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NOTICE

This document is disseminated under the sponsorship of the Department
of Transportation In the interest of information exchange. The
United States Government assumes no liability for its contents or use
thereof.

The United States Government does not endorse products or manufacters .
Trade or manufacturers ’ names appear herein solely because they are
considered essential to the object of this report.

The contents of this report do not necessari ly reflect the official
• view or policy of the U.S. Coast Guard and do not consti tute a standard,

specification, or regulation.
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INTRODUCTION

This report describes the Geography Remote Sens ing 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)

synthetic aperture radar were conducted by the Coast Guard in three locations

off southern and central coasta l 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 per formances of the two sys tems.

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-940 and
COR to detect and image offsho re targets .
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BACKGROUND

• During the period May 19-21, 1976 the United States Coast Guard sponsored

a ser ies of flight tests off southern and central coastal Cali fornia to evaluate

the target detection capabilities of two Motorola—developed side-looking airborne

radars . Systems involved In the tests were an APS-94D re:l aperture radar

and a coherent-on-receive (COR) synthetic aperture radar. The APS-940

• was fl own aboard a U.S. Army OV-l Mohawk observation aircraft from Fort

Huachacha , Arizona . The COR system was installed aboard a U.S. Army C-47 on

loan to Motorola. Both a ircraft 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 , Was hington, D.C.; and Geography Remote Sensing

Uni t , Univers ity of California, Santa Barbara California.

Primary objectives of the fl ight test program were to acquire sufficient

radar imagery and ground truth/field verification data to permit a meaningful -

eva luation 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. Original ly It had been planned to schedule coincident

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

were underway, this proved infeasibl e 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.

. 2
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• (Figure IA). On May 20, the APS-94D was airborne over the eastern Santa Barbara

Channel imaging targets off the Oxnard-Ventura-Port Hueneme coasta~ area

r (Figure 1B). On May 21, flight operations were moved approxima tely 150 miles

northwest to Morro Bay (Figure IC) where the COR aircraft fl ew several radar

runs.

GROUND TRUTH DATA COLLECTION
r - 

Ground Truth Support

Researchers from the Geography Remote Sensing Unit (GRSU) collected

ground truth data coincident with the APS-94D and COR overfl ights. The major

obj ectives 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. All ground truth/target identification flights

were coordinated in advance with the Coast Guard field project officer, IT 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 anJ facilitated vectoring of the
- • light aircraft to targets of opportunity.

S Two experienced photographers and a qualified observer were present on

.
~ 

eac h ground truth flight. Photographic equipment carried onboard included a

I Minolta SRI 100 and two Minolta SRT 101 35mm camera s fitted with Kodak wratten

lA (haze ) a nd/or Kodak wratten 15 (medium yellow ) filters . Optional 28mm

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

infrared Ektachrome (IE-l35), and black and white (Panatomic X) film was used

H
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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)

* 
APS-94D COR

• . Run I From/To Del~y Mode Delay Mode
O A-B 0 kin 0.1. 0 km O W .
1 C-D 0 0.1. 0 0.W.
2 D-E 0 0.1. 0 O.W.
3 E-F 0 0.1. 0 0.1.

• 4 F-G 0 0.1. 0 0.1.
5 C-D 0 0.L. 0 0.W.
6 D-E 0 0.1. 0 O.W.
7 E-F 0 0.1. 0 0.1.
8 F-C O~ O.L. 0 0.1.
9 B-H 0 O.L. 20 0.1.

* See Figure 1A
** 0-50 km range

II. Off Oxnard-Port Hueneme-Ventura; 7 APS-94D runs (May 19, 1976)

* 
APS-94D COR

Run I From/To De1a~ Mode Delay Mode
0 B-A 0km 0.1.
1 A-B 10 0.1.
2 C-D 20 0.1.
3 E-F 20 0.1. Not Flown

• 3A E-F 30 0.1.
• 4 G-H 40 0.1.

5 I-J 50 0.1.
* See Figure lB

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

* 
APS-94D • COR

Run I From/To Delai Mode Delay 
~~~• 8 A-B 0km 0.W.

• 9 C-D 0 O.W .
10 D-E 0 0.W.
11 E-F 0 0.1.
12 F-C Not Fiown 0.1.
13 G-H 20 O.W.
14 E-F 0 0.W.
15 F-I 0 O.W.
16 I-B 0 O.W.
17 J-G 0 O.W.

* See Figure 1C

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

,
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to insure maximum identification of man-made and natural targets . The flight

observer was responsible for maintaining radio communication wi th the field

project of ficer, taking field notes , drawi ng sketch maps showing the locati on

of moving and stationary targets , and keeping detailed camera logs. * 
- For

sa fety reasons the single-engined Cessna 172 maintained a minimum altitude of

400 feet when over the surfline and at least 1,000 feet when offshore . Marginal

visibi lity 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 probl ems , all potential

radar targets visually sighted by the ground truth team were successfu lly

photographed.

Identification of Targets

Following compl etion of the f light test program, the rough draft field

notes and sketc h maps were finalized and all film was processed . Color and

color infrared slides were sorted and annotated wi th information from the camera

logs. The location of individual radar targets was recorded on prel iminary

base maps of each overflight area. Fixed targets (excluding vessels) were

identified from photographic evidence or NOAA navigation charts . Vessel s 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 statistica l 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 , a ircraft heading

and a ltitude , approximate time, a’id miscellaneous remarks

6
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• (e.g. buoys , f loats , moorings , piers , breakwaters , and platforms) was

obtained through contacts wi th federal, sta te and local government officials
— as well as representatives of private industry. Statistical data on Individual

vessel s were extracted from the U.S. Coast Guard ’s Merchant Vessels of the

United States (publication 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 Acquisit ion

On June 4, 1976, representatives from the Coast Guard , Geography Remote =
Sensing Unit , and Motorola met at the latter ’s Scottsdale fac ility to:

* Exchange informa tion on the flight test program;

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

* Examine the radar imagery acquired during the test flight program.

Approximately two weeks after completion of the flight tests, radar imagery

-from the APS- 940 and COR overflights 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

capabi lities of the two systems . A total of 17 APS-94D and 20 COR radar
• 
.
~ 

. images were analyzed. To faci litate 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 wi th the known location

7
It
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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

CUR, the following procedures were used when evaluating individua l flight runs :

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

* Marine and nearshore targets imaged were annotated on frosted
- 

— 

acetate overlays .

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

* Known ta
•
rgets not imaged we re annotated not detected .

* Comprehensive target data , including target type, slant range
distance from the a ircraft , location , materia l composition , and whether
detected 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 , I I , and I I I ) .

RESULTS

Following are results of our evaluation of the target detection capabilities

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

on deta iled interpretation of imagery from ten coincident APS-94D and COR

flights over the western Santa Barbara Channel , seven APS-94D radar runs off

Oxnard-Ventura-Port Hueneme, and ten CUR radar runs in the Morro Bay area.

A ll  APS-94D radar runs were -fl own at 6500 feet ASL; CUR runs were flown at

5500 feet ASL . Figures 1A , lB and lC show the approxima te 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 CUR run.

8
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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 SlicksB All
Date System Possibl eC Detected % Possible Detected % Possible Detected %

5/19 APS-94D 163 156D 95.7 38 11 28.9 201 167 83.1

5/19 COR 162 121 E 74.7 38 25 65.8 200 146 73.0

5/20 APS-94D 96E 93 96.9 0 0 96 93 96.9

5/21 COR 178 169 94.9 2 0 0.0 180 169 93.9

A Buoys, floats, and moor ings; piers , p i l i n gs , rock gro ins , and breakwa ters ;
platforms and vessels.

B Natural oil seeps and oleyl alcohol spill s.
C 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 .

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

E Does not include the o il workboat CAIDWELL wh ich was tied up alongs ide
dr ill ing s hi p CUSS I and imaged wi th the 1~tter.

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 thi s table were compi led from Table 1-4 Appendix B.

9
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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 fl own coincident wi th 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 coinc ident

overflights of May 19, APS-94D exhibi ted 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 Huenenie, 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

fol lows : 
**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. ;:~ :

H **
Includes buoys, floats, moor i ngs , piers , pilings , rock gro ins , breakwa ters ,
platforms, and vessels. -

~~~~
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- APS-94D (see Appendix B, Tabl e 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 we re detected
• consistent ly from all look directions. Slant range distance to individual

• - - targets varied fran 8.6 km to 24.8 kin, 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 possibl e

targets (121 of 162). Approximately 73 percent of the stationary targets

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

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

each, followed by Runs 0, 6, 2, and 8 with four , three ,, two and two respectively.

Runs 3, 7, and 8 were fl own in the overland mode; Runs 0, 2 , and 6 in the

overwater mode. Stationary targets not detecte~ by COR included a small

radar reflector marker buoy off Coal Oil 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

11 

When operating with a 20 km delay
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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

APS-94D and CUR during Run 6.

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

— APS-94D (see Appendix B, Tabl e 3 and Figure 4) - the APS-940 real

aperture system was the only radar flown this da te. A total of seven

over-flights were made at range settings varying from 0-25 km (0 delay) to

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

not detected on all runs was a marker buoy located between the Channel

Islands Harbor entrance and an offshore breakwater (see Figure 4). While

detected at slant range distances of 14.2 km and 53.3 kin 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 w ith the

return from a rock seawall located less than 100 feet away. For the remain ing

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

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 kin,

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 CAIDWEIL which was tied up alongside the
drilling ship CUSS I and Imaged with the latter.
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of image quali ty 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). All 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 were 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 Researc h

Laboratory personnel provided reliable targets for analyzing the oil detection

capabi lities of APS-94D and COR. Natural slicks ranged in size from 3.9 to

6.0 square miles . The simulated oil slicks , created by the controlled release

of small quantities of oleyl alcohol from the IJSCG cutter PT. JUDITH, were

estimated at 80 x 120 feet and 2.25 miles x 300 feet. Wind direction duri ng

the tests was 220° at ten knots; swel l direction was 270° wi th three foot waves.

These conditions were considered favorable for the radar tests. Under such

conditions the surface roughness of non-oil areas theoretically should prov ide

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 assoc iated 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 arti ficial slicks was l ikely due to the slick’ s limited surface

area (i.e. approximately 960 square feet) compared to the minimum cell size

resolu tion 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 , oil was detected at slant range distances up to 18.4 km from the sensor

aircraft. Wi th a 20 km delay (20-45 km range setting) in effect, the max imum

slant range distance at which oil was imaged was 26.1 km. Wi th 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
- •1

real aperture radar was less successful than COR in the detection of natural

and artificial surface slicks. Whereas COR detected slightly more than 65 ‘ :~.1
percent of the known slicks, APS-94D imaged only 28.9 percent (11 of 38).
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FIGURE 7

~~~~~~~~~~~~~~~~~~~~~~~~ OIL

a SWELL
J 27O~ (>1

hypothetical capillary wirf oce
with Oil

// hypothetical capillary surface
With Out ad

/7
— RUNS 0, 4, 8

Sketch map depicting approximate wind and swell directions in
the western Santa Barbara Channel , May 19, 1976. Look direc—
tion from APS-94D and COR perpendicular and to the right of
the aircraft flight di rection for each run .
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The smal l 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. During 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 oil. 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 runs were flown wi th the look direction

either perpendicular to or wi th 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 limi ted 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 comb i nat ion

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

are reconii~ended incl uding using antennas of different sizes and, testing of
horizontal and vertical polarizations under a variety of gain settings to

document optimum detection charaáteristics for oil targets.

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

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

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 quanti ties 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 oil and non—oil areas resulted in COR’ s inability to detect

surface slicks.

• *Target Resolution

A qualitative evaluation of the target resolution characteristics of

• APS-94D and COR was performed in conjunction wi th 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 listed

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

Our eval uation 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-Ill for detailed target resolution evaluations of 
•

APS-940 and COR on a run-by-run basis.
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TABLE 2

Target Resolution Performance Evaluation

APS-94D COR APS-94D COR
General Target Type 5/19/76 5/TW76 5/20/76 5/211776

1. Man-Made
Possible targets 163 162 96 178
No. ranked good 139 82 7S~~No. ranked fair 15 14 18
No. ranked poor A 2 25 .. 17
% detected targets 89.1 67.8 80.6 70.4

ranked good

2. Surface Slick
Possible targets 38 38 .. 2
No.. ranked good 8 20 .. - .
No. ranked fair 1 4
No. ranked poor 2 1 . - . -% detected targets 72.7 80.0 • .

ranked good

3. All Targets
Possibl e targets 167 146 93 169
No. ranked good 147 102 75 119
No. ranked fair 16 18 18 33
No. ranked poor 4 26 - 17
% detected targets 88.0 69.7 80.6 70.4

ranked good

A 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 23. Conversely, COR

was rated “good” against only 69. 7 percent of the detected targets during the
• May 19 coincIdent over-flights, and 70.4 percent against all targets on May 21.

• 

-
~~ Interpreted returns from man-made targets consistentl y appeared sharper on

APS-94D Imagery compared to COR (see Figure 10). This permitted more reliable

• 

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

25

• H

- - —-4—
- - • —- - -  -

