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ABSTRACT

Alrborne remote sensing techniques were applied to the detection and dis-
crimination of pollution by oil on the ocean surface. The tests were performed
in the Gulf of Mexico during April, 1970. Pollutants investigated included #2
fuel oil, #6 fuel oil, 9250 lube oil, light crude oil, heavy crude oil, gasoline,
and mixtures of gasoline and oil, A total of 103 oil slicks were produced as
a function of spill rate and ship speed. Ship speeds were nominally 10, 14,
and 17 knots and spill rates rarzed from0.02 to greater than 4.0 GPM (Gallons
per Minute).

Sensors used during the sirborne tests included; two dual polarized micro-
wave radiometers op?rating at 10,2 and 30 GHz, an infrared scanner operated in
both the 4-5,5k and 8-14s regions, a dual 70 mm camera sensing visible color
and infrared color, a 4-lens camera employing filters from the mid-visible to
ultraviolet wavelengths.

0il was detected on the sea surface at spill rates as low as 0.2 GPM for
long wavelengths sensors and at the lowest spill rates for photographic imagery
using an ultraviolet filter., Anomalously warm infrared radiometric temperatures
were recorded in the 4-5.54 reglon for heavy crude oil while #6 fuel oil appeared

radiometrically cooler,



PREFACE

This report presents the results of airborne multi-sensor %*ests of smali
oil slicks formed in the Gulf of Mexico during April, 1970. A total of 103 oil
slicks were made by a U, S. Coast Guard cutter 50 miles off the coast of Alabama.
Pollution types investigated were #2 fuel 0il, #6 fuel 0il, 9250 lubricating
oil, gasoline, light crude oil and heavy crude oil. The oil slicks varied as
a function of spill rate (from 0.02 to 4.57 GPM) and ship speed.

Remote sensors utilized in performance of the tests included: 4-lens cam-
era operating in the ultraviolet and short wavelength visible, dual 70 mm visi-
ble color and infrared camera, an infrared scanner operating in the 4-5.5 and
8-144 bands, and two microwave radiometers at wavelengths of 1 and 3 cm. Air-
craft operating altitude was 2,000 feet throughout the six days of tests,

The technical and administrative assistance provided by the U. S. Coast
Guard, Office of Research and Development is greatly appreciated. Specifi-
cally, the technical assistance of Lt. (jg) Fredrick L. Orthlieb throughout
the program is acknowledged. Assistance provided by personnel of the 8th Coast

Guard District during execution of the flight program is appreciated.
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I. INTRODUCTION

This report represents the results of a measurements and analysis program
on airborne sensing of controlled oil spills under Contract DOT-CG-03532-A.

The eirborne tests were conducted approximately 50 miles off the Coast of
Alabama, southeast of Mobile., All sensor measurements were conducted from a
single aircraft so that all data could be correlated in space and time. The
sensors on board the aircraft included two microwave radiometers, a visual mul-
tispectral color camera, an IR color camera, a multispectral 4-lens camera op-
erating in the short wavelength visible and ultraviolet, and an infrared scanner,
The airborne tests were secondary to other tests being conducted by the Coast
Guard from the deck of the spill vessel, the chase boat, and the low altitude
heliocopter photography. The multisensor aircraft photographic data were to
supplement that data taken on board the ship and the heliocopter by providing
width measurements and a history on spread rates versus flow rates over a
period of time. The microwave radiometers and the infrared scanner data were
to be used to determine the capabilities of these sensors in detecting oil from
an airborne platform. Being primarily a photographic mission, the experiment
was run to complement the photographic data and was not always optimum for the
acquisition of microwave data.

In the discussion which follows, the data received by each sensor and the
analysis thereof will be discussed separately and compared in a conclusion sec-
tion. Since more than 7,000 photographs were taken and over 11 hours of micro-
wave data were recorded this raport cannot cover all aspects of the experiment.
Instead, a representative sampling of each oil type spilled at various spill
rates will be discussed, A major goal in the analysis of the data received

from all sensors was to determine the detection threshold of that sensor and



v~ relanticnship of the sensor responses to the various oil types and oil thick-
~=~3s=s. Tables which contain the airborne logs, detection data, and analysis

iata are included as appendixes.
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IY. EXPERIMENT DEFINITION

All oil spills were pumped from the deck of the Coast Guard cutter at
specified rate over a period of time which varied from approximately eight
minutes to 16 mimutes, dependent upon the speed of the ship, The ship's speeds
were nominally 10 knots, 14 knots, and 17 knots; the spill rates varying from
.02 gallon por minute to well over 4 gallons par minute. The oil types in -
cluded No, 2 fuel oil, 9250 oll, No. 6 fuel, light crude oil, heavy crude oil
gasoline, and mixtures of heavy crude and gascline. In addition to the con-
trolled spills, a static test was conducted wherein river mud was pumped over-
board to determine if any visual or sensor similarities existed between it and
0il. During all spills surface photo coverage and slick thickness measurerents
were conducted by the Coast Guard from a 210! cuﬁter and an 82! Cdast Guard
vessel, Photographs were also taken from a Coast Guard heliocopter in the
immediate area of the cutter. All multisenscr measurements were made from the
ship's stern with the aircraft returning after each run to that oil slick
farthest away from the cutter which was detectible by the operator, either
visually or by the sensors. This limitation turned out to be visual to the
DC-3 multisensor aircraft pilot as it was necessary for him to align the single
Leam microwave sensors over the slick. It was seldcm possible to fly the air-
craft by the single beam sensor output, as the beam was aimed approximately 50°
from nadir behind the aircraft.

In order to maintain a thousand foot spacing between the DC-3 multisensor
aircraft and the heliocopter, the DC-3's altitude was fixed at 2,000 feet.

This altitude was considered a minimum for the lowest frequency microwave sen-
sor to assure that the antenna sampling was large enough to eliminate the effects

of individual waves upon the radiometric response., Higher alittudes were not



considered as the resolution of the photographic data would be impaired, Con-
sequently, the high frequency microwave data were difficult to analyze because
the antenna sampling size was amall enough that individual wave effects and
aircraft motion blased the deta received, The moasuremanta were conducted
over a gseven-day period with only one day of downtime because of weather.

Operations were shortened during one day because of poor visibility.



III. TEST DETAILS AND ANALYSIS

All radiometer, scanner and photographic data were taken from a single
DC-3 aircraft., A crew of six was required to operate the aircraft and equip-
ment, The crew included an experiment coordinator, a radiometer operator, a
scanner operator, a photographer, a pilot, and a co-pilot., The scanner and
cameras were pointed at nadir, while the radiometers were looking 46° from
nadir behind the aircraft, An angle of 50° was the desired nadir angle, but at
120 knots aircraft speed the pilot could not hold the plane exactly horizontal.
As 46° could be maintained relatively constant, this angle was accepted as an
alternate., The flight plan for taking data was to fly toward the ship from the
fartherest visible oil spill, After passing over the ship, the course was re-
versed until oil again could not be detected with a microwave radiometer or a
scanner,

The original intent was to fly in an "S" pattern over the oil to determine
the minimum detection point. This method of return was found to be unsatisfac-
tory because aricraft motion was too great without long approaches. Thus, after
the first day a different approach was used; namely, to fly directly back down
the ship's course following the 0il spill visually as far as possible, maintain-
ing a constant heading until the signal was lost with the microwave and infrared
radiometers, Date was taken on the return flights with the microwave radiometers,
which enabled comparison to be made of up-wind, down-wind, and cross-wind infor-
mation, Minimal microwave data were obtained the first day as the shipboard rad-
ar or communication equipment and the boresight camera created considerable inter-
ference, The "X" band radiometer was particularly sensitive to interference
when the aircraft was within one or two oil spills of the ship. The source of

the interference has not been discovered to date, because all radars were turned



off and communications held to a minimum on the Coast Guard cutter. It is ex-
pected that other on-board interference associated with the operation of the
ship was the source of the interference., The first day's runs were short in
duration as the light oil dispersed rapidly on the water's 8urf$ca making it
difficult for the pilot to fly a reverse course. While the first day's data
were limited the operations were extremely valuable in training for the follow-
ing day's measurements., Throughout the entire data flights, a log was kept on
board the aircraft of each run, containing positional data and miscellansous
observations. The log run numbers are not related in number to the oil dumps.
However, the dumps which were overflown, and the times at which they were over-
flown on each aircraft pass, were recorded. The flight-run numbers were re-
corded on the left margin of the flight data sheets between the stop and start
indicators. The return flight was given the same number as the previous run
with an "R', This departure from the planned.approach of one run per oil spill
was required because oil spills were detected at such long ranges from the ship .
that more than one spill was completed before fﬁe aircraft could pass over the
ship again. This departure from the experiment plan did not create difficul-
ties in the data analysis, since the times were synchronized with that of the
ship, and, when possible, the time and footuge readings on the tape recorders
were noted in the aircraft log each time a new test came within the beam of
the radiometer. In a similar mammer the camera operator recorded the frame
numbers and the time at which photographic coverage was started on each rum,
and the time when an oil spill was overflown, Since the aircraft speed and
altitude remained constant throughout the entire run, the optical data and the
microwave data could be readily correlated within the accuracy required. The

major difficulties encountered in collecting both the optical data and the



microwave data from the same aircraft resulted on those days in which the winds
were high and the spills were made cross-wind, On those days the aircraft had
to fly with a crab angle to maintain its course. As a result, when the cam-
eras were directly over the oil spills the microwave radiometer antennas were
looking at an angle to the side by several hundred feet. This problem was
overcome by the coordinator visually sighting down the radiometer antennas and
directing the aircraft's flight from that position. In general, crab angles
were such that optical and microwave data could be obtained simmltaneously in
this manner, The major difficulty with this approach was that the pilot could
not visually fly the spills and anticipate changes in spill direction, as his
headings were based on a reference peint approximately 2,000 feet behind the air-
craft, Because of this difficulty, future tests should consider the possibility
of using two separate aircraft or multibeam radiometers with fields of view sim-
ilar to that of the cameras.

A typed copy of the flight log is included in the appendix as the reference
for any future data reduction. The spill numbers are indicated in the lined
columns with the aircraft run numbers indicated on the far edge of the paper
and marked by a check in the Start and Stop columns., Data correlation logs and
data analysis logs have also been included in the appendix, In the data an=lysis
discussions which follow, the aircraft runs will not be referred to and dis-
cussions will be made only on a test or spill number, In this manner all sensor
date aboard the aircraft can be easily correlated with data acquired by ship-
board sensors,

An analysis of each spill on each aircraft run has been made for spread
rate and detection capabilities. The results of this analysis have been recorded

in tabular form in the appendix. A full discussion of each spill is not made



within this text, as it would be too lengthy. However, representative samplings

of spills at five flow rates are selected and discussed for each sensor herein.

In certain instances, where other significant information was deeméd important

in the overall analysis, the discussion also covers those spills in a subsequent

section. A matrix of those spills selected for analysis is presented in Table 1,

0il Ship Flow Rates

Type Speed | 0.05 GPM 0.1 GPM 0.5 GPM 1.0 GPM 60 Liter/Mile
No. 2 14 Kt - 9 7 6 -

9250 14 21 20 18t 17t -
No. 6 14 35 86 87 88 %0
Light H

Crude | 10 36 35 33 3 39
Light o o o o
Crude | 14 43 47 45 43 40
Light

Crude | 17 - 49 51 52 56
Heavy _ S (U S
Crude | 14 64 65 67 68 9

Y15 and 14 substituted at 17 knots in the following discussion.

Tuole 1 - 0il Spills Selected for Analysis

A table preceding the photographs lists the spills acccrding to oil type.

The ‘igure numbers for the tests discussed are listed in that table.

In the analysis which follows, the prime considerations are the capabilities

of the sensors to establish the type of oil and the flow rate, and to determine



minimum detection capabilities of the sensors. The capability of each sensor

in meeting these goals is discussed separately and a comparative summary follows

the discussion of each sensor.

A. MULTISPECTRAL PHOTOGRAPHY

Multispectral photographs were taken simultaneously with a /-lens camera.
The 4-lens camera is a modified K-24 aerial camera equipped with four Schneider-
Kreuzrach Xenar 1:3.5/100 lenses. The shutter speed was 1/450 second at £.5.6
on all lenses except the 18A (UV) filter, which was f.4. The single lens field
o view was 1220 feet at an aircraft altitude of 2,000 feet. Kodak Tri-X Aerecon
film ©£403 was used in the 4-lens camera. Filters provided images in the ultra-
violet and short wavelength visible portion of the spectrum. A 0.5 to 0.6 micron
filter was used to provide conventional black and white photographs from the
middle portion of the visible spectrum. The remaining filters covered the 0.32
to 0.50 micron region in the 0.39 to 0.50, 0.32 to 0.48, and 0.36 to 0.40 micron
bands.

During the first day of tests the film drive motor for the 4~lens camera
falled, requiring the operator to use the manual hand crank throughout all but
the last two days of operation. The use of the msnual film advance did not
appreciaﬁly degrade the quality or quantity of multispectral data. Data are
sparse however, for the No. 2 fuel oil spills which took place on the first day
of tests.

The data presented herein will be discussed on the basis of spill rate and
oil type. A subsequent section will describe the effects of dispersion on de-
tectability through a sequence of photographs of the same oill slick over an
extended period of time.



The multispectral photographs reading from top to the right in the 4-frame
photo are for filters of 0.39 to 0.50u, 0.32 to 0,484, 0.5 to O.6u, and 0.36 to

0.40u, as shown in Figure 1. All figures are for a ship speed of 14 knots un-

less otherwise noted.

0.39 to ! 0.32 to
i

0.54u 0.48u

i

0.5 to | 0.36 to

0.60 | 0.40u
l

Figurel- Location of Spectral Bands on 4-Lens Photographs

Flow Rate--0,05 GPM (Gallons per Minute)

The detection of o0il spilled at 0.05 GPM is questionatle for all pollutant
types except heavy crude oil. Figures 2A and 2B are photographs of No. 6 fuel
0il and light crude oil (ship speed - 10 knots) respectively. Although no oil
appears in the photographs, it is assumed that the aircraft was over the oil
slick and the oils were not detectable. As seen in Figure 3A, heavy crude oil
at a spill rate of 0.05 GPM is detectable in the ultraviolet bands as a narrow
irregular light streak across the center of the photographs. In the 0.5 to

0.6u portion of the spectrum the oil slick is not apparent.

Flow Rate--0.1 GPM

The detection threshold for oils at a spill rate of 0.1 GPM is apparent

for hoth refined and crude oils. Figure 3B shows the marginal detectability of
No. 6 fuel oil eight (8) minutes after initiation of the spill. Note light-

er irregular slick in lower right of 0.36 to 0.40u photo. In the 0.32 to 0.48:

10



band the detection is marginal and the oil is not apparent in the 0.39 to 0.5

or 0.5 to 0.6: bands. Both light and heavy crude oil aliéks show up well in
the shorter wavelength photographs, Figures 4A and 4B. The heavy crude shows .
a better contrast than the light crude, and can be diecerned in the photo-
graphs using the visible portion of the spectrum. The iriensity of contrast of
the heavy oil in the ultraviolet region is higher but it is also interesting

to note the effects of sun glitter in Figures 4A and 4B. The photograph of

the 1light crude oil slick (Figure 4A) was made at 1430, while the heavy crude
was flown at 1139. Sun glitter appreclably detracts from rapid identification
of the presence of oil. A further fact to be noted is that crude oils appear
to be more easily detected.

Flow Rate--0.5 GPM

All pollutants overflown with the 4-lens camera were detectable at a spill
rate of 0.5 GPM. Figure 5A shows 9250 lubricant oil during spillage; note white
water of wake in left center portion of photographs. Only the 0.36 to 0.40u
band photograph shows presence of oil. The effects of wake action on positive
identification of oil spillage is displayed in this photograph. A No. 6 fuel
0il slick (Figure 5B) is readily apparent in all of the short wavelength photo-
graphs as a lighter irregular ribbon in the center portion. In the visible
portion of the spectrum the presence of oil on the water surface is indicated
by the absence of sun glitter. The use of the absence of sun glitter as a
method of oil slick detection leaves much to be desired and gives no indication
of the type or thickness of the oil.

The presence of pollution by light crude oil with ship speeds of 10, 14,
and 17 knots is presented in Figures 6A, 6B, and 7A. The slick formed at the
slowest speed (Figure 6A) is readily apparent in the short wavelength photographs.
Here, again, the slick is vaguely discernable as a decrease in sun glitter due
to suppresion of surface roughness. The presence of oil in Figure éB is seen

11



as a very narrow light streak across the center of the photographs for the

short wavelengths. The presence of oil is not apparent in the photograph usiné

the visible portion of the spectrum. With a ship speed of 17 knots, the light

crude oil (Figure 7A) appears as an irregular mass in the center of the short
wavelength visible and ultraviolet photographs. .

The presence of oil cannot be distinguished in the 0.5 to 0.éu band due to
under exposure. The presence of a heavy crude oil slick is readily apparent
in Figure 7B. All vavelengths of investigation indicate the presence of oil,
however, the shorter wavelengths produce much greater contrast.

At a spill rate of 0.5 GPM it again appears that heavier oils (lower API
Gravity) are more easily detected than light weight oils. The sequence of pho-
tographs at a épill rate of 0.5 GPM also indicates that refined petroleum pro-
ducts are as readily detected as equivalent gravity crude olls.

Flow Rate—-1 GPM

With a spill rate of 1 GFM all oil types overflown were readily detected.
The 9250 lubricating oil was detected immediatley after spillage as shown in
Figure 8A, The high viscusity oil remained as a narrow irregular slick appar-
ent in the short wavelength visible and ultravioclet bands with a lighter appear-
ance than the surrounding water devoid of pollution. The 9250 oil is not appar-
ent in the 0.5 to 0.6u band.

Number 6 fuel oil was detected through clouds 20 minutes after initiation
of the spill. The slick is characterised by wind streaking and is beat seen
in the 0,36 to 0.40u band (Figure 8B). The 0.39 to 0.5 and 0.32 to 0.48u
band also show the oil, but the contrast is somewhat reduced. The visible por-
tion of the spectrum does not detect the oil slick,

Figures 9A, 98, and 10A show the detection of 1light crude oil at ship
speeds of 10, 14, and 17 knots respectively. In all cases the shorter wavelength
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bands produce the best detection mechanism of the 4~lens camera. Figure GA
shows the effects of wind s'reaking, while Figure 98 shows a narrow ill-definéd
] slick which appears lighter than the surrounding water. The effects of spren~d-
ing are shown in Figure 10A, where the slick cccupies the upper two-thirds of
the photographs and is apparent as a mottled 1ight mass with areas of varying
0il thicknesses. Note there is also a suppression of sea surface roughness and
a decrease in sun glitter in the area covered by oil.
Heavy crude oil at a 1 GPM spill rate is readily apparent in Figure 10B,
13 minutes after initiation of the spill. The average width of the slick is
300 feet; All wavelengths of investigation show the presence of oil, however,
the shorter wavelengths show better contrast. It appears that thicker oil is
present at the periphery of the slick because of the higher intensity response

along the edges.

Flow Rate--60 liters/mile

All oil types investigated were detectable at a spill rate of 60 liters/
mile. No. 2 fuel oil and 9250 lubricant were not spilled at a flow rate equiv-
elent to 60 liters/mile. Figure 11A shows the presence of No. 6 fuel oil as a
light hazy slick in lhe right center of the photographs for the short wavelength
bands. The oil slick can be distinguished from clouds by comparing the ultra-
violet frames with the 0.5 to 0.6y frame (lower left) where the oil slick does
not appear light and hazy.

Light crude oil slicks are shown in Figures 11B, 124, and 12. With ship
speeds of 10 and 14 knots the slicks have similar appearances in the short
wavelengths of investigation and are not apparent in the 0.5 to 0.6y region.

Slight variations in the thickness of the slicks is apparent in Figure 11B and

13



12A as darker streaks with their long axis parallel to the long axis of the
slick. Similarities in the appearance of the two slicks is because they waore
formed in succession (Spills 39 and 40) and all conditions, such as glitter,
roughness, etc., were the same.

In contrast to the uniform well-defined boundaries of the 10 and 14 knot
light crude oil spills, the 17-knot spill the following day shows irregular
boundaries and mottled appearance, (Figure 128). Here, again, positive detec-
tion is limited to the 0.39 to 0.5u, 0.32 to 0.48u, and 0.36 to 0.40y bands.

A slight indication of oil is apparent in the 0.5 to 0.6u portion of the spectrum
but positive identification is marginal.

Heavy crude at a spill rate of 60 liters/mile sppears as dark accumulations
when thick, Figure 13A, and thin lighter streaks due to dispersion by wind
action. This particular frame was taken 21 minutes aftér initiation of the
spill. The oil slick is most pronounced in the short wavelength visible and
ultraviolet bands, (right center of photograph). In the 0.5 to 0.6y band the

presence of oil is not apparent.

Effects of Wind Direction Perpendicular to Long Axis of Oil Slick

To determine the effects of wind on the dispersion of o0il, a sequence of

multispectral photographs showing the dispersion of 1light crude oil over a
period of 90 minutes are presented in rigures 13B, 14A, 1B, and 15A. Figure
13B shows the light crude oil slick shortly after initiation of the spill at
0959 hours. Compare Figure 14A with 13B and note that the width of the thick-
est accumulation of oil has not appreciably changed. The time elapsed between

Figures 12B and 14A was 8 minutes. The significant difference between Figures

14



13B and 14A is the development of the linear features extending down from the
light colored oil slick in Figure 14A.

Tn Figure 1B the oil has been on the water for 38 minutes. The slick is
discernable in the upper portion of the photographs in all wavelengths of inves-
tigation, except the 0.5 to 0.6u portion of the spectrum. The linear features
of alternating light and dark bands extend downward from the slick through
the entire photograph.

The last pbhotograph of the sequence, Figure 15A, shows the presence of a
thin film of oil in the upper two-thirds of the 0.39 to 0.5p, 0.32 to 0.48u,
and 0.36 to 0.4u bands. Ncte the presence of the linear streaks which are
most apparent in the right half of the slick. At the time of this photograph
the oil slick had been on the water for one hour and 30 minutes; the width of

the slick is indeterminable but is greater than 1000 feet.

Sequence Photographs of Selected 0il Slicks
The rates of dispersion of No. 6 fuel oil, light crude, and heavy crude

oils with varying rates of spillage will be discussed in the following section.
An oil slick of heavy crude oil at a rate of 0.1 GFM and a ship speed of 14
knots is presented in Figure 15B, twelve (12) minutes after initiation of the
spill. The slick is well-defined and has a total width of 375 feet with a
concentration of thicker oil on the upper edge approximately 40 feet in width.
Figure 16A shows the characteristics of the slick 23 minutes after initiation
of the spill. The width of the slick has not changed from those recorded in
previous overflight 11 munutes earlier. The thicker, lighter portion of the
slick appears to be slightly wider and the contact is more irregular. The
lower boundary of the slick is less well-defined when compared with Figure 15B.

15



It is also interesting to note the presence of a wide o1l slick of unknown
origin running perpendicular to the slick under investigation in Figure 16A.
Observers on board the spill vessel recorded crossing an unidentified oil slick
during spillage of slicks 65 and 66. The presence of both slicks can be deter-
mined, and it does not appedr that the detection of the later slick is degraded
by the presence of older oil on the sea surface.

At a spill rate of 0.5 GPM a heavy crude oil slick was overflown five(5)
separate times during an 89-minute interval. The dispersion rates and slick
characteristics are described in Table 2.

The presence of oil is apparent throughout the entire interval, however,
the width dimension became approximate due to thinning of the oil slick by the
action of wiﬂd. The boundary on the windward side of the slick remains sharp
after one hour on the water surface. Figures 168, 17A, 178, and 18A and B are
representative photographs showing the dispersion detection characteristics over
an 89-minute period.

Dispersion characteristics of heavy crude oil spilled at a rate of 2.6 GFM
are similar to the 0.5 GPM rate. It appears that with higher spill rates the
0il tends to remain coalesced for longer periods of time. Figure 19A shows the
hea"y crude oil slick (rate = 2.6 GPM) 18 minutes after initiation of the spill.
Note the distinct boundaries and high contrast of the slick; average width of
the slick in Figure 194 is 375 feet. After the oil has been on the water for
L7 minutes the width had increased to only 400 feet, and the oil/water boundaries
are not as yell defined, Figure 19B.

The slick formed at the 2.6 GPM spill rate retained its comrlete coverage
without breaking up after 66 minutes on the water, Figure 20A. (Note that the

width dimension has not appreciably increased.) Compared with the 0.5 GPM

16
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spill rate slick (Figure 18A) it is noted that oil slicks formed at higher spiil

rates tend to remain coalesced tor longer periods. This however is dependent

upon the wind and sea conditioans.

