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- T 'This studf Vas;designed,to'evaluate vhethe: hyarocarboﬁ spill

thicknéss could be estimated by measurink lightsreflectance differences

across the photographic spectrum (330 - 1100 nanometers). The theoretical = ‘

aspects of hydroéarbon spill remote sensing were reviewed to arrive at aﬁ-}

understanding of how hydrocarbons act on water and how the electianag-xetic o
spectrum cén be utilized for'imaging'oil spills. The literature dealing with

operational and experimental oil spill remote sensinglreyeaied that
operational systems have  been mainly complex and-expensive, but not designed

. for determining spill thickness. Several ekperimentai studies disagreed as

to whether selected photographic specirum bands could be effectively used for,

<
.

thickness discrimination. | ' o
Initial photographicVexperimentsvand.the high lgvellof-radiometric
resolﬁtion of video cameras strongly favorea thei; potential ;se to test thé
poséibiii;; of detecting hydrocarbon spill.thicknessQ ‘Graphicai ané |
statistical analyses of Cohtrolled laboratory test data éhowed.that videb
imagery collected Qith specific filteis couldvprovide comparative estima;es
" of hydrocarbon thickness up to 1000 microns (1 mm) 0il thickness

discrimination was better for translucent hydrocarbons such as 10W30 oil,

diesel o0il and éésoline than for crude or waste oils, The most ef fective -

lk{n .,.'a

Burrard Inlet confirmed that it was possible-to identify relative diésel

4

filters were 88A;, 550nm bandpass and a 301A/46 combination.

Analytical results of a_field trial using a controlled spi
i :

spill” thickness from reflectance meésurements, although not with the same '

statistical significance'as in the laboratory tests. The most effective

t

iii



filters wéfe_j&h;and SOOnm bandpass under the specific environmental

? Qonditibns4éncoﬁntered. Analyses of 35 mm color photographic‘imagery also
4 . ) :
o acguired during the field trial confirmed the importance of the blue-green
band in imaging spill thickness.
e
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Two hundred and eleveniﬁéjoi'hydrocarbon spills occuwrred in British

Columbian marine waters between 1972 and 1984 (Canada, 1986a). These spills.

v weré-w?dgly distributedl&lbng'the co§st; bu£ éhe‘majOI concentrations were in

the inéustrialiied‘southyést (Figurev15.
- - Environmental and economic losses from‘éuch Fpills<can be

significant. In a January 1986;épill,ran eétimated 350 watérfoﬁl were

.%g‘?seriously oileq‘in Sooke Béyvfram what appéared.t5 be clandest;ne bilge
pﬁmpihgi(Canada, T986b;. A 1953 gpill off West Vancouver fromwa éhip
coliisionvresulted ih cleanup ;osﬁs of over $600,000 (Canada, 1983b: 34).

Early detection and knowledge of the diétribution~and thickness of

éuch spills can assist in reducing their environmental ana ecdnan;c costs by 
effectiQely guidihg cleanup efforts to areas of méfisj?(hydrocarbon

co;centration. A number Qf re;ote sensing systems varying considerably .in

‘complexity, accuracy and cost have been developed for spill delineation, but

_none have been able to depict the thickness of such relatively thin spills.

v

‘1.1 Study Objective

The objective of this study was to evaluate whether hydrocarbon

P

spill thickness could be estimated by measuring light fefléctanée-dlfferences

using multispectral video remote sensing. Video was chosen because it has

potential for real-time, analog to digital image analysis using

¢

-microcpﬁputers. Video cameras @lso have a high level of radiometric Py
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. o o ¥ | o :
resolution and-theréfore can be expected to perform better than film. In . .

addition, they‘are‘much lower ‘in cost than othgr‘systens:such as
'multispectrai‘scanngrs' -

:Logistically, video systems. have the advahtd%é of compactness and
low weight for instal;ation in light aircraft. Use éf a four-camera array
made a multispectral apérqach possible by permitting éimultaneous‘imaging éf
up?to four baqu within the photoggaéﬁ&é spéctrum-(300—1100 nénometers).
subsequent anal?Sesldeterminéd the more‘egfective filterﬁ fér estimating }
spill t%ickness. The system éelecied for the study was inténded to be

‘ .

experimeh;al only; a fully operational video system would require additional L

evaluation under a broadervrange.of-field_conditions.



2.1 The Behaviour of Eydrocarbons on Water
| .Hydrocarbons associatea with marine:spillé inciude napthas,
QaSolines;'keroéenés, diesel fuels, bunkérs and crude oils. Their appearaﬁce
on water dependg on quantipies présgnt, spillbduraﬁion, weathe;iné and
viscésity. As shown in Tébié‘1 and originaliy described by Hornstein *(1973),
.

characteristically silvery, iridescent, dark brown
. .

hydrocarbon spillsbcan ﬁe
to black, o;'a lighter brown représeﬁting a thickness range of 0.0001 to 1
mm. However, appearance also can‘vary depending on hydrocarbon type and’

environmental conditions; a more feliable>sensor thén the human eye %s

..

therefore>required.

There are several major weathering proceéses which det§rmine the
fate of hydrocarbons, of oil colloguially, on marine waters (Figure 2).
Thesé include physi;al procésses sqch as evaporation, chemical influences as
would‘occur through the use of dispersanté and bioclogical frocesses iikg
biodegradation. Evégoration usuallykis the~domipant factor in the
decomposition of hydrocarbons.