~~~~~~~~ ~~~~~~~~~~~~~~~~~

••

•

••- • 
-— - 

•

~~~~~~

-- • -

•• • - —~~~- .-~~~~~~~ ~~~—



-S
‘ I 4-’

.C
E 0).r 5.. • .C

• I- E 0 ~~~4.>
‘....0).• ~~ .C (4.-. Qa C C 4 > 4 >  L ) C

V ‘. ~~~-.— I0 -’— -’— 10 • 0
F 0 4-’ 4’ C Z u— C 0

‘V C-) 0 r• 5-0 . . ->, (0 C
• V W ( 0 ( 0O C S  ~~~~~~~~

• C 0.C-) ~~~C .- G)
(00  - .0~~~~~~~~~~~..

• • 9- .— ‘— I-- ed O)
U..- 4~~~~~~~Q Q ) r 0E O

I I 9— cs -c .~~~ S.. ~~ 0
• 1 0) I Ct - C 5 - C ’~~ 0.0

- -

- — —0..-.- C.— 00
C c C 5 -~~~ -.- I--~~~~4.’
0 1 0 0 LU —U-- 0 0.. CS C

-S ~~~
. 005>- .  i .-.

4> - ‘.0 CS • C ~~ ——- 5-4 / )
• N. ‘ C  LU ~~~ W 0.. ’~~- CS 4/) -~~ 5- I— - ~~ 4-> cC C• 5- ~~~~~~~ ‘- 0~ w~~~~~VS 4-> 0)

-I- 0 cC ~~~ .~~ 0 0 ) -  • ~~ C) .—
O • C.) • C’sJ C C..) C >, C-) .C .0

u-0 CS >~~~ I 1 0  r 0  .4..’
4> • r- .00 4> 0).- ~~ CD 0

• C) >, C US 4-’ 4~ 0. C/) 0
.,- 10 0 ) 5 . - C 5-~~~• 

~~ C)10 - , - C 5 - W  ( f l C U S
U. (00  0 10 0.) 4-> - 4-’ 0 ) > ,

• C C t~) 0.) 4->. -
- ~~ ‘-‘ 5- I U 0. 0.) ~~~ 0) (0

O 5(5 0 U 5 - U S C
C-) 0.) ‘10 5 - ( 0

• 4 > — C 4 > .-~~~~4> 0)
• C) C 0 cC 0) 0).— —-— .C 0.)

• - 
- (0 . 0 —  0 5.. 40 4- 4-’ 0)cC 4.> O U E - 0 0 1 0£ - • - - -—- 5- O C U S 5 . . .  C

- 
• 0 0 . 0 - - S O  O > - , .’” r

• (0 4— 0.) 0 .C 4-’ .4-’ - ‘- CS C-) ~~~ 
4.> 0 -r U. U

I 0.i~~~ 4Y) C r.. W S.. .C
- C/S 0 0).— 0~ 0) ~~~~~ 10 4’

• . •  C).. 4-> C U  C
- cC 1 0 C - 0 - 0 ) 0 4 0 5 -
p 4-> ~~ -.— C) ‘C 4~-’ 5- 0
- US ‘— C C). 0 c C 4 -0 • • -  0) US (0 5 - C ’—

I— • - LU ~~ - 4-.> - i— 40 (0 -4-’
- •  C-) U S 0 ) 5- ( 0 r 0  ~~~—

LU ~~ 4.> 4’ 0)0) 0 4 0  US 0 ~cC C C 5-n- --s 5... US C-) U
•.- 0)10 0.. LU.- 0.) r

~~ 0 r  4- — 10 ..C C >.,‘~- ‘.0• — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ • • • • .  - • • • 0 0..- ‘C 0 -4-’ 0 . .04— C’ >
U.. • U. 9— 0 • .C.)  -r 5... •

- -~ 
- - .— 5- • 0 4-’ ~ (0 ’C  ‘C• LU - r W 0 )~~~~ 5 -9 -  C W

• • C). 0>  0 .—  104- 4.> US ‘C 0)
• - - 0 0 W 0 . 0 4 0  S-’ S..r— C (0 0 0 ) 0

0 ( 0 4 >  -

~ — C C  5-0  US C9— -I-> 0)4
% 4- L) 0 )W 0 S . .n- 5 - C

- ‘C 4 - ’ 0 0 ) 5 .- C G) 0P U.. -‘— ._.i C 40 4> 0 0) 4-’ 4>
0 0 0 ~~~~C s J 0 ) 0 ’ C 0 O 4 J
4/) 5 - C L . .  E E 0~~~~C 0

• LU 9- .r 0 ) 5  0 0)• 3 - — 0 > C-) 0 5.. Z 0 4-’
W 1 00 0  — 0.) • ~~~ U

4- 0.)
• LU 5-’ .O 0) • 0  C C 40 I

• CD ~ N. .C .— ~~
-) 40 (0 ~ 4/) Cj t-

T 0 0) 4 > —  4-> 5- 0.. C0).— 5(5 ‘C U 0) ‘cC .-
• 4- 5.. US ( 5  0) 4.>..- ‘C• 0 -r ,~ 5... C 4-> C >. tOC U.. C CS V( 0’- US C0 - 0 In— ~~ — .C 0 (0

-I- - — ‘4— 0 0 0..— 0) ‘C -4’ 1 
~~~ (4.-. >t- C-) 5- C I 0. ~• U - 0 010 0) 10 5(5 4> 4-> cD0.) 0 4 /)  ~~~~- U S  • U

5- • U 0.) -r 0 ~~~~4-> C 0) ‘C•,- 0) .C 0.) ‘C ~~ CD 14.. (0 4.> C
C) I cC 4> .C 0 5- cC ’-.-- 0) 0) tO

- (/5 0.. 4> C 0 .U •
4-’ 0.. ~~ ....J - — C) 0 •

‘cC 0 0 ’I- ‘C C ‘cC 5- U) LU
OS C.) C 0 C..- ~~ 0 C 4>

- US 40 .0 .4.) (C) 0) 0) •
C’J .- 40 4.> U .-.. ‘C CS C)

U. • US 5 - 0 4 0 0) 05 . . .
. C CW  Or— ’ - 0 1 0  —
0~~~ > . - .~~~~I4~~~4-. ~~~~~40 ~~ 0 .- U
5.. 40 0) 5.. - .-

V 0) 0) 0) C 5- •.1t5 40 5-.
O C . C U S 0 5 - > - r ---. - 5 - 0 )

(0 _i 0)4 - >
• 0 1. —.~

- -c -J -S > 4->
- • 0.~~~~~~~ - 0  5-~~~~~-V5 .—

• ;~~~ ••~~~~~~~~~~~~~
_ - — 

_ _ _



—-•--- •---—u.•, ~~~~~~~~~~~~~~~~ 
- - —~~•----—-—-— —- • —- — —--

~
—‘---— -- ----•-- -•—-—--- ‘---- 

~

--
~~

--- - -—- -

- ~~~~~~~~
• -  - 

~~~~~~~~~-•
- - - • - - - - -  - -

H 

- 
_

C -

H

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
moorin9 #2; (J) Buoy #7; (K) Buoy #8, southeas t of Cayucos Pier (not pictured);

• and (1) Buoy #10. Note sharpness of man-made targets with the overland mode.
- - 

Individual floats within the tanker moorings are visible.
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proximity to one another (e.g. individual floats In a 5-point tanker mooring),

or targets in areas with high background refl ectance (e.g. within or adjacent

to kel p beds). Conversely, COR often merged closely spaced man-made targets

• making it difficul t or impossible for an Interpreter to discriminate individual

targets from other background returns. This reduced detection/resolution may

have been a function of gain , mode setting and the multiple look features of

~0R, however. For exampl e, whi le  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 sligh tly 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 tar~~ts - APS-94D consistently detected man-made
targets (fixed and mov ing) from a variety of look directions and ranges.
COR failed to image a number of targets detected by APS-94D , although
overall target detection rel iability 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.

I- --,

* It should be noted that the conclus ions drawn In this report are based
on an ana lysis 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
inpu ts to any decision-making process. It is not the Intention of GRSU re-
searchers , based on these limited da ta, to make final recommendations as to
which system wousa best fulfill the Coast Guard ’s offshore airborne surveillance
requirements.
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* ResolutlO!!. — 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. •

• * Al though data derived from the flight test program answer many questions
I concerning the offshore target detection capabilities and target• resolution characteristics of APS-94D and COR, a number of basic

- 
questions remain, including: -

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

- Documentation of factors affecting detection of moving targets by
COR when operating in the overl and 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.
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APPENDIX A

TARGET INFORMATION AND REPRESENTATIVE PHOTOGRAPHS
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Section A provides statisti cal data for known targets in each of the

three tes t areas . Moving targets were identified using field verification

aerial photography flown by the Geography Reritote Sensing Unit May 19-21 , 1976.

Fixed targets were located and identifi ed 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 federa l, state, and local government and private companies. Ship dimensions

were extracted from the U.S. Coast Guard ’s Publ ication 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 location 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 calculati ng radar cross-sections. Normally listed in feet

(man-made targets) or square miles (surface slicks).

Composition - Material composition of the target. A - aluminum , C - concrete ,

F — Fibreglass, P - plastic , R - rock , S - steel , and W - wood.

Al

~~~~~~~~~ ~~~~~~~T”~ —~~~~
—

~~~
•--

~~I ~~~~~~~~~~~~~~~~ • • • IT.~~ T~I 
-

~~~~~ ~~~~~

-

~~~

- -

~~~~~ ~~~~~~~
- -_ _



0) .— — P. 0 . — C )0  • 4 0 r -  0.0 0. o - Co
5... 41 .— ‘C C) 9-0 ~ 4) 0 40 C ’ 0  (~J -UI (5 41 40 C~~~ • C~~. -.— C.)

-~~~ 5... 4) 4) ..- - C~J 0 0  In .— Ill - )< 40 - .— )< C)
I. — C) in 4)) Co I r- 4- ‘040-c 4)0 a
(0 45 4.1 - . C C U r-0 4) 4-> 5-) 0 C 400 - >( O>( -C 0 o 41 -.- 01 ‘0 0 ‘0 -10 (~) ( 0 04 0  0 0)4) 0 41 0 • > 41 >( 0 0.-- 4— — I • 0 —  — — tn.- — 10 -. 0. 41 • 0 0. 9— * * L> 0 w ~~ 0 — C)

C.J ‘4- ‘4- >> 5- In C - . . 0. _ ’- __’ 0.— LI) C) C)
C 41 1- 5... 0 •.- tI) 01 4.14.1 C~J ~J >>~~~ >)I~~~ >~~~• 41 .- I. ~~ 15 C..) 0 ~~ ‘Ca)  C ‘C C C • 5... 45 (0 40

I.. In S.. 4 > I n  O I C - - -  4) -..- -.-- --’.’C-.- ~~~5-
41 5.. O C  4-> 4) 4-> -.- .- 4 > 0 0 4 ) 0 ) 0  4 1 4 1  41 41

C 41 sO ‘C 0.0 01 40 .C IS .~~~~.— 40 0. 0. C U -r— In 01 UI a) In a)
.r- 5- ‘C 0 C X  >0  O) U 5.. .- U I  1 . . ’O E ~~ C
Li.. -C ‘0 0 41)(  ..- .— -,- 0 40 5- 0 N. U) 0 0. 41 40 -.-- 40 -,- 45 .-

I— ~~ ~~ I— LU 1.1.. ‘4- Lu .— C ‘C ...J —‘-— C).. U) In C-) ‘4... C..) 9- 5.) ‘4-
41
01

~~~ ~~~N-. 01 + + +
OS 5-) I &5 0. 5/) 4/) 1/) (/) 4/) ~~ C.)