A No. 6 fuel oil slick at a spill rate of 3.96 GPM was overflown four times
from initiation of @he spill through an interval of 57 minutes. Figure OB shows
spilling of the oil. Identification of oil is marginal due to presence of dis-
turbes water in the wake and clouds. However, a dark streak in the center of
the white water appears to be oil. In the following photograph (FPigure 21A) the )
presence of oil is apparent at all wavelengths of investigation. The oil slick
has not dispersed appreciably during the 17 minutes since initiation of the spill.
Thirty-five minutes after spilling the oil slick remained thick and narrow
( maximum uidth’= 125 feet). High reflectance in all wavelengths of investigation
indicates the presence of oil, Figure 21B. The upper portion of the photograph
indicales the presence of thin wind-sireaked oi. (Note the light semi-opaque
steeaks in upper left, transversing obliquely across photo.) in the 0.32 to
0.43u and 0.36 to 0.40u bands.

Light crude oil spilled at 4.57 GPM (Spill 56) was initiated at 0935.
Weather and sea conditions were reported at 0830 as wind out of the NE at 4
kncts and the sea calm. Figure 22B shows the slick conditions six minutes after
initiation of the spill. Boundaries are very irregular and the width varies
from a maximum of 460 feet to a miniuum of 250 feet. The oil is irregularly
distributed in the slick with a wide range of thicknesses appurent. Some areas
within the slick appear to be devoid of oil or are covered by very thin films.
The variation in thickness causes the slick to have a mottled appearancze in the
short wavelength visible and ultraviolet bands. Detection of the slick with

the 0.5 to 0.6y band is questionable.
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After 27 minutes the slick had dispersed to a width ranging from 375 feet to

625 feet, Figure 23A. The contacts of the slick are not as sharp as the pre-
vious photograph. The mottled appearance remains dominant with areas of thin
oil becoming slightly larger, which is consistent with the increase in width.

Spill 56 appeared hazy and mottled after 65 minutes on the water, Figure 23B.
Boundaries are vague but still discernable in the 0,39 to 0.5u, 0.32 to 0.48.,
and 0.36 to 0.40u bands. Width of the slick had increased to approximately 650
feet. The only significant distinguishing feature for the differentiatior of
a light and heavy crude oil appears éo be the mottled appearance, however, the
mottled appearance may also be due to faster ship speeds.

To comparée the effects of dispersion for light crude oil a 1.14 GPM spill
rate (Spill 53) was monitored through a sequence of overflights which obtained
data on the oil after the slick had been or the water for 91 minutes. After 31
minutes the slick has an average width of 500 feet, Figure 2/A. Boundaries
were irregular and the leeward boundary was less distinct than the windward.

Characteristics of the slick did not change appreciably during the 23 minutes
which elapsed between Figures 2/A and 2/B. In Figure 2/B the width increased
to greater than 875 feet, but the boundary conditions were similar to those
of the previous photograph.

After 91 minutes on the water surface (Figure 25A) only the thicker oil
which was on the windward side of the slick was discernable, There is, how-
ever, a slight indication of the presence of a thin oil film in the upper
portion of the photcgraph which causes a minor decrease in sun glitter. Con-
ditions for using suppression of sea state and associated decrease in sun
glitter are not the best in Figure 25A, since the reflection is highest in

the lower part of the photograph.
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CONCLUSIONS

In the bands used for photographic imagery with the 4-lens camera, the
0.36 to 0.40u band is the most useful for detection of oil on the sea surface.
Heavy crude oil spilled at a rate of 0.05 GPM was detected with the short
wavelength banda. At spill rates of 0.1 GPM and greater all oil types inves-
tigated were detectable with the 0.36 to 0.0y band. The 0.39 to 0.5Cu and
0.32 to 0.48u bands indicate the presence of oil at the higher spill rates
but the contrast between o0il and water devoid of oil is more pronounced in the
0.36 to 0.40u band.

Crude oils appear to be more easily detected than refined petroleum pro-
ducts, however, this may be due to the time of day and different sea conditions
wnich existed during the formation of the slicks. For a comparison of the
threshold of detcctability of refined and crude oils the slicks must be observed

during the same time of day under similar sea conditions.

B. VISUAL COLOR AND INFRARED COLOR CAMERAS

Simultaneous 70 mm color photos were made of the oil spills directly below
the aircraft. The camera is a modified K-24 aerial camera equipped with Schneider-
Kreuznach Super-Angulon 1:5.6/47 lenses. The shutter speed on the camera was
1/450 second with lens settings of f.8. Kodak Ektachrome Infrared Aero film
(type 8443) and Ektachrome MS Aerographic film (type 2448) were used to produce
infrared images and conventional color photography, respectively. Exposure
settings were difficult because of the sun angle and reflections, but in most
cases exposure did not mask the detection of oil as contrasts were perceptable.
Coverage of the second and third day spills was not obtained because of a broken

shutter,
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Both visual and IR color are discussed simultaneously in this section as
the results are similar. Unless differences are noted, the discussior herein

applies to both types of color film. Evaluation of the color film will first

be made on selected 14 knot runs at specified flow rates. When photos were not
available of the selected spills, similar spills have been substituted and noted.
Additional photos of the same spills later in time have been included in this
discussion for spread rate evaluation. Photos of the spills to be discussed are
shown in Figure 26 through 39 which have been arranged by fuel types to show com-
parisons by spill rate. It was felt to be more convenient tu discuss the oil by
flow rates, thus the discussion will refer to figure number, spill number, and
photo number. In this manner both visual comparison at different rates for one
oil type can be made simultaneously with comparisons between oils.

Whenever possible the same spills evaluated as to flow rate detection will
be discussed also as to spread rate. In addition, other spills will be evaluated
if it ig felt that significant data can be presented. If the spill was only vis-
ible on one pass, no further discussion is presented. In general, no history
on #2 fuel or 9250 o0il could be obtained for more than one pass. The heaviest
spill of 9250 oil of Spill 14 did remain visible for 3 passes and is the first

series discussed.

Flow Rate--0.05 GPM

Flow rates of 0.05 GPM or less are extremely difficult to detect with the
visual and IR color. Number 2 fuel was not visible at all and 9250 oil was ques-
tionable. Occasional photographs of the 9250 0il show a small area on the water
surface which reflects 1ight. Usually this area could not be definitely identi-
fied as the spill in question. Light crude photos were not available of the

0.05 GPM rate as the test was conducted at the time the color camera was in-



operative. A photo of heavy crude oil is shown in Photo 823, of Figure 29,

The oil appears as dark streaks on the edge of the wake shortly after the spill
was started. This dark discoloration disappears rapidly. The heavy crude mea-
surement was made during a period when intermittent cloud cover existed at al-

titudes below the multi-sensor aircraft altitude, thus light conditions compro-
mised the color exposures.

Number 6 fuel, like heavy crude, appears as a narrow dark band in the water.
Figure 27, Spill 85, Photo 1245, was taken nearly 30 minutes after the #6 fuel
was pumped in the sea. Earlier overflights did not show this oil, which would
indicate that the fuel had not fully surfaced or that it clumped together after

some aging. No dispersion of the oil is noted in Photo 1245.

Flow Rate-~0,1 GPM

The minimum reliable detection flow rate with color photography under the
conditions flown is approximately O.1 GPM. Number 2 fuel at 0.1 GPM appears very
similar in appearance to the lower flow rates of #6 fuels. Time history would
e required to distinguish the #2 fuel as it appears on the surface rapidly and
disperses quickly. Number 2 fuel at 0.1 GPM is shown in Figure 26, Spill 9,
Photo 63. The oil shown in the IR color of Photo 63 gives a sharper contrast
than the oil in the visual color.

25C oil detection is still questionable ot O.1 GPM as shown in Figure 26,
Spill 20, Photo 160. Consistent data was not received on 9250 oil, thus it
must be assumed that detection is limited.
| Number 6 fuel as it appears in Figure 27, Spill 86, Photo 1250 is quite
easily detected at 0.1 GPM as dark thick appearing patches of oil. The spill

has been in the water nearly 20 minutes at the time Photo 1250 was taken and is
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noticeably wider in width than the 0.05 spill of Photo 1245. Both visual and
IR color seem equally satisfactory for detection purpogses. Ill-defined bound-
aries make width determination difficult.

Heavy crude photos are shown in Figure 29 on Spill 65, Photo §37. The oil
1s readily detected on both color films and has been in the water nearly 32 min-
utes. It should be noted that at this flow rate heavy crude has a white appear-
ance instead of black. The spread of the oil appears to be in one direction dur-
ing this spill. It is not evident from the photo as to whether the o0il is thicker
on one side and spreading in one direction or if, instead, it is thicker on one
side due to the mixing action of the ships screw:. Heavier spills indicate that

the spills are uniform unless there are heavy cross winds.

Flow Rate--0.5 GPM

As before, the #2 fuel was not detected with the color photos. 9250 oil
was not detected at 14 knots but earlier runs at 17 knots were detected as shown
in Figure 26, Spill 15, Photo 106. The major difference to note is that the oil
in the IR color shows greater contrast than the visual color. The same contrast
differential applies to the #6 fuel as shown in Figure 27, Spill 87, Photo 1254.
The #6 fuel oil appears to spread more rapidly than does the 9250 oil.

The light crude oil shown in Figure 28, Spill 51, Photo 659, is not easily
detected pérticularly in the IR color photos. The oil had just been spilled and
the film was underexposed. The color of the light crude contrasts from the 9250
oil and the #6 fuel in that the light crude has a greyish cast instead of being
black.

Heavy crude after being in the water a short while (20 minutes) can be
readily detected as shown in Figure 29, Spill 67, Photo 863. Spill 67 was dumped

with a ship speed of 17 knots. Photo 863 shows that the oil is thicker on the
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edges with most of the oil being on the edges of tne 250 foot slick. This unever..

ness is probably the result of wake action, as it does not appear to be a function

of wind direction.

Flow Rate--1.0 GPM

Number 2 fuel was not detected by the color film. It is suspected that the
aircraft may not have been over the spill at that time as lower rates were de-
tected earlier. The 14 knot spill of 9250 oil was not detectable, however, at
17 knots black streaks over a wide area were noted as shown in Figure 26, Spill
14, Photo 110. Number 6 fuel is easily detected at this high a rate but the
beundaries are difficult to determine with low sun angles, Figure 27, Spill 88,
Photo. 1271; Photos of the light crude at 10 and 14 knots were not taken because
of camera problems, but at 17 knots, Figure 28, Spill 52, Photo 687, shows light
crude after 25 minutes in the water. In this time duratiun the oil has spread
to 350 feet. Large patches are shown which s3till have a swirl pattern but are
starting to separate. Some brown or reddish colors are noted in the grey swirls
which are probably due to thicker patches of o0il on the surface. Heavy crude
colors are similar to light crude colors. The major difference to be noted is
that heavy crude does not spread as rapidly as light crude. The heavy oil does
spread quite rapidly, however, as it is 250 feet wide in Figure 29, Spill 68,

Photo 865, and has only been in the water less than 10 minutes.

Flow Rate--60 liters/mile

Number 2 fuel and 9250 oil were not spilled at the 60 liters/mile rate.
Number 6 fuel at 3.€ GPM is shown in Figure 28, Spill 90, Photo 1290. Number
6 fuel is a black color and spreads slowly. Differentiating between #6 fuel and

9250 0il does not appear to be easy from the color photos; however, it is readily
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discernable from the light and heavy crude.
Light crude spill 56 is showr in Figure 28, Phcto 717, at 4.57 GPM. The
high rate was required to provide 60 liters/mile because the ship's speed was
17 knots. Light crude at the high rate is easily detected in both films. The
reddish-brown rust color in the oil is throughout with spiral patterns. No
break up is evident with the oil spreading 300 to 400 feet after 10 minutes.
Heavy crude at 3.5 GPM is shown in Figure 30, Spill 98, Photo 1450. This
particular spill of heavy crude appears different than other heavy crude spills.
The color is black like the #6 fuel. The spread rate appears slower at first
although Photo 1450 was taken only a few minutes after the oil was spilled.

Spread rates of heavy crude at other speeds will be evaluated later.

Spread Rate--9250--1.0 GPM

Figure 30, Photos 95, 99, and 110 show Spill 14 on three consecutive passes.
Photo 99 is 12 minutes after Photo 95 and Photo 110 is 14 minutes later. Thus
the oil has been spilled approximately 2, 16, and 20 mimtes, respectively.

In this period, the black appearing oil spread from 150 to 200 to 300 feet,
respectively. The overall length of the spill does not noticeably change. On
the third pass the oil shows some signs of breaking up. The detection duration
time could not be evaluated as Spill 14 was dumped later in the day and oper-

ations were terminated before the oil completely dispersed.

Spread Rate-—#6 Fuel--0.15 GPM
Spill 86 at 0.15 GPM is shown in Figure 31, Photos 1250 and 1262. 1In btoth

photos the boundaries were difficult to determine. The oil of Photo 1250 has
been in the water 20 minutes and 34 minutss in 1262, thus it was starting to
break up before spread rates could be determined. Previous photes were obscured

by clouds. The major difference between the #6 and 9250 to be noted herein is
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in width only which is related to spill rates. Both types appear black on both

color films.

Spread Rate-—#6 Fuel--0,52 GPM

The next higher spill rate of #6 fuel to be compared is shown in Figures
31 and 32, Photos 1254, 1266, and 1277. Photo 125/ shows the oi. 8 minutes after
the spill started. Photo 1266 and 1277 are considerably later by 22 minutes
and 38 minutes, respectively. Widths were difficult to measure as heavy swells
and wind spread the oil rapidly. Close examination shows that the oil is bur.ched
in the wave troughs and appear as black streaks. The major spill lccation main-
tains the densest concentrations; however, the tim= detection pericd of the oil
couid not be continued as clouds prevented visual tracking with the aircraft.
It was believed that this was overflown later but identification could not te

made without visual references.

Spread Rate--#6 fuel--1.16 GPM

A higher rate of #6 fuel spill rate at 1.16 GPM is shown in Figure 27,
Photos 1271, 1281, and 1346. The oil spill in the three photos is approximately
10 minutes, 26 minutes, and $0 minutes later, respectively. Cloud cover made
identification or this spill difficult. One run was made between Photos 1281,
and 1346 which could not be identified by spill numbers because of clouds,

Photo 1271 shows the o0il to be u.ack an shiny with both edges not sharply de-
fined. Photo 1281, aithough not sharply defined because of the high percentage
of cloud cover, indicates the start of oil break up and in Phote 1346, the cil

appears only in patches. The fuel appears to be only bunching and spreading

‘with little or no sinking or deterioration.



Spread Rate--#6 Fuel--3.67 GFM

Three passes were made over Spill 90 before operations were terminated for
the day. The oil in Figure 33, Photo 1290, has been spilled only 5-6 minutes.
The spill appears dark and is starting the breakup into the wave troughs. Photo
1334 of Figure 33 shows how the oil has spread 20 minutes after being spilled.
The major portion which appear: shiny has spread to nearly 400 feet in width.
Close study shows longer streaks spreading out from the major spill area. Photo
1359 of Figure 33 was taken 42 minutes after the spill was started. Heavy clouds
made it diffisult to locate the center of the spill as the spill had broken into
patches which are barely evident over the entire photo. IR color shows this

break up the best as shiny patches.

Spread Rate--Light Crude--0.5 GPM

Two photos are shown in Figure 33 and 34 for light crude at 0.5 GPM. In photo
659, the oil immediately after being spilled is barely discernable in the
visible color film as grey spirals just ahead of the chase boat. Other photos
show the oil as light grey swirls which gradually dispersed. FPhoto 726 shows
the same spill approximately 68 minutes later. Tke oil still appears as broken
swirled patterns 100 to 200 feet apart. The slow spread rate is probably due
to the light wind conditions that day.

Spread Rate--Light Crude--1.0 GPM

Spill 52 is shown in Figure 34 of Photos 687, 701, and 731. The oil las
been in the water for each photo for 15 minutes, 38 mnnutes, and é0 minutes,
respectively. The first photo shows the oil to be wide spirals with the oil
in patches spread over nearly 350 feet. The oil appears hazy white with the
vigual color photo being somewhat clearer showing a red tint in the center of

the spirals. In both Photos 701, and 731, the oil has spread to 400-450 feet
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with the spiral pattern being less distinct. The red tint tends to remain on
the edges of the spills giving the impression that the oil is thicker on the
edges. Later photos show only patches of oil which cannot be definitely re-

lated to this spill because of limitations ir the camera's field of view.

Spread Rate--Light Crude--4.57 GPM

Spill 55 at 4.57 GPM is shown in Figure 35, Photos 717, 745, and 789.
The oil in the photos have been in the water approximately 10 minutes, 42 min-
utes, and 72 minutes, respectively. As can be seen in the photos, !t is very
evident that this spill was at a high rate with little break up of the oil in
over an hour. Photo 789 was made on the last run of the morning when the ship's
course was changed, thus the spill's duration could not be determined. Spread
rate from the photos are measured as 250 feet, 400 feet and 500 feet respectively.
As in the lighter spill rates, the oil rapidly spreads to a width of 300-400
feet and then gradually spreads. Wind conditions for these photos are still

such to give light wave action with some swells.

Spread Rate--Heevy Crude--0.5 GPM

Photo 863 of Figure 35 and Photo 881, and 914 and 954 of Figure 36 show
consecutive photos of Spill 67. The age of the oil in the water in each photo
is approximately 20 minutes, 39 minutes, 62 minutes, and 90 minutes, respectively.
The major significance of these photos is to show how the distinct patches of
511 and spiraled patterns of Photc 863 changes into a diffused, hazy white streak
which does not spread significantly beyond 400 feet. It should be noted that
with age the IR color detection degrades faster than the visual color, with the
oil ir the IR color photos turning black in the last photo. Operations for the

day were ended before further photos could be taken; however, under the wind
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conditions at that time, it is estimated that detection would have been possible

for several hours.

Spread Rate--Heavy Crude--0.94 GPM

A higher flow rate of Spill 68 is shown in Photo 865 of Figure 3% and Photos
888, 921, and 959 of Figure 37. The age of the oil in these photos is 10 minutes,
27 minutes, 50 minutes, and 79 minutes, respectively. The firat photo, 865, shows
the oil shortly after it was spilled and the chase boat apeears to have disturbed
the oil in the upper portion of the spill. By comparing Photo 865 to 863, it
is evident that the flow rate is greater in 865. As in the previous 0.5 GPM
photos, 1little change is noted in the later photos except for the fading and dif-
fusion of the oil. As before the IR color gradually changes from white to black
with time while the regular color only fades. In this test the oil may have bee:.

discernable for a longer period had operations heen extended that day.

Spread Rate--Heavy Crude--~3.5 GPM

The heavy spill rate of Spill 98 was continued on a different day and the
results are compared herein to show the effects of higher seas. Only two photos
were taken as the spill was made near the end of the day. The first photo is 1450
in Figure 37, taken approximately 3 minutes after the spill was dumped and Photo
1501 in Figure 38 which shows the spill aged by 54 minutes. Photo 1450 appears
entirely different than the other heavy crudes spilled on previous days. The
color is black instead of grey and the spiral pattern is not evident as it was
before. In the later photo, the oil has diffused quite evenly but still has a

black color with a highly reflective surface.

Spread Rate--Heavy Crude--2.64 GPM
Photos 935, 974, and 996 of Figure 38 show the heavy crude of Spill 71
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which was gpilled at a rate of 10 knots. The age of the oil in the three photos
are regpectively, 18 minutes, 47 minutes, and 66 winutes. The oil in these photos
does not indicate any differences resulting from speed. The oil still spreads
rapidly to 300 feet and gradually increases to 500 feet. As in earlier heavy crude

runs, the spiral pattern appears and graqully diffuses.

Spread Rate~-Heavy Crude--3.95 GPM
A high rate of spread (17 knots) for #6 fuel in Spill 96 is compared in

Figure 39 in Photos 1391,,1410, 1431, and 1467. The ages of the fuel are 2 min-
utes, 17 minutes, 26 minutes, and 58 minutes. The first photo shows only a
narrow stretch of oil followed by shiny patches of oil over a wide area which is
difficult to measure. As in the heavy crude, speed does not appear tc effect

the oil spread rate.

Conclusions of Color Photography

Both visual multispectral color and IR color appear to be equally capable
of detecting oil on the surface of the water under the weather conditions en-
countered during performance of this program. The major differences noted be-
tween the two was that the infrared film tends to give a slightly sharper con-
trast between the oil and the water with low sun angles. The multispectral
visual color is more useful in evaluating flow rates as the oil thickness can
be better inferred by seeing the wider range of colors that appear as oil
thickens. Neither film was found satisfactéry in the detection of #2 fuel,
however, difficulties in operation on the days in which #2 fuel was spilled
may compromise the conclusion. Detection of the other oils were possible with
the color cameras at flow rates down to 0.05 GPM providing the oil had been

in the water for a very short time period (less than 10 minutes). Reliable
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detection of oil for any extended period with visual and IR color film were only
made at flow rates above 0.5 GPM. The lower flow'rates remain on the surface of
the water for a short period of time and if any uiha i; present or high currents
exist, the-oil quickly disperses and is not longer visible.

All of the spill rates were largely influenced by wind and the sea's con-
dition. The break up of the oil does not appear to be due to gradual diffusion.
In particular, heavy crudes and the heavier fuels break up into patches and
spread over a wide area. Until this happens, almost all types of oil tested
appear to spread quite rapidly to 300 feet and then gradually to 500 feet. Any
spreading beyond 500 feet in width is usually accompanied by the break up of
the oil into smgll patches or small streaks in the troughs of the swells. The
speed of the ship does not appear to have any significant effect on the appear-
ance of the oil in the water except for perhaps subtle differences in such things
as the distance behind the ship at which the oil first surfaces. No attempts were
made to analyze these sort of subtle differences.

Color photography does not appear to be a precise tool in determining the
rate of oll spillage. However, an estimation of flow rates can be inferred.

It also should be possible for an experienced operator to determine if the flow
rates are above a certain value such as 0.5 GPM, 1 GPM, or 3-4 GPM. Of course,
clouds and weather do have significant effects upon the color photography as
noted in several photographs, during the days in which clouds and storm condi-
tiong existed.

C. INFRARED SCANNER IMAGERY
Infrared imagery of oil slicks was obtained in the 8-14u and 4-5.5u bands

using a Bendix Scanner. Due to mechanical difficulty only limited data were
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obtuined on the first day's test with the scanner operating with an é-14u detec-
tor. The thermal mapper was a Bendix TM/LN-3 scanner with a tri-metal 8-14u
detector cooled with 1iquid nitrogen. The instantaneoﬁs field of-view~is 2.5
milliradians with a total field of view of 120° of arc. A #2 fuel oil slick
appears in Figure 40 as a dark stream of oil trailing the spill vessel. The ~ .
rate of spill was 0.2 GPM with a ship speed of 18 knots. In the 8-14u band the-
cil appears cooler (darker) than the surrounding water. Thicker oil at the
boundary of the slick is cooler radiometrically than the center portion of the
siick. The wake of the.sﬁip appears warm and it is not known if oil was being
spililed at the time the imagery was made. If oil was being spilled its detection
would undoubtedly be masked by the radiometrically warmer wake.

During the last two days of teats the scanner was operﬁt¥;nal using a 4~
5.5. detector. The instrument used was a Bendix TM/LN-2 equinped with a InSb
4~5.5. detecvor. Figure 41 (Spill 98) shows the detection capabilities over a
heavy crude oil slick spilled at a rate of 0.5 GPM and a ship speed of 14 knots.
Contrary to expected results, the hegvy crude oil appears rad;ometrically warier
than the surrounding water in the 4-5.5u band., It was anticipated that the response
of oils in the intermediate infrared would be similar to the g—14u region response.
Further analysis on the 4-5.5u scanner imagery of the heavy crﬂde'oil slick after
it had been on the water for several minutes revealed that it remained radiome-
trically warmer.

In contrast to the response of heavy crude oil, Number 6 fuel oil, (Spill 90)
appeared radiometrically cooler in the 4-5.5u region, Figure 42; The spill rate
was 3.67 GPM and the ship speed was 14 knots. The difference iﬁ the response
of the crude and refined petroleum in the 4-5.5u region is not fully understood.

It may be due to inherent differences in the emlttance and reflectance of the
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two oil types in the 4-5.54 region. Previous measurements in the 8-13.5: range*
have shown that crude oil appears radiometrically cooler than the surrounding
water.

The infrared imagery presently at hand is not sufficient to fully evaluate
the capabilities of oil type differientiation using the 4-5.5 region of the
intermediate infrared. To defermine and evaluate the capabilities of sensors
operating in or near these wavelengtha, further tests should be performed.
Specific data on the effects of oil thicknesses and types which can be disting-

uished must be quantified.

D. MICROWAVE BADIOMETER SENSORS

Two microwave radiometers were mounted in one of the two camera wells in
the bottom of the DC-3 aircraft shown in Figure 43. The radiometers were
mounted looking aft at 50° nadir when the deck of the aircraft is horizontal.
The all solid-state radiometers, built by the Microwave Sensor Systems Division
of Spectran, Inc., were designed for operation on airborne or ground based
platforms. Both radiometers are dual polarized with analog read-outs directly
in temperature. All radiometric temperature read-outs are automatically cor-
rected for changes in ambient and hot load temperature. The electrical param-
eters of the radiometric systems are included in Table 3.

