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OPTICAL MEASUREMENTS OF CRUDE OIL SAMPLES 
UNDER SIMULATED CONDITIONS

Warren A. Hovis and John S. Knoll 

National Environmental Satellite Service, NOAA, Washington, D.C.

ABSTRACT. Spectrographic measurements of the 
solar reflectance from 0.2 to 2.4 ym and radio- 
metric equivalent blackbody temperature measure­
ments from 10.5 to 12.5 ym were made on 10 
different types of crude oil under simulated 
aging conditions of sun, wind, and salt water 
wave action at the USEPA OHMSETT site in Leonardo,
N.J. Four days of exposure produced little change 
in the reflectance from 0.2 to 2.4 ym, but oil- 
water temperature differences of up to 18°C were 
recorded in the 10.5 to 12.5 ym region. Large 
changes in viscosity were also measured.

1. INTRODUCTION

The spectral signature of crude oil is of interest in evaluating the poten­
tial of optical remote sensors for use in observing spills such as those that 
occurred after the accidents involving the Torrey Canyon, Argo Merchant, and 
Amoco Cadiz. Such accidents result in the discharge of large quantities of 
oil into the ocean - 63 million gallons in the case of the Amoco Cadiz. Such 
a vast amount of oil can cover a large area in a short time, and it would be 
useful if remote sensors, with their inherent ability to observe large areas 
in short time periods, could be used to observe the spread of the oil.

Unfortunately, crude oils are normally poor reflectors in the visible and 
near infrared where reflectance of sunlight can be observed and, since the 
ocean reflects little sunlight in areas outside its mirror image on the sur­
face of the water, little contrast is observed in the visible or near infra­
red. The ultraviolet spectral region and polarization measurements (Millard 
and Arvesen) and laser-induced fluorescence (Fantasia and Ingrao) appear promis­
ing, but are restricted by atmospheric interference or signal strength to low 
altitude measurements. Low altitude, in turn, reduces the advantage of rapid 
coverage of large areas that remote sensors enjoy.

The possibility of observing oil spills from spacecraft was addressed by 
Deutsch et al. (1977) and Goldman and Harrath (1975). Deutsch et al. concen­
trated on oil slicks seen as dark streaks in Landsat imagery. Slicks were 
associated with known oil spills, but imagery from a U-2 aircraft, used by 
NASA for ocean color observations, has shown dark streaks on the ocean surface 
in many cases where no oil spill was known to have occurred (Hovis and Leung 
1977). In fact, in the photography from the U-2 at 65,000 feet, dark streaks 
were seen more often than not.
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Goldman and Harrath pointed out many of the problems associated with oil 
spill detection from satellites, but recognized that satellite data could be 
useful, "in conjunction with other current methods."

One question that concerned us was the possible change in the spectral 
character of crude oil with time after it was discharged into the ocean. De­
liberate oil spills have, of necessity, been limited to small quantities, so 
if has not been possible to study the oil as it aged since the oil had dis­
persed. Few examples of the spectral signatures from large accidental spills 
are obtainable since spectral measuring devices are not readily available at 
such spills.

In order to study the spectral signature of aging crude oil under controlled 
conditions, the USEPA was approached to acquire the use of the OHMSETT (Oil 
and Hazardous Materials Simulated Environment Test Tank) facility in Leonardo, 
New Jersey, to conduct the tests. John Farlow and his group from EPA responded 
enthusiastically and tests were scheduled for August 1978.

2. EXPERIMENTAL PROCEDURE

In order to contain the crude oil samples, wooden cells were designed and 
built by the USEPA personnel at OHMSETT. These floating cells were open at 
the top and bottom to allow sunlight and air to reach the samples for evapora­
tion of volatile components and dissolution into the salt water contained in 
the tank. The water is pumped into the tank from Raritan Bay and filtered.
The water in the tank is then clean salt water with only the filterable solids 
removed.

Ten floating cells were fabricated, each approximately 1.3 x 1.3 meters and 
with sides projecting approximately 30 cm above and below the water (fig. 1). 
The insides of the cells were painted a non-reflecting black to minimize re­
flections from the walls. The cells were positioned by ropes from either side 
of the tank to keep them centered in the tank and positioned underneath the 
sensors (fig. 2).