0)
4/,

• Ui
40 I—x cC -

SC) -
C)

-cC -
LU SC) >(

U 4/) C—J X
C
C ~~~ .
(0 --~~ I—. 0) C)

ii ~~~ 
. - 40 *5.) — C) .C cC - Z 45

0 0 1< —
40 Sn — — — C.J IS
S.. C 4

~~~ (Y5 
~~ 4/) -

(0 0 0 I • ~~~ >< C)
.0 -— ~~ )< X ~~ ‘-~ (0 0
~.. C)) cC I C) - - .— C’,
‘0 C - C’) ~~~ 0 0

~ 4) .. .— 
— C’.) CO C.D C’) 10 )< >C cC

C 4/) .— — ‘ -
10 -.- I— i5 ~~~ >< >( -
4.1 C) cC 5... >< )< - . . 5.) 0 0
C 0 U C’.) C) - - 0 0

• 40 _ i  C - - • - ~~ 0 0 0 0
us u_ w — 

C’.) I~fl I C) 54) —
C~.i ~~ Co . - — us lb-.. (%4

C • 4/)
5- 5/)
a) >-
4.1 C)
U) -J iS
a) Co 1- 5-

0.. (0 (5a) 5-. • I..
4) us ‘0 4)

4’ • -r- C C ~~ CO 4)
0.. 10 (5 LU C ‘C

C >— 4> 4’ — ‘0 •.- 0 45
• -r C 45 -r- p- 0. 4) 0. 0 4.>

0 0. 0. C S.. ~~ 41
• ‘C -.- 0 0) 45 (5 (0 IS .-

p 4) 4) In ~~ C-) I)) C..~ In 415 C..) . 0- I  -r- ‘0 0 LU C~‘4- 0 0 ‘4- SD 4- 0 ~I- 0 9- ‘4-
- 

I r- 0 ~ 0 0 -r 0 0 0 9- ‘4-
4> —‘ ‘4- 5- 5- 0 0

• C 45 ~~ 9- ~~ 15 ~~ 15 544 LU
• a, >. (/5 0 4/, >- 4/) >. • C/, 4/) 41) (.15

‘C
‘-4

4114 4-’
4) ‘C
0 5... 0)
5- 45 C

- I  t~~ 
0)

I— (.0 01 5... C
C C) .,-

4-) s 0 C
In 41 C Z 0
.S ..- 0 -— 1.
0 40 -4- 1.. 4.1 0.1 4) — —

4-) ~~~ 4) 4) .p. -~~~ 5- In ‘C -
4.11 -P. .

~~ In C 0 ‘0. 0 45 -
•

0.11 • 41 VI C 0 (0 C 4.) 0 4.> - •
• 01 (/5 > 0 IS C). I—. 4-> ..- 41

I.. . ..- 0. 5— — In - ,

IS ~~~ ._i — — -— 45 .—

5- • 0) 0) Co C..) LU
— • U) In C C — ‘ — 5

~fl 4.1 ~IJ 4) 4.) .p.. .4-.

>1 55 45 (5 5-. 5.. 5.. 5... 5... 5- - -~~0 0 0 0 0 0 0 U 01 4) 0)— — — .— 0 0 .1- ~~~ .- •.-
Co U.. LI- Li.. Li.. ~~ 0.. 0. 0.. 0..

-~~~~~ ~~~- — ~~~~~~~~~~~~~~~~~~~~ i .j 
_________



0 0 0 
,
~ S... .C 

0 
411C 5- -.-- — .— 4-— 5.) 4-’ U — 4> 4>

4) In 0 0 -4-- ..- •,- a) -r- .4- 4) .,..
-.- 

~~~~
.. C) 0 4- 0.. ~~ C) 0.. .0
(0 0 0 r-- C)
N. U ‘C ‘C In U 0 ~~ .r- -r -.-

(0 4) C 1.. 5.. 5- — 0. r- 5... 0. 0 0 5—
~~ 0.>< 0 ‘5 IS 45 -,- .r 4) (0 .,- I

- • • 4) (5 -a ‘C ‘C C) r- C ‘C .-- C C >>In.C- C C C C . (S C ‘- 0 0 —4110 IS IS ‘0 45 C •r- — ID ..- -,-- ..- 45
• is i tn .0 .5.) 4.1 4.) ~~ C 4> 4> .C C C 4)

C.) 5- (‘-4 cC us ~n us us a.. cC 4/> 0. ~~

us us us us us us us us us i/~ us

us
LU

• ~~~ C)
X CO C’.)
0 — .5-
O 0 • -5- -5- 4- .5- .5- 4- - 4- 4-cC X .5- - - - —-cC IS — us tn tn as as - 0) 0) 0) • C)

- 0) 0) 0) 0) 0) 40. 05 Co 0) • us x o
I/I — X Co C) ~~ (5 C’S
C us ‘S >C >( >~ >( >~ >C >( )< >C 0-i 5. z

5 - ~~~~~~~~~.. - - -
In C) N. tn in - 0 U-) 40- 40- U) • Sn
C C) .— C’) 04 54) ,— 0-i C’) 4’) - 0 4)
0) SD )< in 54 .— .— .— .- .- C’.) ‘- .- — — a w C’J .-C (‘4 5- N. 4-)
i- - cC )-< >C )< >C )< >( >5 >5 >5 cC C

C-) 54) >5 . J  >5 >5 5J.. >5
O 40 0.. - - - - - us
~~~ - a a a ~~~ — - a ~ ) c’j C’j - - 04

- C) ‘- .- ‘- (‘-4 0 (‘4 — — C) SC) 0 -
* .— 4-— — I— — I— CO r— — — .— us ~ 04

us
SD

-I
—I
— 4-)

- • - 0. 5.. C IS4) -.- 5-
— .4— 40 (0 0 15 15 (5

• us C). ‘C -r- ‘C .,- 0. -. -.- ‘C 0 .0(0 C 5. C C 1. 5-. 1. C C 5..
LU S.. 40 4) (5 40 41 — 41 41 ~S ‘5 ID

..j —4 IS 0 .4.) .— r-. 4.> r- 4) 4> ~~- .— CO >.. >-..
C 0. .0 0 1. C 5.. 5.. C 0 C C 1.. 5-- ..i• C) 5- 4) -.- 41 4) .r- -p. .r- 4) 4) IS ..J ..J
-r- IS .— C 0. C C 0. — 0. 0. C C 4> • 0 a
4-> CO — C 5... E C 1. 45 5.. 5-. C C C ‘CIS LU ~~ IS ~~ (5 C) 45 (5 ~ ~~ IS 15
U ‘0 us C us us .) C..) C..) C-) 4/> us us ~~. 9.. 9-

- 
-, 0 4-’ 4- -.- 0 0

• ...J C 0 ‘4- 4- ‘4— ii- 4— ‘4- ‘4-- ‘4— 4— 9- ‘4- —IS (4- 9.- 9- (4- (4- 4-. 4- 4— ‘I.- 14.. 9- 41 Li
U) Ui C) 0 0 0 0 0 a 0 0 0 0 .C us us

‘4..0
0.
0
4>

0

0. 0. 0 0 0 0 0 0 0 0 0 0 4/5— 4- cC

- 

~~~~~~~~~~~~~~~~ •~ i• •~~~~~~~~~ • ~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



,-.~~ w- ~~~~~~~•~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

1!] C C C C C !-
~ !~~ 

i I
-
~~~ 

U) 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

‘C C C C C C S.- CS . .  CS . .  LU
U .)~ -~~ .~~ -~~ -~~ CO -~~ U -~~ 4) C) -~~ 0
43 C C C C C -.- C 4.) C 4) ‘-4 C) C vs

• 15 ~~~~ ,0 ~~~~ 45 I— ~~~

U 4) 4) 4) 4) ~~~~— W - ~~ 41~~ Lu 4 ) 4 )
0 E C C C C J C  E’C E’C ~.i 

ED)
4— 15 (0 40 (0 ‘0 I-. ~~~~~ (5.~- (5-.- ~~ cC

• LU 0.U) ~~~~
)— 

~~~~~~
— .-

~~ ~~~ EQ..

- , us us
5.. 5.. 5.. 5- 5- 5... 5-

01 0 0 0 0 0 0 0
Li.. L 5.1.. 5.5. U. ~~ -cC us -cC ~~

*
C
CcC

i~ In In
us U U 4)

in — .— .—
C C-) -.- .4- -4-
o — ‘C C C C

.4- _J 0.) us
In U) 5.. 0.1 4) U ..J -
C ~~ 5- 5- 5- LU • - us - - - - -
U LU Sn I5 IS ‘S us a - - C) - (‘4 tO sO N. to CoC L) (5 us .— Co 0) .— .— .— .—

cC U 0 0~ 
0. 544 >5

C) C Sn U) In >- >5 >5 >5 >5 >5 >5 >5 >5 >5 >5

~~~ 4.1 0) 40. C) - - - - - (0 - - • -
us 0 • . . C) U) 0 it, Q (~~~ — - r U)

~~~ (4-) 40. (0 40. C’.) C’) C’) C’) - 50 (0 (0 (0 N.

C 5.. 45 iS 15 5-
(0 -P. 4) 5- 5.. 5-. 4)
-1-i 5- 0 -.- 5- (0 (0 ‘-I- IS LU -p.

• - C .C U 0- 0. U .0 .0 4) .o us • 0..
(0 U r- -4- 5.. 5- @3 5.. ~~

• 5/) C 0.. — 45 0.. 40 (0 ~~ iS C) ‘C45 .r- 4)>- CO CO CO >- 0 >-,
C 0 ~~ 40 0 41 ..J IS U) .~J 4 0 .—

4.) 41 — ..-J 4) 45 (0 4) 5 _J LU ..J ~~U U .— 00 U 4-> .;. ) 4.> 0. 0 . 0
• 4.> cC ‘S 0. .— ‘S SD .— C C 0. C 

~~ C) 4— ~~40 5... 0 0 0 0 ‘S ‘S IS 45 Lu• l U C IS X CD C-> ‘4- 9-- CD ~) us ~~ us 9- ‘4.-. 9-.
0 0.0 0 0  0 (4~ 0 ‘4- 0

-r- 5-• ‘4- ‘4- ~1- ‘I- II~ (4
~ 4~ 4~ 0 0

- • C 45 ‘4- 4- 9- ~~ 
II-. 4-. 