The look angle of the radiometers was selected to be at or near 50° to
minimize the effects of sea state to ithe vertically polarized signals. It
was felt that near the 50° nadir angie the vertical pclarized signals would be

affected primarily by the oil on the water alons, and not resulting from the

*Lowe, D. S., and P, G. Hasell, Multispectral Sensing of 0il Pollution, 6th
International Symposium on Remote Sensing of Environment, Ann Arbor, Michigan,
1969.
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Table 3 - Radiometer System Specifications

—
Center Frequency 10.2 GHz 30.0 GHz
Bandwidth (min.) 450 MHz 450 MHz
AT (sensitivity/second) ]

Single polarity 0.11° K 0.219 K
Double polarity 0.15° K 0.30° K
Intercept Element 320 X 230 feet' 170 X 120 feet'
Antenna Beamwidth 4.6° 2.4°
Data Outputs Horizontal .
Vertical i
Reference j
Recorded Integration Time 0.1 sec. ! 0.1 sec.

t
Major and minor axes of ellipse from 2,000 feet altitude.

calmed sea condition. The final nadir angle of the radiometers during the actual
flights was 46° instead of 50° and, ss a result, all sea state effects were not
ignored by the vertical charmnel as will be shown later,

Tne results of these measurements will be discussed differently than was
the photographic data as the results, in general, apply equally to all spills.
Whenever anomalies appear, that spill will be discussed separately.

The Microwave data was taken by flying from astern the Coast Guard cutter
at an altitude of 2,000 feet. As the look angle in not at nadir, the intercept
arsa of the antenna beams are elliptical in shape with major and minor axes of
approximately 320 by 230 and f70 by 120 feet for the 10.2 GHz and 30 GHz radiom-
eters respectively. Sample sizes of these areas are minimal for the 10.2 GHz
gystem and below for the 30 GHz to obtain a good statistic#l average of the wave

trains. As a result of the small sample size, most of the discussion to follow
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applies to the X-Band, (10.2 GHz) system. Data were compiled and analyzed for
the Ko-Band (30 GHz) system, but the accuracy of the signal magnitudes are ques-
tionable.

During the tests, microwave data were recorded of a 4~-channel tape recorder
at a speed of 3-3// inch/second. In addition, both horizontally polarized signals
were recorded at the input to the t:pe recorder on a dual channel strip line re-
corder at 2 inches/minute. A monitor station was available to gample any of one
of the six outputs desired on a digital voltmeter. A check on the data and time
log later showed that the aircraft invertor's output was 120 volts at 45 cycles,
instead of 60 cycles, thus all recorders were running at 45/60 or 3/, speed.

All datahave been corrected to reflect the true recording speed.

The data on the tape recorder have been recorded on a 6-channel strip chart
recorder with the integration time increased to approximately 2 seconds. Tne
data were run at 25 millimeter/second to make the length of the microwave data
more closely correspond to the length of the photographs. In addition, a spike
suppression curcuit was used to delete the boresight camera and interference spikes.
The two extra channels record the difference in the horizontal and vertical pol-
arized signals for each radiometer. The data in this format is too large for
presentation, thus only the amplitude data has been tabulated and included in
Appendix A. ) .

Detection Limitations

The minimum detection level of the microwave radiometers was difficult to
determine in these tests as visual acquisition was required to align the antenna
beam with the oil spill. Tests during the first day gave 1little information be-
cause of the alignment difficulties. On other days when low level spills were

visible, detection with the microwave radiometers was made down to 0.05 GPM.
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The X-Band microwave signal level for the spills discussed earlier, in the color

and ultraviolet sensors are as shown in Table b

SPILL RATES

T 0.05 GPM 0.1 GPM 0.5 GPM 1.0 GPM 60 Liters/Mile

O, - - - - had

N - - - - . .u:-mm_u“__
No. 6 -20 | -2° ~4° -5° ~5° -
i e B F SRR N S B
Light - - - -3 =40

Crude! =4° - -6° -9° P

- - 69 <60 =50

Heavy - _&0 -89 -1° -10°

Crude | 6 5 1 10

"hree series at 10, 14, and 17 knots are evaluated.

Table 4 - Microwave Radiometric Temperatures

The signal levels shown in the table by themselves are not significant as
the alignment problem was always critical and the percentage beam fill is not
always known. The most significant thing to be noted from the table is that
the signals are all colder than the background. No pattern seems to be evident
from the different ship speeds for light crude.

It would also appear from the table that heavier types of oil give colder
recordings at lower rates, and that the heavier apills are colder than the
light spills. These results are reasonable in that the oil spill rate was not
great enough to reach a thickness where the warmer oil signal predominates over
the reduced or cooler signal as a result of lower sea state. Some measurements
do not follow this trend; the signals get warmer for some spills. It cannot
be verified with the data available, but the effect might be due to the
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thickness of heavy patches of oil compensating for the cooler signal from sea
state reduction. At Kg-Band, some warm signals were received but correlation
between aircraft motion, wave effects, and oil is difficult. It is possible that
many of the warm signals received at 30 GHz are patches of oil which are thick
enough over a large enough area to give beam fills sufficient to create hot sig-
nals. Unless runs can be made at an altitude sufficient to smooth out or aver-
age the wave effects, sea state cannot easily be determined.

The runs from which the microwave data was analyzed are too numerous to
present individually within this report. A typi:al run is shown in Figure 44,
which was recorded on a strip chart at a slower speed. Both polarizations are
shown for both radiometers. The areas between spills are evident in most cases
in the X-Band recordings but are more difficult to see in the Ka-Band record-
ings. Careful integration with the eye shows an overall change from one spill
to another. The effects of oil patches and aircraft motion are noted in the 30
GHz values as the beam fill changes. Aircraft motion was very difficult for the
operators to detect and would not have been noted except for sun angle monitoring.

The increased temperature as the ship is approached is quite evident from
Figure 45, and in the shorter integration recordings the noise is evident at
least two spills behind the ship.

One spill was conducted in which no oil was dumped. The recordings for
this run are shown in Figure 46. The spills prior to this test were extremely
light and not visually acquired, thus it was difficult to align the aircraft
to determine the presence or lack of oil in the beam. From the run and the
return run, it can be noted that a lack of signél exists.

A second anomoly was noted in the microwave data which at this time is

unexplained. Test 41 and part of Test 42 was extremely noisy, similar to that
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experienced when flying over the ship. This signal did not exist on the initial
run shortly after it was spilled; however, on the next overflight and the return
it was very evident. The ship's course changed after this and the spill in
question was not overflown again. The anomoly was also noted on a non-experiment
IR radiometer which was aboard the aircraft. To both the microwave and IR
radiometers the signal was 8 - 100 warmer with 10° noise spikes.

Analysis of the V-H signals did not add any significant information to the
data received. Theoretically, a difference should be noted because of sea staté
changes. As noted, 46°‘was not sufficient to remove sea state contributions to
the vertically polarized signals, and may account for the lack of information
in V-H. A large difference was noted in V-H for tests 41 and 42 where a great
amount of noise uaé experienced. No reason is known at thie time for the cause

of the noise or the polarization difference.

0i1 Type Detection
The ability of the microwave radiometers to discriminate among oil types in

the quantities spilled for these tests is quite questionable. The rates of spill
congidered herein largely affected sea state only, thus the signals were primarily
sea gtate readings. To detect oil type would require thicknesses whereby die-
lectric constants and absorption losses became significant (>1§J). Inferences
might be made from microwave data if runs were made from other angles such that
sprgad rates and oil break up are noted. In general, such conclusions for oil

type would be difficult and unreliable based upon tests to date.

Microwave Data Conclusion

The nature in which the microwave tests were conducted make it difficult

to finalize any conclusions without further experiments. However, the
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conclusion can be made that microwave appears to be a satisfactory sensor in the
detection of oil on the water's surface, even when the oil is not vigible for
reasons of oil quantity or weather. 1In any case, it is desirable that passes
be ﬁaae from a direction in which no oil is present to obtain a reference if
quantity is to be determined. Higher spill rates could create some ambiguities
in thal oscillatory signals may‘exist with large changes in oil thickness.*
The signals received by the 30GHz radiometer may indeed by a result of this
fact as many of the larger signal changes cannot be explained by aircraft motion
alone. |
Detectlion or recognition of oil type with microwave radiometers does not
seem feasible from the tests run; instead, a multi-sensor package including
microwave radiometers shows the most promise.
It appeafs that for all weather conditions, microwave radiometers are
desirable so as to not depend upon the visual or ultraviolet portions of the
spectrum alone. Anomolies, such as those of Test /41, may provide significant

information other than spill rate.

*Aukland, J. C., Conway, W. H., and Sanders, N. K., "Detection of 0il Slick Pol-
lution on Water Surfaces with Microwave Radiometer Systems," Proceedings of the
Sixth International Symposium on Remote Sensing of the Environment, University
of Michigan, 1969.
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IV. CONCLUSIONS

Analysis of the multisensor data presented in this report shows that each
sensor has specific advantages for particular conditions of time of day, sea
surf'ace roughness, weather, and type of pollutant. In general, all sensors
were capable of detecting oil slicks at spill rates of 0.5 GPM and gréater.
The express purpose of the program was to optimize photographic data, and,
therefore, other sensor data such as that produced by the microwave radiometers
nd intrared scanner were compromised.

The imagery producgd from the 4-lens camera operating in the short wave-
length visible and ultraviolet regions snows the best detection capability of
the photographic sensors. Detection of thin films of oil is inversely propor-
tional to the wavelengths of investigation. That is, the shorter the wave-
ienpth, the better the contrast between oil and water. The 0.36 to 0.40u band
produces the best contrast of all filters used. The effects of sun angle
(rlitter) degrades the detection capabilities of the longer wavelength bands.
The ability to discriminate oil types with the black and white multispectral
photography does not appear feasible. However, the determination of spill
rates and the oil's viscosity can be inferred by the slick's characteristics.
The estimation of spill rates from dispersion characteristics is dependent on
the wind anu sea surface conditions.

Visual color and infrared color photography appear to be equally capable
ot detecting oil on the surface of the water under the weather conditions ex-
perienced during performance of this program. Detection of oil slicks formed
at spill rates of 0.05 GPM was possible immediately after spillage, however,
the small flow rate dispersed rapidly and was not discernable for extended

periods of time. Color photographs in the visible portlon of the spectrum
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were guperior to the infrared in inferring flow rates by sensing a wider range
of colors in the thicker slicks.

Infrared scanner imagery in both the 4-5.5 and 8-14u bands shows gead
detcction capabilities for the oil slicks investigated. Operating in the 8-
141 band the scanner produced imagery which clearly shows the presence of a
No. 2 fuel oil slick. The detection of the low flow rate No. 2 fuel oil slick
by the infrared scanner indicates the high sensitivity of the infrared region
to oil on the water surface. The No. 2 fuel was the most difficult oil type
to detect with other sensors on board the aircraft. Imagery produced using a
4-5.5 detector was of comparable quality to the 8 - 144 data. Hervrever, an
anomaly in the‘response for heavy crude oil and No. 6 fuel oil was observed.
The heavy crude oil slick formed at a 0.5 GPM flow rate appeared radiometrically
warmer than the surrouding water, whereas the No. 6 fuel oil slick (flow rate =
3.67 GPM) was radiometrically cooler than the water. The relationship between
the infrared radiometric response in the 4-5.5u region and the oil types, flow
rates, etc., is not understood at the present, To ascertain the mechanism of
radiometric temperature difference between heavy crude oil and No. 6 fuel oil
in the 4-5.5u region further experimentation is necessary.

Even though the experimental program was designed to optimize photographic
sensors, the dual frequency microwave system detected oil slicks that were not
discernable with camera systems operating in the visible portions of the spec-
trum. Data derived from this program indicate that further experimentation
will be necessary to quantify the capabilities of microwave radiometry to dis-
criminate oil types and to provide estimation of oil thickness. To fully

ascertain the capabilities of microwave radiomstry in detection of oil on the

41



sen surface, experiments should be conducted during inclement weather and at
night,

The dispersion characteristics of several oil types and various spill
rates were investigated. It can be concluded from this investigation that
the spreading and breakup of oil is dependent upon the wind and sea conditionms.
The break up of the more viscous oils (heavy crude and No. 6 fuel o0il) is due
to separation of the oil into discrete patches which spread over a wide area.
In most instances the oils quickly spread to a width of approximately 300 feet
and they gradually increase in width to 500 feet. Increases in widths of
greater than 500 feet are generally accompanied by the breakup of the oil into
small patches or streaks in the troughs of the swells. Streaking by wind
action appears to be the predominant mechanism for rapid dispersion of oil
slicks and variations in oil thickness within the slick.

Analysis and interpretétion of the multisensor data derived from these
tests has provided answers to many questions on the detection capabilities of
the sensors used. In providing answers to some questions the results also
stimulated many queries into the effects such variables as higher sea state
conditions and inclement weather have upon oil pollution detection. To fully
evaluate the detection capabilities, further experiments should be conducted

to eliminate or fix the effects of as many parameters as possible.



TABIE 5 - FIGURE NUM3ER INDEX

Saip Flow Multispectral Color & IR IR - 5
Spazd Rate Figure Numbers Figure Numbars Scanner Spill #
#2 Fuel
10 kts 0.05 GPM 5
0.1 4
0.2 3
0.5 2
1.0 p
14 kts 0.1 26 9
0.2 B
0.5 ?
1.0 5
17 kts 0.1 13
13 kis 2.2 4O 12
005 11
1.0 10
9250
10 kts 0.1 23
0.2 2L
0.5 5
1 .0 20
14 kts 0,05 21
2.1 20
0.2 19
0.5 13
1.0 17
17 kts 0.1 22
0.2 16
0.5 5A 26 15
1.0 3A 26,30 14
Light Crude
1) kts .02 3?
005 2B £
0.1 35
o2 34
o5 6A 33
67 32
1.0 %A 31
2,69 11B 39
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7A
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63
62
61
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59
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64
65
66
67
68
69
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73
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Ship iow  Maltispeetral Color & IR IR ;
Speed Rate  Figure Numbers Figure Numbers Scanner Spill #

#6 Fuel
10 kts 0.05 GPM 80
0.15 g1
0.52 82
1.16 83
2.46 84
14 kts 0.05 24 27 85
0.15 3B 27,31 85
0.52 5B 27,31,32 87
1.16 8B 27,32 83
1.83 89
3.67 114 23,33 41B 90
18 kts 0.05 9
0.15 9n
0.52 23
17 kts 1.16 , 9/
2.46 9;
3.95 39 25
} Gas % 3 0i1 97
Hzavy Crude | .
14 kts 0.5 134 30,37,33 LIA 3
17 kts 0.5 99
Gas & D11
14 xts 0.1 100
2/1 Gas & 01l 0.1 101
4/1 Gas & 01l 0.1 102
Gos 0.1 103
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Figure 24
Number 6 Fuel 0il 3
Spill Number 85 . ]
Flow Rate 0,05 GPM

Ship Speed 14 kts

‘wmuw

Figure 2B

Light Crude 0il
Spill Numcer 36
Flow Rate 0,05 GPM
Ship Speed 10 kts




Figure 2A

Heavy Crude 0il
Spill Number 04
Flow Rate 0.05 GPM
Ship Spced 14 kts

Figure 3B

Number 6 Fuel 0il
€pill Number 86
Flow Rate 0,1 GPM
Ship Speed 14 kts



Figure 4A

Light Crude 0il
Spill Number 47
Flow Rate 0.1 GPM
Ship Speed 14 kts

Figure 4B

Heavy Crude 0il
Spill Number 65
Flow Rate 0,1 GPM
Ship Speed 14 kts
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Figure 54

9250 Lub 0il
Spill Number 15
Flow Rate 0.5 GPM
Ship Speed 14 kts

Figure 5B

Number 6 Fuel 0il
Spill Number 87
Flow Rate 0.5 GPM
Ship Speed 14 kts



Figure 6A

Light Crude 0il

Spill Number 33

Flow Rate C.5 GPM :
Ship Speed 3

Figure €B

Light Crude 01l

Spill Number 45

Flow Rate 0.5 GFM :
Ship Speed 14 kts -7




Fipure TA

Light Crude 0il
Spill MNumker 51
Flow Rate C.5 GFM

Figure 7B
Heavy Crude 0il
Spill Number &7 _
Flow Rhate 0.5 GPFM - -
Skip Speed 14 kts o -




Figure 84

9250 Lub 0i1
Spill Number i4
Flow Rate 1 GPM
Ship Speed 14 kts

Figure 8B

Number 6 Fuel 0il
Spill Number 82
Flow Rate 1 GPM
Ship Speed 14 kis
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! Figure Yi

i Light Crude 0il
{ Srill Number 37
' Flow Rate 1 GPM

Ship Speed 10 kts

Figure <3

Light Crude uii
Spiil Number 43
Flow Rate 1 PM
Ship Speed 14 kts




Figure 104

Light Crude 011
Spill Number 52
Flow Rate 1 GPM
Ship Speed 17 kts

Figure 108

Heavy Crude 01l
Spill Number 68
Flow Rate 1 GFM
Ship Speed 14 kts
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Flpure 114

Nulber & Fuel i1
3pill Numter %O

Flow Rate 60 liter-/mi
Ship Speed 14 kt:

igure 11B

ight Crude 0il

Spill Kumber 39

Fiow Rate ¢J liters/mi
Ship Speed 10U kts

¥
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Figure 124

Light Crude 0il

Spill Number 40

Flow Fate A0 liters/mi
Ship Speed 14 kts

Figure 12B

Light Crude 0il

Spill Number 56

Flow Rate 60 liters/mi
Ship Speed 17 kts




Pigure 134

Heavy Crude 0il

Spill Number 98

Flow Rate U liters/mi
Ship Speed 14 kts

Figure 13

light Crude 0il
Spill Number 33
Flow Rate C.5 ¢FM
Ship Speed 10 kts




Flgure 14A

Light Crude 0il
Spill Number 3.
Flow Rate 0.5 GIM
Ship Speed 10 kts
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Figure 14B

Light Crude 0il
Spill Number 33
Flow Rate 0,5 GPM
Ship Speed 10 kts




Figure 154

Light Cruze 013
5rill Kumber 32
Flow Ratc C,% G
Ship Speed 10 kto

Figure isE
Heavy Crude 0il
Spiil Number 5
Flow Xate C,7 2FM
Skir Speed 14 kts




Fi e 164 E
Heavy Crude 01l 3
Spill Nurber 65 3
Flow Rate 0,1 GPM

Ship Speed 14 kts 3

Figure 16B

Heavy Crude (il
Spill Number 67
Flow Rate 0,5 GPM
Ship Speed 14 kts
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Figure 174
Heavy Crude 0}
33111 Bamber €7
Flow liate U4 uiM
Ship dpeed 14 ks

Figure 175

Heavy Crude 0il
Spill Number 67
Flow Rate 0,5 GiM
Ship Speed 14 kts




Figure 184

Heavy Crude 0il
Spill Number 67
Flow Rate 0.5 GPM
Ship Speed 14 kts

Figure 18B

Heavy Crude 0il
Spill Number 67
Flow Rate 0.5 GF..
Ship Speed 14 kts




Figure 174

Heavy Crude 0i1
Spili Number 77
Flow kate Z.é4 GFM
Ship Speed 10 kts

Figure 19B

Heavy Crude 0ii
Spill Number 77
Flow Rate 2,04 GEM
Ship Speed 1C kts




Figure 20A

Heavy Crude 0il
Spill Numwber 71
Flow Rate 2.64 GPM
Ship Speed 10 kts

Figure 20B

Number 6 Fuel (il
Spill Number 96
Flew Rate 3.95 GFM
Ship Speed 17 kts
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Figure 214
Number & Fuel 0il
Spill Number 9¢
Flow Rate 3,25 GPM
Ship Speed 17 kts

Figure 21B

Number 6 Fuel 0il
Spill Number 96
Flow Rate 2,95 GFNM
Ship Speed 17 xts




Figure 224 3
Number 6 Fuel 0il 3

Spill Number 96
Flow Rate 3,95 GPM
Ship Speed 17 kts
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Figure 22B

Light Crude 0il 3
3pill Number %6 3
Flow Rate 4.57 GPM E
: Ship Speed 17 kts 3
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Figure 23
Light Crude 0il
Spiil Numbter 56
Flow Rate 4.57 GFM
Ship Speed 17 kts

Figure 23

Light Crude 0il
Spill Number 56
Flow Rate 4.57 GFM
Ship Speed 17 kts




Figure 244

Light Crude 0il
Spi'? Number 53
Flow Rate 1,14 GPM
Ship Speed 17 kts

Figure 24B

Light Crude 0il
Spill Number 53
Flow Rate 1.14 GPM
Ship Speed 17 ktu




Flgure 25A

Light Crude 0il
Spill Number 53
Flow Rate 1,14 GFM
Ship Speed 17/ kts
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IR COLOR VISUAL COLOR

Oil iype #2 Fuel ShipSpeed 14 knots
Flow Rste 0.1 GPM Test No. 9

Time 1150 PhotoNo. 63

Oil Type 9250 ShipSpeed 14 knots
Flow Rate 0.1 GPM Tast No.
Time 093 Photo No. 160

Oil Type 9250 ShipSpeed 17 knots
Flow Rate 0.5 GPM Test No. 15
Time 1345 PhotoNo. 106

Oil Type 9250 ShipSpeed 17 knots
Flow Rate 1.0 GPM Test No. 14
Time 1357 PhotoNo. 110




iR COLOR VISUAL COLOR

e il o Wb

Wi'n

Oil Type #0 Fuel ShipSpeed 14 knots
Flow Rate 0.05 GPN Test No. 85
Time 0943 PhotoNo. 1245

- 14.
Oil Type #b6 Fuel ShipSpeed 14 knots
Flow Rate 0,1 GPM Test No. 86
Time 0944 Photo No. 1250

Oil Type #6 Fuel ShipSpeed 14 knots

Flow Rate 0.5 GFM Test No. 87
Time 0945 PhotoNo. 1254

Qil Type #6 Fuel ShipSpeed 14 knots
Flow Rate 1,0 GPM Test No. 88

Time 1000 PhotoNo. 1271




1R COLOR VISUAL COLOR

Qil Type #¢ Fuel ShupSpeed 14 knots
Flow Rate 3,67 GPM TastNo. 90
Time 1018 PhotoNo. 1290

Oil Type Light Crude ShipSpeed 17 knots
Flow Rate 0.5 GPM Test No. 51
Time 085%& Photo No. 659

Oil Type Light Crude ShipSpeed 17 knots
Fiow Rate 1.0 CI'M Test No. &2
Time 0915 PhotoNo. 637

Oil Type Light Crude ShipSpeed 17 knots
Flow Rate 4,57 GPM Test No. 56
Time 0933 PhotoNo. 717
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IR COLCR VISUAL COLOR

Oil Type Heavy Crude ShipSpeed 14 knots

Flow Rate 0.05 GFM TestNo. 64
Time 1134 Photo No. 823

Qil Type Heavy Crude ShipSpeed 14 knots
Flow Rate 0.1 GPM Test No. 65
Time 1159 Photo No. 837

Oil Type Heavy Crude ShipSpeed 14 knots

Flow Rate 0.5 GPM Test No. &7
Time 1222 PhotoNo. 863

Oil Type Heavy Crude ShipSpeed 14 kncts
Flow Rate 1.0 GPM Test No.
Time 1224 Photo No. 865




IR COLOR VISUAL COLOR

|
- QOil Type leavy Crude ShipSpeed 14 knots
Flow Rate 3.5 GPM TestNo. 98

Time 1241 PhotoNo. 1450

Oil Type 9250 ShipSpeed 17 knots

Flow Rate 1.0 GPM TJust No. 14
Time 1331 PhotoNo. 95

Oil Type 9250 ShipSpeed 17 knots

Flow Rate 1.0 GFPM Test No. 14

Time 1343 PhotoN~. 99

Oil Type 9250 ShipSpeed 17 knots

Flow Rate 1.0 GPM Test No. 14
Time 1357 PhotoNo. 110
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IR COLOR

VISUAL COLOR

Oil Type #6 Fuel
Flow Rate 0.1 GPM

Time 0544

Oil Type #6 Fuel

Flow Rate 0.7 GPM
Time 0958

Qil Type #6 Fuel
Flow Rate 0.5 GPM
0945

Time

Oil Type #6 Fuel
Flow Rate 0.5 GPM
Time 0959

Ship Speed
Test No. 86
PhotoNo. 1250

14 knots
Test No. 86
Photo No.