Environﬁental conditions énd Qéathering can fesult.in a variety of
physical configurations- of oil spillsion water (Table 2). Smooth slicks are
the com@on conception of spills. Howéver, in ;ﬁny_éases, spills caﬁ appear
in streamers or windrows, isolatedlpancakes or‘consolidated tarballs.
Hollinger (1974)-has'shown that thick f?gions of slicks contain more than 90
percent of the o0il in less than ten percent of thé s;ick area. - This

emphasizes the advantages for spill cleahup if relative thicknesses can’ be

remotely detected.



TABLE 1.

A GUIDE TO THE RELATION BETWEEN THE APPEARANCE,
€  AND VOLUME OF FLOATING OIL

iy

THICKNESS

APPROXIMATE

O1L CONDITION - APPEARANCE APPROXIMATE I ]
‘ L ‘THICKNESS (mm) VOLUME (m3/km?2) =

Light sheen Silvery 0.0001 0.1

. . ~ o

Heavy sheen Iridescent 0.0003 0.3

Unemulsified Black/dark brown 0.1 100.0

oil ' .

Emulsified Brown/orange "1 or more 1000.0

oil ‘

. 3
. . N

Adapted from: Canada, 1984a: 11 .
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FIGURE 2. GROSS WEATHERING PROCESSES AS THEY
AFFECT OIL ON THE SEA SURFACE ‘

EVAPORATION

OXIDATION

DIS PERSION

ADSORPTION: PROCESS OF OIL ADHERING TO THE SURFACE OF SOME SUBSTANCE-
GENERALLY LEADS TO SINKING.® . i

BIODEGRADATION: CHANGES IN THE CHEMICAL AND PHYSICAL PROPERTIES OF AN OIL
THROUGE BIOLOGICAL ACTIVITY. ) ~

CHEMICAL DISPERSION: REDUCTION OF OIL/UATER INTERFACIAL TENSION BY THE
ADDITION OF SURFACTENTS TO OIL WHICH AID ITS DISPERSION.

DISSOLUTION: -A PROCESS HHICH ACCOUNTS FOR THE SOLUBLE HYDROGARBONS IN OIL
DISSOLVING IN THE WATER. : v ) I
EMULSIFICATION: A MIXTURE OF OIL AND WATER WHICH IS CAUSED B&lSOHE STIRRING
ACTION (SUCH AS WAVES), EMULSIONS ARE EITHER WATER IN OIL OR|OIL IN WATER,
DEPENDING. ON THE RELATIVE PERCENTAGES OF EACH. SUBSTANCE. \

.
EVAPORATION: CONVERSION OF A LIQUID TO A VAPOR, THE RATE OF EyAPORATION
DEPENDS ON THE VOLATILITY, TEMPERATURE, WIND AND SURFACE AREA\OF THE SLICK.
EVAPORATION WILL USUALLY ACCOUNT FOR A LARGE PORTION OF LOST QIL.
' r
OXIDATION: THE COMBINATION OF HYDROCARBONS WITH OXYGEN. SUNLIGHT WILL AID
OXIDATION. THIS IS CALLED PHOTO-OXIDATION, PRODUCING OTHER COHPOUNDS WHICH
MAY DISSOLVE IN WATER OR DISPERSE QUICKER,THIS IS A SLOW PROCESS AND LIMITED
TO THE SURFACE OF A SLICK. ) \

- \

SOURCE: Pavia, Robert,and D.L. Poyton, 1983: 346

% ‘

N
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TABLE 2. DESCRIPTIVE TERMINOLOGY FOR OIL SIGHTINGS

- MOUSSE :. A WATER-IN-OIL EMULSION FORMED WHEN WATER 1S MIXED WITH OIL BY SOME

AGITATION PROCESS SUCH AS WAVE ACTION. THIS FORM OF OIL IS MORE READILY
FORMED BY HEAVIER OILS THAN LIGHTER OILS. IF A MOUSSE IS FORMED“IT CAN RANGE
.IN COLOR FROM LIGHT BROWN TO RUST AND DARK BROWN. THE COLOR IS DEPENDENT ON

. TYPE OF OIL, AMOUNT OF WEATHERING IT HAS UNDERGONE AND THE PRESENCE OF
SURFACE ACTIVE AGENTS. '

4

-

o,

PANCAKES: ARE GENERALLY SEEN AS ISOLATED PATCHES OF WEATHERED OIL. ~ THEY ARE
ROUGHLY ROUND OR OBLIQUE, GIVING RISE TO.THEIRNAME, AND CAN RANGE IN SI1ZE

FROM' ABOUT 6 CM TO A FEW KILOMETERS IN RADIUS.

‘

SHEEN;"THE NAME ASCRIBED TO OIL THAT 1s DETECTIELE BY A DAMPENED OR "SLICK"
SEA SURFACE. SHEEN CAN RANGE FROM BEING VISIBLE ONLY BY THE SLICK 1T PURMS’
TO HAVING A RAINBOW -OK GRAY COLOR ASSOCIATED WITH IT.

i
—

SLICK: A SMOOTH SEA SURFACE AREA RESULTING FROM SUPPRESSION OF SMALL
CAPILLARY WAVES BY OIL.

STREAMERS: LINES OF OIL, OF ANY FORM, AL¥GNED IN SMALL WINDKOWE N _
TARBALLS: A FORMATION OF "GLOBULES OF OIL" GCCURRING WHEN WEATHEKEL OIL
UNDERGOES A SERIES OF PHYSICAL PROCESSES THAT;BREAK UP LARGELR PATCHES OF .UIL
INTO COMPACT SEMI-SOLID OR-SOLID MASSES RANGING FROM 5 MM TU 15 MM IN
DIAMETER.