~4- 44.. 4 Lu
CO 0 0 0 us i/) a C) ~~ 0 0 ~~~ • ~~ Lu U)

a.
U = = =U
us 

5-4>1 — U 4.1 4.1 41 43
UI (S U) (5 45 (0 55

• 5- -.- 0 0 0 0
5-1 = = C ~ .0 .0 .0 .0 0)
.01 4.> 4-’ 4-’ -4..> (5 1..
I—I 45 45 )0 45 5- U 0) 4) 4) 0) 41 4-.>

‘ 0 0 0 40 C 5.. 5.. 5.. 5-
.0 .0 .0 C C -.- U U U 0 C

- - — — r . 45 .r —
.4~~ ~r- 4.> .0 •.- .— r— .- 4)

-p. = IS iS ‘0 40 45 ,5 -r- -,— -,— - 4.)4 C) v) us vs C.) C..) U) 0 0 0 0 C)

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
_ _ _ _ _ _ _ _ _  _ _ _ _



— ~ 1 •—
~~~~~

.—-,—- 
~
. “  

~~~~~~~~~~~~~~ ~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~I i~~~.—..- ..-• - - - - •— — —

L

a

I I 5.- 0 >1
>1 (5 4.1 4) 45 • >5— — U — .C * — 5—..

U ‘0 15 CD 41 5- >-> -I.~ 5 - t o  —
C U 41 — U ~5 U -a >> • -. a

~~ 4.) ‘4- r— 01 -r- C u— 4) - it,
45 4I) 4) 0 . ’ 5 C  0 . 4 0r— 5. LI)

~ .> > C >> C IS 5- •
~~ 40 40 — Sn • -

.0 0 .0 0 0 40 C 0 45 C 0. -.-
>> .r- -p. 5.) 40 5- 5- ‘SC i~~~ S.. ‘C 5- ‘0 >5 -~ 

- •

U 0 4.1 ‘C 4-> (S ~~ C 0 IS
• In — 4) U 4) U a U ‘C 4-) C) U) 4> 45 C - - 41

-~~ ~~ 4.> ~~ -4-) ~~ us S.. IS C 5. 5. U) C 0 0 5 -
• 5- 0 (5 5.. i~~ S.. • 1.. 0355 5-. 0 ~~ OjisIna 040

45 5.. S.. 4.) 5. 4.) ~~ C ~~ C ~~ 4.) 5.) ~~ C 4 (0 COC C..) U In U In -~~~ -r- .C In U .r- 45 I
-41 - 0. C 0. C Li.. 4.1 (4-. 1.. 41 0) ‘4- S - 0  U) S.

-. • 0 0 0 0 ~ r- 9-. 45 ‘C — C ~4-. 45.— C) -.- 0
5.) 4.) 5— 0) ~ 0 ~~ C 9- •. 0 ~~ LI- C) I -

• Lu -. • — u—i U IS 43 0-I
• C) ‘C In ‘C In C) Sn — ‘C 45 S... C 0 (S

— 43 -4. ) 414.1 ~~ IS 03- 5- — i—s 03 5- • -a -a - -
Lu 0) C -r- C .r- 5- 4) 5- 0 4-) .C U U U

• 5-- ~ (0.0 55.0 50 41 15 4.1 0 C/) IS 5.. (5 4.> 0 C) In 0.
I— C .0 C.0 • N. • > U C ‘SU) 5. U C 4 5 4 5

• 0 C -r- C-r- 5- 0) 4) 0 4 1  U ~~ 45 ~~ 0 U U 0. (D .C
C-) oS ~~ 5-- ~~ 5-- 0. — 4/) .-J ~~ CO C.) ~~ 4/) ...J >. CO In C.) In

0

~*1 us us us us us 0.. us ~ ) ~~

45

cC Lu
I—

U cC
• S..

0 -
cC C)

In Ui 0-i
— 54..

- ‘4- 5/) CO >5
0 (0 .C

C ~~ 0) 0 —C IS s-i -I- - -
-cC 5- .C - cC *
- —~~ ~ 0 04 ‘°

• 4.) C) • _ ..
U) 41 C Z Co 4- ~~ >5

• C C 4) I - 54)o 0 0 40. 40 (‘_~ — - - cC
-4-- C.) - - I a 

~ 
a

5)) - C) - I cC >~ 4’) >5 40 C)
C C) us N. — - • (0 (‘4
U vs c-i — U VS — >5 - . • >5C • ..i >5 >5 C 1— (5 >5
P. Lii >5 >5 0) -cC 5- - . • 4-) -
C) VS - - C 0 41 0-4 >< - 0 

~~ 
-

us — 0 0 — U ..J C — t . . 
~~~ ~~~ 

C)
LU 4’) C) (‘4 (4-) ~ U. ~~ 

- N. us
Co — — CO 

— 
5.0 Co - • ,_ Co

4.1 4/)
F S~ >. z

0 0 —
0. ~~ In ...I

CO ‘-4
5. 45 45 I C C)..
U 5- 5- (5
.r- ‘S ‘0 ‘C — *
0. .0 5- 5))

S..—. 5- 0. 45 I-I

- - 
- IS O.. IS— C ‘S LU

0 CO — CO 4) X — 5.. u--s U
C 0 U .)~ 0 43 0- C• 0 ~ (5.~ 45 >- C 4.) U
-r- — 4) 4.1 4) .3 U C C
4’ — C 41 C ‘C .3 .C U) II) 15 Si 41) (5 ~~

• 
- IS LU (5 45 -P. C) 4.1 .C S.. >- ~~ 5- 5-

0 1/) -r- U) U) ~ 0 o ~~ 0 0 ~ ‘4- 0
0 In 4.> C •r- .r- .0 9- -r- 4> 0

• - .3 0 ~1- C ‘4... ~ 9- -.- S~ 1.- 14-. 5.. 0 5- C- - - ‘4- -r- ‘4- 0 9- IS IS ‘4- 45 40 41 Ui’S
LU 0— 0 -~~~ 0 -a C) ~~ • > -  >. Vs ~~

(4-
-P.

- 
- 4.)

C
• a)

‘C
‘-4 0)

C
Sn ‘C P.

• 4> 1.. C —• 4) ‘5 0
C 0) P. 5- 4.>
5- C (0 4.) U 0. — —
‘S P. .~~~I IS5 4.11 5— 5... 4> In C N. S..

WI 0 5)) 0 .5 U01 41 41 0 IS 0.. 5— ‘C 4-) C
5- 0) 01 0) • N. E 0 C C U
45 ~~ 5.. 5... s—u I C-) — * ( S  4) ~5- -4.1 45 45 ,.- 4 ,-.. 0)..-.. 0) >- x

.0 .0 5... in — C - C ‘—.~~
C 01 In #~ 4.> -r- 4.3 •r- 4.>
S 0 ‘C 4.> >, 15 IS 5. 0. 5... 0. 5. 5-• I U C C -4-’ 0 0 0 0 5  0 4  41 41

• 1. U (5 45 ~~ — ‘— .0 0) ~Q U) -r- -r-
• ~• 

C) 4/) 5/) C-) CO LI- U. ~~~ .. 0. 0.

• -1 
_ _ _  _ _ _  

_ _  _ _ _ _ _ _ _

—



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
- - -

~~~~~~~~~~~~ T~~~ •~~::
-’
~
-T---

~~
—

41 -
4)
C
-I-
01 0)
C C
Lu

•0

• s~ C
0

In
In 0

5- 0. C.) -
45 1-. 4/)

- C 0 C C C C C — C - C
SI 4.3 ~~ C.) ~~0 0 0 0 — 0

C C C C C C CC -~~ -~~ .)C .~~ cC .~~5. C C C C C -.4 C C-cC .~I

41 43 43 4) U ~~(/5 C C C C C I—
- (5 ‘S 55 45 45 4/) 40 40

Z ~~ Z ~~ LU ~~

c i  5.. 5.. 5.. 5.. 5..
• E 0 0 0 0 0

C..) — U. U. U. U.. LI- ~~
4.1
C
0

us
Lii
I—
-cC

—
~~~~~~~~~

* -cC
C LU — —C ~ a a-cC CO - .- I-
-. in a

k C) — >5 >5
In ~~C cC >5 — — >5

T 0 I-fl U) (/5 -cC
r * — g — — .3 -

• (I) us ~~ C) Lu - - - -
C (‘4 >5 >5 r— (/5 - - - a - 40- (‘4 (‘4

• 4) s-4 us 0> Co a> — 0> (‘4 —
C 0 >5 - - >5 LU

C) C) ~~ * >5 >5 >5 >5 >5 >5 >5
0 (.0 - 0 0 -a u•, c’) a - - - - - - -

~~ Co — Ii) 0 0 C) 54) ~~ In 0 0
5.) 50 . (‘4 50 C’S (‘4 (4-) (4-) C’S (0 40-

I
(0 45 I

C . . . . -

5- ‘-4 
- .,— In • In In In 5-. In In

S.. - — • In — — ‘—4 43 ‘—5 —
5. i—S ‘S In S. In ,-~ -p.

0- 0) E — 0 4 ,—I p.- u 0.. r —C .0 03 I— 4) 01 04 41 U
F — U ‘S — 5-.. C U C C C I n C  C

C C/S C 5.. 41 45 C U C C C C 0-C  C
0 ~~ 4) C IS C C ‘S 45 45 S~~ (S ‘Sr- LU ~ 4.3 C -C C 40 C .C .z 0 .C .C
4.> s-.s ~~ C 40 4) C.) IS C 4-) C.) C..) C.) C.) C.)
40 0.. 5. 03 .CS. C S... C S -  C..) 5- 5.. 5... 1.. 5-
U ‘4- 0 ~~ (-1 0 U ‘4- 0 4.) 0 0 9- 0 9- 0 ‘I- 0 9- 9- 0 4- 0
0 0.0 -0 C 0.0 .0 9- .0 0.0 0.0 0.0 0 0. 0  0

—1 5- (4- s4~ 5... 4) 5... 9- 5... Q 5 -  5... s.. s-. s-
U i ’ S  ‘4- ‘4— 45 LU IS (I- 45 ‘S Lu (S ~~ 45 • W ’ 0  LU Lu 45 ~~~ IS
us X 0 C) ~~ us ~~ 0 ~~ LU ~~ U) ~~ U) ~~ vs ~~ ~fl U) 4/) ~~

5- 5... S..
• 4.>I — 41 U 41 4) 4> 4>• 0)1 In In In U) IS IS 15 • 

• -