Ship Speed
1262

W, - <. 13

ShipSpeed 14 knots
Test No. 87
PhotoNo. 1254

ShipSpeed
Test No. 87

14 knots

PhotoNo. 1264




IR COLOR VISUAL COLOR

Oil Type #6 Fuel ShipSpeed 14 knots
Flow Rate 0.5 GFM TestNa, 87

Time 1015 PhotoNo. 1277

Oil Type #6 Fuel ShipSpeed 14 knots
Flow Rate 1.0 GPM Test No. 88
Time 1000 PhotoNo. 1271

Oil Type #6 Fuel ShipSpeed 14 knots

Flow Rate 1.0 GFM Test No. 88
Time 1016 PhotoNo. 1281

Oil Type #6 Fuel ShipSpeed 14 knots
Flow Rate 1.0 GPM TestNo. 88
Time 1054 PhotoNo. 1346




IR COLOR

VISUAL COLOR

g s

Oil Type #6 Fuel
Flow Rate 3,67 GPM
Time 1018

Oil Type #6 Fuel
flow Rate 3.67 GPM
Time 1033

Oil Type #6 Fuel
Flow Rate 3.67 GPM
Time 1055

O« Type Light Crude
Flow Rate 0.5 GPM
Time 0855

ShipSpeed 14 knots
TestNo. 90
Photo No. 1290

ShipSpeed 14 knots
Test No. 90
PhotoNa. 1334

ShipSpeed 14 knots
Test No. 90
PhotoNo. 1359

ShipSpeed 17 knots
Test No. 51
PhotaNo. 659
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IR COLOR ViSUAL COLOR

Qil Type Light Crude ShipSpeed 17 kmots

Flow Rate 0,5 GPM TestNo. 51
Time (0955 PhotoNo. 726

Qil Type Light Crude ShipSpeed 17 knots
Flow Rate 1,0 GPM Test No. 52
Time 0915 Photo No. 687

e
a» .
Oil Type Light Crude ShipSpeed 17 knots
Flow Rate .0 GPM Test No. 52

Time 0935 PhotoNo. 701

Oil Type Light Crude ShipSpeed 17 knots
Flow Rat- * N GPM Test No. 52
Time NY5, PhaotoNo. 731

r . -




IR COLOR VISUAL COLOR

Qil Type Light Crude ShipSpeed 17 knots

Flow Rate 4.57 GPM Test No. 56
Time 0939 PhotoNo. 717

Oil Type Light Crude ShipSpeed 17 knots
Fiow Rate 4,57 GPM Test No. 56
Time 1002 Photo No. 745

P e

Oil Type Light Crude ShipSpeed 17 knots
Flow Rate 4,57 GPM Test No. 56
Time 1040 PhotoNo. 789

Oil Type Heavy Crude ShipSpeed 14 knots

Flow Rate 0.5 GPM Test Na. 67
Time 1222 PhotoNo. 863




IR CCGLOR . VISUAL COLOR

Qil Type Heavy Crude ShipSpeed 14 knots
Flow Rate C,5 GFM TestNo. 67
" Time 1241 Photo No, 881

Oil Type Heavy Crude ShipSpeed 14 knots
" VlowRate 0.5 GFM Test No. 67

i

T . Time 1304 Phato No. 914

Oil Type Heavy Crude ShipSpeed 14 knots

Flow Rate 0.5 GFM Test No. 67
Time 1332 PhotaNo. 954

Oil Type Heavy Crude ShipSoeed 14 knots
Flow Rate 1,0 GPM Test No. 68
Time 1224 Photo No. 865




IR COLOR VISUAL COLOR

Oil Type Heavy Crude ShipSpeed 1/ knots
. Flow Rate 1,0 GPM TestNo, 68

Time 1241 PhotoNo. 888

Oil Type Heav Crude ShipSpeed 14 knots
Flow Rate 1,0 GPM Test No. 68
Time 1305 Photo No. 921

Oil Type Heavy Crude ShipSpeed 1 ¥mots
Flow Rate 1.0 GPM Test No. 48
Time 1333 PhoteNo. 959

'y .

Oil Type Heavy Crude ShipSpeed 14 knots

Flow Rats 3,5 GPM Test No. 98
Fime 1241 PhotoNo. 1450
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IR COLOR

VISUAL COLOR

Qil Type Heavy Crude
Flow Rate 3.5 GPM
Time 1329

Oil Type Heavy Crude
Flow Rate 2,64 GPM
Time 1308

Oil Type Heavy Crude
Flow Rate 2,6/ GPM
Time 1337

Oit Type Heavy Crude
Flow Rate 2.6, GPM
Time 1356

Ship § 14 knote
TestNo. 98
PhotoNo. 1501

ShipSpeed 10 knots
Test No. 71
Photo No. 935

ShipSpeed 10 knota
Tast No. 71
*hotoNo. 974

ShipSpeed 10 Imots
TestNo. 71
PhotoNo. 996
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IR COLOR

VISUAL COLOR

Qil Type Heavy Crude

Flow Rate 3,95 GPM
Time 1205

Oil Type Heavy Crude
Clow Rate 3,95 GPM
Time 1219

Oil Type Heavy Crude
Flow Rate 3,95 GPM
Time 1237

Oil Type Heavy Crude
F'Ow Rate 3-95 GPM
Time 1260

ShipSpeed 17 knots
TestNo. g6
PhotoNo. 1391

Rie T

ShipSpeed 17 knots
Test No. 96
PhotoNo. 1410

Test No. 96
fhotoNo. 1431

ShipSpeed 17 knots
Test No. 96
PhotoNo, 1467
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e Cbserver Boat

> 011 Slick

Figure 42
C=14+ Imagery

Nurmber 2 Fucl (11

Spill Number 12

Flow Rate 0,2 GPM
Ship Spced 18 kts




4=%,5 Imagery L=5,"= Imapary
Heavy Crude ] Numter €& Fuel oil
Spill Number 72° Spill Nurbter -3
Flow Rate 0.5 GPM Flow Rate 3,(7 GIM

Ship Speed 14 &ts Ship Speed 14 xis

Figures 41 & L2 /-%,5 Iragery
of Heavy Crude Cil and Number & Fuel Cii,
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Figure 43

DC-3 Equipment Installution




10 GHz
V-K

10 GHz
Vert. Polarization

10 GHz
Horiz, Polarization

30 GHz
Vert. FPolarization

su wHz
Horiz, Polarization

3 ! k3
Test 52 53 54 55 66 1 57 58 50 60 &1 62
Light Crude ~et » Heavy Crude

Figure 44 Typical Microwave Radiomstric Response for Light
and Heavy Crude 0il (Integration Time 1 second)
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APFENDIX A

MICROWAVE DATA




Microwave Data

| AT
RUN | spitt [ 30 GHz | 10, BHz v | SR | COMMENTS
' MO ] VO] W°
29 31 +2,+5 | +3 +7 +7
30 31 | |43 +5 . S o
32 —— | o= | —-- 3 ]
31 31 +2 +2 +3 +3] +10 ~ 12K
32 +4 +3 +4 +3 ? ~v
Interference makes X band daia
33 +2 +3 ? ? questionable
uestior I
32 Eil — +2 +2 +2 o
32 — | ] 41 +1
33 ? ? ? ? |
34 | ? ? ?
_ _ |
|
,}_ 3 — —————— [
S ——
—— - - —
L _ — ]
i
— 1 - - —
- .
*”’ 1
N — 1 — 4
B i
j




AT
RUN | sPiLL [T 30 GHz | 10 GHa v | SRL COMMENTS
wl w] VI n
3 SO A I R
b U W S —_— - -
o -7 |-3 | 45 |7
. -
4 | h 16 | -16
. _.-__ﬁh._ - —
42 +7 +4 +& | +4
40 42 +4 +4 +4 | +3
43 +4 +5 +7 [ +3
44 +2 +3 L
Al A +2 +3 +2 |+
42 - '
%
43 4 +6 | +3
| 4, f+4 |+3 | 7 |44
1&5 - | *4 *6 +6
42 42 +5 1 +3 +7 | +3
43 *3 +7 ? ? Yery Short Run _
44 +4 +7 +4 | +7

45 +3 +4 + |19

46 +5 +4 +5 [ +5

SRV —

VS S N (SN, UV [ -,

4 43 +6 +5 +h | *h

A-2




Microwave Data

AT
RUN | sPiLL [ 3o GHz 0GHz v-u | SRR COMMENTS,
vo | MO|] VO I HWO
(_4’7_ } 52 |45 |45 +6 +5 | -2 16K L
L 153 [+1,13049 +5 +6 [ -1 10K lf“ _
54, +6 +5 +10 +7 16K
..... 4.7 - o S ~ .
55 +6 +6 +7 +5
- AL i . : ——
56  fee  jeme |- ——
I I el S Rl s N — i R
I A e L 0 B _ L :
| 10,+1 ' ' |
52 +7,42'+6,$2] +5,+1[+5,+1]30,+5 | 12K ) o :
|53 i
T —10,¥7 - I
| 54 +5 ._'+7,i_'"+4,f1}+3,i-1 30,+, | 8K ) o
55 3, +1 [ +7,41}+5,+1 [ +4,+% 2 ? :
10,-1" ) ' "
156 49,12 146,+2| +6,+21+5,+1430,+2 | K
. 1T 10,+3 1 - - -
57 H6,+3 [+7,+3 10,43 +9 [30,+5 | éK
- T - _ T ———d
| ] f-- - -} -] | | Dataproblems R

L9 |57 }9,2 P2,35]49,42] 45

177 : e e e
58 11,42 | +7,+2]410,+3 412,41 10K ,
10,+1 N o
59 t7,33 1142 149,42 49,414 30,44 | 10K
B 10,41 e
L 60 [47,a1 49,410 49,42) 46,41 ?g,i? eK - , I
,-
61 +7,+2| +9.+1] +48,+2] +5,+1] 30,+2 | €K 1 '
10,+1

62 721 149,42 +7,42|+6,41%30,+3 | 10K

117 T




Microwave Data

l.AlT
RUN | sPiL [ 30 Gz 10 GHz v-H | EPILL COMMENTS
ve | R vel| W
50 63 +6 +6 +8 +8 ? ?
- —_— . -—-qL-«- —Ar - R -
2 63
64
—_— 4 3 + —_——— e —
[10p+2
52 65 15 | +5 +13 |+ Q‘rq.L
66 +10 +9Q +9 +9
—_—— +-— —————
e JEEIE RIS - T .- T - -—— — - ————
54 65 +3 +3 +7 +6
66 7 1e5 |46 |46
—_—
67 +5 | +8 12 +5
_»_{_
55 65 +7 +4 +7 +3
66 +7 +2 +5 +5
67 +10 +10 +6 +12
_}_.__- . Y e —_—
68 +10 +10 +8 +10
56 64 +6 +6 +3 +1
€5 +€ +6 +3 +1
13 +6 +6 +5 +2
67
S R R ‘____1[___ Tanker Spill
68 +3 +6 +2 +2
69 +4 +6 +5 +3
—— _,.4, . -
79 +6 | +6 +5 £2
_— + —————— -
71 +4 +4 +2 —-
_<1>_
1 + e - - -




Microwave Data

ar ]
SPILL
RUN | SPILL | 30 GH2 10 GHz V-H LENGTH COMMENTS
vo Ho vo H'
57 | 71 1*3 +7 +4, +5 |42 1 | .
~0
2 |s_Ju1 3 |4 1oy | * - Hov Areas (Tnick 011 to -12%)
60 75 +2 4 +3 +5
— —- - e e
30-+5
61 75 +5 +6 +5 +6 T0-sa 11K ) o |
30+3
76 +5 +7 +6 +7 10+1 12K
- -r.-- ,..rara-v‘—.‘p- —_— e o~ ——— e e — - — - r——— ——e—
-+ T _
62 75 +8 +8 +8 +4 0~t2 —
0 +6
76 +4, +6 +5 +6 0 +2
=6
77 +3 A +9 +6
30-+3 i -
65 81 ! _ 14K
i R 127 +4__ 141 ;(3 ;‘? R
82 +6 +6 +7 +6 v
66 81 +7 +3 +4 +4
- e
32 +4 +4 +2 +4
- I
67 85 +6 +3 +1 +2
68 _E§5 +8 +4, +8 +4,
86 +5 +6 +3 +2
69 ot +6 +11 - |+4
88 +3 +2 +4 +6
87 +6 +4 +5 +5
88 +4 +5 +5 +5
—_—T_ -— - ————————— e s e ——




Microwave Data

AT
RUN | sPiLL [ 30 GHz 10 GHz V-H Lé”ng'J COMMENTS
vIiw]| v]w

A

1 829 —J +5 4 A +D +2

g et o e - e —————

90 4 +4 t4 *5 ) ) -

72 89 +7 +6 +8 +7
& SN AL AN BN SENUS S
90 +3 +4 +6 +3

N +5 +5 +5 +5

- — - - - — —— ———
92 +6 +8 +5 -——
—— — 4 e—— - - R PSS RSP R —_ e m——— . — .
3 S - ewe —— ———
KA oy . - _

74 94 +3 +2 +4 +1

75 94 -— 45 ——— |46
- -~ - -+ - B —
g5 +3 J+4 +4 +7
-+ —l - — —_— . e————
9%  |+2 143 f+s s
b - - L et iR —— + ——— - ——r st}
W N G - —
—_—— ____.___*I
— S - - -
|
'.




APPENDIX B
VISIBLE COLOR AND INFRARED COLOR
PHOTOGRAPHY DATA




R:=1 #°

Photo Dats TYpe RN
RUN | sPiLL | TYPE nml.wrn‘ coLon meL DESCRIPT! COMMENTS |
|
1
10 % #oFuel | tof 150! Black Parallel hlack trail . ;
N 10 ]#zZFvel | 100" | s100° Black Black trail !
12 10 | #2Fuel | 50! 8200 Black-IR IR-Thin black trsil MS-unreaiable
o - {} - - S e e
n #2Fuel | 120" | 7400° Black Black Trail
b - —— 44— —4— - -—
13 12 |#2Fuel | 150" | 4000 Black Wide black trail
- —4 - - -——4 — —_— -
14 13 1#2Fuel | 50! 7100" Black Black Trail
p— — —4--1r .- -
1 14 12252 1507 ] 83CO! Black Black Trail
1 14 |o2sc | 200t | 2700t | Black Wide Black Trail
15 9250 150 | 7000 Black Black Trail )
- T+ -
17 14 3250 300' | 8600 Black Wide Black Trail
L. -
Tanker Black trails, large | Length & Wi..n {
| i S __{Durp =4 Black _ pools,parallel trailg$ undetermin:: .
— ~.4r———- —4 =4
- — »
|
— —i
— 4% ———— - ‘
- ———— = ——— — -Q'
!
o — —— e ——t — _—— - ——_ —~~——<1
-t - _—— '—“’4
L 44 - - e :‘
i

B_,1




Rael #4

B-2

3

Photo Dats TYPE IR/MS
RUN | SPHL | TYPE wxml.mnl coLon Lﬂ‘AL Descmno] COMMENTS
4R 50 Lt Crudp 50! Black Black Trail B Length undetormined
. Light Length & width unuct-i
Y1 ferude azy white |} Spiral Formation IR-Unreadable
‘ . Juignt
4> 93 trude |200' 113,300 Hazy white Wide spirel formation
| g i e
Light 2y white
L 4 o Cmie_qPO' -red tint] Spiral Formation _ |length unreadable
Light hazy white
S— 1 52 crude } 3507 [93n0! -red tint Mide spiral formation
. Light hazy white
|} 53 Jorude [200' }9100' IMS-red tint |Spiral formation
Light hazy white
4 JCrude |150' {8700! S-red tint |Tight spirali formatidn
Light
47 1 51 [Crude }100' }1430¢" | Hazy white |[Loose spiral formatidn
Light '
] 52 [orude [400' {9900' | Hazy white | wide cloudy trail
Light -red tint
| 53 [Crude [150' |8900 Hazy white| Spiral Formation
Light Hazy white
.} 54 [Crude 300' | 10,2001 MS-red tin{§ Wide spiral formatign
(— Light Hazy white
. 25__JCrude 00' 110,100% MS-red tin§ Wide spiral formatign
Light Hazy white
56 |crude ]250' 110,100 MS-red tin§Tight spiral formatidn
~ Heavy
57 lcrude ]100' 1200C' | Hazy white] Spiral formation .
. - Light Length & Wiath
45 51 [Crude Hazy white| Cloudy patches undetermined B
., |Lient 2
< |Crude } 100! Hazy white|Spiral formation length unreaiable |
!
Light '
53 ﬁgn;a 100! Hazy white |Cloudy Patches length unreadable |
Light Hazy white
54 leampgs 1200 9300 h«s-red tint| Cloudy patches _l
Light Hazy white ]
| 55 lerpde ] 300" 110,2004MS-red tint] Cloudy patches .
. éight . ‘
56 ruidz | 400' 10,3001 MS-red tin{ Spiral Formation .
tHeavy Hazy white 1,
- + 57 ICruda 250" |B400' IMS-red tint|Tignt Spiral formatign == =
Heavy ~ilky whitd Wide, tight spiral
L 2 Crud~ 30G¢ | 2600 -red E,int formation _ i B
Haavy Hazy white
S o feruds ine 1920y MS-red tint |Tight Spirsl Formatign L
. Heavy W hazy white
e JCpcde oo 610G pMS-red tint]Spiral Formation

-




R el 47
TYPE IBMS ..

COMMENTS

50!

Hazy white

Cloudy Patches |

150"

Hazy white

Cloudy patches

|

-
Lengtr Unroicacl. !
sBE MRSl

|
Length Unreaia: 1. !

Hazy white

Wide cloudy patches

Wide, spiral,clouldy

b - JRS. —

Lengih & wi. %W °
unreadeble

I
| 500" §10,500' Hazy white | formation o o
Hazy white |
500% 110,400 MS=red tint]wide spiral formatioh ]
Hazy white _1
500! |8000' |MS-red tint|wide spiral formatioh J
Hazy white ;
400" 18300' |MS-red tint{Wide spiral formation {
350" }7700' ]Hazy white [Wide spiral formatiog o _‘
Hazy white
450' 110,100 | MS-red tint|Wilie spiral formatiopn
300" 9500 | Hazy white |Wide spiral formatiop o
Length & wi‘lt . ;
Hazy white | Cloudy traces unreadable o
251 Hazy white [Phin white trail Length unreaunils :

——e— —————— e




R-el f
Photo Data TYPE RS
LRUN SPILL | TYPE W!DTW!'J COLOR LNML DESCRIPT lON‘ COMMENTS
P Heavy | ,
52 |69 ] Crude | 25' 12¢00 | Hazy white | Straight Line patteym |
Heavy straight line patte o
L 93 L. 44 Crudes | 25' 19200! Haz.;ummj spill end in hazy white spiral forsatior: |
Heavy -
53 ! f1. | Crude | 200']9500' | Hazy white | wide spiral formatidn
Heavy | : koot
HSI, 64 _lﬁ_Cr.ude ”LO_Q' 9_500' Hazy white | Broken line pattern
N Heavy extremely ) - ;
| 66§ Crude | 450t]10,0004 hazy white| Light spirsl formation
Heavy
- 67 | crude | 250'110,200 Milky whitd tight spiral deposit B
Heavy -
68 Crudz | 150'}7900° | milky whi tight spiral formagion
. e L .
Heavy
55 L 65 Crude | 100:]5600' ] nazy white} Cloudy patches ) .
Heavy : ;
- [ 06 Crude | 5007}12,000] hazy wnite] Wide spiral formatiqn .
Heavy
" o7 | Crude | 400'}10,500] hazy white | Wide hazy formation .
o o3 | BSRR | 300'] 10,600 milky w'nitel widé spiral formati¢n
Heavy milky whit )
- | 69 | Crude | 300!} 10,6001 MS-red tin{ tight spiral formatjon ~__ _ ‘!
Heavy ‘ milky white ‘
| .1 70 _] Crude] 150']9000' | MS-red tint Tight spiral formatjon :
Heavy Two distinguished i
56 65 | Crude | 600'] 12,0001 Blackisn os i
Heavy Blackish | white haze patches |Blackish-IR :
] e | Crude| 400']11,000] vhite haze Black patches MS-white harc patc- of
Heavy ‘
67 Crude | 400'| 9400' | white haze| wide spiral formati4n H
) Heavy 1
&8 Crude | 400'| 11,9001 white haze| wide cloudy patchel
Heavy white haze
69 Crude | 400'| 12,300{MS-red tint| wide spiral formati¢n
Heavy white haze
- 70 Crude | 400'| 12,300{MS-red tint| wide spiral formatien
: Heavy white haze | wide, tight spiral ‘,
71 Crude | 3007 17,7001 MS-red tin formation :
Heavy white nazs H
72 Crude | 200'| 4400' MS-red tint|spiral _formation o 7
v Heavy MS f£ilg
| 7 66 Crude | 500'| 5000'_| Blackish [Parallel lines Does not saow in
Heavy IR-black hazy wiie formation| pjgack-IR
67 Crude | 500'| 12,000|MS-white hage black patches White haze-MS
Heavy T black color-iR
| 69 Comude | #00'] 13,000 milky whit¢ wide hazy patches [White hize-NS

3est Available Copy

B4



Re-1 #5

Photo Data Type ZRAS
RUN | SPILL | TYPE WDT’LM’H COLOR L’NECAL DESCRIPTION COMMENTS
Heavy l J
57 69 | Crude | 400'|10,800'| white haze | wide spiral formatign
Heavy MS-red tint
70 )} Crude } 450'112,000" t | wide spiral formatidn
Heavy white haze
o lm Crude | 400'}11,4004 MS-red tiny} wide spiral formatidn o
Heavy white haze '
72 | Cruds %__250' 13,300} MS-red tin{ spiral formation. . .
Heavy vhite haze i
73 Crude | 250']12,700'} MS-red tinf] spiral formation _ |
Heavy white haze 1
T4 Crude | 150'}10,000'| MS~red tint] spiral formation . |
Heavy white haze
58 71 Crude | 500'|9800' | MS-red tiny§ wide spiral formatiln L
Heavy white haze . L
72 Crude | 200'§13,100'] MS-red tinY{ spiral formation . 3
Heavy white haze :
I B Crude | 300']12,900'] MS-red tinY spiral formation J
Heavy white haze ” ;
. 74 Crude | 150']12,400'| MS-red tiny spiral formation K
|
—
-

i 4 il 3




o e T T Y, et s =

Razl #5
Photo Data TYeg 5%
RUN | SPALL TYPE {WOT COLOR L DESCRIPT COMMENTS {
‘ ) Heavy Milky white
| 75 fCrude |160' | 5000 |MS-red tint|spiral formation _ [Pic.#1100 not ru.pizl:
Heavy milky white _
| G 75 JCrude § 150" | 9300° IMS-red tintjspiral formation ; .
Heavy milky white :
! 76 Jcrude ]| 100' §12,400{MS-red tint{spiral formation _ | . _ _ __ .,
tHeavy milky white i
| O 75 |Crude | 150 '] 7700' |MS-red tint|spiral formation o !
ileavy Milky white , !
i } 76 Crude | 150 | 12,800|MS-red tint|spiral formation o .
Heavy 1‘
| 77 _|Crude 150 | 11,400)milky white|spiral formation _ !
Heavy hazy white
,_f;;?-__- | 77 |Crude | 150" | 200" [MS-red tint|spiral formation o
Heavy hazy white
475 |Crude | 100" |12,400|MS-red tint}|spiral formation . !
i | Pictpres 113 throhgh 116§ unreadable :
i
R A 1 100! | 14,300|hazy white |spiral formation .
TTTTT O T unreadatle pi~ture |
€5 4 81 |#6 hazy white |spiral formation 1206-1207 ‘
| RN L S A —_— :
MS-hazy white MS-spiral formatio i
|| s2 l#6_ 100" | 12,200|IR-blackish|IR-blackish trail R ‘
!
S -+ #6 100! | 5700' (hazy white |spiral formation IR-unreadable |
Pic. 1240-42
67 86 |#E unreadable
og 85 _{#6 . unreadabls
86 |#6 100* | 11,400]Blackish Blackish trail MS-unreadable
: ~ IMS-hazy whife MS~spiral Length & widt. unrea}-
87__ {#6 IR-blackish| IR-trail able due to cloud coge
Pic, 1259-62
69 86 |#¢ unreadable
MS-unreadable,l->nghk:
_ 87 |#¢ ) IR-blackish| Blackish trail & width unreczdable
. Pic. 1270-74 unread: 8l
_— 89|46 due to cloud tover _j
Pic, 1274-76 .nreai-
I #o S - able due to cloud cqv
70 | & 46 1 IR-blackish| blackish trail MS-unreadable |
Pic. 1280-84 unread-
ss e 4 L e ——___jable due to c:loud code
B-o



Photo Data

Re :1 j-
TYPE IR/¥S _ .

mmv{.mm[ coLan meul. DESCRIPT

AUN |spiLL | TYPE COMMENTS
1'
unreadable, .L(.'E’t\ ;
|70 | 89 W6 IR-blackish Blackishi trail . th unresiable |
unreadable, lengiij
‘ 90 6 ~blackish { Blackish trail _ & width unreaualo: _3
’ i
- - + - - - - - - - ‘3.
!
———— e B e _ — o ——— -————-J
T B B |
- 3
i
- ;
S e
b— e — - . ———— ....._--...:
' i
— i
- T
i
o
i
- }
i
4

— -
— — -
¢
3




APPENDIX C
VISIBLE COLOR AND INFRARED COLOR
PHOTOGRAPHY SPREAD RATES



Photo Data TYPE IR, MS.