WINDROWS: ~PARALLEL BANDS OF FLOATING MATERIAL ON THE WATER SURFACE (U1,

- SKRGASSUM, ETC.) WITH THE LONG AXIS ALIGNED WITH THE WIND DIRECTION.

9

WIND SLICKS: PATCHES OF CALM SEA SURFACE CAUSEL BY LOCALIZED AREAS OF WINI
SHEAR WHERE WIND CONDITIONS CHANGE SO RAPIDLY THAT CAPILLAKY WAVES DO NOT
HAVE TIME TO DEVELOP.  WIND SLICKS DO NOT CONCENTKATE MATERJAL ON THE /WATEL
SURFACE AS DO WINRROWS. WIND SLICKS MAY BE CUNFUSEL WITH Ak OIL SLICK.

~

Source: Pavia, Robert, and D.L. Payton, 19B3: 347
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,Resear‘gh sndertaken by‘vAhvma.djian et al. (1976) indicated that,
aithqugh weathering affects the physicgl agd chemical.prqpérﬁiés of Egiiled
oil; it aoés not ;suélly obviate the pdtential fo; remote detection. Far
more qritical.to remote sénsiné are>such factors as cloud cover and séa state
whicﬁ can entirély‘eliminate ﬁhe use 6f some sensoré such as satellite

platforms. <In development of the method for this study, these and other

factors were taken into consideration and are explained accordingly.

-
2.2 Portioné of the Electromagnetic Spectrum Used in 0il Spill Remote
_ in . B o o i

The electromagnetic spectrum is a continuum of energy travelling at

‘the speed of light (3 X 108 sec m x sec ~') and is described in terms

of wavelength or frequency} Figure 3 illustrdtes the spectrum and provides
descripti&e terms for certain bands within it. Based on Canada (1984b),

Canada (1983a), Axelsson and Ohlsson (1973), Catoe (1973) and Estes et al.

(1972), a brief summary of the bands used in the remote sensing of oil spills

el

g
follows.

A}

©2.2.1 . Ultraviolet. ~ The ultraviolet (UV) spectrum ranges from 0.1 to

0.4 micrometers (Um) or 100 to 400 nanometers -(mm). The portion of the UV

band generally used for remote sensing purposes is between 0.37and 0.4 ﬂﬁ;

absorption by the atmosphere is very strong below 0.29 ym. —

B

There are two mechanisms for detecting o0il slicks in the UV: the
Tl » 3 B
reflectance differential between o0il and water, and fluorescence. As

illustrated in Figure 4, oil has a higher reflectance than sea water in the
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FIGURE 4, SPECTRAL RADIANCE FROM A THIN LHER
OF CRUDE OIL AND MODERATELY CLEAR

COASTAL WATER OF INFINITE DEPTH WITH -~

43° SOLAR ALTITUDE

' IO'Z 1 I B 1 [ 1 ]

10734

10~4-

- RADIANCE p (A) (WATTS/CMZ-NM' STER)

¢

' T T T T R
300 . 400 500. €600 700 800 900 1000

WAVELENGTH A (NM)

SOURCE: United States,.197}4d: 701
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near ultraviélet. Sensors which selectively focus on this part of the

B3

electranagnetic spectrum therefore are theoretically capablé of superior oil

spill-detection. The second phenomenon, fluorescence, occurs when a portion

- )

" of the ultrav1olet absorbed by oil is re“emltted at a longer wavelengt‘hfrom

0.4 to 0.7 #m, providing a relatlvely weak signal for oil Splll detectlon

purposes;

-

2.2.2 Visible. The visible portion_of the spectrum between 0.4 and

[}

0.7 ym is the region sensitive to the hﬁman eye. The mechanism for oil

E

detection in this band is the reflectance differential between oil and water.

'
<

The dif ferential 'is weakest between 0.45 and 0.5 ym; wavelengths below and

above usually provide improved oil/water contrast. '
- .

2.2.3 Near Infrared. The near infrared region (IR) from 0.7 to 1.1 pm

is not detectible by the human eye. Its primary usefulness for remotée

detection is also the;resulf of the reflectance differential between water

.and oil as illustrated in Figﬁre 4. In fact, in this region the radiance from

an oil slick can be between 20 and 100 percent greater than from the

strrounding water (Catoe, 1973: 269).

2.2.4 Thermal Infrared. The shortwave infrared between 1.2 and 3.0 phr

has little utility in the remote sensing of oil spills on water . Beyond.‘

3.0 um, emitted (thermal) infrared becomes a primary source of detectible

_ energy.’ In the thermal infrared, remote sensing 'is usually confined to

spectral regions called atmospheric windows where the atmosphere is

-
<

11
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~~sufficiently transparent to allow radiation to travel over paths of v e

y significant length with little absorption. The main windows are fram 3.1 to
B s : . . -

4.1 #m'and 8.0 to 14.0 um. The'oil spill detection mechanism in the thermal
2, . i

infrared is that of the.thermal emissjon differential between water and oil

which is'greatest in the 8.0 to 14.0 um region (Catoe and McLean, 1979: 4).