~~~~~ .
~~~ 

-; .; 
~~ 2 2(SI 0 4.> 4-’ 0 4.> 4.> 1. 5... 1..

I-I C..) IS (5 5- IS 45 4.~ U U 0) 0) 0)
3 3 (0 0 0 C C C
-~~ -~~ .0 .0 C C C .p. •r- P.

1. i5 45 -~~~ .- ,— -p •p. -r- .C C
U di U •P. .i

~~ .0 .0 .0 II) In Sn
1 0 45 IS 15 45 IS P.

0. CO CO s/) 5/) 4..) ~.) 5-) 4j. Li. U.

• I~~~-~ii1. -



- 
- —- ~~~~~~~~•-~~~ -- • - ~~~ • ~~~~~~~~~~~~~~

>5 0 >> -~~~~~ I -
‘

In (0 5- IS I - - I C) ‘CC)• 
— ~.. Co > CO U) I 4.> 41 >5 U) C 0 5-

• 4) — 0 0 4 1  us 0 . 0- 4)  (0 0 4  15
C U 4> 05 . .  -C 00-J-~~ I I .C —

>5 -p. C 0 0-5-C.)  N. N. In 4..) • 43
> CO S. -r- C U In In 5- ~~~- ...- 4) .p. 4.1 5... U

54) 450. IS 5-. 45 — p. 9- -r- .C U 45 3 0. 15 5...
5.. ~~ ~~~ Z IS — U 9- .0 0 .0 0 -,- -~~~ 5- 0 I ~

-

4) ~~ U -.- 43 0 ’4- 04 5 0. 0 4 ) .-  U U) U) U
• 44 (0 5- C 5.. 5... ‘4- ~~ 41 0 P .  (4~ C 4) -.-

C VS C.) U 5-~ -r- U In 0 ~~ In CO C ~~ C).. .r- 1~ 40 C
U) -4-> 4) 5... C 5- -p. ——  0 0 41

• 0) ~~~ ~~~ 40 4.> 45 -cC IS ~~ - -a ~ 0 E 0 C 0) (4—— In
C I (5 Z -0 ‘.——-.. ‘C .3 -~~ C .3 5 - >  1.. 0 C 4> ‘4-

• 5)) I_li O X  3 Sn 55 0 5 5  5 - 4 1 S . S . r -.C 45
0 41 — ‘S I— U S.. C 0 C 0-C Q >  5.. 0) C ~n

5- >5 • •r- ‘C ‘0 ~~ U. C ‘5 ~~ ~~ IS ~~ 5..) ~~ 41 0 “ 0 0) C
C ‘C ~~ I— ~~ .0 CO cC -— C VS VS us .C 0’S  -u- C r-

• • S. U 0) 5- 0 4.1 9 - 9-9 - 5 3  E 1- 4) -r-
• a) cC .C ~~ .-.~~ .- 4.> P. C ‘C C 9- 0 0  4 1 4 0 5 -  4.)
• 0 ~~ Lu (0 U) I—• 4> 3 ~r- 5- C -. 0 9- - In 5- 05 . . .• ‘4.. ‘5 0 _.J ‘.. IS ~~ C 0 IS — ~~ 0 4.> d5

0 4-> - — -4 0 Lii U — ‘C ~~ ‘C — U) Z 0. C 0.
— - 4) 4) 5— LU ‘-~~ C..) C) -a (S U • 41 - ~~ I -r- 4) ‘5

In (S C).. i—s -r- 5.. 4.) 9-. 4) 4.1 — — ~~ 40. 41) - 4)
- 0-C.) C) U) • VS Sn U 45 0 U 5- iS 0.—-- ‘C 4.1- 4.3

I.. ~~ I— ~~ ~~ ..J (/5 (/5 Lii 41 > U I OU  U I • • 0 1. C - 0-0 4.1
0 cC >- ~~ cC cC ~~~ - ~~ 5- U 0 ~~ U -i- 040-  4.> 4> C 04 1  us 5 0 1 5

~~~~~~.> cC 0. ~~ 4-) C-) ~~ 0.0. 5/) .3 Co 0.. .3— 0.0. iDU. ~IJ N. N. 5 0 0 .

04 4)
C 5—
0
C..) < -cC us U) -cC VS C us us us

a)
U
Sn

(0
N.
0•u

us
• - CO

~~~• C-i ‘-4 0)
-4-

> C)
— ‘S 0

-
4.1 Coill C ( C) i —

C 0 .. 
~~ 

40. 40- N.
0 5..) - - - - SQ - cC I cC

• -r- -~. .~~ ,4~~ 50 Ii) IS) - (54 U >5 C’)
Sn N. — 4’) (4-) 

~~~ 5-. - —C us — — >5 cC 5/) >5 -
4) >5 >5 >5 I— ‘SC Lu >5 1< - >5 > cC 5.. -

-5- U) - - - ‘S 0 U C’.)O c/S - - -~~ 
C_Si 0) - N. CO .3 C —

LU 50 (4-) C) 40 us .— 4’) U. U I
C’) Co (0 — (54 40- ‘-0 0 (0 Co

5... —
I.. U)
0 >-

~~~ 0

• - 5... U CO
U ) S . . .  0 .C

‘—. 43 .C .0 u—i -C 4.1
• 4.1 U 5.. - U

• -! 4 - 4 - 5  (S 45 5/) In 15 C
4 1 3  ~I 5/) 5-4 4)
C -~~ CO ~~ IS Co-- - C ’ S  U (-3 1- . 54)

-
‘ (5 4)  ‘C C ~ U ‘C 4.>

C .C S-. C 4) 4) 4) 
~~ C U

0 C-I cC) 0 C ‘C C C 0 0C 41 --- 41 ‘5 0 5- 415 In Sn
4-) US. .  1-. ~ (I) ~~ .C S.. S. 45

L su ‘C 0 C) 01 C..) 0 0 I— 0 0 0
U -r- .0 C 9- .0 P. -P.r - 0 In 5.- 9- ‘5-.. 0 0 ‘4— 5- ‘4- 5- 5- 5...
...j C IS ‘4- 9- .— ‘I- (5 9- - 15 15 40

—~~~ C) C) cC ~~ C) i—i •
s-i

4—>
0) 0.
C I

• -,- N.
I..
0 0

- 0 C- S — I S
- >5 U

• • 
• 4.) 5- 5-

4)1 ‘4- 4) 4~> 4~> a) U C 4->• UI 45 > 45 40 C &5 0.
01 5-.. 0 0 0 -P. 50 C I — I
S. U U .0 .0 — u— 45 U)

• IS -
~~ -~~ 5— I 5-_ —

>1 5— u— 05 —- 4.) 0 1.. S.. * C -
‘ SI U 3 ‘C 4~ 0 In 4-> -4- 4.>
- — C 4-’ 0) >5 IS 5.~- 0 .

- • -r- 0 — 5— 5— 4-’ 5.. 0 0 0 I
4> 5- - -  r- -— 

~~ 
(5 .— 0 ’ S• $ • 0 ~~ 0 0 4-) (.1 CO U. -

~~ 
--
~~~Ii_ ~ ~~~~~~~~~~~~~~ ~~~~~~~~~~~ ~~~~~~~~~~~ - -  _ _ _ _



IS 4 5 9 -  3 4- 3~~~~~9-~~~0 0 0 ~ 0 IS .)C 0 0 0 0 0
0 P. C > > >~ ‘I— -.-- U 4- ‘4-.. I.- 4-

• .3 >. 
~~~ 55 4 5  ~~~ 45 9- LU ‘ C O  LU ~~ 9- LU LU LU ~I- 4- ~4-

- - -cC us U) CO ~~ 4-) 0 us -cC ~~ U) 5/) 0 5/) us us 0 0 0

In
— -P.
4’ ~~I. ..~~I 0
0. C — -~~~0. 45 ~~ In S.. 5.. 5- 5.

4->I — ~ us 0 0 0) U U 41 4-) 4-> 4-) -4.)
WI (S In 5- 0 In In In In IS IS (S
01 — 4.1 >. ~~ C C C r- P. r- -p. 0 0 0

- 5- -.- — 5- U >> .P. P. P. ~~ .0 .0 .0 .0
• IS > ~~ 0 .C ‘S 0 0 0 5- 5- 5- 5..• 5-.. cC 0 0. 4-) (.3 5.. 5.. 5- U U 0 U 0) 0) 05 0)

— — — -.- — 0) 0) 0) C C C C 5-
- C C C C -p. P. r- -r- U

5- 5- 5- ~~~ >5 .~5 r- P. -P. .p. .C .C .C .0 4)
U U 43 U U U U 0 .0 .0 .0 .0 In In In In
.r- P. -p. P. .p. 0 0 0 iS IS 45 ~5 -r- -5- .— . .5-
0- 0. 0.. 0. 0.. ~~ 4-) C-) (3 5.) U. U. U. U.. LI

~~~~~ ~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ :I ~~~~~_~~~~~
_ 

~~~



__  1

- S

• Section B - 
Representattve Photographs

I. Buoys, Floats , and Moorings

II. Piers , Pil ings , Rock Groins, and Breakwaters

Ill . Platforms

IV. Surface Slicks

V. Vesse ls

-
~

— 
‘49

~~~~~~~ —~~~~~~~~~~~~~~~ - ~~~—~~~~- -•- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~

-— 

~~ --~~~~T~~~ ~~~~~~~ • • _ _ • ~~~~~~~ _~~~~~~~~~



.5

5..
4) 4..) -

- ____ - -
- . - - - ‘~lLs 5 0 4 ) N .  - - 

~~~~~~ 4
1

5 - 0 0 0 4  - - ‘ 5
4> - • : ‘  

~~~~ > I
0 — 0  -

~~~~ L ~~ 
I~~~~

4 ) 4 3 0  44 - - . - - ‘ 
4 -

~~: 
~~~ 

~~ 

r ‘ ~~~~

• 

~~~~

5--

~~~~~~~~~ 
I ~~~~~~~~ 

_ _

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~ 

~~

‘

~

‘

• , % > I  B aI*~~~ . 4& 
C)

~S - ‘ -

1 
(~I

•
~~ 

1 ~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ (4
- I -

~ I 5.. 5.
- - - - - - 04 )
• • • . - 5 ~ I 4J~~~
:-~ ~~- 

~ ,. .~~ 
- I.’ ~ ii

-
~~ .. S ~*~

- &i 5 I -  - 0) ‘5 .0
T’1491 Z ’ ~HI 4 -4 . 14)

- ‘itf,—~ IV~ 
9 -  .0

-i~~ -k&~~i.~~~~
-J 5 4)4-’ 0.

- - ,~~i!~~~~~~~I
- I ’ . 45 5-. 0)

~4Ij~~4i ~~t)
- (  - _

5 ‘- ‘n o
- I -‘ II ‘ 0 .0

- - - O s — C)-

- -
- 

s__ C)
- -~ 5i5 ’~~~~~- ~~~‘ - .

• 0 . 1  ~~~
( 1 5 4 - C C

0 - 45 - S.. ~• I 1 t I ~~ L. 5 - 0
O - ~~~ ~~~~~~~ 

5 -

- 4 - ~~- I~ f i I -
~~ —

-cC . 
- 

>
~~ J5 I’ t

- _lIc~~~~~& ~ - - .0 C)
F4~~~I I ~~~ >54.)

I— 1 - I 0 —
cC II - s ~~~i— 15
0 T~~~~~~ I~~~~~I~~ 

. 00 0
• I~~~ ( u S  i L) S0

LI. - !  14 ) rI~ 
- 51) 1 5.- I-’ N.

~~~ ‘I l~I I t i  41 ,4)4- C)
5 ‘ iii 1 - - .~~ 0) 4— —

* 
: 1  !1 ~~ 1 ~~~ 0 

—
C -i s 1 ,~r ‘ • C ‘C aIr-.

-
- f I1

~~~
. 1L5 ~~~~~~~~~~~~~~~

‘ -

~~~~~~~~ •

>

.. _~~. ~~~~~~~~~~~~~~~~~ •~~TT1TiTi~~ _ ~~~~~~~~~~



r ~~~ _ _ _ _

I - -I 0 0 4 ) 0
- 0r— C 4 ) 0 C C- i

5- 4.. 05 -s- — ---- C
- s ~~~ -, -~~ - - v 0 0 0 r-- 4) ~~ 4> (C >51 )j4 4) Q S.. 4) ID .0 ID
‘s’~ ’s_ j~~ij ,‘ o ~~ x - . s- ~ c~ ~~- “ST - 4)51) X~~— S- .--- 0 .0

4 - - -- W - - - - .— LU — 4) 0) 4.) S. -r- .0

.5 .) ’-’ ~-4 Ii~~~~~~~~ - >. / ,~ - ID ID 4- 4) 0 ~ 0 ‘— ID ID 4.)
5- 0.0 CD .0 3

-.i ’ - 1. - - U) 0. 0 0- 0
- ! )T JW1IP -~~ -B-i- 1 ~C -I-i C IC 4- 0 4-’ 5- 0 0-

-
- ~s5i~~~~ 

) ‘~~~ ~‘I~ 4-’ ID 0 S.- 4— -r- ID 45 0
- - . s ~~~~I~~~~~ IBJ . - - fl- -— 0 s- 0) o 4-’ - 0 ~~- 

I - - 5 .~~ 3 — -5-> 0 1.) 5-fl — CD >5 -
- -,

~~~ 
g • - 4— 45 4—i -a ~ C) 4— — 0

• - - - 
- 4- 4 1 -4-’ 0 0 4) 5.- 0 4-’ — C’.)

~~~~~ 1 ?~~~~‘ 1 5 > 50 - C  S~- -4--’ --— 0 5 4 ) 0
- - - - .~j . ~ 

- 0 S.. — 0- 0 54) U) 15 ~~ >5

~r-!fl ~!i~ 1~4 11 U) -I-> 4-> -I-> o ~ 4— 0I I’~ 00) 0) U ) C  0 ( 4 ) 0
0. C C  IS aS h. 3~~ U)

• 4- 4 - 1 5  .0 C
0 4-’ 4 > 0) 4 ) 0

• - “  - ~ • - - 5 %‘ ‘5 ~
_ .— C) CU 0 4) .— - 0 CD SO

- 5 
~>, - - 5 4 4.1 4 1  0.r- > C S.- C ‘5 5.- S- --- N-

~~~~~~ s1~~. 4 ) 0 5 5 5 .-  -r- .--— 0~~~ E 0C U U ) a

- 
~~ 0c ~~a . 3UI I -~~~

~
‘

I



x
0
S.