RUN [ SPILL | TYPE WlDﬂ]LENGTH COLOR |PHYSICAL DESCRIPTION COMMENTS

|
#2 - B,
| 10 | > |Fuel Js0r [150' |Black parallel tlack trail%;__,_

- —_—— e — D e = )

1 10 | Fuel ]100' |5,100" | Biack | Black trail i}
IR . s
o] 10 JFaeel 50t 15,200 |Black-IR | Thin black trail | MS-unreadable '

4 . e e . e 4 ————

. tge 1 Pt - I . - ,
i i1 Fuel (100" |7,400' {Black Bliack trail J
S - - EEEE Sttt =3 < — S T - - e — . !
}.. N >_.‘-——q+- —.....—.._#.?:....-. . B s P —— e s camame e e m o ieabem e . ‘
|13 ] 12 _|Fuel ]150' |4,000' |Black _  |wide black trail | i}
L B e nh et e e S
i 14 N 13 | Fuel [50' :7, 100' |Black Black trail o :
- .,.r R BRI LR ot $ e —— B B e R . —— ~
15 | 14 [|950 150" [8,300' |Black |Black traiL | e

16 14 9250 |200' 8,700' |Black Wide black trail !

17-_4“._14 9250 {00! 4_5_3_,_{)_00' Black Wide black trail |
— - R SR WD S, T S L

16| 15 |9250 [150' [7,000' |Black Black trail SR

[ Tanker T |Black trails, large | length & wid'k |
13 | S Dump Black pools, parallel trails wundeterniied

" lel | ‘

PEDSHEN i D S T - - - - .

i
Lergth undecersized |

“TLight
L4R 50 Crude 50! Black Black trail

- ’——.—“-Egﬁt | ) o - o mi[R-unreadable,_é-i;,{;'_l._h
4R | 51  |Crude Hazy vhite |Spiral formation  [& width urdeler:i:«d|

Light THazy white i
46 51 |Crude |50 MS-red tint| spiral Tormation |leigth unrecdei. o _1

Light | 1
47 51 Crude [100' |4,300' |Hazy white |locse spiral f'ormatipn

Best Avallable Copy -



Photo Data

Best Available Copy

TYPE .. memmn
—
RUN SPLL TYPE WODTH#LENGTH COLOR |PHYSICAL DESCRIP1ION} COMMENT> |
——
Light _ Length & width !
[ - Mol urde | Huzy white | Cloudy patches | unreadable _—
]
o Teume [ T[T T Hazy white o T T
4t " Crude |350' [2,300' | MS-red tint| Wide spiral effect | "
Light :
A Ha Crude {400' |v,000! Hazy whita Wide clovdy el'fect L. i} o
Light o Rty S ;
I 652 Crude }100! Hazy white | Spiral {ormation Length urrecadsb- e |
Light — T ’ [~ n "—"":
AL h. Crude |50! Hazy uhite cloudy pa.tcheu Lengbh unreadab e '
. i
IR S PP R -
Light
4 “3 Crude 200" {13,800'| Hazy white | Wide spiral [‘ormatxgh
Lipht [ Hazy white
Ay 3 | Crude }.00! "_,.19(_)_' MS-red tint Spiral Cormation |
Light Hazy white
A L3 Crude [150' [4,900 |MS-red tivq Spiral Tormation ) .
3 Ft-i{'ht S - . . . . . e e ccmumdp——- . —— 1
N !
4 53 Crude [100! Hazy white | Cloudy patches Lengl,h urrendeo &
Light
84 | Crude 1150 __|Hnzy white | Cloudy patches __ | Length unreadsbie
Y IS N R
i [ Light Hazy white 3
4o | 54} Crude |150' [5,700" MS-red tint| Tight spiral formatipn o
T Lxght Hazy white ,
4 54 Crude [300' [10,200'|MS-red tint|Wide spiral lormatiop o ’
’ (Light |° |7 77 JHazy white | ’ ‘
b 54 | Crude {.:00' |7, 300! MS-red tint| Cloudy patches . ) --'——---i
[ (Licht [ 177 T Length & widt- |
A 54 Crude Hazy white | Wide cloudy patches | unreadable !
- b . DA A BN St PR, A e isinhuliie W - e cmee— .....__.........'
4 N MU R B . T O S
] Light Hazy white —!
AT 56 Crude |300' [10,100'}MS-red tint Wide spiral formatipn . 1*
! ! Rt Al St hgabivhy Eihbtuteiutiing Sowalbuel e o S ———
Light Hazy white '.
4 LD _lCrude [300' 1i0,:00'fMS-red tint{ Cloudy patches 4. 2
Light Wide, spiral cloudy ;
AL ! Crude {500 [10,500'|Hazy white | formation A .
- + -, e W S .YF.. .
Light Hazy white
e Crude .:20' [|10,100']MS-red tint{Tight spiral formatit:r;
B ' Light " " JHazy white | = ] ,
A0 56 Crude [400' |10,300'{MS-red tint| Spiral formation J

C-2



Photo Data

TYPE _ . e oo
RUN | spiLL | TvPe !wsoﬂ-qt.encm COLOR [PHYSICAL DESCRIPTION COMMENTS :
!
Eiggt Hazy white \
| W ! 56 rade |500' ]10,400'] MS-red tinYf Wide spiral i‘ormati{gp‘ —
| 1 ]
Heavy :
8 FAS 57 Lprude _100' 3,000' | Hazy _white | Spiral formation __J
Heavy Hazy white '
45 57 _ | Crude |250' [8,400" | MS-redtint | Tight spiral formatijon.
Heavy Hazy white ;
490 57 Crude |500! 48 »000! | MS-red _tint Wide spiral Iforrpg_tfj.lon o
i
- SR Y S . e S - S
ea milky white| Tight, wide spiral 1
w | s |U2S¥ |a00r |o,600" |MS-red tint| formation I i
[ Heavy | Hazy white i
4 58 | Crude [400' |8,900' |MS-red tint|Wide spiral formatioh —,
- + — - v B e e e s ¢ 4 et i & e te e - - e 4‘
Heavy Hazy vwhite l
| 45 | 59 ]Crude 150! _]9,20Q! |MS-red. tint|Tight spiral Zormatibn . . . . ... -
Heavy .
49 | 59 | Orude }1350' [7,700' |Hazy whitc |Wide spiral formatich e
B 1 MHeavy T THezy wnite | T T T T T T
48 60 | Crude [100' [6,100" |MS-red tint|Spiral formation .
T TWeawy |~ 1~ ~ [Wazy white |~ ~ T
49 60 Crude (450" [|10,100!'|MS-red tint|Wide spiral gor'_m_a._'té.g n ]
- - -y y, — - —
b — SRR S ——— | e e ae s e e s o s e eas cnem—— e e d— - [P |
Heavy
49 61 Crude |300' [9,500' |Hazy white |Wide spiral formatiofh . L ‘
h H—ezvy Length & wid‘
| 42 | 62 |Crude | . Hazy white |Cloundy traces __ __ |unreadsble  _ _ __ |
B He 1T T T "|Length urrezdebie |
52 | 65 |Crads | 25 Hazy vhite |Thin white trail ,
B T T THeavy T T TV T T T B _-—_1
52 65 Crude [25! 2,800' Hazy white Sf,ra_i_ght line patterp o |
Heavy Straight line patterp i
| 53 | _65___|Crude [25' |9,200']Hazy white |spill ends in spiral)formaticn i
. !
54 65 C:&de 400' |19,500" He_lgy white |3roken line pattern | . _ﬂ_{l
Heavy !
|55 | _65__1Crude J100! 15,600']|Hazy white | Cloudy patches.. e -
' i

Best Available Copy

C-3



Photo Data

TVYDE
HUIN ; RATH TYPE W!DTHﬂLENGTH COLOR IPHYSICAL DESCRIPTION TOMMENTS
S A i
Honwy,
Crode [raot P 000y 6k P{t_n_g'nl,h] Lines
| Moy . e {.- ——
i Grade 0O | AG00 | Havy white | Wide spiral formatidn _
; Heavy »
" Crude ASQT 10,0007 Huzy white | Light spiral tormatijon \
Hetvy .
" Crade 500 110,000 Havy white | Wide spiral lormatidn --5.
i Hequy Hinckish Black patches IR-Black i
o Urnde 14007 11000 While Haze | White hazy patches | MS-white heze |
vy Does nol show
¢ "ty Grude | S00°0 “,(.OU'_JHuvkiuh Pur‘alle] Lj.nes i 4__J____iln PB i .
‘
Heavy ‘ !
) v Crende 10007 110,.00M mithy whive Tight _spirn__.t__dqpy_s_ﬁj o
Haavy ‘
E uruade S4000 10,500 linzy white | Wide hazy Vermation | _ e !
Henvy |
' Urande 4000 10,4007 | White haze | Wide spiral Tormatiop o
, Heavy | White haze | White haze patches white huze S |
" Crude (900" J1.5,000' Ronck Biack patches | biack-IR _ ___ . _ |
i
”eth_V T I B ' !
' Crude |[1507 17,200 1milky white| Tight spiral formatipn ]
heavy | . . .
O Crude |200' '10,600'{milky white| Wide spiral iormatigrx N !
Heav: o I }
vt Cricie 4000 111,300 Hazy white | Wide cloudy patches o e d
f Tieavy 17 ' 7 [milky white[wide hazy patches white-MS
0 Crude [400' ]173,000'| Black Biack patches black IR ;
- | e - - . e o e ._____.._.—.-J
Heavy mil l\y white :
| & |Crude |300' [10,600'|MS-red tint|Tight spiraj formatipn . _ = __. .
Heavy white haze i
e ¢+ Crude M.(')O' 1.,300 |MS-red tint|Wide spiral [ormatlop u,---.--_!‘
leav; i
£ Crude [400' 110,°00'|White haze [Wide spiral lormatiop e a
?
! | g | 1 .
Heavy milxy white ;
O | Crude o0t p,000' _|MS-red lint) Tight spiral “ormatfon . —_ ’
Hoeav: 3
0 Crude foC' |1, 00! HE1EE B2, wide spira: formatipn 4

Best Avallable quy

G=-4



Photo Data TYPE ..
L 8 N N
RUN | SPILL | TYPE MD“I-ENTHH COLOR [MlCAL DESCRIPTION COMMENTS
Heavy white haze <§
|} 70 _Jcrude 450t }12,000| MS-red tin} Wide spirsl formati¢n N
i -r ) Heavyr ;hit.e:ham Wide, tigﬁfs;&i;ai;_" - e
50 i 71_‘__423:1_1@_3_”‘_ _390' 11,]00 IvB-r_ed_ t:in_t _l‘ormation i
[ Heavy white haze
| 57} 71 __|Crude | 400" fi1 ,400! IMS-red tint| Wide spiral formatign {'
s Heavy . white haze -
s 7 Crude | 500' P,800' |MS-red tiut}Wide spiral formatiop ,
I e T (Sprfal torTan —_— e
T . Heai)y vwhite haze T T
50 72 Crude | 200' {,,400' |MS-red tint|Spiral lormation
Heavy while haze TTTT O 0T )
R < Crude | 250' 113,300! |[MS-red tintiSpiral formation
Heavy white haze T
53 "2 Crude | 200' [13,100 |MS.red tint]Spiral “ormatiun ,
o o 4 —— - -
i Heavy T 7 [wnite haze | o B B
v | 73__|Crude | 250! J12,700" IMS-red tint{Spird formation L
Heavy hazy white
53 73 Crude | 300! [12,900' IMS-red tint|Spiral formation e
!
R - e .- - e ———
Heavy hazy white
1 7% _ |Crude | 150' 10,000 IMg--red tint|{Spiral formation - ]
Heavy hazy white.
56 74 Crude | 150! [12,400°' bB-_red 1int|Spiral lormation _
Heavy [milky white Photo 1100 not
59 75 Crude | 150' ]} 5,000 |[MS-red tint|Spiral formation complete |
Heavy wilky white
60 75  |Grade | 1501 | 8,3001 |MS-red tint|Spiral formation
Heavy milky white
__61 | Crude | 150! | 7,700 |MS-red tint}Spiral formation
- c— e e e —— ¢ e o]
Heavy milky white
|60 76__ | Crude | 100! | 12,400IMS-red tintiSpiral formation __| ]
milky white
61 | 76 Crude | 150' [12,800! |MS-red tint|Spiral [fermaticn L ]
- PRV PN —m - - O
, Hea
ol m Crudé | 150" 1,400 pilky white | Spiral Cormation ¥

Best Available Copy




Photo Data TYPE

RUN | SPILL | TYPE |WIDTHILENGTH| COLOR Lvsncm. oescmp'ncwr C IMMENTY

Hunwvy hazy white

| L Crude _1 150" 1,. 00" I M3-red tint] Spirai lormation -

L . . S (U SRV T —— — e— - . o A e -
Hunvy hazy while

s Crude [100' 11.5,400'| MS~red tint| Spirai formation

- E R

e M #0 100! IA,BOO' Hazy white | Spiral formation o
R #o Hazv whibe Spira-l formation _{ unreedable in pholc _‘

- 4 + - ‘““LNB_HQZ_};‘ﬁﬂfmj&ﬁi}—ﬂ“l‘(ﬁ'ﬁ'ﬁi;rr_"M - -3
VA #0 100! l.".,;!OO IR..3)ackish| IR-blackish trail

b - e g [ LT e ——— S ealBERE AN

oA e e L
MS

e S30 |#0 100 v, 70! [Hazy white | Spiral “ormation _ | IR-unreadsb.e . . .
. : |
Photo 12454 ,
" RN #6 unreadab. e |
. P S - & -+ e e —— B Sihcutuinliabio s
I | T T Photos 1%:0./ g
26 | #6 unreadab. e o
A L TS S S ,

a: | su [#6 |10t [11,400! |TR-blackish|blackish trail MS-unreadab. e :
S AR A S ’ Photcs (w00

P

b e #6 unrea.dab e __,
.;,Mq-' - __‘ 46 rP«B--hazy vhite MS-gpiral Levguh & d..‘ {

R SR LA I R, pf}_:b_l_gclsi.sh IR-trail readable due "_QJ

MS-~ unreada) e
PR R P IR-blackish|IR-biackish trail |L & w unresdebie _]

- o e ———— - SRS TS,

i
w0 | a7 lge | | |IR-blackish|iR-blackish trail _|MS-unrendsble |

p— - . S DRV . e, . —— - - ....-__._._.1

Photo 1.70-- '/a urread
SRS TINN 77N N W AU N . _|sble due to cloud ofer

Photo 1280-i4 unreaddb’e
70 a3 #6 due to ¢ cloud rcver

A ST SRR SNSRI I S S R ] - mmd

L & W unreadabie |
e lod e | . .__}IR-biackish|IR-blackish trail .J.,B_-.um:aadable..,......__I

d




Photo Data TYPE _

RUN | SPILL | TYPFE WIDTDLMTHI COLOR [PHYSICAL DESCRIPTION| COMMENTS

' Heavy white haze ‘ 1{
| .1 70 Crude ] 450' | 12,000] MS-red tin} Wide qpi_rglmformati%shnm__

_ Heavy white haze |Wide, tight spiral | ~ =~ — ~ T 77
BEREN Crude L-ZOO' 11,700|MS-red tint| formation ]
Heavy white haze
RO YA Crude _+_4001_ 11,400" [MS—red tint| Wide spiral formati¢n i o {'
s Heavy " {white haze '
| § 71 __|Crude |500' P,800" Ims-red tint|Wide spiral formatiop o -
Heavy vwhite haze :
50, 72 Crude | 200' K,400' IMS-red tint|Spiral formation
Heavy white haze e T
5 A Crude | 250! [13,300! |[MS-red tint|Spiral formation
|Heavy white haze -

3 72 Crude | 200' 13,100 |MS.red tinljSpiral “ormation

S —

—— e - sm me o cm—————— s ves f e e mmme e

Heavy ) white haze '
| 7 ] 13 Crude | 250' [12,700! {MS-.red tint|Spird formation |
Heavy hazy white

53 73 Crude | 300' [12,900! |MS-red tint|Spiral formation

— P - - -

Heavy hazy whitle
21 74 Crude | 150! 10,000'|Ms..red tint|Spiral formation . ]
Heavy hazy white
Ha 74 Crude | 150" 12,400 |[MS.red tint|Spiral lormation ]
Heavy 0‘x.n:l..-]..l.c.y_\'rhite Photo 1100 not
5 75 Crude | 150' } 5,000' [MS-red tint{Spiral ‘ormation complete 1
» wilky white 1
60 | 75 |crady | 1501 | 8,300 |MS-red tint|Spiral formation
Heavy milky white T
___(»1 4 75 Crude | 150' | 7,700' |MS-red tint|Spiral formation
. - }
Heavy milky white
| 60 | 76 _ |Crude } 100' | 12,400|MS-red tint|Spiral formation ___| —
milky white
61 76 _|Crude | 150' [12,800! MS-red tint|Spiral lormaticn | ]
[N SR e e e e e eod
Hea
61 77 Cru:l’g 150t 111,400 pilky white | Spiral Cormalion :

Best Available Copy




Photo Data

YYPE
RUN | SPILL TYPE [WICTHILENGTH COLOR WYSICAL DESCRIPHON} COMMENTS
dumvy hazy white R
Crude (1907 i, 00" I MS-red tintl Spirsi formation | -
B ‘ .
+ rl.i.p"v” .{;-. . — . ..,.4,.; . .- . _‘...._..4_‘-‘-.._,.. e - — —— -..-;
Mnmvy wmzy white
i Crude J100' |i.,400'] MS-red vint] Spiruai formation
r, . . - ma e -
vy o #e 100" 114,7300"| Hazy while | Spiral (ormation
- .4’” - —— e e e - .. - fe e - . -‘.
! #is Hnzy white |Spiral formation unreadable in phoic
- . . RO oo - e e . cemae - .‘
S Y SN S, -
‘ MS-hazy whife MS-spiral {‘ormatiorn :
#6 100 [1.:,.00'] IR-B1nckish| IR-blackish trail '
- e o I
MS
' SR F. oo By oo F[l_s}z;' white | Spira) ‘ormatior_ __|IR-unreadubie =
‘ Photo 124540 \
i #6 o | unreadub-e 4
'
4 - e e - S
Photos 15.0./ ;
| s¢ _|#6 1 L unreadasb.e .
fl SG | #e 100" |11,400" | IR-blackish|blackish trail MS-unreadab. e ’
i T 7T R Pholog i2hi.d) ;
SR B #0 ] unreadab’ e B
o - ‘ MS-hazy white MS-spiral Length & widv: ur.-
LT oo L L |iR-biackish[IR-trail readable due_io nlou
M5- unreadai’ e
i o e | IR-blackish|IR-biackish trail _ |L & w unresdsbie |
S
| "0 87 |#¢ _ ... 1 . __|IR-blackish|IR-blackish trail _ |MS-unresdabie. 2
Photo 1:170.774 urreadd
o 53 #e. ] 1 ~|eble due o clcud ~ofer '
Photo 1280-iZ unreadqb’e
SO T U N A 1o _{due to cloud uover
L & W unreadab.e A
] oss j#e . _]1Rbiackish|IR-blackish trail |MS-unreadsble __
-t

Best Available Copy



Photo Data

TYPE
RUN |seiLL | TYyPe wuoTNLNGTH ' COLOR  |PHYSICAL DESCRIPTION| COMMENTS |
—
"0 a0 L & W-unreadan e

| "0 1 39 |#6 IR-blackish|IR-blackish trail |MS-unreadn.ie . _
M\:; .

N 59 |#6 150" 12,500" [Black Black trail _|Trail visih o 1 I
s 89  |#6 | 150" 11,900! [IR-black IR-black trail MS--unreadab_e t

. T L&W-- urrendai o '
|70 20 #6 }. ..o JB-black ~ |IR-black trail MS-unreadsh’ « 4
i

]

e 0. . |#6 400! }'3:599L§J&9ki.h.--..,:.Ifhick. black trail _ | | -
S SN WP S ¢ SRR : -
Lengbh unrendal ¢ oo

r'n B #6__ _1100" Blackish = | Thin black trail.___to. cloud ziver ..
- }. - 4= - — e R e
72 .l 92 I#6 L .| ___ |Blackish [Blackish traii. ... _ |I&W.unreedubi_s. _. ..
_— { SO SRV i) — —t m e o S S e ;
‘ s

72 23 #6 +150' ,700' [Blackish Blackish trail 1
r—- Ren masteamteast -—-r—--- 4 e - ——— o m— - - ———— - *
!

— ‘ - - . N —
73 | % |#6 100! }2,300" [Black Black trail o
Length & Widih urread .

74 94 |#6 _ Blackish Blackish trail able due lo u.ouds
i

75 9, _l#6 100' |10,600' IR-Black |IR.-Black trail MS-unreadabie__ ___
IR & MS- ;

76 | 9% I#6 N N Unresdsy’e d
| 72 | 95 i#6 1200t 110,6001 Blackish | Thin black trat1 | . ____ |
i ¢

| 75 ._.<__94’__.#£6_._~_...110_'.T1.L;2Q0' Blackish_ | Black trail . | = _._ |
76 95 #6  1150" |11,600" Blackish | Black trail _{
Grayish broken trai]] Length & widt: i

77 95 6 Grayish | _1_ unreadabie o

'

Best Available Copy



Photo Data

TYPE

HUN SPILL TYPE

VVKJTFJ;EhK?TH

COLOR

PHYSICAL DESCRIPTION}

-y

COMMENTS '

‘-"" L
#,
#6
#06

4
. 4+ gas
A L/ S VO N
- e s - -1 >>>>>> -
Heavy
76 8 Crude | 100!

Heavy
i 93 Crude
- " |Heavy
fy 98 Crude

~3

Heavy“

77 99 Crude

ooy A oo

Black

Black trail . ]

—-

150! 115,300}

Blackish

|Grayish

Blackish trail

e d

!
Length unreadadlie ...

" n i

| milky whitd White trail

Black

Black splotches

0' |5.000"

Black
| Dle

P e NP

Black trail

11,5001 MS-Grayish

|Length & widin
_{Grayish broken trail

o4 RN SN

_unreadab:e

MS-Grayish trail

IR stops af photé

11,000!

.{ F—
17,5001

Grayish

Grayish trail

| M5-Grayish J!F.:‘EFLE_?&Z ish trail

#1471 —

s s iieem -

VNS, .- e - mwa e

|_No IR photc !