The OHMSETT tank has a movable bridge, spanning the width of the tank, which 
provides the necessary electrical power to operate sensors, while allowing the 
instruments to be positioned along the length of the tank.

The sensors used were a Filter Wedge Spectrometer (FWS), a Barnes PRT-5 
radiometer, and a closed circuit TV system. The FWS scanned spectrally from 
0.4 to 2.4 pm and is of the type described by Hovis, Kley and Strange (1967).
It viewed the sample in the vertical direction from a catwalk extended from 
the bridge. The field of view of the spectrometer covered 0.5 x 0.5 meters 
at the surface of the oil. The spectral resolution is approximately 1 percent 
of the wavelength, e.g., AA = .015 pm at 1.5 pm. The Barnes PRT-5, filtered 
to 10.5 to 12.5 pm, vertically viewed a circular 0.6-meter diameter area of 
the oil sample.

The closed circuit TV system was aligned with the sensors to view the sample 
cells in order to determine not only that the sensors viewed the oil surface, 
but that the field of view was not shadowed by the sides of the cell. In
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retrospect, wider cells would have reduced the percentage of the oil shadowed 
by the vertical sides in the morning and afternoon. The readout for the TV, 
together with the recording apparatus for the data from the other sensors, was 
situated in a small shed located on the movable bridge.

In order to prevent reflected sunlight from the bottom of the tank (which 
was painted a light green) from influencing the measurements of spectral re­
flectance, a large square plate, painted flat black, was placed underneath 
the cell whenever the reflected sunlight from the oil was to be measured 
(fig. 3). For solar reference, another plate, coated with diffuse white paint 
(a mixture of Mg0-A£203), was swung into the field of view directly over the 
sample.

The OHMSETT is equipped with a wave-generating facility that was used to 
agitate the specimens, simulating ocean wave motion. Since large regular 
waves caused some oil to splash out of the cells, "harbor chop" equipment was 
used to produce agitation.

3. SPECIMENS

Ten crude oil samples were acquired for this study. Surprisingly, despite 
the large number of refineries near the OHMSETT facility, and excellent coop­
eration by the Sun, Exxon, and Gulf Oil Companies, it was difficult to acquire 
crude oil in quantities of several gallons because the drawing off of such 
small quantities at large refineries interrupts routine operations.

The crude oil specimens acquired were as follows:

1. Gabon
2. Sahara
3. Sunil and
4. Arzew, Algeria
5. Brass River, Algeria

6. North Slope, Alaska
7. La Rosa, Mexico
8. Lagunillas, Venezuela
9. Iranian Light

10. Nigerian

4. MEASUREMENTS

Spectral and radiometric measurements were begun on August 21, 1978, to­
gether with sampling for measurement of viscosity. Viscosity was measured by 
the EPA personnel in their laboratory adjacent to the tank. Spectral measure­
ments over each cell were conducted once a day on August 21 and August 22, but 
twice a day on August 23 and August 24, when procedures were better estab­
lished for moving the bridge and centering the cells. The weather was sunny 
and warm August 21 to 24. August 25 was overcast and rainy, precluding data 
acquisition.

Wave agitation was carried out between measurements as shown below:

Date Minutes Harbor i

August 21
August 22
August 23
August 24
August 25

20
20
25
30
20

28
28
18
18
18
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Spectral measurements were made for 4 days and showed little change in the 
reflective characteristics of the oil with aging. Figures 4 through 13 show 
the reflected solar energy in units of spectral irradiance for the reference 
sample and the 10 specimens of crude oil taken on the last day of measurement. 
Most of the samples exhibited no change in reflective character with age that 
was detectable with our instrumentation. Note that the scale for the refer­
ence sample is given on the left side of the spectral plot and that for the 
oil, on the right. All the samples appeared to be reasonably gray from 0.4 ym 
to 1.1 ym (400 to 1100 nanometers) with very low reflectance. The highest 
reflectance measured was about 1.7% for the Arzew Algerian crude, (fig. 7) at 
about 530 nanometers. This, of course, is diffuse reflectance in the nadir 
direction, but that is the reflected component that would be observed by a 
satellite sensor.