4- 0.’C0 0.0)
45

0.
~~~~‘C IS

4 ) 5 -
.0 0 0)
a) ‘ S O
4> 0. 4-)
I S U ) O  -O .0 - - -0 4 ) 0 - U >  • . -

- I — 5 -  ‘C• (5 ~~0) - 0  I - -
C Sn +-’ .
r - 4 1 5 . U  If
5- 45- ID -

0 0 0. 3 1~~O~~~~5 5 0  P
04- -

4-> . -

5 - 4 - 4 ) 5 -
4 ) 4 5 - 4 1 4 )
0. 0) C

4- -

* 4> IS)

4.1 . 4 r - .
C .~~ 005
.5- 0 0~~0 0—

—

4 ) 5 - 4 )
> 5 -4 - > > >
4 ) 0 4 5 - 15

I I

~~~~~ t -
~t.11

‘ :- .~~~ -~~~~~~~~~~~

-

-~~~~ • ~~~~~~~~~~~~~ 
- )

> .4 ~~~~~~~~~~ ____________________ 0 0. 0
- - ; ~~-v 0 00 .

• ~~~~~ ~~~~~~~~~ 
, E E ~~~

- - - - .  ‘ — 5 . 0 5
- 45-0)04 .~~~~-~~-- - ~~ -~~ -4--I

- -  - •~0 C 0
‘ - -s- 45 0

- - >4 0 .
- r4 

- .0 4->
- - -~~~~ - C C .

_____  —

0 0 .
- II-. 0.-,-

4 - - s .  0 5 0r -
~~‘~ U)0. -
“.‘~- -~~~ ~~~~- 3 50

:~ ~~~~

- 

~~~~• . ..

( - 3 ( S I.
- - ___ 0.— - •

$ : ___ - 
43 4-I C-)

- _ _ _ _  SF5 15- 4)
0 0 9 — C
WI- O ’) 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~ ~J



W 
~~~~~~~~~~~~~~~~~

C 4 ) 4 1  • 50
.s- .0 -C SO ‘4— N.

4 > 0-  N. 00)
SnLU (5 0) —

.— Z ’C  S.. — 4->
. 0 4)  ~~ 0 0) U)

- ID N-

K 41 U> 41 05 0).—
‘ 5 W S n O - —
U>4-’ S...CW  4~14)O 1 5 - 4 ) 0 - N  >, 1.- C

0) 0. 4) 0 4 1 > 5  .0 .0
. 0.5- .C > 4) (/5 4)

15 0 - D O  0)45-  .0 .0
-~~ 1/5 C r - 4)  0- 1- 0.-i ‘ C 0)~~~~~ S..0 45- 4) 10

41.3 .0 0) 0. 0)
Z C )  .3~~~~0) 0 0

-
~~ ,— 01< Ui ~~ 4’ 0) 4-’

LU S.. ~~ 0 0 0 4-’ 0
~~~~ 5- .0 0 1C

05.0 .0 U i . 0  0.. 5.0.
00.001— 4-’ U
000 .4 5 -a  C

3 ID C) SO • 0 -
5.- 0 5-

4) LU 0)4-> 05 4) 41
0 04 -  0)4-. r- ‘ C —

L 09- 4.1 4) 0- 4) 0..
4 - 0 0 ’ — -> - C

-
~~~~~ . 0 —  0) fD 0.0

0.0 0- C — 4’ 0 0
0 4-> W I D  4) C O
0~~~~~C) O U > 5  153
•0 . C~~~ 0(5  0 .0.-

C-i (/5 414-— 0 ~~ CD cC Ui

I I I
4-> 4-’ 4->
4- .0 4.
0) 

•
D~ 0)

I-
0-
O 0. 0
I— 0 4-’

I- 4-I
0

C-)

5/) - 

•

- 

~

• — 1 1 5   •

~

• . -~~ -- ~~~--— --~~-



4. It

_ _ _  

-

•

:* _ _  

!k IU I
- - ~4-*.t — 4— 41 0. 0.0 C) 4—) 0 4) 4) >,

- 4- 5- ~ 0 (.3 (5 ~~~‘C ISi~ ~~~ 0 45- U) 5.. 9-
W U ) > >  U) O C D U)

4t1 !~~ 0.0 — .0 u-.0 C — C
-.-- ID -s-- S.. 4)

- • ~~~~ - 0 ~ 0 ~ _J .0 0 4) > 4) .~~
- 

- -45 - 
- 5- 0 C 4) 1.. 5- cC .0 45

-
~~ ~~~,Ls ~~~I I  055- 0 C -4-> 05 ‘S 4.1 4.1

0 ) 4 5 0 ) 5 5 0___ 
- 

p~ -~~ -~~ 0(U) 4) .~~ .B~ 0 4) U,
- 

~4~~l’ > ~~~1- -~ ~~ U 0 . 0 5 ..  4-> U 1... .0
~ 0 ID C (S C 4) 0 0 ~~ C 0.

S Z*7U ~~ .0 I S—  r- ’C  ~~ ~~ 0 ID

- ‘r 0) 4)
I I I 0 1 / 5

- •~ 4~ - 4.1 4.) 41 4 5 (5
- ‘~. - - -- ________( 9— .0 .0 0 .0__ i .~ ~~~~ - I’ 4) 0) 0) .0

- 1 — r- ~~- - - - -  S~ 1..

- 

- 

~~
- 

~~ 

- - _ _



!cr ~
_ • •— . - - - - - -

U)
o 0>
O —

II

_______________ 

IL 111!
u/S .0 0) 00- .0 C
— 0.-u— S.- C)

15 0 ( 5 - U
1... -

L — 0) 0)0 5-
• C 0C ’. J  0 (D II—

C 4 ~1 ~~~~ .0Ii i s O > > U S —  C 1 5
.0.0 45- 0 1 5  45 .0

- 
LI 0. 51) ~~~

- 

- 
— :i

- -~~~~~~~~~~~~ I
I .

5’

I ~~~~~~
• 

- 
-~~

_ _ _ _ _ _ _  
.

5-

- .-x i ’- - -

. 

~~~~~~

• 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



0
5- a -

— ~~-~ - -

~~~44.. 4. -
‘I

30  -

- - -f :> .- - ‘

- 

- 

- -•
~~~~~

-

- - .

-
~~~~:5- .4; ,_,
- 0

~ J4- ~~C -
._ I453 -

11-’
0 0 4 I  - —
5. .0 - 7

• O S F) 0 .  - - • -  -
4-- .... ‘5 - -5-. -4.) 1..
‘5 >  0> - _~:_ -_4-_ - -

~~- - -

0..3 4-’ • 5 - >
~~

- - 
- 
I

0>~~~5 w..-.4 L
.~~ _

0. ~~~~~~~ 
~~ 

-t~- - -
— C  - - -.4- - .

s >5 - - •:-
1 - 0 0  .

- .- _
5

u— r — E  - I ,

~~~ 0
00(3

¶ 50

— 

U4 ~~~~ 

.

~~

..t!-.~ ~
-
~-t•.~

i~~
_
~

- . r--- 
. . s- ( S

‘ .s :_~ ~~~~~~~~~~~~ • 0. 5..

(
~~~i

• - 5 -  -
i I__

— 
‘

-

~~~

(

~~~I0
.4..

______ •-- :::~~ .~~ - -



5- U
O

~~ .0 ‘ U
~~ 3 C 15 0) -.— 51)

• - ~ 0 0) 1. N
I - — (5 0) U,

15 It -4-’ .0 C -
-4-’ 45- .5- 4) 4-’

- — C 0) 1/5 .0 0) -
>~ 0 C 5 0 4-~ 4)
0) 4-’ 4-- 4’ 0) 41 4- 0

.— 0 0 —— -.-- ‘4— c__i
• -. ~~~~~~~~~~~~~~~~~~~~~~~~ 0.0 0 0) 3 0 0

- I•~ Q 0- 15- 0) S.. SO 5-.
1 ~~~~~ JFP~~~~~~ ,~ ~~I- T~~ 4 0) 0) - - (5 0
~-‘ 0 5— 0 ~~ C <0 )  X

- - - •u. - ID S.. I— 5- .-.— 5.
.c~, 

- J .J1 .â-~~i 0 .. -  .0 — 0) (5 4-> ~~C L I W4 -’ 0 4-> — 0 ) 0)

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ tt ~~~~ i1— -
~ ~~~~ — 0) C 0) I

• - ~~ ~~~~~ ~4W47I~ .~- ‘~ ~~ - -o 1.- 0) •—~ ..- ~ ‘4— 51)
1141 ~~~~~~~~~~~~~ I ri L4 15.- 0) 0- C 0- -

~~~ fS~~~~~~~ I~~~~~TII f5T~~~~ f - J\~~ ~ .~~~) 1- — .0 - . 0  U) C cC SO
- 

• ~~l*~~7 W Y  - c 7~~tI ’ z z  ~, cC ..) --  1— 4-> X C  N.
• .~~ 

I d -~ - ~ .A~IV7 ~ .5 0 0) U) 0- — (5 s— 0 0)
• ~ ~~~~~ 5 - ~~~~~~ ~~~~~~~~~ • 4> -’- 5.- 0 ~~ 0- 

~~ 0 >  ‘4— C) .0 >5
• ~ ~‘

‘ ~~~~~ 5 - * ’~~- i -  S “II 1~ ~ / 5— C ~~ 0 > 0 .— -a —
s ~ • 

~~~~~~ V( .~ ~~fI 8~* IS- ~ 1 — S.. 0 0 - (5) (5) 05
U i5P~~’i .‘i4 J’~ *~ H’ 1 0 0 0 3 — -—‘4> > ‘—

- ‘ ~~~~~~~~~~~~~~~~~~ - 11131 5*~~~~ 3~ - -- —— 0) 5 —  CU~~~~~~~I D 5 -
j  - - -4-

~ir~~ ~~ ¶L~ ~,i’ ’ ‘~ 4-> 5-0 -— 0 — C 0) >5
- - 4 ~~~~ l (I& . - - - 5-

~ I \ (• 15-h. 0) > 0 .— -.- U) (5
• .— 0 - 05 0 > 5 W X . 0  3:

- - 
— <4!) 1 ~~( -~ 

• - _ ~~~~ ~~ 
It II - I— 0-.-  (5 4) 0 0) >5 0 0

~‘~~t~~~
-
~~~

- ~~~1- ’ . k t < 4 ’ * ~~~’~~~ 1s* ~ 0- 0- -a.- ~- a  5— oI -V 1>1. 4- (1) 15 0 O. -I--~ 0)
‘-~1 

• I •.~ .5~L 5.  5 .4 -  0) 0) UI 5... 0. 0 ..~~— • 1 - 
~~ Z L - 0) 0 r-- U) 0 .- 0) (5 0 15

- - I - 3~4- .4-3 (5 >5 ,— -4_ S
-- 

~sr.- 14,LIt 4-’ .—-- >>— 0 0) CD 5-. U) VS
- ‘ -~~~~~ - ~~4II1~ ~~~~~~~~ I5 -, 5.~~~ E C U I S cU 5-n

LI —3: 0 ~~ 0 (1) C 3 3

5- 1 I I S..
-• 4- 4-) 4..> -4--) 0)

- ‘5-- 0 .0 0
- . 0) Cl) 0) 4-.>

-• ‘ 0
5- 5..

