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Figure 9-29 Diagram showing the charscteristics of a typical
ol spill.

Table 9-4 Remote sensing of oil spills

Rainbow Very thin iridescent multico
the water surface. '

Rainbow/sheen Two categories nonly 1y
because they are volumetrically iﬂsigni. A
cult to distinguish.,

Figure 9-29 shows the distribution and relative o
components in a typical oil spill, where 9{) pe

ume is concentrated in 10 percent of the areg
form of slicks and mousse. Table 94 lists the ip,
tween oil and electromagnetic energy at 1
ranging from UV through radar. Figure 9-30 ¢
actions diagramatically for oil and water 1o expl
ent signatures. The following sections describe
oil slicks on images acquired in the various spectr
UV Images Figure 9-30A shows that im"dns_
trom the sun sumulates fluorescence in oil, Figuy
spectral radiance curves for water (solid) and a
(dashed). The higher radiance of oil at wy cleng
045 pm dong-wavelength UV to visible blue) i
rescence. Individual crude oils and relined produ 1t
Huorescence at different \\\J\cknslh; that depend
position and weathering of the h)m

daytime image scquired by a cross-rack | f
g_-.||n|1p¢n| with a UV detector ‘um A ng

0.38 um). The area is the Santa Barbara CF
of southern California, where numerous naty
on the sealloor and form &m ick
Fluorescence from the oil slicks st UV wa
boght signatures in the image. The platfor she
age are oil production facilities, g
UV images are the most sensitive re
for monitoring oil on water and can detect fil
Hm (Maurer and Edgerton, 1976),
mosphere are necessary to acquire

Spectral region Oil signature Qil property detected :
uv, PWW Bright Fluorescence stimulated |
(0.3 to 0.4 um) by sun gRa
UV, active
(0.3 10 0.4 pm)

| Visible and reflected IR Bright—m
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: ener

ay 9Y {laser or solar goy
yv enerd aurce)

mulates fluorescence;
Al

o jgnature
gright 5@ ‘\\\ / Dark

—ts signature

UV energy

is transmittad and absorbed

AUV region
Ocean
Water
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.

Radiance

Blﬂc_k or Blue or
brown signature green signature

Energy largely Energy reflected
absorbed by oil by clean water

8. Visible and reflected IR regiona

Radiant temperature 03 0.4 0.5 0.6 0.7
Trad = 17.4°C Wavelength, um

temperature
Trad= 16.9°C % ™ },__H H }___'
bands 1 2 3 4
% % % % g Figure 9-31 Spectral radiance for ocean water and a thin film of oil.

Radiant

From Yizy (1974, Figure 3)

Emissivity of oil Emissivity of water
€=0.972 £ = 0993

0il and water kinetic tamperature Tkin = 18°C

strongly scattered by the atmosphere but usable images can be
sequired at altitudes below 1000 m. Floating patches of foam
and seaweed have bright UV signatures that may be confused
with oil (Table 9-4). Foam and scaweed can be recognized on
images in the visible band acquired simultaneously with the
Incident radar enargy UV images. :

/S(rong V Figure 9-32 is a passive image that mords energy
AN/

Radiant temperature Trad = eVA Tyin

C. Thermal IR reglon.

Specular
reflection;
Dark signature

Smooth Rough a spectrum, rather than an i ag
A F— pared with a reference library
h < 25siny ” aasiny known hydrocarbon. These ac
t. O'N
the

backscatter; lated by the sun. Active UV systems have bee

Bright signatur aircroft use. A laser irradiates the wate

s

h = surface roughness
A = radar wavalength
= depression angle




PLATFORM B °

CPLATFORM  WAKE )

| HILLHOUSE

 SEEPAGE

0 1 mi

0 1 km

Figure 9-32 UV scanner image (0.32 to 0,38 Hm) of natural oil
seeps in the Santa Barbara Channel, California, July 31, 1974, Bright
signatures are fluorescence stimulated by sunlight interacting with the
oil. From Maurer and Edgerton (1976, Figure 9),

hydrocarbons that form slicks in offshore basing, %u o
Santa Barbara Basin. The ability to detegy slicks “ wPC
sensing in unexplored basins can contribue 1o gy “M. plat
project. British Petroleum and Pertamina (the | l~_
tional oil company) used ALF 0 survey seven offy b.h 2.3
in Indonesia (Thompson and others, 1991), §jx Or'l'hlh m-"‘”
have slicks; three of those basins were judged (o havg wateT
est exploration potential. qure® :‘

cale*

Visible and Reflected IR Images The interaction h‘m (plate
oil and electromagnetic energy in the visible and Vous®
regions is determined by the absorption and rcﬂecumof js sho¥
light (Figure 9-30B). A complicating factor is *“ﬂﬂinlfm. The
calm water caused by the oil. During their invasion of gchnee
in January 1991, Iraqi forces deliberately released 4 10 6 il ages W
lion barrels of crude oil m[n the Arabian Gulf, where § 1 Covered in Kuw
approximately 1200 km?® of water and 500 km along the Sayg

Arabian coastline. This spill is probably the largest in Therm
for comparison the 1989 Exxon Valdez spill in M thermal
(<300 000 barrels) was an order of ln.lgmludc Smﬂh‘,m Qme k
Iruipls also set fire to onshore oil wells, which Cruled#- Chaptel

moke plumes and spilled additional o1l onto the mm hoth l‘ﬂ:(

moke plumes were tracked on  images  from AVHRE the em!