— m.ﬁ..____ S

i [Heavy . x
f";S 99 Crude |200' [15,200' milky whitq White trail _ _

. S LR e i
- - [P RS W o o eaiceme - — o mnse ot o o

Gas &

™ 100 |oIL Unreadabie Ll
.. . - - .- [V S~ R SO P S - © tm ——s s et e o - . — —— - ]
r—--—— B — B Samaec nDEEE SEIEEE R — e o — ——--J

i

- - Tr- B s »T-- sm e - e e e ——— J
r———-- -+ B s aaSmmme ] - - - e ——— d B el - - - e e l
i
1
prme - - - '--4»—- - - - —- - - -~y -;
SN S B . e I ~ e
- {_.__ e B e e -— o -

C=0

ey B A AT



APPENDIX D
4~1ENS MULTISPECTRAL DATA




Photo Data

”\.)ll #" ,'., &

TYPE .8 & W

5 4
RUN SPILL TYPE [WIDTHILENGTH COLOR IPHYSICAL DESCRIPTION COMMENTS
Black .
e : #_Buolf 100" 150" JUV-Gray  [Parallel Trails . ——
’ Binck with [Black trail with ‘1
11 10 #. Fael] 1501 {4,700 White white cloudy splotches
RS UAIRLAL SRS : W SREOLEURS e
, UV-grayish |Grayish trail with
. V] #.Fuel [ 500 [9,500! | with white jwhite cloudy splotchTs _
Black with |Black * ail with
B #2 Fueil] 400! 7,500' | white cloudy patches )
[ unreadable in photo
11 1 #2 Fuel] 100" |2,500' [Hazy white |Spiral formation #:.3 ]
el e D el T SN S — .o - - - it e el - — e ..1‘
1, |13 |#2 Fuel] 150! 3,400' |hnzy white ISpiral trail j
Black with |Black trail with
L 15 L A 1050 . 120! 17,700 | white white patches _ e
e 14 9250 | 350 Black Wide black trail :
' Black with | Black trail with T
12 19250 200" ‘ | white vhite clqudy patches 2
" 14 19250 1150 _.JBlack  [Black trail R —
Tanker ‘
! w18 Dump 00' |  |Bimck o |most photes urreadan]
ke ) 24 2250 250V 4L @lmk_,._-____ﬂi_d_b_ ack _trail _— o]
e - Rl - e s ——— e —ma Bl R e T SA— -——-——J
R N . e L e
b . - N ———— PR S S - - _...._._-...,.._..—_.._“
| R—— Sy S Rl = - - - NI S, — U E— - -
L 4 - [ U S, ———y
L ] } — U ) - e e
—— —_— - m—— + ~~~~~~ ——— - - — - - - — vt - S e s et
—— R — - - - - — e ———— - '---'—"'"“W——" - ——-—-—-—----—1
J

Best Avallable Copy



Roll. #2
Photo Data Tvpe B &V .
RUN SPILL TYPE WIDT*l-ENGTH COLOR I”NSICAL DESCRIPTION COMMENTS
Light Black & Black pools -white photos 2900.-321
| 29 + N Crude hazy white |hazy spird-black trajls width unreadable
Atk it et i
30 3 n 350! hazy white |Wide spiralwtrggi‘l L
B Black &  |Black trail with
B 32 " 200! Razy white |hazy white spiral | L
Extremely wide black
_n_ |3 [ v [0 Black ool -
Black Black trail
| 32 " 200! UV-hazy white UV-hazy white pat [;.hes
S . it St ki il S
33 1] 200 ! ] ] " n " 11 n
1T 0 Wide black trail T T
32 N " 200! noon " |UV-hazy white lines icross trail_
. " Black trail #
32 " 150! " w " 1yV-hazy white patche R
T U Black trall
33 n 150! noon " |UV-hazy white lines gcross trail
~ n Black trail L
i _._J-..-_{*__ " *_.1_50' o ".*_g-_h_g_zy vhite patcheg & lines
n Wide black trail
313 "o y300 gy _ fv " " |UV-hazy white lines across trai.
" Black trail, UV-hazy
32 " 150! "noon " |white lines across trail
e o - — --1._.-— o — - - % o ——————— -..—._.——-—ﬂ
32 " 100! Hazy white | Hazy white lines
LT - - - e = o]
t- — e
NG SN - - T 1
o e e et
X R - 4 ]
Best Available Copy Do




‘Rolims

Photo Data TYPE _B&W.
RUN | SPILL TYPE W|DWMTH COLOR LNVSlCAL DESCRIPTION COMMENTS
Livhe Black Black trail, UV-ha
g N LA N PN JUV-hazy whike white lines across| trail _
Ligshe Wide black trail
[ Crudo P! ‘ l-'_ ) " UV—h&zy uh'it:“e Eﬂ.tCh —‘;n-'t‘ai}'}‘.m-‘—————
it " L0 Black Black trail N o]
LA " 150! " " "
3 " o Lo . ._!Unreadable
i Hiack Black trail,UV-hazy
37 " 150! W-hazy whitp white patches in trpil
-~ ' [~ T T T T Black Ttrall, T uves -
& " 200! " " hazy white spiral in| trail
R B0 SN SUURURY JE. - e e
' Wide black trail
R oo o opoor oo UV-hazy white spirgllin trail = . _ __ |
L0 " 300! " " " "
1 17 i Wide black trail
7 39 " 400! " " UV-hazy white trail
4 R SRR B , b Andtii nite
[‘U n '}SUI n " n "
- 4 R N ——e — DU SN,
‘l. n \ 50 ] " " " "
B SO T T IBlack trail -
42 " 00! n " UV-hazy white patchep in trail
[~ R . 7T T BYack trail )
33 39 L n 150! " " n " n " n
W 1‘0 " 1{;0 ! " " " " e [ "
- - }-—-- - - — et - o —
] "
AN 00 | )" _ " |UV-hazy white trail over black trail |
N 1 L T Black trail
L2 " 300! " " |UV-hazy white patcheL in trail
. I SR
—_— e e e - B R T R IRE — g —— — ., -
- o o - - - —-—l-—n ame v e amct—
, SR U SRR S o S SRR R
- o+ S U N N A
Best Avallable Copy b-3



Photo Data

Roll # 6

TYpe DV L o

RUN

SPILL

TYPE

WIDTHLENGTH

COLOR

|PHYSICAL DESCRIPTION

COMMENTS

39

| 40

Light
Crgde

150!

YT T

400!

o0’

Black

- |UV-white ha

Black trail
te _UV-hazy white patc

UV-milky white patch

hes _dn trail_ |

A P L Wemilky white " 0 v L oowo ]
L
|40 43 " 100! UV-hazy white " " "
B i R M o . SRR B —— ——]
WIS S 1600! L SO A
45 " 200] " L} 1 "
SRR SN SANIN R sttt e ——
41 41 " 1 50! n n L n
- J,-—- B e e .1L . '—“'—1—' i s e s e s e B TR oo
42 n 1001 " " n "
43 n 100l " 1" n L
- R N e - o U S -
1‘4’ ft 250! ] n ] 1
e - - - —a— ———e g e = e - — - -—‘
" - i i, : b’
45 1 |uV-hagy wna}fi-hazy vhile patchep Width unreadable
46 " Hazy white |Hazy white patches Width unreadable
- -—-v - - Tr. - — - .- - - ermm e s
4 S N S ——
f— +-—— —-— B - -
- P c—— —f———— e [N

ble COP

y



Roll. #7

Photo Data | TYpe 3
RUN ] SPILL | TYPE WTIA.MYHI COLOR LWCAL DESCRIPT lON! COMMENTS
Light Black Black, UV-hasy whi
4R | 42 [Crude | 150! UV-hasy while patches in trail
43 n 1501 " n
r_—_ . - - e we -~
o A n 100! Hazy wh:lt.ed Hazy white patches }_ L
_{»5 " ] _50' " Hazy white treil
Black Black trail, UV-
46 " 100! UV-hasy white hazy white patches|in trail
41 " 50! Hagy white| Hazy white trail
47 » 52 n 100. n "

Wide hazy vhite

SR . —[¥ide bes mﬁf‘h&ﬁ -

5/, n 500" " nee across &
L 55 " 400! "o "
Wide apiral ‘vattern
56, " 400! | " |dark splotches(pools] .
Heavy
57 |Crude | 150! " __|Spiral trail pattern o
Light
48 21__|Cruds ) n Hazy white patches Width unreadable
' Wide trail with hazy T
52 " 1,000 " white patches
Straight lines
53 " ! " milky white patches o
54 . 1501 " gbraiaﬂ 1_‘lirxe% gcrosh
Black with Black t':ail with hazy '-‘
23 Mk —]uhite hage |white patches in trall
Hazy vhite |Hazy white trails with
56 v 150! gray large gray pools L

Best Available Copy D




Rolll #*

Photo Data TYpe . D&V
_ o Wi,_ﬁj‘
RUN | SPILL | TYPE WI";.NTH[ COLOR LNVSICAL DESCRIPTION COMMENTS
Heavy Wide trail with tigh
48 58 | Orude }550! milky whitel spiral formation
hazy white sy vhite trail with
59 " 250! UV-gray gray pools _
60 " 2501 Milky whitel Spiral formation
Light Black Black trail with ha
49 | 53 | crude |300 JV-hazy whitp white patches in trpil
5/, ] 300! n n
55 " 300' f ]
' Hazy white | Hazy white patches
56 A __Black across black trail
Heavy Hazy white whi te
57 Crude {600' UV-gray ﬁgh ﬁmg'iuge
Hazy white
58 " 1400! Gray "
Wide hazy white trai
59 e 700! " traight lines, gray pools
[ Wide trail, hasy whilte
60 n 800! Hazy whi}e patches, st:@ight links ]
Grey Wide hazy white pattprn with
LS " |80t Hagy white | straight 1line across| gray pocls
Hagy white patches,
62 " 300! " ptraight lines, gray pools
~ - Hazy white patches -
50 63 n 2001 Hasy vhite in trail
51 64 " 50! Black Thin black trail
52 64, " 50! Hazy white | Thin hazy white traifl
u:rm hazy white tralll  traill00T-
53 65 " " nding in wide spirall wide spiral500!
Spiral formation
66 " |R00 " in trail
, 67 " 100! Black Thin black trail
[ ['wo thin parallel 1ixes
54 65 " 50! Hagy white |hazy white patches
66 " 50! " Thin hazy white trail
- . ' Wide hazy trail endijg
67 400 Milky white|in spirel formation | |
- Milky white| Wide spiral formati¢n
68 " 300! Gray with gray pools
D-6



Photo Data

Roll #4

7 TYPE _3&M
RUN | SPILL | TYPE W‘DL.MTH! coLon LNS)CAL DESCRIP’TIONI COMMENTS
66 Heavy . Black Thin black trail '
35 Crude | 50 UV-hazy white UV-hasy white tra
Hazy white |[Hazy white trail wi
67 " 100! Gray gray pools inside trgil
, Two hazy white trail
68 " 400 Hazy vhite |y/white patches betwpen
' Hazy white |Wide hazy white trail
69 U 500! Gray /gray patches inside|trail
7C " 300! " }ngégmﬁzonef/
Black Black trail with haz}y
56 66 " 150! Hazy white |white trail inside
Hazy white trail w/
o7 " 100! Hazy white | white patches
‘ Black Black trail v/hazy
68 " 400! Hazy white {white patches & trails inside
w%{geha:yrgggtg tral
1 2 8 ac
69 " 550 Hazy vhite |/ line B
'70 " 600| i L
[ Wide hasy white trail
va! " 450! n
Hazy white trail,
72 " 150! " spiral formation _
Hazy white trail,
57 66 LA 100! " cloudy patches .
' Hazy white trail - ]
67 " 100! " ending in spiral _
Hazy white trail w/
68 " 300! " white patches
Hazy white | Hazy white trail
69 " 200! UV-gray w/gray patches
Black i1de black trail w/
70 " 600! Hazy white |white patches

D



Hoil FIv

Photo Data ' TYPE B&W
RUN | SPILL | TYPE WV+.MH[ COLOR FNSICAL DESCR!PTIONF COMPMENTS
Heavy
57 T Crude | 600! Hazy white |Wide hazy trail
Heavy Black Wids blgck trail-haz}
72 |Crude | 500! Hazy white lepiral formatlon insjde
Heavy Hazy white |Hazy white trail w/
— 73 Crude | 400! Gray gray pools inside o B
Hazy white trail,
T4 " 200! Hazy white |Spiral formation
[ B T Hazy white trail, -
58 70 " 200" Hary white |cloudy patches
7 " 300! " ' "
Hazy white |[Hazy white trail
72 " 2001 Gray gray pools
Hazy white trail
73 " 350! Hazy white lines across
' Hazy white trail
74 " 250! Hazy white lines across
. }, P ' T Milky white }sﬁl% "-’P%;?n f'i%%l ,
| 9 1P R Gray P gray pools
60 75 " 250! n n
76 " 200! L] n
. 61, 75 .. 1 o Laeor . o L . N U "I o b
— s me—————
— 1 te trall
"% " 200! " ﬁ%gyfg%agioﬁa crosg
Milky white trail,
7 " 250! Milky white [looase spiral formatign _
Straight lines
62 75 " 200! Hazy white | formation across
S raé§ht lié e across
76 " 2001 " pa ﬁ88138" ay
Lines across, cloudy
m " 250! " _patches
Loose spiral formatign
78 " 300 " cloudy .patches
Straight line across
63 76 " 250! " cloudy patches
77 " 200t " n
T Sy ——
73 " 200! " "

D=8




Roll #11 3

cloudy patches insid:

Photo Data TYPE B8 -
RUN | SPILL | TYPE IWJMHI COLOR LMICAL DESCRIPT} CCMMENTS
643 81 #6 100! Hazy white |Thin epiral trail
Thin, trail
. e STSHEY
65 | 81 Ixe 50! " P8 ines’ across.
Black Black trail s white
82 |# 150! UV~-hazy white lines acrouss(UV) o _ |
Black trail, UV-hazy
| 83 |#6 150! " white spiral over trgil
Thin black trail with
68 86 #6 100! " cloudy patches
Black trail with hazy
87 |#6 150! " spiral formation irside
Thin black trail wit
69 87 |#6 100! " white line across
Wide black trail with
. 88 #6 300! " white lines across
Black trail w/white
70 89 #6 " line across /
Black trail with
90 #6 250! "
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Roil #12

Photo Data TYPE . B&H
pUN | sPiLL | Tvee mn#meml COLOR !mvsncm DESCRIPTION|  COMMENTS
’ “Black Black trail w/hasy
76 95 #6 00! Hazy white |white patches inside|trail
96 #6 150! " -
Heavy n bl T w,
I 3 —
2
724 9% |#6 250, " wﬁ %o pa%c es ?ﬁste
3 gas
97 ¥ ot1 |150 " " .
Heavy Wide black trail w/hdzy
93 Crude p0O! " white line across trgil
Black trail w/hazy
78 98 n 300! " white lines across tpall
99 . no } 2500 n w7 L
101 ¥ gas
& oil Unreadable
s
- = e
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Ro.l #1 2

Photo Data TYPE B&
e
RAUN | SPILL | TYPE Nmmﬂ"l COLOR [PHYSICAL DESCRIPTION| COMMENTS
Black Elack trail w/hasy
76 95 |#6 00! Hazy white |white patches inside|trail
9 |#6 150! " " -
Heav-y n bl _¥ tr 1T W/
98 |cruge |ioo! . 2y vl °?%‘£§_§L_ ]
R Bleck tr wfgazxd
77 | 96 |#6  psor n TOThe Patiches insidel
* gas "
97 1+ oi1 150! "
Heavy Wide black trail w/hdzy
93 Crude [0OO! " white line across trqil
N Black trail w/hazy
78 98 n 300! n white lines across tyail .
99 v | 2501 . ey N
2/1 as
101 | o1 Unreadable
— — . {... -
e -~ .__.-1 — -
t+
- —r e —
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APPENDIX B
4~LENS MULTISPECTRAL SPREAD RATES



TYPER&Y.

Photo Data
RUN | SPILL | TYPE NIJTJ.MTH COLOR LNVSN:AL DESCRIPTION COMMENTS
Black _
10 9 #2 Fuel] 100! UV-gray Parallel traiis
~ |Black trail w/white
11 10 |#2 Fuel] 150" Black w/whife cloudy splotches _
UV-grayish | Grayish trail with
12 10 " 50! with white jwhite cloudy splotch
Black w/  |Black trail w/cloudy
12 " " 400' white splotches
13 12 o 100! Hazy white |Spiral formation
14 13 " 150! Hazy white |Spiral trail
- © — 1 BIack trail w/wnits
15 14 19250 | 250! Black w/white patches
16 14 9250 350! Black Wide black trail
LS 14 " 150! " Black trail
e hit
16 | 15 |9250 {2000 Black w/vini beﬁlgi‘;ug;agi.bg{,:: °
Tanker
13 S Dump 200! Black Black trails
==
24 2, |9250 | 250° Black Wide black trail
Light Black & [3lack pools-white ha
29 31 Crude hazy white bpirals-black trails Width unreadable
30 N " 350! Hazy white | Wide spiral trail
I L n | 7000 Black xtremely wide




Photc Data

TYPEB&W
RUN | SILL | TYPE MD'DLBJGTM' COLR MAL DESCRIPTION COMMENTS
Light Black lack trail-UV,hasy
32 N Cruds { 200! =hazy wh, jwhite lines across _%mil
33 31 " 300t " "
34 3 " 200! n t
Black trail with haz T
30 32 u 200! " w#hite apiral _
B Black trai), UV-
N 32 " 200! " hazy white patches
Eﬁ;%lec trgi%,wahaz A
32 32 " 150! " ines ggrgagatraﬂ
ck_ trall,UV-haz
33 32 " 150t " t"?\i%e lines &01‘058 %Jail
ide black trail,UV-
3/, 32 n 300! " Fazy wl]ig%e p:i:kés in
Black trail,
i 3 " 200! v WY-hazy white patche
32 33 f 150! " f
33 33 " 100! Hazy white | Hazy white lines
34 33 " 200! Black Black trail
Black Black trail, UV-hazy
a2 34, " 150! UV-hazy whilte white patches & lines
34 34 " 1501 Black Black trail
34 36 " Unreadable
e
Black Black trail, UV-ha
34 37 " 150! UV-hazy whijte white paiches in frail
Black trail, UV-hazy
3, | 38 " 200! " piral in trail




Photo Data TYPE B&M
RUN | SPitL | TYPE WIDTNLMTH COLOR lFHVSiCAL DESCRIPTION COMMENTS
Light Black Black trail, UV-hazy
35 39 Crude | 300! UV-hazy white white spiral in trail
Uv:lde black trail,
36 39 " 3001 " =~hs 2y whiti_g?tche in Ergil a
" Wide black trail,
3m | 3 | 400! " UV-hazy white trail | — e
R - Black trail, UV-hazy
3 39 " |50 " white petches in trall -
— -t T~
39 39 " ) 1501 1 "o 4 _
36 Ao n 300! n " n
- Wide black trail
37 40 " 350! n UV-hazy white trail
a Black trail, UV-hazy
» 40 " 250! n white patches in trgil
39 40 " 400! " "
e - T
7 41 " 250! " -
L__?,‘____.___-_‘_ ﬁ%k trail,UV-hazy
white trail over
33 41 " 200! " black trail _—
Black trail, UV-hazy]
39 41 " 300t " white patches in traill _ -
41 41 1] 150' " " L o
37 1‘2 " 200] n "
3 42 n ]300 " " —_— ]
Wide black trail,UV-
39 42 " 4001 " pazy white patches inj trail
L ! -
41 W 42 n 100' " f
LR | 42 " 150! | " SRS S —
39 43 " __2s0! "__ "
40 43 " 100| " "
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Photo Data TYPE _BA___,
RUN | SPILL TYPE TH COLOR L‘VSICAL DESCRIPT ION‘ - COMMENTS
Light Black - UV 13 b gx-
| 4 [crue | 100 Haoy White| Ta8Y VAL °I°Ug° } _
Light Black - UV ﬂ%kjffihf
4R | 43 |orde | 150 Hazy White E"{,,"f,i;ﬁffi ee i
- T 1 Black - UV |E thk trail - WW- " T T
- a - -
| 39 m _é‘;sg: 250! Milky white|nilky wh%te i2:11'.ches )
Light ) Black - UV- wuf%e patgges
L0 -Ali—j me_—b AOO' H&zy white n trai _
Light Black - UV %1%;‘%%’%? atohs
|41 4 fcoude | 2601 Hasy white | t e
Light Hazy [Hazy white patches
R 44| Crude | 100! White .
Light Black = UV- Black ¥ . )
|40 | 45| gd.e 200! Hazy white azy whﬁ gatc}'os
Light UV = Hazy UV-HaZJ white Width .
41 45 |Crude White Patches unrescivle
Light Hezy
| 41R 45 Crude | 50! White |Hazy white trail |
R R T “[Hazy white Patches |Width
Light Hazy azy white Patches a )
4| 46 _|Grude - White (traces) Unreuable
Light Black -Uv (Black trail - J
41R 46 {Crude } 100! __‘.{azy_uld.t.e._m&. LhOS o B
Lj.gl;'-b i N Hazy
__lxl-R____l.l___Gmde___iQL..-r__._,r_-_vhm Hazy white trail —
Light Hazy Hazy white patches |Width
4 51 |Crude white | = __ .|  wresdable |
B Light |Hasy white
47 ’_ig‘_m 100! Hazy white Lrail ) .
Light Hez— whi ide trail with
4s 4 52 |orude |1000! 58 White lhagy wlLite patches ]
Light: ide uaZj whits’ tr;; T" 0
4. 33 Lgdlé' 200! Milky white mily white pétches
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(5)

Photo Data TYPE BAL . -
RUN | SPILL | TYPE [WiDT FWLENGTHI COLOR [PHYSICAL DESCRIPTIONP COMMENTS
Light Black = UV~ Black tr il with
49 _| 53 lcmde | 3000 Hazy white |P227,¥h meﬂatch“ ,
Light Hazy ‘Igigshgg oss g.rltc'mn-
| 47 1 54 {Crude | 500° )zh.LtL.p%mlims,iixi_tm e e
Light Hazy ra nes acrosii-
| 43 | 54 |Crude | 150 white | fhlys patefis: )
Light Black - UV- §a1§§kwﬁi%%1 %ghes
L 49 1 54 _1Crude ] 300" Hazy white | ~1n ..
Light Hazy b dgshgggfoglgf‘gg T
47 59 Crude | 400! white | -
Light Black with g; wtﬁél Withes
[ 48 | 55 {0wnde {2301 hazy vhite i
Light Black - UV -%}%?‘ wfi{%e pa%cges
1 49 ] 55 _|Crude | 300! Hazy white in trail _
= — S e s o gt
Light Milky Wide spiral patiern
| 47 56 Crude | 400! vhite |Dark splotches
Light, Hazy white |Wi3F Yhive Fai'Soon|
| 48 _ | 56 _lCride }].AS50! &-Gray. —_ -
Light Black Hazy white patches
& ac across black trail
| 49 56 __ICrude | 150! hazy whitg e m o]
Heavy Mi iy Spiral trail pattern
&7 57 Crude__] 150" white e ]
Heavy Hazy white- H%{igﬁ%tiiﬁat 8
49 57 Cirude _| 600! UWW-Gray large gray pools L . .
Heavy Milky Yidhe ﬁé;Pa‘Im‘
48 58 Crude | 550! white |format hgg —
Heavy Hezy white |%3 r‘a’igﬁ% Eaings?s
| 49 . 58 Crude | 400! & g;:_x_pqo 8
Heavy Hazy white [Hazy white trail !
48 59 Crud 250! — R
- Hm - Hazy white Jﬁ de hite trail,
eavy azy % nes acros:
49 59 . [Crude |700! & Gray g!_ax 001 s o ’ L
Hea 1lky 21 formatic - T
48 60 lCrugZ 250! white Spiral formation




(6)

Photo Data TYPE BN
RUN | SPILL | TYPE [WID H COLOR CAL DESCRIPTIONI COMMENTS
Heavy [Wide trail, hazy whi
4S 60 |Crude | 800! Hazy white |[patches, straight lijes
Heavy Hazy white [Wide hazy white ;;;t—tjrn S
| | 49 | 61 _ [Crude |s0O' & Gray  lw/straight lines acrdes grey pools . _
— 71T T |Heavy | Hazy white patches,
49 62 Crude | 300 n straight line across|gray pools
' Heavy Hazy white patches T
50 | 63  [orude | 200 Hazy white| in trail
He
51 | 64 [crude |z0 Black Thin black trail
- .| Thin hazy white
52 64 n 501 Hazy white| trail
T Thin hazy vhite trail Trail=ToO ]
53 65 " Hazy white |ending in wide spira) _W_}deﬁ _spiral-50
Ty R
54, 65 " 50! 2 [ _beatween o . ]
- —
toavy A spirai_i‘ormtion - )
53 66 Crude |200' Hazy white in trail _
Heavy Thin hazy white
| 54 66 Crude _|50* Hazy white trail
l Black Thin black trail,UVd
| 55 66 " 50' #ﬂﬁu&%&uxbﬁafhﬁan__
Black & ck trall w/hazy white
56 66 " 150! hazy white | trail inside L
Hazy white trail,
57 66 " 100! Hazy white | cloudy patches
|- "
53 | &7 " 100" Black Thin black trail L
v ide hezy trail end
5, | 67 " 400 milky whitd in gpiral formation _
- Hasy white | Hazy white trail w/
55 67 " 100! & Gray ay pools_inside trail
56 &7 " 100" Hazy white [227 white trail w/
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(7)

Photo Data TYPg BW
SPILL | TYPE WIDTmHI COLOR 1CAL DESCRIPTIONI COMMENTS
Heavy 1 Hezy white trail
67 | Crude | 100! Hazy white| ending in spiral
L) - --‘-—__——*
Milky whitp Wide spiral formati‘pn
L6 _| | 3000 & Gr with gray o ]
hasy White trails[
68 " 400! Hazy white /white patches betwepn L _
T Black lack trail w/hazy
68 _r ] Aoor Hazy white phite patches & trallp inside
Hazy white trail
68 " 300! Hazy white |w/ white patches L .
A Hazy white|Wide hazy white trail v/ -
69 " 500! & Gray gray patches insids prail
Wide hazy white trail w/
| 69 " 550" Hazy white |lines across & cloudy patches . _
Hazy white |Hazy white trail w/
69 " 1200 UW-Gray .. | gray patches _ -
- milky white|Milky white trail,spiral
70 " | 300 & gray  |formation w/gray poo}s inside _
T Wide hazy white trai} w/
70 " 600! Hazy white lines across & cloudy patches =~ |
Black & Wide black trail w/
70 " 600" hazy white | white patches |
Hazy white trail,
70 " 1200 Hazy white|! cloudy patches e =
T Wide hazy white
7 " 450! Hazy white . trail
71 " 600! Hazy white Wide hagy trail | =
Hazy white trail
71 n 300" Hazy white! cloudy patches
azy ;hite trail, .
72 " 150! _Hazy white formation | .
ck ide black trail-haz
72 | w 500" azy white [spiral formation inside
Hazy white Hazy white trail
72 " 200 & Gray gray pools




(8)
Photo Data TYPE _B&W
RUN | SPILL | TYPE WID“LMTH] COLOR IPHYSICAL DESCRIPTION] COMMENTS
Hasy white |Hazy white trail w/
27 73 " 400" _Gray ___ kray pools inside. -
Hazy white trail
58 73 n 350! Hazy white | lires across
B B - Hazy white trail | -
57 74 " 200! Hazy white |spiral formation
oo~ . [ 4 - . - e -
Hazy white trail
B_y A L .J[ 230" Hazy white |lines across _
- Milky white Milky white tz:ail, T T T
55 75 n_ | zs00 & Gray spiral formation, ols .
"
60 15 " | 250! " _
T R Milky white trail, ljnes
€1 75 " 300¢ " across gray pools _
B 6 T Straight line formation
" t
| 62 75" ]200 Hazy white | ascross |  _ _
""' i Milky white Milky white trail, sjiral |
60 76 | " | 200! Gray _ |formation, gray pool I
B Milky vhite trail lije
|61 76 " 200! n  |formation across, gr ols S
T Straight line across [cloudy
62 76 " 200! __|Hazy white | patches, gray pools — ]
Straight line across
63 | 76 " . ]250 unu shite { cloudy patches. L — . -
lwlky white trail, ldose -
61 7 " 250! Fﬂlﬂ white jspiral formation e —————
Lines across, cloudy
62 ™ " 250! Hazy white | patches . VU ES
Straight lines acrogs
63 | 77 _ ] " 200" ] azy white | cloudy patches
] Lo;;; spir;i—i—';rhat thn
62 78 " ]300 Hazy white lcloudy patches e
T Stralght lines acros T
03 78 " 200" Hazy white |& cloudy patches o
. - ————— — -
64 81 }% 100! zy white [Thin spirel trail

