Pier SE of Hueneme Harbor G G|G
Breakwater 0ff Ventura Marina G G F
Breakwater Off Channel Island Harbor G|G FIFI|F
Rock groin Hueneme Harbor GG FIF F
VESSELS
Sailboat (unid) SE of Channel Island Harbor G
Sailboat (unid) Off Channel Island Harbor G
Cabin cruiser (unid) E of Channel Island Harbor G
Cabin cruiser (unid; SE of Channel Island Harbor G
Cabin cruiser (unid SW of Channel Island Harbor G
Fishing boat (ESTRELLA) SE of Channel Island Harbor G
Fishing boat (unid) SE of Corps Pier-SE Channel G|G GG
Island Harbor
Fishing boat (unid) SW of Channel Island Harbor GG
Utility craft Inside Channel Island Breakwater |F
Drone recovery 0ff Corps Pier G|G
0i1 crewboat (WARM TIDE) Off Hueneme Harbor FIG |G
0i1 workboat (CALDWELL) Alongside CUSS I ND ND| ND! ND| ND
0i1 drilling (CUSS I) W of Ventura G GG |GI|G
Cutter (USCG 41') 0ff Channel Island Harbor G|G
Cargo (PRES. TAFT) 0ff Ormond Beach G




Date: May 21, 1976
! Location: Off Morro Bay from Pt. San Luis to Pt. Estero (see Figure ).
' Systems: COR

COR (Use with Table 4, Appendix B)

Run(see Figure 1C)
TARGET LOCATION 8 19 |10111)12|13|14(15/16|17
BUOYS
; Buoy #1 SE of Pt. San Luis G
i Buoy #2 SW of Pt. Buchon G (G G |G G (G
' Buoy #3 S of Morro Rock G|G|G|G|G G |G |G ]
Buoy #4 NW of Morro Rock G|G|G |G |G G |F |G
Buoy #5 NW of Morro Rock G[G|G|G|G G |F |G )
‘ Buoy #6 SW of Chrvron Pier ND|F | F { ND|ND G (F {ND
! Buoy #7 NW of Chevron G |F|P |G |G EIE [P
’ Buoy #8 S of Cayucos Pier P|F|P|G|G PIG|P
Buoy #9 NW of Cayucos Pier G [G|F|G|G F |F |G
Buoy #10 NW of Morro Rock G |([G|[G[G |G G (G (F
Buoy #11 Morro Bay Channel G
Buoy #12 Morro Bay Channel G
Buoy #13 Morro Bay Channel G
Buoy #14 Morro Bay Channel G
: Buoy #15 Morro Bay Channel G ]
l’ Buoy #16 Morro Bay Channel G
? MOORINGS
{ 4-point San Luis Obispo Bay F
5-point #1 0ff Morro Bay F|G|G|F |G F [G [P
5-point #2 0ff Morro Bay F|G|G|G|G P (G (P
5-point #3 SW of Chevron Pier FIG|G]|G |G P |G |F 4
7-point #1 NW of Morro Rock FIG|G|F |G P [F|F :
7-point #2 NW of Chevron Pier ND|G |G [ND|G P |G |F ;
PIERS AND ROCK GROINS !
, Avila Pier Avila Beach G 4
. 011 Pier NW of Avila Beach G
B Pt. San Luis Pier Port San Luis F ‘
2 Chevron Pier NW of Morro Beach G [G |G |F |G P |G |G ;
b Cayucos Pier Cayucos F|G|G|G|F P |ND{P F
' Rock groin Off Pt. San Luis G '
] Rock groin SE of Morro Rock G|G|FIG|G| |6 |6 |6 ' o8
N Rock groin Adjacent to Morro Rock G |G [ND|G |G G |G |G :
} ¢ 4
t
|
Fi c-8
i
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Run (see Figure 1C)

TARGET LOCATION 8 1011 12|13} 141151617
VESSELS
Cabin cruiser (unid 35') SE of Morro Rock F G F
Cabin cruiser (unid 30') SW of Morro Rock ND G
Cabin cruiser (unid 30') Off Morro Rock G (G
Cabin cruiser (unid 25') SE of Morro Rock F G P
Fishing boat (unid 50') SE of Morro Rock F G P
Fishing boat (unid 40') SE of Morro Rock G G G
Fishing boat (unid 40') 0ff Morro Rock G |G
Fishing boat (unid 35') Off Morro Rock G |G|G
Cutter (CAPE HEDGE) Off Morro Rock G G G
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