- ° [

'

2.2.5 . Microwave. . The microwavevport;on of the electromagnetic

spectrum ranges from 1 mm to 1 meter in wavelength. A principal mechanism

.

for oil spill detection in the passive microwave regidn.(0.1‘cm to 30 cm) is
. . ¢ . . ) -

the emissive differential between oil and water; the emissive signature of
petroleum products is significantly higher than that of a calm sea (Canada,

1984b: 2.19). Sea surface damping (wave structure modification) also plays a

role in the microwave region by reducing sea surface roughnegs and emissivity

(Catoe and Mclean, 1979: 8). .

‘The active pdrtion (1.5 cm to 70 cm) of the microwave spectrum is

known as the radar region. In this band, the damping effegt of o0il on water

can result in what is known as a backscatter cross-section differential.

»

That is, oil's damping effect on surface waters reduces the amount of enérgy

being backscattered compareé‘to surrounding wave-tossed areas. According to
to Catoe (1973: 270), a decrease of up to three orders of magnitude in return";'

> a

signais have been observed for natural oil slicks.

2.2.6 Summary. /Eabié\B summarizes the detection mechanisnﬁgg"
appropriate to thgzélectramagnetié bands discussed above. Table 3 also

identif#es weather constraints, false alarms and the potential for day and

-

12
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A

night 6perations for each band. 'Weather constraints include haze, fog,

- clouds;, hail and rain. False alarms which can camplicate interpretation of

sensor data include fish oil slicks, suspended solids, wind slicks, shallow
water, upwellings and calm seas (United States, 1974). Remote sensing in all

of the electromagnetic spectrum (between ultraviolet and microwave) is-

available under daylight conditions. However, passive remote sensing using

the photographic poftion of the spectrum (0.3 - 1.1 pum) is not possible
' . t

during hours of-darkness-“

)
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CHAPTER 3. OIL SPILL REMOTE SENSING

Much of the oil spill remote sensing undertaken to date has been
in relation to large spills from tankers or offshore oil rigs. The oils
involved have been primarily heavy crudes. Little remote sensing ef fort has
been put into the more chronic problem of small harbour slicks of lighter
hydrocarbons such as diesel or gasoline. This chapter examines the record of
0il spill remote sensing by reviewing operational systems and summarizing the

record of experimental studies.

3.1 Operational Systems

Considerable variation exists amongst countries in terms of their
use of remote sensing for the detection of 0il spills. There is no
consistency in either system types or costs. The sections which follow

describe systems used on spills in Canada, Europe and the United States.

3.1.1 Remote Sensing of Oil Spills in Canada. According to an

extensive literature search, primarily through the Canada Centre for Remote
Sensing (CCRS), there is little documented use of remote sensing of actual
spills in Canada. Thomson and McColl (Canada, 1972) described a remote
sensing survey on the 4 February 1970 of a Chedabucto Bay bunker C oil spill.
That survey was undertaken to assist in delineating the distribution of oil
and to evaluate the usefulness of an 8 - 14 um infrared line scanner
(Appendix 1) and several 35 and 75 mm photographic cameras. Flights were
scheduled under day and night conditions. The authors determined that both

sensor types were capable of‘monitoring slick area. The thermal scanner

15
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could only be used.under-limited‘conditions when there was a significant

/

temperature difference between gii and water. The photographic imagery was
limited to daylight fair weather observation. Photography was the authors”

preference for simple surveillance, particularly with certain film/filtér

combinations such as Kodak Plus=-X with a Wratten 39 (ultraviolet and blue)

filter. o - o
The only'other major Canadian spill of opportunity roted in the

literature was from the Kurdistan oil tanker. O'Neil et a¥. (Canada, 1980)
> A

used A-reiatively extensive sensor package ta search fof/and map bunker C\bil

which had been spilled from the Kurdistan on 16 March 1979. 1Included in

their choice of sensors was a multispectral scanner with infrared and visible

channels, a low light level television (LLLTV) camera (Appendix 1), large

——

-format photographic reconnaisance cameras and a specialized "multi-detector
‘electro-optical imaging scanner". Between 17 March ‘and 2 April, a total of .
‘nine‘sorties"were flown with oil béing 6bserved and mapped‘oh six of these.-

» Bach of the sensors proved to be capable of oil detection under specific -

f .

"conditions, but the authors did not provide a comparative evaluation. Their

only reference  to spill thickness was that thin slicks showed bright against.

the dark water with UV and color photography.

Although CCRS, a few other government agencies and several private

remote sensing firms have been involved - in the development and evaluation of

Bil spill detection systems in Canada (Table 4), there.is é lack of other
published information on actual‘applications of‘thesé systems to reél oil
spills. While it is known that visual observation; fr om éircraft are often
gccompanied by the use of 35 mm cameras withaeitherror both sxylight and

polarizing filters (Canada, 1986c), it appears that more sophisticated

16




TABLE 4. CANADIAN AIRBORNE REMOTE SENSING CAPABILITY FOR OIL SPILLS

AGENCY
OR COMPANY

AIRCRAFT

SENSORS

Canada Centre for
Remote Sensing
(Federal Department
of Energy, Mines
and Resources)

Convair 580 Falcon
DC3 (2)

LLLTV

Dual channel line scanner
Multispectral line scanner
Four channel research SAR
Laser fluorosensor

AGTV and cameras

MEIS (experimental)

Ontario Centre for
Remote Sensing

(Provincial Ministry
of Natural Resources)

Navaho Chieftan

Daedalus IR line scanner
2 Vintens (70mm) and

(gu x gn)