PRT-5 measurements in the 10.5 to 12.5 ym band were made simultaneously with 
the spectral measurements. The water in the tank stayed at 25 to 26°C during 
the tests, but each sample of oil was considerably warmer than the water. The 
observed water temperature and oil temperature, as measured by the PRT-5, are 
shown together with the spectra on figures 4 through 13. The temperature 
differences ranged from 10° to 18°C. This is hardly surprising since the dark 
crude oil samples absorbed the incident sunlight, while the water in the tank 
was clear and much of the sunlight was transmitted to the bottom and sides of 
the tank and reflected back out of the tank. In the ocean, only a small frac­
tion of the incident sunlight would be reflected, but absorption would take 
place over a long path length, depending upon the water clarity, and heating 
would be distributed over considerable depth, not concentrated at the surface. 
In the ocean, as in the tank, one would then expect an oil slick to be warmer 
under sunlit conditions than the surrounding water surface. This indicates 
that under clear skies and sunlight, the best spectral region for optical re­
mote sensing of oil from satellites would be the thermal infrared.

As mentioned previously, samples of the crude oil were measured daily for 
viscosity. Figures 14 and 15 show the viscosities measured as a function of 
time after the oil was placed on the surface of the water. In general, the 
viscosities increased with time as volatiles evaporated and solubles dissolved 
except for one case of Algerian crude whose viscosity increased, then dropped 
sharply. The viscosity of Lagunillas crude dropped after 48 hours, but rose 
again after 72 hours to reach the highest viscosity of the samples measured.

It was evident that the volatiles were evaporating since, on the first day, 
the entire area had a strong petroleum odor, but by the fourth day, very 
Tittle odor could be detected. Samples of the fresh and aged crude were main­
tained and the change in odor is easily detectable in those samples, so the 
effect was not one of conditioning of the experimenters' olfactory senses due 
to exposure.

5. CONCLUSIONS

The reflectance of the crude oil samples tested under simulated aging con­
ditions changed insignificantly with time. The reflected signal levels that 
would be seen from a satellite viewing sunlit oil on the ocean surface are 
sfliall, but possibly detectable in the 0.4 to 1.1 ym region. From 1.1 to 2.4 
ym, the reflected signal levels are so low that there appears to be no
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rationale for looking for oil spills in that spectral region.

Crude oil floating on the ocean surface will be extremely difficult to 
detect when the water is deep and reasonably clean. In cases where the water 
has higher reflectance, such as an area where there is a large concentration 
of suspended sediments or organic growth, oil might be detected as a dark 
patch against a lighter background. This would also apply over shallows where 
bottom reflectance would provide a bright background.

Searching for oil slicks in glint patterns may be of some value from air­
craft where angles of view can be controlled. But in the case of spacecraft, 
where view angles are dictated by orbital geometry, it is doubtful that prac­
tical use could be made of this technique. The Coastal Zone Color Scanner 
(CZCS) on Nimbus-7 has a tilt mechanism for avoiding glint that could be com­
manded to look into the glint, but glint would not cover the entire image, 
only a fraction of the 1600-km swath. It would be rare that an oil spill 
would be viewed in that fraction of the swath. In any event, as noted earlier 
U-2 imagery and photos have shown many dark streaks in sun glint that cannot 
be attributed to any known oil spill.

From our measurements, temperature differences offer the most promise for 
oil spill detection by optical sensors from satellites, but are limited by the 
need for clear skies to provide both the opportunity to observe the ocean sur­
face, and sunlight to produce the thermal contrast.
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Figure 1. — Floating cell for containing crude oil sample.

I Ilf;

Figure 2.—OHMSETT with sample cells deployed.



7

Figure 3.--Catwalk with mounted instruments, 
solar reflectance reference, and 
flat black shutter plate.
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OIL SURFACE TEMP (PRT 5) 41 °C 
WATER TEMP 26 °C

WHITE REF

30 V

400 500 600 700 900 MOO 1300 1500 1700 1900 2100 2300

WAVELENGTH (NM)

ocr0
2

1NE
0\

cn l-1

2

Figure 12.--White reference and oil radiances, Iranian light crude;
Julian Day 239, 1535 hours.