‘ 0. 0.
0 0. C-

~~ I— 0 0
I- 4->

45 cC
0
cC

N,

cC

- : -
‘ 

-

- 

* - 

• ~~
•

-I ~~ 
>

-
.
-‘
~~~ 

- ,\
-. ~ I) 

~
.< 

~~~~~~~~ - -

- - . S -; -k - “ - - _~ -
-“S ~ .~~ ~ 

- - -
~

- - ~
-
, --,

- 
~>. -t~; ~ ~

- u. \ ~ 
.. ,-

~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~ 

_ > _
;

(
-

- ‘~k-~-~~ ~~~~

4- - -
~~

U) ___a 
~~~~~~~~~~~~~~~ 

_ _

-~~:;t~~~~~~~~ t I _~~ 
-_________



_____________________________________________________________________________________ ________________________________________________________

‘S
1..
4)

C C

U) U
C

.8 ~~~~
- 

_ _ _  ~~~~~~~
4-’ 1 . - ___
0 4 )  _(.

~ 5 .

045- -
0. 4 — 5 .0 , ______ 

4

5 - N .  
_____—~~~~~~

0_5 - 
-..5- US .- - - -

0 5-
>5~~~~ 

.

— > 0 )  -

00)
(3.0 >> _ _ _ID - - ____

9- 44. 3:
9-0 -

0 -a
10 0) - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

(/5 41.0 -~~~
0 .5- - C. -
0) 1 5 - I S
0) S.. - 

-I f lU )0 I  -

.I~~0 . 5  _ _ _ _  -

_ 5 _ -4-I - _ _ _ _

• u I S O  .. - I
O C . 0  . ____  -

0- •s— S.. _ _ _ _ _ _ _

( 0 4 )  - - 
____

5- 4-’ - 
_____

3 : 0 ) 4 1
-
.
~

- -  4-

~~~~~ 
-

- cC
4-I

- - C
- S - _._

0
0..

3
C)

- . -
_ 

; -  IS
- 0

(.3
.5 - 

-- 1. 14_
- - — - 0

4)
U,

- - ( S .
- 4 3 5 0

- N.
- - - _ _ _ _

; .
~~~

.1_i. -
~ 

~~~~~~~ 

i.R~~.-5
- >~ I” ~ ~~~~~~~~ 

>5 - -

- 
-

- -
~-~

-
~i4-~> ‘~- 

.
~;) .  

~~~~~~~~~~~~ ~

•
~~~~~~~~~

-
~~~t4~ II

______________________________________ ___________________________ ——_____

~

--

~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~ ~- ~~~~~ - -~~ - ~~-~~~~~~ - ~~-~~~~~~~~~~~~~~~ -



WI~~~~~~~~~~~~~~~~~~ 

-

~~

- -

~~~~~ 

- __

0.
U)~~~~ 0 -- U)
0) 4) .0 - 4-3

- - -: 5.— .0 U> U) 4) (5-
- ‘*~

45-.-
~t .0 0) 0. 0) C is —

- - 4’ U) IS 05.— -,— 0-sO -4-> 0-a
~~~~US 5 .  C -.-- 5.~~~~r--. C C)-s -&~~ 

->. 0 0) 0) .s- C 45- 0~ ID 05.0
- 

- .~~~ -. I> -. U) > 0 .— 3: -0—  5/) 0 0.
-• , —~~~~‘ ~( 4-> — X 0) ..— (5-
. -~ >->-o o •.— .s- 5- s- — 4-~ >5 5.

- . > I D 4) . 0  5— U) 0) 4.10 I4_ (5 C)
U’ < 3- -  0- .0 4-’ C-i 0—  0

* - ‘ -‘ 1. - . 1.. ‘4— >s ID US G~I .4—’, wJ 4) -s- .— — 5 -u-- >5 0 0. 0
• ~~~~~~ ‘C-I-’ • -,- 4) 0) (0 0) • s - C

I’ •-~~~ 
- C C 05 0 4.1.0 ._J 3: 5- 0.0..

- 0JC IS -s - .3 0- 0 0 4’ 0 I— LU.0 .0 5..
- -. - .; 0)s- — 0 ~5- ~~ 0) U 0) -
-‘ _ ~ C 0 X 0 .0 C 5 -a

- - •; - •/,&_. 4.) ~~ 4-> 4- 0 - ._i C. (~~ ai C
4) S - I D c C I D

~ ~~ ~~~~~~~~ 0)C )~~~~
- 4 ) > -  C-i 45- 4> 4.5 0 N 5 ._ C  0)

- U.~ J U) C (5- 4.) 15- (5 4-’ .~~0.3 N. US ~0 4) 0 0. 0  .0 0
C - 4 )> - .O .0 W I t  -

V - 0 ) 5 .  .~~ 0 - > >  0 4 5 . 0 5 0
— 0) s— SO C 0 4-  5. > C 0 N-

— 0 4) N-. ~~~0 0 0 ID 153 :  4)0)
- • . s-- 5.. 4-’ CI S.. U S • 4) U) ~0u-

~~O (0 — (0 0 4- ’  4 )_ C  4-’
- - -0 4-- 0 3: I t U )  4-’ O 4-’ -
- - I 4-> s- 4) 0 - s -_ C  0 ID C 5’—

- C ( D X 0)  5. I . — .3 0 s f l0) 0 5 . s - . -
• 4 ) . —  0.— (5- _C (4. 0) ~ 4- 45-

0 0 -  5- C 51) 4-> C 0 .0 C C)- 0 0.>> OU)~~~~C-J O 5 .  0 5 - 5 - C
04- 0.10 — ~~ 0 q . -.C C-i ID 0 ~
~~ 0 5 3: CD LI U) u- (5 4.1 — cC ‘4- ~~

I I I
4-’ 4’ 4-)
4- .0 4-
4) 0) C)

- 5-
0. C
0 0. 0

• I— 0 45
I- 4-’

0
cC

- - ,~~S ‘Aj ”
?-

- ,_ _
__ t~~_~ ~~~~~

-
-

-
~~~~~~ I

- .-.
, 

- -— I~ 5- %~~f~
-

_ lj .  ~ . -•
. I~~~ - I

- ~~~ — ~~
-

- :~‘ / T  - -—- 
- 

-

~ ~r~/ ~~ ~~~~~~~~~~~~~ - 
-t~~~ ..;~- :  

~- -5_ _t 
~~~3i1~~~~~ —~ 

- ‘T *
- ‘-  - - - 

~- ~ 
-

- 
‘ ::~ 4 :  

- 
~

-
~ 
,_
~~‘ - 

- . ‘l_ • - . -
.11, - - ‘— - 

- 
- -

- ~I
- 

-
~~~ ~~ . 

• 

- 

- 

. 

-~~~~ ~~
-
~~~

-
-~ -

D !1.~ - , i~~~~I

IF’ - -~~ I I I

- -

~~ 
:- -‘

- ‘Ii’’ 
____ 

- - 
. ,  

- l 4
51, ~~~~~~~ 4 1 

-
-
. : •

‘

-

- I
,

- .  _ _ _  _ _ _ _ _ _  •~~~ _ _ _ _ _ _ _ _ _ _



I

- - -

~~~ 

-- ..

~~

—_ --

- 
.- PJi1~~~~ . ‘Ct
~~~. ~! ~~~~~~~~~~~~~~ I~U 0 4—

• 4.- - . -fI~~~~~~~~~~~~~~~~~ ~~ 5- ~~ 0
- ~~4-~~WW I’I~~~~~~~~~~~ ..J 0 Lii u~

- I ~~~~~~~~~~~~~~~~~ ..J .0 3: 4- • 4’- Lii 5- 050 45- 50
- 1- 1~~~~~~~~~~~~~ IS LU N- 0 N.

______ I— 3: 0. (/5 0> .0 05
‘~~~~ 5/) cC IS — —

_________________________ Lii U) 1-) 0) 05
V (/5

- .1-J O - S.~. — .P. .-
_ _ _ _ _ _ _ _ _  

4 5 4 5 5 .0 4 ) E C - J  . 0 C~J
- 0 .-N .  4..) .— US

I ____________ .0 U) 0) 4.5 4 5 > >  .s- >5
- .— ~ - 0 I S  (4 - I S

05 U 3: 3:
- _ _ _ _  C.— • C 45

.
~~~~0) C) •s - ’C  0.0

-
~~ . CC C SJ  5- 4) 00)

U S C  . - _ C  4 - _ C

—

~~ 0 4-’ W 4 5 - 4 5 4 ’  0) 4-)• _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  0. .0 0 0 s-~~~
_____ U) 0)0. CJ .— .0 4-_C1 0 4 5  >->0..• P 4J~~~~ 5- 4 . 1 4<) 4.5

o co s  0—  C
- - ___ 11 0 5 - 0  0 0 -  0 ) -
- - ______ 1 9— ~ 4-’ ‘4— -~ .0

4 10  0)0 .s- ()
U)4 ). 0  U) C 0  C O

u ;I ( ~

-
I 

~~~~~ 
- :.:~~~

-

f1

•  

_________  

~: ~

- ~~~~~~~~~~~~~~ - • •~~~~~~~~



I—
0
.0

3:

U)
-a
0 1<~
IS
— j-~

-

US
I— 

.5
.5 5 -

I; 
- - a

C —
C 

.5

45-50  —
_ C N .  I’ 

-

LI C) .:—
5— .5 _4;~

:.. - <

(4— _
0 0  - -

(.5_I .
>5
I S > >  _
3 :4 5

‘C-a0 4 )
0. —

4 ) 1 5  - 
—

4 5 5 .
0 05  — -

. 00  - - • —
- • - r

-- A.~ .. ‘ - - 
-
.

- I? ~~(• 
-
~~~~

. ~ t -

— y -~I:r,-. -~ .5’ - - 1

( I - - 
.I~ i — - 1.j-~~~~J lt1~~ ~~~ (7 US C 50

-~ 
4 ) 15-N-.

- > 5 1) 0 5

— k— •
-: 0)

C4 —

,.-?I~ ‘ - I D’ —
--- C

‘—I
.