4 Hasselblad (70mm)
Rerial video

Atmospheric Environ-

ment Service (Ice
Branch) Federal
Department of
Environment

Electra (2)

APS 94D Radar
Bendix thermal mapper
70mm camera

Department of
National Defense

Aurora CF104

Reconofax X IIIA line
scanners

Other classified military
equipment

Atlantic Canada
Airborne Sensing
(Crown Corporation)

PA23 Piper Aztec

LLLTV

B&W daytime TV (& color)
FLIR

Cameras

MARS Aerial Remote
Sensing Limited

Grumman GI

Motorola APS 94 D
SLAR

Aerial cameras

IR line scanner

Intera Technologies
Limited

Cessna 411
Cessna 310
Piper Navaho

Daedalus IR line scanner
(single and dual)

Aerial cameras

LLLTV

SAR

SLAR

17



TABLE 4.

CANADIAN AIRBORNE REMOTE SENSING CAPABILITY FOR OIL SPILLS - Cont'd

T AGENCY ‘
_OR_COMPANY AIRCRAFT SENSORS
Aerial Mapping & Beechcraft Zeiss RMK A 15/23 aerial

Photography Limited

Super King Air B-200

camera A
Radar altimeter (FP~RI)
LLLTV

TV (B&W) o
B&W support photo lab

Les Releves
Geophysigues’ Inc.

.Flying by
hAerophoto Inc.

Bendix thermal Amapper
70mm camera

Norcor Engineering
and Research Limited

Britten-Norman
Islander:

Bendix RDR ground search

radar ’

RCA 1040 ISIT TV system .
70mm’ camera '

Adaptéd.from:

18
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systems are infreqﬁgntly utilized probably as a result of their greater-

complexity, lack of availability or greater cost.

 3.1.2. = Operational Systems in Other Countries. - Massin (1981) described

'

an airborne remote sensiﬁg system develbped by Frahce for detectingf
identifying, classifying, mappingland tracking oil spills. Thé French sensor-
package ihclﬁded.an infrared line scanner; a navigation sttem,ia videotape
recorder td combine the scanner and navigaﬁion data, a video display; a rd@1d
transmitter and various;éhoﬁographic'cameras which éould all be carried in a
twinfenginé aircraft. The ground receptor system was c0mposéd of a radio
receiver, a system to separaté scanner énd flight data,rg vidéo display unit,
.a vidébtape recorder and a laser’beam“recbrder for hard copy. Figure 5
provides a.schehatic of this "Supercyclope" system. -

Aécording to Massiﬁ, the system.was operationally limited witHh
~respect to weather céqditions and lack of coﬁsistency in the infrarea bénd
because of therﬁaL variability g;uséd by cold water rising in the wake of
vessels or interference from cloudégv Expansion of the system to overcame

-,

these limitations included a ?roposgl for the use of a multispectral 1;ne
scanner and a side~looking airborne radar. Massin also suggested tﬂat
comparison of infrared and visible imagery could provide some information
about average spill gﬁickness, but did not detail how this could ‘be
;achieyed,

Backlund qu Holﬁsirom (19835 deécribed a Swedish packaye -
ccmprising an integrated side‘l&oking airborne ragar (ApFEnd;x 1), an

infrared/ultraviolet scanner and photograph:ic cameras. Lata storage and

documentation included-a Polarcid camera and digital cassette recorder.

19



FIGURE -5, FRENCH SUPERCYCLOPE SCANNER SYSTEM

i
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Navigational data were integrated into the system as well. System add-ons -

v

included image links to the ground by microwave, a .handheld TV camera, a

|
\

microwave radiometer and a laser fludrosensor (Figure 6).

L

The Swedish system has| been in operational service since 1980 and’
has been tested in various flight programs for the French and Dutch

. ’ . . Q
governments, the European Economic Cammunity and Swedish Coast Guard.

%

Although Backlund and Holmstrom provided no analyses from their experiments,

they claimed the sYstem had performed very - satisfactorily. The UV channel on

a

the scanner was used successfully to image spill area and the IR channel to

‘indicate relative oil thickness. Unfbrtunately, they provided no details on

3

thickness discrimination performance. While the authors'azgued that the

v

swedish system was low weight, low volume, low in power consumption, réliable

and needed only a minimum of service, gacklund (19?9) quoted systém
instailation costs at that time as $535¥000 U;S., a high sun for mos£
emergency response groups-. |

Perhapglthe most elaborate and}téchnologicqlly advanced oil spill
surveillance system is the U.S: Coast{Guérd's "Aireye" (White and Schmidt;
19835. It was designed to ihclgde a sidéflooklng airpo;he radéf, a £hrec—
channel infrared/ultraviolet line scanner; an aerijial reconnalsance camera, an
~airborne data adaptation system and a Conggol display and,recérd console. In
additio.., to identify polluting vessels atlnight, an active gated television
was developed fo; the Aireye. Each sensorxpould produce a;nntéted hard copy

imagery (Figure 7). As of 1983, the system was to be installed on six U.4e

Coast Guard jet aircraft.

“

A key feature of the Aireye computer was its onboard‘image-

processing capabilities which included such enhancement functions as spatial

21 -
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hiéh resolution zoom, automatic

literature did not document its ability to measure spill thickness.

literature.