E-8



(%)

Photo Data ‘ TYPE _ B &W
RUN | SPILL | TYPE WIDTHLENGTHI COLOR |PHYSICAL DESCRIPTION COMMENTS
Hazy “EE“' a1l 5; gy
65 81 #6 50! white | Pines aérgga »gﬂ . =
Black-UV- |Black trail, white )
65 | 82 |46 _].150 Hazy white | 1ines across (UV) | o
[~ - i T Black - UV BT&.CWEII— UV-‘{Q.Z‘)T -
65| 83 [#6 | 150"} ~|Hazy white | Yi1§ f‘?f.“l b
- Black Thin black trail -
62 36 | #6 100! Hazy white | with cloudy patches
- | Black Black trail with -
e | a7 |46 | 1500 Hazy white | {aalagr ro. forrmaticm 3
Black %%ﬁ b%ggk ﬁ'ail
' ' white line
69 | 87 | #6 | 200 Hazy white across . . _
B PR P S By U e
69 48 #6 300! Hazy white across )
' - Black ™ 1n d‘biaclé }?ai}: X ST
72 38 | #6 501 Hazy white | -OUS{ Pavenes n-
[ Black Black trail with Idth unreadabl
70 89 #6 Hzy white | white lines across gg 'ause sf°eteud
, - , Black Bac tra% wvith T
72 | 39 |# 100! Hazy white ches in-
Black trafl with T
70 9% #6 2501 Hazy white clou I ga%ches in- )
Black Black trail with
R #6 600! Hazy white | cloudy patches
71 91 | #6 100! Black_ | Thin black trail | L
Black Blacg trail with -
72 | 92 |#6 | 100 Hazy white | CLOUCY jpatehes in-
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{(10)
Photo Data TYPER & W
] % ;ﬁ.
RUN | SPILL | TYPE MDIVLMTH COLOR [PHYSICAL DESCRlPTlONq COMMENTS
Black trajl wit
72 | 93 | #6 150! Hazy white fi udy, pajches
T Black B ac tra chestén- -
73 ] %_]#6 | 200 Hazy_white d .
B Blask {a‘g tr T th N—
|7 | 94 | #6 150% Milky whitd © Li ches
Black f_gg T 70 7T
A D e B i L
Black Black tﬁﬁ}:—‘gth
6 1 95 1 #6 | 250! Hazy white ) o
Black Black t l wi
7Ry 95 | #6 | 1500 Milky aify Ei% "a%h"“
lack trall tﬁ
Black azx % Ya. es
| 76 1 95 #6 1 200! Hazy white | ins de rai
i T i Black | aég"ti‘}l with -
% | 96 | # 150 Hazy vhte) £°“ ¥ B8 %‘i" 8882 4d10n
IR 7 Blsdc - Eﬁg BEI -
MR| 96 | #6 350! Hazy white | dcross thal 5"1ings
i iR R, S } c— — - —
BIECk gi ck I il u%tkes
|76 9 | #6 150'] _ _| Hazy white nzﬂk %e e o
Black ack v
77 96 | #6 | 250! Hazy white E“Inggg: p:%cﬁes _
1. - y Tack oo
% gas Black
7 | 97 |Ion| 150 hazy_vhite RatF A iohos _
- Heavy Black ﬁggn ';",'{ﬁe cIougs T
76 98 Crude | 100! hazy white | inside trail L
Heavy Black ¥ide gck g1y
| 77 | .92 |crude| 5001] _ | hasy. :icmga p ° T
Heavy Rlack 2 }Eie
3 28 Crude | 300'] . __{ hazy whi acr )88 :l
- Heavy I 'ﬁ&wg{gﬂlﬁ C T T
73 59 Crude | 250! Hazy white acrosa trail N
™ 101 2/ lifa Unreadable
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APPENDIX F
ATRCRAFT LOG



f

TEST DATA SHEET  AIRCRAFT

Aukland
Operator_Scarbrough

Date _aprid 6 of@

e

Problems on Recorder Readout

30 GHz Honly good readout
Data OK on taps - Some bias

—

Location
Mobile Area - Gulf
Subject Antenna Nadir |Aircraft Do~ 3
0il Slick Measurement Angle A Type C=47
Weather SeaState Temperature
' Wing - OlC @ 14 kmots Some Breakers 18p¢>e o
Clear Woater Surface
Tape T Camera
Reel 1 |ae . siw ips|Fim.  1s2 ';f‘r";‘;z )
Number P Number
Radiometer| Data Channel |Calibration Data
Freaquency Number 10,2 - HT 2.756K - 90.5 K 80745
: 10,2 - AT 5,326
, 10.26H:| H 4 30 = HT 2,475 - 2500
30 - AT 4.995
10.2GH,| V 3 Turn on 30 Cal- 354 nv
v -2
30 GH: H 2 H _213
10 H -173.1
30 GHz ' 1 Warm up { V - 175.3
GHz Cal -134
GHz
GHz
Comments
30 Hot load temp, ~ 103° 2.481Ka
10.2 Hot load temp. ~ 93°
Sea Temp
10,2 CGHz V  + 1.427v 30 GHz V + 1.190
H  + 1.940v 1 ~+1.79
Camera Start # 4633 Ship 2. Toll
MSS Int.# 2414 blp  go piteh




S ]

fg g § . Target lng;acgteor (E:a:mera ; Aircraft Date_Apeil _fmf_;a
numbe speed altitude heading Comments
1 0018 | 2450 {110 12000 | 270° | 1 Gal/min 10 kts
0904 | atart=l gal L First Mark |
0907 Second mark
0914
X10907 o g 0034 | 2568
2 0923 | #2 Fuel First mark
{10925
0926 2nd mark |
X 10929 0054 | 2718
| X '0940 Again
2 0944 First mark
#2 |x|09s3 o082 | 2955 Second run complete
3 0944 Second mark
§3 0953 Tgwu%a%i%mr vt ]
3 09544 ] | 0084 blank-then #3--— - —|
L -7 IR SO A . e -
S SO T AU S - R R _ ]
L 09 2 0il oo | First Mark ]
1001 1-gal —_— S SR . .} .Second Mark. . .. .__
ﬁu o7 o7 fownf 300 ] ...| Over #3
Slojxjwomof Jiedt 372 ) | I
F -— —— e . —— lt
ﬁf‘ 1015 #2011/,05 ga ! _ First mark |
N 1018 i .and mark |
ks, 1024, ; - Ran f#b
1026] . 4. | eme o). OVERHS
x | 2027 | 0140 3389 |Turne§ ofS RS | oyer ship _
We saw #5|faintly i 3
ol |- 1035 #2.-1gad/mm | ; oo Ao | 8 min/run 14 Xnots
1037 2 nd mark
1042 Start search over #4|
i 2042 Saw #5 also Mark 3 |
x| 1044 0151 3471 e .
- Y,

F-2



10

11

B3 8 | Trow [kl FE] Ao [Pt ol
number peed altitude heading Comments
#7 1046| #2/ .5 gal mark 1
241048 Mark 2
X 1052 ~-Rod. Only
1053 - 0171 | 3544 | Cemeras now| | Over 6
1054}_1 Secured Over_Ship
X1 1054[} run and rafliometen Mark 3
30 minite waitl to refliel
Will|change g_ppm{ach hgr% - Will| take data with u__|wave in both.
dire¢tions, No photo on [return.] Cannot visjally abquire on return, |
: Gear {working beanfiful = lonly prhblem is 30 GHz seeied to have fluxuation
#2 1343] #2 fuel . Z@L'mm-_mmt_}&gk__zoa 95° | East run 14 kmots |
1145
¥ 1149 No oil yet - “’o'ﬁ;‘@e
X 11150 Turned-on-cemeras——
1151 Q187 | 3573 3rd_mark
L cal _run
9 1154) #2 /..ad_galy . _01901|.. . S v |. Fixet mark ___ ___ |
8 SAA55 L e L _. | Return.check .. -
#8] | 1156 _|.. 0198 | End of return i
9 1156 - i | .| Second Mark |
X[ 11159 e | omly
1200 U B B —1}. Everything . .. . _|
X 11201 e fe012 3620 || - |.Stopped ... . ... ._]
||| —]1202) |- A | Mark 3.
203l b o214 __|-Calibrate .. _|
1205 : ; _Return check |
1206 0224, | .| Tost_signal .
1203 |10 GPM : o —-|-Pirst mark-=18 ktg_|
12100 . i _|11¢ 1200 1110 | 2nd mark _
X 1211 SO I B | Near #8 .. ... . . __
12121 2 Near #9/atart. camera
N O -5 K N IR S Over #10 _—
X 1214 .l |20 secearly |
1215 02483751 | Third mark - ____
\_ | _
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Tape Camera

=l f . DatGML_ 6_of70
(-‘&‘ % g Time Torget '"d"’?,‘ﬁ,:,bﬁﬁa"‘“ speed a‘l\t'irtcurg;thnading Comments j
1216 0250 1ib.
11 1217]| 0.05 GPM First Mark |
$11 1218 —lond Mark.
#lx | | 1221 0254 Qver #10
12 *11 1222 Over #11
X | 1224 9271 | 3837
11 1225 0273 Calih
11 1226 Return
ilz 1228 Firgt Mark
12 1229 .2 gal/min, 2nd mark
#11 1230 0291 Secure return
12]1X 1234 Can't see-Camera on |
123 Over #11
13 1235 Mark 3 - com
A12]  |x 1236 0315 _ | 3904
1237 0318 _|_ Calib,
13
ﬂ‘i} 1240 Return . |
12] 1242 - | MSS + Camerp Diff) End Return . = _|
13 0335 4108 | 4073|- 6290 [New film_ . . |
#13 1316 #2 /0.1 gal ] Merk 1 17 kts |
13 1318 2 ]
X| |1322 0336 ) L b ww ]
1323 —— i . k3end . _ . |
14 1323 : __,____}_-________,_._Fzmems )
X 1324 0352 4153 |  #2 reel Secured. ._____.__.__|
1325 | Calib, N
4 1326{9250 1.0 GP¥ 0354 | | [ Mark 1 _
1328 rk 2
13| 13281 B R _ Return
3 1325 0362 llogvd of return |
#4 1330 er #13
15 1331 ,; x a. g0 e
X [1332 1y . ]
1333 lo37e 4220 | 0362 Mark 3 y,
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16

17

18

Tape Camera

Date_April 6 of 70)

BlE & Time Target Indlc?‘t:r;bgame speed all\t'irt%rg;theading Comments
1333] 9250 .5 0138, Calih
1335 Return
1336 od15 . Over
1358 : __End_return
15 1338)_9250/. 5gpn—|- 0403 | Markl
15 1340 Mark 2
X 1342 040/ Over #13
1344 Overstart
1345 Mark 3
X 11346 Last data to port |
16 1347) 9250/.2 ¢ 0431.]— 4369 Maxk 1
IL 1347 043, Calib
416 1349 Mark 2
15 1349 | Return-of-15——— .
5 135] Ovexr 14,
1352 Q466 Complete rt
I3} 1354 Marlk-3
ﬂ:ﬁ X 1356 {_Over 14
o 1357. e DR N JEndof 14 ]
— 11357 - See start of 15 .. .|
411359 N . o Over 16
X400 0509 | .
_Tanker |dumped 0il - ping. to.see | . o
X.| 11400 | Tanker oil | 05L0.; ... .| ... . 1240_ | 2° signal . _ ___ |
- |X 11405 L1 0536 4770 i | .. |Home ... _ ... .|
. {0579 . .| | .. _.| Tope Check . .._ .__|
—_ — —_ i ——— -
- —
\_ | ),




( Date _Anril - Of__!;?a
TEST DATA SHEET ¢ AIRCRAFT " Aukland
Operator__Scarbrough
Location 29° 25'N  &7° 150 Gulf of M
out of Mobile
Subject 011 on water Antenna Aircraft
Coast Guard Tests Angle 46° Nedir |Type DC-3
Weather | SeaState 10 knots | Temperature
310" wind Occasional white ca ° o
Water Surface
Tape Tape . _|Camera Frames
Reel 2 Speed °lov 'PS Film 2 per sec
Number P Number
Radiometer| Data Channel |Calibration Data 2
Frequency | Number 10.2 HT- o
10,2 A'r-z..égg K 15°¢ .
s 30.0 HT-2,486-2532-93.9-93.1°C
-10.2%0 . —4- 30,0 AT-4.350 16,5°C
10.,.2GHz v : 3 Turn on - 10}cal -.305
2 reading vV -.278
30.%“1 H H -.372
GHz 24 1 30} cal - Add
v -,46
_GHz H -.16
30 HL-
GHz 10,2 HL~-
GHz

Comments o715 Take off time

Tape start 010
Camera 4170
 Scanrer N.G, - No data 6th or 7th

Boresight camera - fouling data

.

Sea Reading @0745
10 GHz V- +1,575
- +20
H 025 Smooth
35 GHz V- +1,150 No white horses
H" +1o720

On Station @0800

morning run 225° Mag,

Changed to #2 data

tape for today-checi out
data in last of #1

F-6



[ I Sk

658 | e [t G v [Pt o)
@, Time number speed altitude heading Comments
2 9250 crude 225 | M 41 Leth,
0824 Mk #2—
0829 010477041101 21001 225 - -only
Q830 f‘amom on
0831 0024 | /834 #3
0831 320332 of fiim
0832 0025 _Calib
0834 9250 2" g Mk. #).
0836 Reverse-Course |
0837 Lost_recorder drive |
0841 Over 17 (all go) |
0842 End of 17
0842 Qver 18
oms | 282" R0 2E T 2008E
084/, 0043 | 4949 M 3
0845 ) Calib
0847 | 9250 %o M 1 S
038 — . -Return over.18.& 17 |
408501 . . .| AU RO S B Mk 2
L0851 oo...1_0065 . ... | ... . i | Return complete
0849 - L N ‘Over #17
0850 4 | Over #18 ]
! i Camera on go
Q850 . e s N . A
(073129 U D e g | Gver #19 o -
0859, 6.1 1 0097_,,5080_“*_-___._ir._i_.. S R o
-10900.|9250. _“gpm | ] ; e ML
10900 o100 * Calib, o
0903 ; L Mg
0903 i ’ Return. . _ .. . __
10906 0125 e Tt H—— 1 n_.__
0910 v UV !_ . Every{hing go —
Q911 | L | See #18 clear all units
Sjo912 | _ R _| . _.i_m____ | Over #19 __ . __|
0913 . 5 : Over #20. . .
10913 | 9250 ""gpm I Mefl
091/ — IR camera off = _ ___
Cs5 | - ——tRan . past ship ... = .
0916 0173 , 5331 M 2 )




’:_8.3‘ § g Target Inc.lIi'?:gteor %ma Aircraft Date speti— 7-0f.70)
»,», Time number speed altitude healing Comments
0920 turn
921 Over #21
0922 Over #20
Q23 ... _.* Mk_3
9250 p-o/gJLL
0324 Cold-Target
0925 0211 End return for #21 |
0926 Mk #1
0328 Mk #2
0928 Not.timel for each Raturning over 21 & 2p
0931 Over #20
0932 nd
0336 0271 | 5678 Sip-spesd
03361 9250 0. lgmn Mc #1 10 knots—.-
0Q939] - Mk #2
ocTAl Return from 21 & 22 |
23 0948 Mk-#3-Still-on-r
_ 0950 ver #17 oo ]
0951 ———. o-Sawall theway | _ __ |End return _
0951] 9250 0,2GoM} 0357 | ML )
0954 ! . Over #17 . L
095/, ! oM #2 ]
0957 Over #18_ __ .. . .. |
0959 i - e Over #20 .. __ . .. ..]|
1003 _ | T S BN _t__,__m.#m_m ——
1006} . —_ . Completed.........._.....]
1006 | 9250 0.5 GPM| qz4s Medl
1009 IMe#2 .
1009 . Rt .. ]
1010 ._.|Over ship |
1012 e e __|Over. #22 ]
1015 Via.lral_c.ontﬂc:b_m Pick up oil on uw
1018 ' e . Maxk 3___ ]
1018 Qver_ 19 S
1019 Qvear 18
1102 : Over_ 17 ]
1021 ] 9250 " & by _




25

26

28

= Tape Camera . Date_april 7. __of 79
38 rime| e Inicator Frame | ced aftus heading Comments ?
1023 17 fon_up. . ver 17
1025 Mic #2
X 1026 0596 Stacting run for 25 d 26
102 JR & 17 on_over 17 ‘
10 -———1Over-18
1030 Over-19
1031 ] Ovar. 20
1033 Mark 3
1035 Started BS camera |
1037 — | Torned off camera |
1037 Qver 25
1039 Over_ 26
X | 1040 0753 Over ship
Bk . i start| tests i
1132} Mk 1
11
1135 o6 Mie—2
1137 0714 A tham ]
1138 Me3d _
X w2l 0774 - N From stern
—J X1 1WA 0789 Mstern |
Rerun adn slick before securing | ]
| 278X 055___ | Over 26 -
1148 - - QOver 25 R
4-—1150 : _ | Over 24 .
152 ; Over 23 S
X11153 _ 0861 _ Over ship . |
1153 0865 | Calib, ]
137 Securp for day - Culjter 8 on|more ok_l . o
l . .
| D
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s

TEST DATA SHEET « AIRCRAFT

Date_spril & of7a)

Aukland &
Operator___Scarbrough
Location
290 25N, 87° 15w Gulf of Mexico out of Mobile
Subject 41 o vater Antenna Aircraft
Coast Guard Tests Ang‘e 460 Nedir Type DC=3
Weather Sea St m
Haze~-Few clouds @2000 esa fooatte_ occasio ]-.re poe rature °
Wind @125° -~ 4-6 lmots horse Water Surface
gggle & 4 gape d slow ips gi?rr:“era 2 Freal’n;gg
Number pee Number P
Radiometer; Data Channel |Calibration Data
Frequency Number 10.2 HT - 2,624
1002 AT - 40134
3000 :'IT - 2.“2
10,268 i 4 30.0 AT - 3.767
10, 2GHz A4 Turn on readings
10 -6 - .170 c
35Sl 1 vV - 151 v
20 GHz v 1 ...E — lgéé LI__
30 - C - 0330 C
Gﬁ! H - 0325 H
GHz V - 374 v
GHz 9145

0715 Take off

10 V + 1,490
10 H +1,960
Cal - 9-,000

Sea State @ 0800 = 2=-3'no. horses

30 V 41,150
30 H +1,600
cal. -1.06\7

Comments 111 oniy fire boresight at intervals to avaid dats interference.
IR scamner still NG, multi-spectral marginal - (awaiting parts)

125 @ 15K

10 H +1,980
vV 1.490

1,600
1.05

30H
\'J

More white caps hexLa
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29

30

31

32

33

W58 [ oo ooy Eomm] v [P aom)
number . - |speed altitude headir- Comments
0010 Calib
0013 Tape
0928 {LeC. 1.0 GPM 115 |2K (237 Mk 1 - 10 Kts
X 0934 Ov, 31
X 109401 Ov, 31 0031 | 5751
0946 | Ov, 31 IR
32 09461 10, _0.0.6 Mk 2
X 0951} Ov 3i 0043
32 0955 Mk 3
L __1x 0356 | ov 32 0068
33 0958 | L.C.-. 005gpe _ Mc 1
0959 | Ov, 33 RTS
1002 | Ov 21 LR
X 1005 | Ov 31 0097
1006 | Ov 32 Start cemeras
x |1007] ov 33 Q131
34 1013 | 1C 0.2gpm Mk 1
1013 0133 RTS
B 1020 Ov, 31 .| Q175 _ . BR o]
J¥_j30=6fov3 | I ]
| |x]1030fov, 34 | 0228 | N |
35 _|_11035] 1.c.-0.1 gph lf' b Ik
12351 Ov, 35 , I RIS . . _ ]
" 11036} ov. 34| _ SRR IS N e ]
1037.0.0w 33 | - e
- fro38lov32 |t .<
||| 11039 0v. 31 _ ; A ]
1040 | Calib, Lo2r7 ER e
36 1043) L,C,-.05 Mc 1 e
X 104410 ] - S
| |1051]0v. 36 __ | . , ]
X 11052} Ov, ship 0346 b - .
%6 1055 Mk 3
37 11057.] L.C,~.02gpm| . Mel ]
1059 Ov, 37 0367 RIS _ -
r 1100 L c,zl.asgp# Mkl 2 ]
| | _[1105] Ov._31 ‘ o
ol l1106 ) Ov. 13| 0453 | 5755 o |ER _ .
7 1109 | l Mk 3 Y,
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34

35

36

38

(o] = Tape Camera : Date_april _ 8 of_7
818 & rime|  Toroet Jiccalor Frame' | e anding| et
X 1110 ] 0y, 31 0430
3 1111 1C-2.0 gpm Mk 1
X 11121 ] Ov 38 0537
1125 ) Qv 138 0538 RTS
1129 | Ov, 332 o568 R
39 12171 1¢ 2,69 0577 Reverge counse 1303 Mk 1 - 10 Kts,
X _{12ba Ov, 38
1229 Mk 3
X 112321 0v 39 0410
1232 | IC = 3.1M Mk 1 14 kts
1234 | Ov 40 RTS
1237 | Ov, 39 0620 ) ER
X 11289 Ov 39 0631
40 1242 Mk 3
A 1245110 = 1
X112451 0w, 40 | 0686
1248 | Ov 41 RTS
- 1252 | Ov, 39 ER -
X 1255] Ov 39 0724 o]
41 1255 . - N — ol Mk 3 ]
1256 Ov 40 A [ A |
142 1257| L,C, -1,88 Mcl
X11302] Ov, 42 0797 ! e ]
1305 Ov, 42 T RIS
1385 | Ov. 41 A o I SR
306 0v_40. R S e
42 1307) 1 -~ ) Me 3 . _ . -
1309 | Ov 39 0858 ]
1310 = ER . ]
X 1313} Ov 39 -
ﬁ; ﬁ'}ﬁ . o%ami_”_ﬂms 6f motde |RotT T
43l _1x11321] 1.G.1,0 GPM Mk 1 ]
] .. Water temp check @ 10am|61 @ 1300 65% _
1327| Ov 41 RTS @ 1324
1328] Ov 40
1330] Ov 39 1039 S
11133 . Mcl
Z] [1334] 2 1040 | Yy
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40

4l

42

(] Tape Camera - Dateapril  _gofyo )
,E 8 °§ Time Target lndtcantu% bl;:ame speed all\t'irthg;theading Comments ¢ &
1334 L.C.~0.9 Mk 1
1340 | Ov, 39
131 ] Ov, 41 Lots of noise
1342 § Ov, A2 1183
IAA 1344 Mk 3
.5 1347-] 1..C,=0.5 Mk 1
X 1349.| Ov, 42 .005 14 ]
1351 | Ov, 44 No RTS
X 11353 | 0Ov, 45 <050
1356 | Qv._45 RIS
45 1357 3
1359 | Ov, A4
1400 | Ov, /3 0074 GR
A 1400 { L.C. =.2 gpd Mk 1
X 1405 | Ov, 43
1408 | Ov, A6
X 11410 | Ov, ship 0115
A7 1413 { L.C. -0.1 gum__ Mc 1
1131 Ov. 46 RIS
151 0v, 45 | . |. S - -
N R VAl N JO A S N N _ o ]
19l 0v 43 N e 1
121l ov, 42 0176 ER ]
) W N I ] Me3d ]
S ) G N B VA-7 W0, 27 S R ‘ - e
44444 26| 0v, 44 . __|_ - . i S
5 1427 | Ov 45 . e - ]
1114281 Ov 46 S
X 11430] Qw, 47 0238 e ]
JAA35 .| 0242 _ Calib, ]
L 1| 11500 River mud | 0242 J110__|2K  North |Mobile Bay outlet _ |
1502 0267
1503 | Land & Watey .. .. . R I DR e
1505| Land | 0282 ¢ 2 |
1012 ( t . 266
- I RO 3 365 . i
f T T T T A 30 ? ¢ 408 o B
\ 1 ) g ),