• - U) C
5 .  US~~~
- I  -

~~~~~~ 
~ 4> 1 5 - V

i-~ 
7- - U ) 4 ) C )

- - - ID 4-’ .C
051) 0-

- I ID
- 04. 5..

- 
•

-~~i~~;.,~~.)cp ~~~ ogI
4.1 4->

41 5/5 0
. 0 4 5 _ C
1- 4 30 .

_ _ _ _ _ _ _ _ _  -~~~ __ • _
~_I~



APPENDIX B

COMPREHENSIVE EVALUATION OF APS-94D
AND

COR FOR TARGET DETECTION
IN THE

SOUTHCENTR AL CALIFORNIA TEST AREA
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APPENDIX C

Sumary Evaluation of the Capabilities of APS-94D

-• I and COR Radars to Detect Selected Marine and Near-

shore Targets Off Southcentral California

(May 19- 21, 1976)

I. Santa Barbara Channel (APS-94D and COR)

I I .  Oxnard-Port Hueneme-Ventura Area (APS-94D only)

I I I .  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

- 

I target detection capabilities of each system was to:

* Analyze all useable APS-94D and COR radar imagery flown during

-
- - the three day test program. “

* 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 Resolu tion Class ification Key

G - Good, Target sharp and well-defined. Where targets are clustered,
individual targets or components of Individua l targets (e.g., floats
wi thin 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.

-1 P - Poor. Target usually Identifiable only through prior knowledge
- I 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.

.1 C-2
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Date: May 19, 1976
• Location: Santa Barbara Channel between Carpinterla and Capitan (see Figure 2)

Systems: APS-94D and COR -

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

Run (see Figure lA)
TARGET LOCATION 0 1 2 3 4 5 6 7 8 9

BUOYS, FLOATS AND MOORINGS

Positioning buoys/floats SW of Capitan G G
Coast Guard Float SW of Holly F G G G
7-point mooring Off Casitas Pier G
5-point mooring Off Coal Oil Point G G G G G F G G & F
5-point mooring Off Capitan G G G G G
Marker buoy SW of Coat Oil Point G G G G G G 6 6 G G
Navigation buoy Off Santa Barbara (Inner) 6
Navigation buoy Off Santa Barbara (outer) G
Live bait float Off Goleta Pier 6 6 G 6 F 6 P

PIERS AND PILINGS

Casitas Pier SE of Carpinterla C
Biltmore Pier E of Santa Barbara 6 F
Stearns Wharf Santa Barbara C P
Goleta Pier S of Goleta 6 6 6 6 6 6 F
Elwood Pier S of Elwood G C C C G C C G C
Pier support E of Elwood Pier G G G G 

— 

G G G G G

PLATFORMS —

Union A Off Sun,nerland G C
Union B Off Sumerland 6 G
Hilihouse Off Suninerland C
Hilda Off Summerland C
Hazel Off Suninerland -

Houchin Off Carpinterla C
Hogan Off Carpinterla 6
Hope Off Carpinterla G
Heidi Off Carplnterla C
Holly Off Coal Oll Point C 6 6 G G G G G G 6
Spider Off Santa Barbara G F

SURFACE SLICKS

Oil Union A to Santa Barbara ND
O~l Off Hope Ranch ND F C ND C ND
Oil Off Goleta Pier ND NI G G ND ND C ND
Oil Off Coal Oil Point ND ND ND C ND ND ND C P ND ‘- -

Oleyl alcohol SW of Holly NI ND ND ND ND ND ND ND ND
Oleyl alcohol SE of Holly 

— —  
N D G P N D
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Run (see Figure lA)
TARGET LOCATION 0 1 2 3 4 5 6 7 8 9

VESSELS

Sailboa t (unid) SW of Goleta Pier- G C C C G C C & C G
SW of Holly

Sailboat (unid) Off Goleta Pier C G C G C
Sailboat (unid) Off Santa Barbara C
Catamaran (unid) Off Santa Barbara C
Cabin cruiser (un-id) Off Naples Reef C C C C C C C
Sailing (PILOT) Off Santa Barbara G &
Oil crewboat (un-id) NE of Hillhouse G
Oil crewboat (un-id) N of Hope G
Oil Crewboat (JUNE TIDE) NW of Holly G C, C C F G~ *Oil crewboat (MALLARD) E of Eliwood Pier F’ F F C F’ C F’ P F
Ocean tug (un-id) SW of Holly-SW ofCapitan C C C G 

- 
C 

*Ocean tug (CONTENDER) E of Elwood Pier F1 F’ F~ G F1 G F- P* F
Sand barge (unnamed) Off Santa B -bara C C
Sand barge (unnamed) Off Santa Ba bara C C
Cutter (PT. JUDITH) Off Holly C C G C C G C C G

* Merged return; vessels anchored approximately 30-40 meters apart

C-4
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Date: May 19, 1976
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 lA)
TARGET LOCAT 0 1 2 3 4 5 6 7 8 9

BUOYS, FLOATS, AND MOORINGS

Positioning buoys/floats SW of Capitan F C
Coast Guard Float SW of Holly G P C ND
7-point mooring Off Casitas Pier C
5-point mooring Off Coal Oil Point F P P G C C C ND C G
5-point mooring Off Capitan P ND ND C
Marker buoy SW of Coal Oil Point P F ND G C C ND ND P P
Navigation buoy Off Santa Barbara (inner) P
Navigation buoy Off Santa Barbara (outer) ND
Live bait float Off Coleta Pier P ND ND G N( ND C

PIERS AND PILINGS

Casitas Pier SE of Carpinterla C
Biltmore Pier E of Santa Barbara P G
Stearns Wharf Santa Barbara F
Goleta Pier S of Goleta P P P ND C C S C C
Elwood Pier S of Elwood C C C C C C C G C

• Pier support E of Elwood Pier P G P ND C C C C F

PLATFORMS

Union A Off Sunmierland C
Union B Off Sumerland C
Hilihouse Off Suninerland G
Hilda Off Suninerland C
Hazel Off Suninerland C

- - 
- Houchin Off Carpinteria C

Hogan Off Carp-inter-ia C
Hope Off Carp-inter-ia C
Heidi Off Carpinterla C
Holly Off Coal 011 Point C G G G G C C C C
Spider Off Santa Barbara G ND

- 

- SURFACE SLICKS -

Oil Platform A-Santa Barbara C
Oil Off Hope Ranch C C G C C ND
Oil Off Goleta Pier C ND C G ND ND C C F
Oil Off Coal Oil Point C F C C ND F C G C F
Oleyl alcohol SW of Holly ND ND ND ND ND ND ND ND
Oleyl alcohol SE of Holly I P C G G

c-S 
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Run (see Figure lA)
TARGET LOCATION 0 1 2 3 4 5 6 7 8 9

VESSELS

Sailboat (unid) SW of Goleta Pier— C P C ND C C C ND C
SW of Holly

Sailboat (unid) Off Goleta Pier P ND ND ND ND
Sailboat (un-id) Off Santa Barbara F
Catamaran (un-id) Off Santa Barbara G
Cabin cruiser (un-id) Off Santa Barbara P
Sailing (PILOT) Off Naples Reef P ND P NI C ND ND C C
Oil crewboat (un-id) NE of H11lhouse C
Oil crewboat (un-id) N of Hope C
Oil crewboat (JUNE TIDE) NW of Holly C G~ * 

G F~ F ND
Oil crewboat (MALLARD) E of El iwood Pier p* F P P1 P F* F* ND F*
Ocean tug (unid) SW of Holly-SW of Capitan C 

* 
~~ C 

* 
NE

Ocean tug (CONTENDER) E of Elwood Pier P~ F P P P’ F’ F N( F*
Sand barge (unnamed) Off Santa Barbara ND ND
Sand barge (unnamed) Off Santa Barbara C G
Cutter (PT. JUDITH) Off Holly C G G NI C G G NE G

* Merged return; vessels anchored approximately 30-40 meters apart

I
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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 Tab1e~~, Appendix B)

Run (see Figure 18)
TARGET LOCATION 0 1 2 3 3) 4 5

BUOYS, FLOATS AND MOORINGS

Buoy #1 Off Ventura Pier C C S F C
Buoy #2 Off Ventura Marina C C C C C
Buoy #3 SE of Ventura Marina G C C S C
Buoy #4 Off Mandalay Beach C C C S F
Buoy #5 SE of Channel Island Harbor C NI C ND ND
Buoy #6 Off Hueneme Harbor C C C C
Buoy #7 0ff Ormond Beach F F
5-point mooring Off Ventura Pier C G G G
5-point mooring Off Ventura Marina C C G G
9-point mooring Off Mandalay Beach S G F F G
9-point mooring Surrounding CUSS I C C S F F
Coast Guard float Off Channel Island Harbor F G

PIERS, ROCK GROINS, AND
BREAKWATERS

Ventura Pier Ventura C C
Hueneme Pier SE of Hueneme Harbor G
Corps Pier SE of Hueneme Harbor C C C
Breakwater Off Ventura Marina S C F
Breakwater Off Channel Island Harbor C G F F F
Rock groin Hueneme Harbor 

— 

G G F F F

VESSELS

Sailboat (un-id) SE of Channel Island Harbor G
Sailboat (unid) Off Channel Island Harbor G
Cabin cruiser (unid) E of Channel Island Harbor S
Cabin cruiser (un-id) SE of Channel Island Harbor C
Cabin cruiser (un-id) SW of Channel Island Harbor S
Fishing boat (ESTRELLA) SE of Channel Island Harbor S
Fishing boat (un-id) SE of Corps Pier-SE Channel S G C C

Island Harbor
Fishing boat (un-id) SW of Channel Island Harbor C 5 4

Utility craft Inside Channel Island Breakwater F -
~~~~

Drone recovery Off Corps Pier C G
Oil crewboat (WARM TIDE) Off Hueneme Harbor F C C
Oil workboat (CALDWELL) Alongside CUSS I ND ND ND ND ND - 

-

Oil drilling (CUSS I) W of Ventura C G S G C -
~~~~ j

Cutter (USCG 41’) Off Channel Island Harbor C G
Cargo (PRES. TAFT) Off Ormond Beach G

— — — — — — — p
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Date: May 21 , 1976
Location : Off Morro Bay from Pt. San Luls to Pt. Estero (see Figure 6).
Systems: COR

• 

- 

COR (Use with Table 4, Appendix B)

Run(see Figure lC)
TARGET LOCATION 8 9 10 11 12 13 14 15 16 17

BUOYS

• Buoy #1 SE of Pt. San Luis C
Buoy #2 SW of Pt. Buchon G G G G G G
Buoy #3 S of Morro Rock S C G G C G C C
Buoy #4 NW of Morro Rock C C C C C S F C
Buoy #5 NW of Morro Rock C C S C C G F S
Buoy #6 SW of Chrvron Pier ND F F ND ND G F ND
Buoy #7 NW of Chevron G F P C C F F P
Buoy #8 S of Cayucos Pier P F P G C P 5 P
Buoy #9 NW of Cayucos Pier S C F C S F F G
Buoy #10 NW of Morro Rock G C C C C G G F
Buoy #11 Morro Bay Channel C
Buoy #12 Morro Bay Channel G
Buoy #13 Morro Bay Channel S
Buoy #14 Morro Bay Channel G
Buoy #15 MGrro Bay Channel G
Buoy #16 Morro Bay Channel S 

—

MOORINGS

4-point San luis Obispo Bay F
5-point #1 Off Morro Bay F C C F C F S P
5-point #2 Off Morro Bay F C G G G P G P
5-point #3 SW of Chevron Pier F C C C C P 5 F
7-point #1 NW of Morro Rock F G C F C P F F

- 

7-point #2 NW of Chevron Pier ND G G ND G 
— 

P G F 
—

-

, 
- PIERS AND ROCK GROINS

Avila Pier Avi la Beach C
011 Pier NW of Avila Beach G 

-

. 1 Pt. San Luis Pier Port San Luls F
Chevron Pier NW of Morro Beach C C C F C P 5 G
Cayucos Pier Cayucos F C C C F P ND P
Rock groin Off Pt. San luis C
Rock groin SE of Morro Rock G C F C C G G G
Rock groin Adjacent to Morro Rock C C ND C C G G C - 

-- 

—

H’
C 8
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Run (see Figure iC)
- TARGET LOCATION 8 9 10 11 12 13 14 15 16 17

VESSELS

• Cabin cruiser (un-id 35’) SE of Morro Rock F C F
Cabin cruiser (un-id 30’) SW of Morro Rock ND C
Cabin cruiser (unid 30’) Off Morro Rock G G

-
- Cabin cruiser (unid 25’) SE of Morro Rock F G P

Fishing boat (un-id 50’) SE of Morro Rock F C P
FL.hi ng boat (un-id 40’) SE of Morro Rock C C S
Fishing boat (unid 40’) Off Morro Rock C C
Fishing boat (unid 35’) Off Morro Rock C S C
Cutter (CAPE HEDGE) Off Morro Rock S S C C B

i -
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