““filtering, intensity scaling, fram tOffraqe‘averaging, magnification zoom,

haracter generation, -graphic overlay and

-

geémetric cérteétiog.'jhkcomple \and intégrated systém, the‘Aifeye was very .
expensive and reqqired'a high degreé‘of sophiStication and tréining for use.
It was developed primarily fof'spiil ahd«vessel’identification pufposes; the
The: French, Swedish and‘American systems were devéloped aftérj
extensive”reseérch and fieid.tféiﬁing. Although each was Cléimed to befan
integrated Packaqe capab&e of 0il detection dnde? virtually any circumétance;
problems of poor weather, héavy.éea states énd félse<£argets have restricted*
their utilit?-, While sophistiéation'was.the reason for their versafilipy, it
was also_the ;§ﬁse qf their high,costs. Moreover, whether thé& Wefe able to
accurately identify spiil thickness could not be detefmined from the

A

The video system deVeloﬁEd for this study is more limited in $cope,

-~

but much lower in cost. 1In addltlon, its performance in measurlng thin spill

E;Jh\thlckness may be superlor. Assessing its effectiveness in determlnlng Splll

thickness is ghQJmaln objective of this study. ' .

3.2 Experimental Studies ‘ o o

’

To evaluate the capability and effectiveness of oil spill sensors
thfbugp experihental studies, it is useful to have a design concept of what
mighf be considered an 'ideal' system. O'Neil et al. (1981) suggeéted such

a system should:

24



~actual field trials of many different sensors covering much of the

°provide continuous, day and night, all weather, wide area,
real-time surveillance . : L
odetect any. oil sp111 that occurs in the marine gnvzronment
both on and below the surface - _ .
°confirm that the detected substance is in fact 011
°map the areal extent of the spill
°oRtain the thickness distribution and quantlfy the amount
of o0il spilled
cidentify the source of pollution and the spec1‘1c type of
pollutant being discharged : o
- °provide precise navigational accuracy for splll and source '
location and positioning of clean-up vessels\
°document all collected data on- hard copy records for legal
evidence.

This is a demanding list and one not ;aﬁable of being satisfied by

any s%ngle sensor. Nonetheless the list can serve as a reference when

evaluating existing instrumentation. Table 5 alphabetically lists stubibs of

v

electromagnetic spectrum. Some of .the studies comparatively evaluated one

. ' . . i
particular type of sensor such as photographic cameras, while others campared

¢

different sensor types such as multispectral scanners and radar. Appendix 1
describes the various instrumentation types referenced in Table 5.
Table 5 shows-that sensor evaluation studies historically have

occurred in two main time periods - the early 1970's and the 1980's.

Research for the first of these perieds suggegzed a heavy emphasis on

~

photographic sensors as well as initial examination of a wide variety of
sensors over much of the electromagnetic spectrum. Work in the 1980's has s

)

been based on improvements in the electronics of sensing and recording units.

.@

3.2.1. Seasor stems. '~ Examination of the results presented 1n Tabie
5 leads to the following conclusions with respect to sensor systems, spectral

bands, oil type and oil thickness.
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3.2.%.2

Photographic cameras and qnltispecttql scanners.

1.

These sensors operate best with few clouds, 1ittie haze and low

winds ¢Shimoda et al., 1975).
.(‘, '

Photégfqphic and scanner information both provide fair oil

spill detection capability (Munday, 1971; United States,

1971b).

Good areal,information can be provided by these.sensors (Geraciy

‘ and Caltabiano, 1983; Shimoda et al., 1975); color appears to.

provide little advantage over black and white (Thaman et al.;
1972).

Differential polarization can increase oil and water contrast

-

(Thaman Eizél" 1972).
Although limited by a laqk of real-time'capabillty,
photographic cameras have the advantage of being gpnera;ly less
expénsive than scanners (Munday et al., 1971; United Stétesl

1971b) .

The best film/filter combinations appear to be 2402/18A or 349,
2403/32 or 99, 2424/18A, 32, 39 or 99, and SO-397/1A (Vizy,
1974; Maughan et al., 1973; ‘Reinheimer et al., 1973; Canada,

1972; United States, 1972). This is a wide assortment of film

and filter types, but the mostApreferred bands amongst thesco

.appearé to be the Uv-blue and red (Appendix 2).

"ideo systems.

1.

With a high level of radiometric resolution, video offers gnod

contrast between 01l and water 1n the photographic spectrum tor
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3.2.1.3

3.2{1.4

2.

areal spill délihégtion (Canada, 1985; 2Zwick et al., 1981;

Neville et al., 1979).

N

UV and red‘pr IR bands together offer considerable oil/water

contrast enhancement (Millard and w°olever; 1973; Miilard et

al., 1973). 75 .
Practical advantages of video systems include real-time viewing

and recording, portability,Lease of installapion and operation,

low cost, and use in flight line navigation and track ;ecovéry

4

(Canada, 1985; Goodman and Morrison, 1985; Neville et al.,

1979; Worsfield et al., 1975). a =

LLLTV.

1.

1.

Capable of detecting oil 6n water under night conditiogs;Vthis
sensor type also‘offers the advantages of rg;l-ﬁimg data
presentation, wiae field view and ease of use (GOodmén and
r&o_rrison, 1985; Neville et al., 1979):

May be limited in night use when lights are in image or in day .

"use in high sea states (Nevi%le et al., 1979).

No apparent ability to detect thigkness (Zwick et al., 1981).

Radar.