12

OIL SURFACE TEMP (PRT 5) 36° C 
WATER TEMP 26° C

WHITE REF.

2300

WAVELENGTH (NM)

o
5

i
E
o

coh-

i

Figure 13.--White reference and oil radiances, Nigerian crude; 
Julian Day 239, 1550 hours.

2000

ALGERIAN CRUDE 
ARZEW CRUDE 
SUNILAND CRUDE 
SAHARA CRUDE 
GABON CRUDE

> ^ 1000
O X

EXPOSURE TIME (HOURS)

Figure 14.--Viscosity vs. exposure time, five samples



2000
------• NIGERIAN CRUDE
------o IRAN CRUDE
-----a LAGUNILLAS CRUDE

-------o LAROSA CRUDE
........O ALASKA CRUDE

O o§ 1200

O x

EXPOSURE TIME (HOURS)

Figure 15.--Viscosity vs. exposure time, five samples



NOAA TECHNICAL MEMORANDUMS

National Environmental Satellite Service Series

The National Environmental Satellite Service (NESS) is responsible for the establishment and oper­
ation of NOAA's environmental satellite systems.

NOAA Technical Memorandums facilitate rapid distribution of material that may be preliminary in nature 
and so may be published formally elsewhere at a later date. Publications 1 to 20 and 22 to 25 are in 
the earlier ESSA National Environmental Satellite Center Technical Memorandum (NESCTM) series. The 
current NOAA Technical Memorandum NESS series includes 21, 26, and subsequent issuances.

Publications listed below are available (also in microfiche form) from the National Technical Informa­
tion Service, U.S. Department of Commerce, Sills Bldg., 5285 Port Royal Road, Springfield, VA 22161. 
Prices on request. Order by accession number (given in parentheses). Information on memorandums not 
listed below can be obtained from Environmental Data and Information Service (D822), 6009 Executive
Boulevard, Rockville, MD 20852.

NESS 65 Geographical Relations Between a Satellite and a Point Viewed Perpendicular to the Satellite 
Velocity Vector (Side Scan). Irwin Ruff and Arnold Gruber, March 1975, 14 pp. (COM-75-10678/AS)

NESS 66 A Summary of the Radiometric Technology Model of the Ocean Surface in the Microwave Region. 
John C. Alishouse, March 1975, 24 pp. (COM-75-10849/AS)

NESS 67 Data Collection System Geostationary Operational Environmental Satellite: Preliminary Report.
Merle L. Nelson, March 1975, 48 pp. (COM-75-10679/AS)

NESS 68 Atlantic Tropical Cyclone Classifications for 1974. Donald C. Gaby, Donald R. Cochran, James 
B. Lushine, Samuel C. Pearce, Arthur C. Pike, and Kenneth 0. Poteat, April 1975, 6 pp. (COM-75- 
10676/AS)

NESS 69 Publications and Final Reports on Contracts and Grants, NESS-1974. April 1975, 7 pp. (COM-
75-10850/AS)

NESS 70 Dependence of VTPR Transmittance Profiles and Observed Radiances on Spectral Line Shape Parame­
ters. Charles Braun, July 1975, 17 pp. (COM-75-11234/AS)

NESS 71 Nimbus-5 Sounder Data Processing System, Part II: Results. W. L. Smith, H. M. Woolf, C. M.
Hayden, and W. C. Shen, July 1975, 102 pp. (COM-75-11334/AS)

NESS 72 Radiation Budget Data From the Meteorological Satellites, ITOS 1 and NOAA 1. Donald H. 
Flanders and William L. Smith, August 1975, 20 pp. (PB-246-877/AS)

NESS 73 Operational Processing of Solar Proton Monitor Data (Revision of NOAA TM NESS 49). Stanley R. 
Brown, September 1975, 15 pp. (COM-73-11647)

NESS 74 Monthly Winter Snowline Variation in the Northern Hemisphere From Satellite Records, 1966-75. 
Donald R. Wiesnet and Michael Matson, November 1975, 21 pp. (PB-248-437/6ST)