(

TEST DATA SHEET » AIRCRAFT

Date yprsn o ofza_ )
Aukland &
ator__Scarbrough

Location 290 251N

10 - X - %:ggg omething
in gater
30 -V - +1,075
H - +1,690

ma
P e

.385

.930 Light swells
no horses

075

680

g7° 15'W
Gulf of Mexico
SUbleCt 0il slick on water Antenna Aircraft
Angle n 46° Type DC-3
Weather gt SO, @ 4 tapts Sea State Temperature :
! Yok o1 swells-no breakers o °
By R e aan ooxer ~dark clowls | "yivrle ripple | water Surtace
gggle Tape ips gi?rrr?era Frames
4 slow
Number Speed Number per Sec
Radiometer| Data Channel |Calibration Data
Frequency Number 10.2 HT - 3.038
10,2 AT -
19,p-CHz H 4 30 HT - 2.&8 =2.503
10-0-.16 c-0297
30 CHz g 2 V- 142 V- .217
30_GHz H 1 % % = .%23%‘ H -~ .38
GHz V = .340 C = 420
H - 0290 V- :454-
G_t"! H had 01&07
GHz
Comments
Take-off @0730
Sesa States
80745
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45

45

Mk 3 - stop flow

RTS - Return to start

(o ot Tape Camera : Date_Aprii. . .9ofi0.
& % ‘§ Time Target |ndlc?1tl?r;‘bs'r_ame speed a?t_'i';cl:g;theading Comments W
02813 Reel /
0289 Calib,
0300 On_station
8 0818 |L.C,~.05gpa | 0290 Mk 1 - 17 knots
K lo825 Ov._ 48 115 | 2K | 250 |Ov, 48
8 0827 Mk 3
X 0328 | Run A8 0314 Ov. 48
9 - 10830 |L.C.~0,1gpm Mk 1 - 17 knots
08321 49-&-48-
0834{ 0w, —48- 0332 RE =07, 48
.9 0837 Mk 3
50X {0839 |1..C.=0,2gpm -
X 0842 |48, A9 & 50 | 0368 Couldn't visual see
0846 | Over 50 RTS
0 o347 Mk 3
51 0848 |1..C,=0,5gpm Mk 1 = 17 Jmots
0350 |Ov. 48 R
K 0852 |Ov. 48 0397 '
51| | logss ) b M3 o
5.l Jogsé |L.C.-1.0gpm | . . 1. . . Mk 1 - 17 nots . .
x logso | .. .. 0454 . | L .| Only visually on 51 &
| {10902 0v. 52 E _4.Cal, RTS_ . ...
0303 | M3
Lo . .
3 0904 |1.14 gpm . - o Mk 1 - 17 knots .}
- 0905 {Ov,.. 51 __ j . C: ——— e e e -J
- L jogor|ov.. 50 .._._|0500_ . g —_JER .
k.| o910 Jov. 50 | e N B I e
b4 10911 |L.C.=2.0gpm . Mkl _=- 17 koots .
09i7_{0v. 54 —;? ... R
541 | X:0919_{ OV, 54— —|-058L . &, Mk 3 SR
55 | 0920 - L.C.=2.29gpm. | 0584 | %, Mk 1.-17 knots !
| doeealov.ss | _T;—; RIS . —
0924 |Ov, 54 T ]
55 0927 |10 R N - Me3 ]
0928 | 4.57 gpm Mk 1l - 17 knots
0928 |0v, 51 ER .
K | _|0932 {0v. 50_or 51| 0640 No_visuals .
o934 tove s | ) Cameras on -
0935 l v Mk 3 y,
IC - Light crude SR - Start Run RE- Return ended
Mk 1 - start of flow ER - End run F-15

52



49

Test )
start
stop

Time

T: Camera
lndiacgteor Frame
number

Aircraft

speed altitude heading

Date__April = _9of70)

Comments

0935

0687

0937

olor & B & W camerag

0938

0338

Mk 1 - 17 knots

0736

0945

RTS

Mk 3

0950

0947 | 1.C.-2.0 g

Mk 1 - 17 knots

0951

0952

0953

0829

ER No visual-No s;@

58

0954

Mk 3

Q955

H.C, 1,14 GPM

Mk 1

0955

Qver 51

0958

Ov, 53

1000

Qv. 55

1002

1003

H.c--1‘6

1205

Ov,. 58

1007

Ov._59

Ov. 57 ]

e e —

IN

| 1008

w. 60

0985

1010

1011

H [} c !:0_-_5:-

1012

1011

 Ov, 61 .
Ov. 60

1015

ovl 58

1016

Ov, 57

1017

W. 56

1020

018y :
1019{ H.C.-0.2gpm{

ov, 53

1022

. -4.1021 |

| Ov. 52 . |
Ov, 51

1023

O, 50

1159

1026 |

1032

1034

Ov,. 50—
Ov, 52

020_=====New] T

H,C, - Heavy Crude

-all go

al



49

50

51

52

53

(R T
number speed aititude heading Comments
351 0v—53 030.
1036 |Ov, 54 037
1038 | Ov, 55 043
1040 ! Ov, 56
1041 | Ov , 57
1042 { 0w, 58
)04A3.1Qv. 59
1044 | s 6 084
1045 | Ov, 61 091
1046 | Ov, 62 0100
X_ 11047 | Ov, 62 0107 Helo -Refuel
3 1116 | H,C, -D,lgpd 115 |2k p8s Mk 1 - 17 knots
X 11231 Ov, 53 0108
11123 | Mk 3
A 11125 | H,C,=,05gpm Mk 1 - 14_Xnots
X 1124 | Ov, 63 0123
1128 | Ov.- 64 RIS
| 1129 | Ov, 63 0137 ER
1133 | Ov, 63
pAl L. 3335 ) | o M3 -
55 g .1136 H-.c{-_".s.lgm___,__‘,__...___._ SN F — R Mkl L
| |X 11136 ) Ov, 64 0156 | .
1139 | Ov, 65 RIS _ ]
1140 ) Ov, 63 .| 0166 . e
Jaarfov. 63 Joir3 L 3 ER - No visual
X Lo jusslove.63 ) L L
S0 B R TN o Y AR 1. EUR o
X 111481 Ov. 65 0202 . — ]
1150 H.CG. - 0.2gpm Mk 1
1152 | Ov. 65 0209__ RIS
) 11153 ov. 64 .. | — ST
ns5t0v, 63 o f 4. ___|BR__ ]
X 1159 ov, 65 0239
1200 Ov. 66... |.0250.. i — _—
1202 H.C.-0.%gpm. Mcl
X 11203} Ov, 67 0271
1207 | Ov, 67 T RTS ]
.| .| J1208] 0v, 66 0284 ]
7 1212 ! Mk 3 .




T‘_@ g ,8.' Ti Target .nc];?:gteor %ma I . Date_ipril 9 '—Of'zm
@, Time number altitude heading Comments
1212 lov 63 0315 ER - In blind
1214 |H.C. -0.94 gpm Mk 1
1215 |ov 622 In blind
1217 |ov 652 0325
1218 10v 65 0335 First visual siting
1219 | Ov 66 2341
1220 | Tanker spilll 0350 Held dump for spill
1222 | Over 67 0360
1224 | Over 68 0373 Mk 3
1225 | H.C.-1.88gpnd Mk 1
1227 |Ov 68 & 69 | 03%0 RTS
1230 | Qv, 67 0400 Also 66
1231 | Ov, -ship sgill
1232 'nvwét’; 0412
1233 | Ov, 64 0424, ER
1234 Mk 3
1236 | H.C.-2.0gpm Mk 1
L X 1237 | Ov, 64 0432
1239 | Ov 65 O4dds -
12 Qu. 66| 0456 A o
1241 | Ov, 68 0463 _
1243 | Ov 68 9475 e
1244 | Ov 69 0484 U
12451 0v 70 0490 | - -
246 M Mk 3
Jazualovro | ouss 1 RIS e
112491 ov._70. ? R
1250 | Ov_69 0521 o
1250 | H.C. 2,64 GPM Mk 1 - N
1252 | Ov 68 0528 B .
1253 | 0Ov 67 ... 10538 . - _
1254 | Ov.66 dossy ———— —_—
1255 | Ov 65 0570
11257} Ov, 65 or 64 0576 ER
1300 | Ov 64 e
1301 ] Ov, 65 0583 e
1302 _ JMe3
] , 2] 0v, 66 0599 . _ o
\_ 1304 | Ov. 67 0616 | )




- 2000 -

57

58

Eﬁ E S Target Inc:!l;?:gteor %?;:'ga Aircraft Date Apedl Q_Ofl;a
., %, Time number speed altitude heading ‘Comments .
! 1305 | Qv 48 0630
411305 H.C, = 2.06gm Mk 1
1306 | Ov. 69 | 0645
1307 1 Ov. 70 0657
1308 | Ov. 71 0669
13091 0w, 72 0585
1311 | Ov, ship 0693
(1315 [Ov. 7 2 RTS
12 !1317 Mk 3
- % 1318 | Ov 70
1318 | H.C.-1.35gp Mk 1
11319 | 9v. 69 Q146
11320 | Ov 68 754,
12321 | ow 67 0768 . .
41323 | ov, 6A 0795
1325 | ov 65 0808 ER
X 11329 | Ov, 64
73 1330 Mk 3
- 13301 Ov.65 e
74t | |1331]H.C. - 1.008m . i . SN AU | "3 B i
-41332 {Ov.67. . {0849 . g e | OV 67 ]
[ }.4,1333|0vh8 | OGS | —
1335 | Ov 69 0880 '% i N 3 ]
11236 | ov..70. . _|.0901 B AN R S ] .
A IS /2 0 2 N R R S S i
133940v72 . jo9® . | . ]
S RO VA N ("0 & T I | f S B ]
(13421 0w, 74 0969 L S -
4 L1343 j ‘ .Mk 3 ]
X 134107 74 . | 0986 ; e ]
L] End of days ops_- will make run down further | |
X 11356|0v, 71 | 0987 ]
1357 | Ov 72 1004 o ! i
|X 11400 | Ov 74 fr60 o} L]
S Return to Mobile ! 'T ]
Ll 1065. i 3 SRS S ——
S S 1079 l i~ | Calib, tape -
S A .+1533 N L ... Land Mobile Lo
L l l .
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f

Date _apri1 1L OfJ.D

TEST DATA SHEET » AIRCRAFT Aukland &
Operator___scarbeough
Location
Gulf of Mexico, off Mobile
SUDJECt .1 on Water Antenna 4o  |Aircraft |
Angle Type
Weather SeaState Temperature
Dark broﬁ:ieﬁzﬁzamt Some white caps 62° po °
Fow low slouds x 1000 Teet Wind 17 knts, Water Surface
Tape . |Camera
Reel ¢ .Srap;d alow Ips|Film 3 ;r:r"s‘:i
Number P Number
Radiometer| Data Channel |Calibration Data
Frequency, Number
10.2 V - 90MV
10.2 GHz i A H - 7T7MV
10,2 GHz H 3.
30 GHz v 2
30__GHi| j 1
__GHz
. GHz
GHz
Comments

Sea State @ 1005

10,2 V - 1,44
H - 1.890 Sky

Wind 17 knots
30 V - 0,900
H - 10390
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59

61

62

( - Tape Camera : Date_iApril 1bf 7
,!l} % g Time Target Ind!cantg‘bs:ame speed a?t'irtct;g;theading Comments " q
-Take-off
1015, On station
u c-,o*e7ﬁ4 1 2000 2707 | Sp. 10 kta. B
751X 1056 0010 | 6547 Mk 1 ]
750 1 111081 Mk 3 —]
761X 1110{ H.C .. 5gmm Mel
N xl1n 0020 B
- 4—F1asd ov-76 mr RIS -
1115]| Ov 75_ rget e ]
| 1116 0034 ! ER S
X 1119] Ov, 75 .
. 4X 111211 Ov, ship 0049 — —
7). | 1123| H,C.~.2gpm Mel . ]
- 1125] Ov 77 0053 15P0zab *,g;e RTS )
1127] ov 75 0068 ]
1.l 11128 6588 ER -
X 1113) 0074 Sky 18 darker- ... . —
11132)ov76. . . .| | 0083 _| S
1133 ov 77 0091 | -
77| X 1134 0097 .| M3
8 1136 | H.C, =0.lgmy .. 6618 _| __ 9265 on camera | Mk 1
1137 | ov 78 0098 T | . IR
L L tnagloer. lowoe o | Lo
- {1139 | Ov_76. -0l . -
1141 | ov 75 0123 o e
1142 | Calib 0129 . 6646 L | .| .|l
x 11451 0v_75 ‘ ) 3.m 4% Colder
11046 1 Ov 76 0139 o
78 | 11471 0 N T . — Mk.3-
- 1148 | 0w 77 ) V7SO I - — §
7ot 1 11142 | H.C. =, 05gpm ] ] Mk 1 -
119 | 0v 78 0154 I
X {1150 | Ov ship 0163 .6682 - Reining -
11531 ov 79 RTS e
1544 0v78.— | o178 ;
1156 Ov 77 .- 0180 .
11157 |Ov .26, . _} 0190 S
\ 1158 | ov 75 0198 | )

F-21
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(| Tape C
=le amera . —April
8ls 8 Target  Indicator Frame Aircraft |Date L1070
. % Time B number speed altitude heading Comments
1159 0206|6723 ER
Q9 12001 Ye; 3
X 1201 | Ov 76
30 1202 | #6 =~ 405 GPM ok 1 10 kts
L 1104 lov 7 0224 Rain
_ 1205 | Ov 78 0233 Lightening 1 R
—_x 1208 0255 etel  etd ! _
_ 11403 Return ]
- ] — |
1 . L 30 fHz into raid saquall] x W& |V _+, 350V I
—- X Slight weimer
- e - o e
i -
|
- - _-—+I-___~ - .
N B RN I S
_ I )
S S % e
. 1 BN I e
URE O TSR A ESR O K | .
l .
T
\. | ),

F=22
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65

66

67

or |, Tape Camera ; Date 2vf 70
.E z g Yime Target  |indicator Frame speed m& ; "‘p;':m_ems 9
0712 | Mobila Take off
08001 0n-3cens
0820 | #6- 120 [2000 | 260 [ Mkl - 10 kts.
1 0821 0236 [6754 Mk 3
X QR22
o823 | #6 .52 Mk 1 e
. 025 | Ov, 81 _____._}
u X o823 | 6768 i
J_lossolov 82 RIS e
- 08411 Ov 81 —
1ol losse 0304 | 6783 ER |
0843 Mk 3 o
g3]. {0845 Mc 1 -
X ) 10847 1 e m
N 108481 Oy 81 -
1 0850 | Ov 82 0330
a o851 | Ov 83 0335
X {0851 e
[ 1.1 Jomsslovss  __{oma | | clows RS
os6lovagx . loaus | .1 1. .| Broken to full ;
o858| ov.8L | 0362 | 6809 |Gear off byaccidept ~ER
84| | _10900) #6  2.46GPM _ _ {120 12000 (180
X 2903 0365 . - B
| loooalove lozeo . . | | 1 L. .
_|oyos{oves | SRR U U
Ixloso6loves . Jo3s .o | __ | _Clouds-No contact
g4l | . |oom oo ooy | . _|KS-ER
85| . |1 0914] #6 .05gpm 6841 Mk 1 14 kts
Waiting on clouds I
o). |.0923] Ov 85 0420 . RIS __
.0925] . Ov 84 0428 . _ L IO e
. 0926 . .| 6432 6854 - _..| ER -
86 0924 .15gmp Mk 1 e
X| | 0929 ov 84 los32 ] . Cloud _
0930| Ov 85 0438 _
)1 x!l 0932] Ov 86 Q454 _
86l _|.|.0935) _ . . . Mk 3 i
10938l ... RIS .
& 0937 .52 gpy i Mk 1 ),

F-23



68

69

70

71

Eﬁ :‘%"; ‘g Time Target Inc.:l';?:gsor (i:arr::ga Aircraft Date_April J.lof.'zf.ﬂ
' number speed altitude heading Comments . |
0939 0480 | 6893 londs ER
[ 14 0943] Ov &5 0485 Broken clouds
09441 O 86 0495
09451 Ov 87 0506
| | 1X | 0947] Ov ship 0513 | 5917
87 Q947 Mk.3 ﬁ
88 0950| #6 1,16gpm . Mk 1 _
- 0950} Oov_87 0518 RIS N
_ 0951 | Ov 86 0537 e
10953 ov 85 0541 —
,,,,,,,,,, 0954 Ov 85 0550_| 6935 ER
g9l _ 1. _10956) #6 _1.83 Mk 1 _
AX . .109571 ov 85 0552 e e
B U . ]
89 0959:| Qv 87 Mk 3
3000| ov 88 0577 ]
M1 e
X 10014 0w 89 0590 — - -
X11002} Ov ship _ ] 6596 | 6969 N I E
1006 | Ov 89 0600 | ! RTS
1007} Ov.88 0608. |
1009|0v86 ] 0626 @ ) _,
1010] Ov 85 0636 | 6985 o ER - clouds |
gol | fzonndl oo b b4 | Mk 3
90| |. .1013)| #6.-3.67GPM. .. .. _ | .. Ml
X 10L4| Ov 86  _ | 06Ah_.. | ..
1015} Ov .87 boes3 o} oo
|- ] j2016] ov 88 0660 j Hard to
- 10171 Ov 89 0667 ; B see
| Jw8lovee |oewe_ . | . ]
| .|%| 1019| Ov ship 0685 . 7028 | | .- A
7o) I O T -1 S MKB
1022 0687 [ RIS
91 1025| #6 O5gm | b Mk 1 18 kts
1024] Ov 89 0704 Tough B} _
| 1925! ov .80 Q713 | to I
g 4 u1027).ov.2 (07327059 see _ _|.ER
x| | 1032 oves - | omm clovds |
\ 1033! ov 90 | _J

F=-24



4 D
ate of_a0)
TEST DATA SHEET « AIRCRAFT e o -
Operator_____ Scarbrough
Location
Gulf of Mexico
Subject Antenna Aircraft
0il on Water Angle b Type DC~3
Weather 1, op-srea-clear Sea State o755 Temperature
clouds to north & SW 1,5'=3 swells ° ol
Wind 275° @ 11 knots No white caps Water Surface
;2%? Tape s %’i‘mefa Frames
. 6 1 1l
Number Speed slov Number ° per sec
F;:adiometer Data ﬁhangeelv Calibration Data 0730
requen
30 -~ 4,180 =2, 479
10 gGHx T
4 30 Cal, - .980 Amb 1d
19-25H| 3 V- +1,550 @745
* H - +,990 x-H- =-.0780
A0 O v 2 Cal - -1,000 V- -.077
30 - GHe 1
GHI . x- Cal - 0850
, vV +1.235
GHZ H +1.690
GHz
Comments
Take off @ 0712
Over clouds
Turn on 30 H= =,287 30 -~ H~+1,520
Vv -.360 V-+1,000
Cal  -.284 Cal- .992

No cloud @0755
Turn on 10 Cal -,174
v -.11‘4 30 H"10550 x H-10885
H -.235 V- .99 V+1,350
Cgl-=1,000 Cal-93




72

-t

73

74

Gé é g _ Target In;l'i-?:gfor CF?Z'S? Aircraft Date__“’”u" 220f \
w , Time number speed altitude heading Comments
1034] Ov 91 Q76
2 #6/ .15z Mk 1
1236] Ov 92
X | 1037 hip Q733 | 7102
10401 Ov 92 120 RTS
10424 Ov 91 1 0803
10444 0w 91 0324
10454 Ov 90 0833
1046 Ov 89 0844,
2043 52-gpm Mark-1
1047] Ov 38 0857
10481 ov 87 0866 | 7146 ER
1050 M 3
X 1053] Over % Difficult
10551 2 0892 4:0
10581 0v 93 ]
X11100} End of 93 | 0943
— pra—
Camera-jclock-541 mini fast for —
- et e — -} -morning _=.Resgt- @ 1l:45 1 e
IR O (N ISR I -4 i 4o} Wind 16 knots
- 270___ | Dependable sp. 17
1145 1 ]
X 1152 SRS WY o ) b I —— —_— _Reedl 7. ... .. . . _
1153} 0v 99 . . _ | 016 +_ _ - I ]
X11154) Ov ship | 023 ' 7205 e -
95| 1 _| 1153 #6/2.46GPM. -‘_ . Mel e ]
11571 Ov 95 027 RTS e
1158] Ov 94 031 —|-Clear ,034 . __ |
- 1159] Ov 94 037 7215 ER ]
2 2008 0y Me 3 ]
X 1202 B SN I SR S ]
£ 1202} #6/3.95GPM Mk 1 —
| 1203} Ov 94 | O0A7 | i ]
12041 Ov 95 0054 ]
1205] Ov 96 0062 - S
X | 1206] Ov 96 0067 7248 _ i ]
| 1209| Ov_ship ‘ — |\ RIS ]
. - _/




75

76

or Tape Camera - Date__April = _12f 70
& % ‘g Time Target Indlcanttg:‘bs:ame speed aﬁ'i';cu.:’g;theading Comments W
1209 Mk 3
1210 | Ov 94 0073
121140v 95 {0800
. Me 1
1212 | Ov 94 0089
1213 0094|7273 ER
X 1215 | Ov 94
1216 | Ov 94 1102 Cloud
1217 | Ov 95 0109
| _ 1219 | Ov 94 0122 Clouds L
X-11221 | 0v ship 0141|7312 . ]
1223 g_m& 011 Mk 1 94 kits 9250
1225 0143 RTS
1225 | Ov_ship 0146
12261 — 0149 ol
12271 Ov 97 0154
1228 Ov 94 0162 01l everywhere
1229 | Ov 95 0170 .
1 1230 . 0182 7331 R ER o]
|l .. ] Cancelling|97 - Going to $8 | N I
98| | _|1235[H.C, 3.5 BPM | I | _14 knots Mk 1
xd 1233 0183 , .
1235] Ov 94 0193 _ S e ]
1236{ 0v 94 . 10200 . | | S y -
12371 0v 95 . . .| 0215 . - |
po{-j2amfovoe . lo2e3 o b ]
bl J12alovee o243 | ) e i
X | 1242] Ov ship 0247 . o D
HC/5 gal X 20 | orgo ]
: 1245} . e . .Mk 3 -
25| ovog | o251 | R I S I . - T
1247 abont Ov 97) 0263 . | ) . spill
99 1247 Ov 96 Mk 1 ]
12471 HC/5_gal. | .Q276 ... _ ]
12/8| Ov 96 83 ! 4 1 ]
1250| 96 in oil 088 ! | ]
1250) Qv 95 0291 e —
_| .| .| 2252| Ov 94 0300 .
\_ 1253 0304 | 7419 ER _J




7

78

(o] Tape Camera : Date A2f 70
8 s g' Time Target lndnczra,tl% bz:ame speed dAtli';ch;the ading —t?mi:;ms )
125 Mk 3
oq 12561 G % 0/0.1
X 12551 0v 94 0306 1 Don't see
1257 { 0w 95 0327
1259 | ov 96 0333
1260 | Ov 96 0340
1300 | 97 abort 0345 Quite a few horses Blank before 98
303 | Ov 98 0371
1305 | ov 99 9383 -
1306 | Ov 100 0399 ]
100 |x [1306 | ov ship | 0401 |7482 Mk 3 '
o) 1308 | 2/1 011/1.1 Ml
1310 { Ov ship | 0405 RTS
1311 ov 101 0410
1312} Ov 100 0414,
1313 Ov 99 0422 Big spill
1314 | Ov 98 0434
" 1315 Ov g8
1316| 97 abort | 0446 ]
Lol oawlovee  foas3 4L L)
1 tdaswloves. o loasy L | Y
10 1318 N do M3
102 | 113191 46/10 .1 | Mkl ]
13201 Ov 94 . | o486 7526 | . - ER____.
X 13250 . ..o | |SHllblind
4 4—413284 . .- _.4“..-,0509._.".”_. ﬁ_‘,.__,,L___ B - S IR o |
| | _{1329jov9s _ 10521 . _ | No_scanner-change fi]
h0: 1329 | Mk 3
1330] Ov 99 0534 ]
10] 1330 Gas 0.1 | .. Mel L
1] 1331] 99 end 0540 . | b ]
: — R WS S FI SR . —
100 or 101 | 0554 ]
11335} .. 0561 ... . . p .t ...l | Fallingoff = |
X 11336 0578 175718 Secured Still seeing
bet¥ré scan iship S
o J,J,m__-.-__.,,_ ——b0583 ) |-RIS__._ .. ..
- L 11345) Over 99 ) 0A12 ., _ S J
1




79

=l Ta ,
r&g 5 & Target  [indicator %argr‘re\;a Aircraft |Date_dprdl 12 __aiQ
% % Time number speed altitude heading| Comments
1344 ] Over 100 0625
13471 Ov 99 0632
1342 | Ov 98 0653 | 7620 ER
Going tdq take a| 500' pass fopr calihration|of
3=5_4._Bcanner
X 1353 | Ovar 0653 115 {500
Qv 98 0672 Ov
Oyver 99 0677 -1 Start
X 11357 0694 7718 Climbing
Calib,— % = H = LO70
V - 070 N
- = 280 —
- v - n290 — —
~ e -.d_Final Cal, .. _
‘ . . B ]
- foe
. - R — - —— - _—
- S e — — O
— . -
1 - ]
| _ R - I S L
| Y,
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