This sensor can detect oil under.adverse weather conditions and
at niéht by measuring backscattér differénces between oiled and
unoiled waters in‘querate sea states, but. is net capable of
real-time processing or detection under calm or severe surfaée
conditions (Thaman et al., 1972; Aukland gg_glé, 1971; Catoe
and Orthlieb, 1971; United States, 1970).
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c ' ’ , : - -
3.2.2 Spectral Bands. : T » : . S o

3.2.2.1 Ultraviolet.
1;, This band is consistently reported to'optimize the contrast

-

between oil and water, partidularly with respect to thin

. slicks (Canada, 1985; Yuanfu et al., 1982; Vizy, 1974; Aukland
et al., 1971; Catoe and Orthlieb, 1971; Munday et al., 1971;
United States, 1971b; United Statgs, 1970; Lowe and Hasell,
| b

1969). . " R S

1 3.2.2.2 visible.
1. The blue band near.the ultraviolet hgs»sqme capability fOY;Qll
spill détection.(YuanfquE él., f982j V;zy,‘1954; Munday et
‘al., 1971;'Unfted'States,'1é71b). |
2. Some sources reportea that the:;een'hand is uge{;l for
recérding thick o1l slicks (Mhnday et .al., 1§Z}; United Stgte;,
1271b), whiie anotherrargued for the red band.(Yuanfu et al.,
1982). Vizy (1974) claimed neither was suitable.

- '1 42/,A4

3.2.2.3 Near or Epotogrgphicvinfrared.

1. This band by itself has brovén of little use 1rn o1l spill

detection other than for the possible exception of low sun
angle conditions (Yuanfu Bt Elf' 19862; Au¥land et al., 1471,
Catoe and Orthlieb, 1971; kunday et al., 1971; United States,

©

1971b; Un:ted States, 197G).
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3.2.2.4

3.2.2.5

3.2.3

P

Thermal infrared. . | S T
. oq

1. While several authors report that this portion of the spectrum-

is suitable for oil qéiu identification (Yuanfu g_t_g 1982;
Munday et _a_l_, 1971; United states, 1971b; Lowe and Hasell,
1969), cértain_c«';veéts n;ay apply. ‘For exam;v]é, same themél
sénsors are much less effective-thén othefs, some image too-"
many false targets (Canada, 1985) and’some'afe only cgpable of

detecting thick slicks in clear weather conditions (Shimod% et

3'1_.,_'1975)5\

Microwave.
43{‘This portion of the spectrum can be utiiiéed by certain
instruments as all-weather backup to other sensors, but

existing microwave instrumentation can be confused by boat
' -

wakes-or sea waveé'(Aukland EE.EL'; 1971; Catoe and Orthlieb,

197%; United States, 1970).

~

"01v1 Type. o | S o | {\\

- ¢
- No sensor system is apparently capable of accurately
identifying types of spilled oil (Canada, 1985; Geraci and
. , i
/ Caltabiano, 1983; Yuanfu et al., 1982; Horvath and Stewart,,
1971). However, it may be possible to show oil type
' N

differences'when.morg than one oil type is present (Vizy,

1974).



3. 2’.‘ 011 mchu' .

- There is reportedly llmlted potentxal for remotersenSLng

/

. technigues to identify oil spill thickness. “Tonal variations’

\?

in color photogr.aphy may indicate thickness differences

.

- : (Thaman' et al., 1972) as might a combination of multispectral
bands from ultraviolet to thermal-(United States, 1971a).

These conclusions as derived from Table 5 are in agreement with

similar summarizations by several other authors including Canada (1984b),

%

Bogorodskii et al. (1975), Canada (4974), Catoe (1973), Estes et al. (1972}
and Wobber (1971). Their reviews summarize sensor types and spectral bands,

but provid; no references from the literature.

—

—_—
a

3.3 ' Determination of Stndy Objective and Sensor System. .

The preced;ng interpretation of Table 5 indicated tHBt—{/lJable
areal delineat;on of o1l spills was feasible with a variety of.sensors and
under a range of environmental conditions. Such was not the caée.w1th o1l
type or thigkness. The Ii;eratufe was clegr that 611 type 1dent1f1c§txon has .
not been achieved, but there is disaygreement over whether sp1ll thickness can

be determined.
o

Canada (1985), Geraci and Caltabiano (1983), Zwick et il' (JQUT),

Shimoda et al. (1975), Thaman et al. (1972) and United States (1971a) have

indicated that oil thickness determination by remote sensing techniques 15

uncertain at best. However, within the visible spectrum, some suscess at 611

thickness identification has been achieved according to Yuanfu et al. (1982),
Munday et al. (1971) and United States (1971b) through use of the ultraviolet

-

band for thin slicks and the red or green bands for thick Blicks.
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In an effort to resolve the matter, a series watgsts,ADd,amfieLd,

trial were undertaken in this study with the objebtive of;determining whether

0il spill thickness could be determined through selected filtration in the
photographic spectrum. It was intended that these experiments examinel.
several oil types and a range of sensor fiiters from the UV to IR in relation

to spill thickness.

Imaging of oil spill thickness can be affected by 6i1_typeq optical
chnditions such as skylight and cémera’angle, and water conditions such as

surface roughness and turbidity. Table 6 lists these conditions$ rates their

-

importance and describes how each was dealt with in this study. Owing to the
, ) _ B z ;

repuféd difficulty in accurately sensing oil thickness, most of ‘these

-~

variables were eiiminated or minimized in order to isolate filter type as the

key thickness determinant.