NESS 75 Atlantic Tropical and Subtropical Cyclone Classifications for 1975. D. C. Gaby, J. B. Lushine, 
B. M. Mayfield, S. C. Pearce, and K.O. Poteat, March 1976, 14 pp. (PB-253-968/AS)

NESS 76 The Use of the Radiosonde in Deriving Temperature Soundings From the Nimbus and NOAA Satellite 
Data. Christopher M. Hayden, April 1976, 19 pp. (PB-256-755/AS)

NESS 77 Algorithm for Correcting the VHRR Imagery for Geometric Distortions Due to the Earth Curvature, 
Earth Rotation, and Spacecraft Roll Attitude Errors. Richard Legeckis and John Pritchard April 
1976, 31 pp. (PB-258-027/AS)

NESS 78 Satellite Derived Sea-Surface Temperatures From NOAA Spacecraft. Robert L. Brower, Hilda S.
Gohrband, William G. Pichel, T. L. Signore, and Charles C. Walton, June 1976, 74 dd. 
(PB-258-026/AS)

NESS 79 Publications and Final Reports on Contracts and Grants, NESS-1975. National Environmental 
Satellite Service, June 1976, 10 pp. (PB-258-450/AS)

NESS 80 Satellite Images of Lake Erie Ice: January-March 1975. Michael C. McMillan and David Forsyth
June 1976, 15 pp. (PB-258-458/AS) ’

NESS 81 Estimation of Daily Precipitation Over China and the USSR Using Satellite Imagery. Walton A. 
Follansbee, September 1976, 30 pp. (PB-261-970/AS)

(Continued on inside back cover)



NOAA SCIENTIFIC AND TECHNICAL PUBLICATIONS

The National Oceanic and Atmospheric Administration was established as part of the Depa H C
i o IR

Commerce on October 3, 1970. The mission responsibilities of NOAA are to assess the socioeconorr 

ia v
 i■ C
■

 ■  is, 1

of natural and technological changes in the environment and to monitor and predict the state of the so 

11
 i

■ ii
W Q

ii a C
i

the oceans and their living resources, the atmosphere, and the space environment of the Earth.

r 8
m r 7

u e  9
m .5u O

ill

.U
n p 4 ti  

The major components of NOAA regularly produce various types of scientific and technical 

M c nin al o m
u .1

tion in the following kinds of publications:

 m 0H
il 5

l e
 l a

lll s
l u

PROFESSIONAL PAPERS — Important definitive
research results, major techniques, and special inves­
tigations.

CONTRACT AND GRANT REPORTS — Reports 
prepared by contractors or grantees under NOAA 
sponsorship.

ATLAS — Presentation of analyzed data generally
in the form of maps showing distribution of rainfall,
chemical and physical conditions of oceans and at­
mosphere, distribution of fishes and marine mam­
mals, ionospheric conditions, etc.

IIII e

TECHNICAL SERVICE PUBLICATION oo = 

 H m
ill e

ll n

ports containing data, observations, instruc enf 

ll tl s H
ill o

A partial listing includes data serials; pred rv>I 

II f I! till
cr

outlook periodicals; technical manuals, tra
pers, planning reports, and information serials; and 
miscellaneous technical publications.

TECHNICAL REPORTS — Journal quality with 
extensive details, mathematical developments, or data 
listings.

TECHNICAL MEMORANDUMS — Reports of 
preliminary, partial, or negative research or technol­
ogy results, interim instructions, and the like.

Information on availability of NOAA publications can be obtained from:

ENVIRONMENTAL SCIENCE INFORMATION CENTER (D822) 
ENVIRONMENTAL DATA AND INFORMATION SERVICE 

NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION 
U.S. DEPARTMENT OF COMMERCE

6009 Executive Boulevard 
Rockville, MD 20852

N0AA--S/T 79-273


	Structure Bookmarks
	HQC879.5U4no.105
	CONTENTS
	Abstract
	Introduction
	Experimental Procedure
	Specimens
	Measurements
	Conclusions
	Acknowledgments
	References