Meteosat, and Landsat (Limaye and others, 1992 Cm reduces
DOR czk'uial

Figure 9-33 shows Landsat TM-band images fﬂl’lm

of the Arabian Gulf and Saudi Arabian coast that was scquisl T =
February 16, 1991, These images show \:gnalumofﬂlﬂ
in the visible, reflected IR, and thermal IR bands, Fwﬂ For wats
IS an lmslw.-t.m«-n map that | prepared from the in lempera
from personal expenence with other spills; no ﬁald
ton was available. Figure 9-35 shows reflectance Tri =
water, mousse, and oil sheen that were measured from
digital data. Mousse has a higher reflectance in ban
band 4 or 7. Stringer and others (1992, Figure 14) For an

. " 0

tlar spectra for the Exxon Valdez spill in Alaska. radiany ¢,
Ihe individual T™M bands of the Arabian Gulf

itally processed to extract additional information. TM"

ent sets of principal-component (PC) images
PC images from the six visible and reflected
PC images from the three visible bands, and
from the three reflected IR bands. The P ¢
flected IR bands 4, 5, and 7, shown in
tract the most information. This re
the spectra in Figure 9-35, which ha

in the reflected IR region. PC i |
sizes the heaviest concentrations. C
tures. PC image 2 emphasizes fi
slick, as shown by the mlm;*oﬂD
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B s e

e

e is extracted with a brighy Slgnature thyy ;
LPC ;1111116 1 (Figure 9-36A), that js COmparable
1o plate 197, B, C shows the comp;

i nations of ;
hat are most effective jn discri

hjﬂd\ t : ¢ minatin
3 normal color image (Plate 194 the
9

~ usse is difficult to discriminate fropm the
m'oucr penetration of these visjble bands ¢
;j::ﬁ from the \_h;xlluw shoals (Figure 9.3
es interpretation. In the 4-5.7 image o
u; e 19B), mousse has a distinetive bl
‘\F;(.Juwc has a strong reflectance in band 5
js shown 1n greerl. : .

The National Geographic Society (Williams, Heckman, and
sehneeberger, 1991) published an extensive collection of im-
B le‘,:_,,»upt-u‘ni the environmenta) destruction caused
L!;KLJ\\JIE by the Iraq invasion,

ndividua) ™

& the oil, I e E
dark sjon: o

duses brighg signa-
3H), which compli-
[ reflected IR bands
uish green signature,
(Figure 9-35) which

Thermal IR Images Figure 9-30¢ shows the interaction of
hermal IR energy with oil and water. Both liquids have the
ame kinetic temperature because they are in direct contact
Chapter 5 points out that radiant temperature is a tunction of
both radiant temperature and emissivity. Table

S-1 shows that
the emissivity of water is 0.993, but a

thin film of petroleum
reduces water's emissivity to 0.972. Radiant temperature s
calculated from Equation 5-8 as

T-—_.J = EI 4,\_\“

For water at a kinetic temperature of 291°K (18°C). the radiant
lemperature 1s

Taa=0993'4 % 291°K

=200.5°K. or 17.5°C

: . the
For an oil slick at the same kinetic temperature of 291I°K
rdiant temperature is
Tas=09724 x 291°K

=288.9°K. or 15.9°C

159°C) and water (17.5°C) is fcldﬂymwby s >
®tectors, which are typically sensitive Iﬂ i :
765 of 0.1°C. Figure 9-37 shows two in
et multispectral scanner of an
<o off Galyeston, Texas.

; between the oil
This difference of 1.6°C in radiant temperature betwe

®llideg
L} .

with another vessel, spi.
image in which th

Figure 9-33F is a '
Arabian Gulf spill. The
Mmousse. Plate 19D is a col
mal IR image. The mousse | s
low). A broad, northwest- )
tre) correlates with bright tones i
(Plate 19A) and is attributed to thin
density-sliced image, sinuous cool
\Warm mousse have dark signatures on the
and are attributed to oil slicks.

The aircraft and TM images record a
ture value for oil over a broad spe
D’Aria, and Sabins (1993) measured
spectra for five oils, plus seawater, f
wavelengths of 8 to 14 um, speetra of t
exsentially flat and featureless. Water and
a broad reflectance minimum from 10 to
could be useful in discriminating oil from
tral IR images such as TIMS, ’

Ihe daytime and nighttime capability
in valuable for surveillance around
however, prevent image mﬁ?ﬂ
be careful to avold confusing :
shicks. This problem can be mhhiully
neously acquired UV and IR images. it