With respect to sensor system sélectién,_Table 5 intefpretation

suggests very practical reasons for choosing video: real~time viewing and

'recording, portability, ease of installation and operation and use in flight
line navigétiop and track recovery. Its analog to digital characterist ics

!

allow rapid and accurate computer enhancement and analysis. Video~also has
]

satisfactory sensitivity in tﬁe blué'and green bands for optimum use in'light
overcast conditions. The financial consFraints of most emergency response
organizations also argue strongly in favor of video bécause of its iow cost .
With these advantages, video cénsequently became the primary‘systeﬁ of

«

choice.

&8
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TABLE 6. CONDITIONS RELATED TO REMOTE SENSING OF OIL SPILL-THICKNESS ;

5

X

. - s . ‘ S
CONDITIONS " IMPORTANCE 'HOW DEALT WITH IN STUDY
Optical Sunlight - Major " Near vertical sun angléﬁ
Conditdions tested.
' Sleighg‘ Moderate Testing done with overcast
. skies. )
Camera angle Major - Look angle constant at
' i - vertical. . -
‘ o wt
Crude oil . - Each oil type separately /)/
Cil Type Waste oil . . " imaged with a variety of
.1 10W30 oil Major filters. ' v
Diesel oil ~
Gasoline
Surface Major Sea state can greatly af fect]
- roughness ' - reflectivity; only calm
Water B conditions imaged.
Conditions Turbidity Major ‘Filtration in the red band
‘ tested. B
Marine _Moderate ¥ This can be a factor near-
vegetation shore; no nearshore areas
imaged.:
Temperature ‘
Salinity ' Minor These are not of éuf%icxent
Dissolved ) i importance to’ influence
__oxygen . results.

41
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CHAPTER 4. METHOD D:V!iOp;xsT ANchouTnoﬁisn TESTS
' CQmmgncing in the suﬁme: of 1986, a series of_édﬁt;oiled BT o
experlmepts were car%ied out'tq‘pgét the hyﬁothesig tha ;se;gcﬁéd-video B
filtration can determine relative spill»thick;ess. These initiél'ii T A
expgriménts,were controlled:- to ligit theiéariables affecting thg op§ic$l- o
thitiness relaﬁionship.- For example, environmentél conditions é;;H é§:
‘ i a .

surface roughness and turbidity could be eliminated, while appropriate

weather conditions could be used when they became aVaiIable."In additiénﬁ

"the experiments permitted selective testing of various video.cameras and y

3
®

filters prior to actual field use. ) - : o S '

o -

The controlled tests progressively improved on one an thénbuntil'é

o ~ B Ze o . - -
"reliable data set was aeguired. Data were collected for each experiment in

the series, but digital data compilation and analysis were completed only for

fthé finai test.

& : S
4.1 Method of Data Collection’ S -
4.1.1 Pilot Test. On: 15 Auguét 1986, a pilot . test was undertaken at

Simon Fraserthiversgty fof a brief simplified look at whetherlﬁhickﬁéss
différences could be-observed} ‘Sixteen“tea—liter white buckets were filleé
with freshwqpera .Eifteen of tpese werg_introdu;eq with'varyiﬁg quéﬁtit%es
(qne droé to 500 ml) of’waste oil, diesel oil‘aﬁd gasolineit TheibﬁgglAQas
left with only freshwater as a control (F{gureve). A Sony CCD videocéme;% '
with a spectral sensitivity from the UV to the IR (fiéﬁre 9) was utilized to

. - . L3 s
image the cluster of ‘buckets under both direct sunlight and full shade
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FIGURE 8. ARRANGEMENT OF PILOT TEST BUCKETS, SIMON FRASER UNIVERSITY REMOTE
SENSING LABORATORY, 15 AUGUST 1986

Note: This 35 mm photograph shows shadow and sun lit areas in the white
buckets. The video imagery used for evaluation purposes in the
test was collected under full sun conditions initially and then
under full shade conditions to limit exposure problems from
sun-shade contrast.



FIGURE 9. SPECTRAL SENSITIVITY OF THE
" RCA NEWVICON AND SONY CCD
VIDEO CAMERAS
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'SOURCE: Roberts, A., and D-J. Evans, 1986:732
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conditions. §Six different filter types (18aA, 88A, 400nm, 450nm, 500nm and
600nm) were separately mounted in front of the camera lens to provide
specific wavelength coverage within the photographic spectrum. The
transmittance characteristics of the 18A glass filter is shown in Figure 10
by way of example. Appendix 3 shows the transmittance ranges of all of the
filters used in the pilot test.

The resulting recorded imagery was displayed on a monochrome
monitor in the lab and examined visually without enhancement. No digital or
statistical analyses were undertaken. At this simple level of examination,
the test succeeded in demonstrating that it was possible to visually
discriminate amongst thick layers (greater than 100 yum) and oil types such as
crude oil and gasoline, but not amongst thinner layers (less than 100 um).
However, it was considered a possibility that digital enhancement and
analysis would be able to either provide this discrimination and/or set
discrimination limits for thinner layers. One potential cause of the poor
thin layer discrimination was the translucence and white color of the buckets
which would have significantly increased light levels (albedo) fram bottom
reflectance. In the "thin layer" buckets this would have added to the
non-oil reflectance and masked the weaker oil reflectance. A second test was

therefore planned to eliminate this background albedo problem.

4.1.2 Shellburn Refinery Test. Arrangements were made with Shellburn

Refinery, Burnaby, B.C., for use of its dock and foreshore for the second
test in the series. In each of five 45 gallon drums donated by Shell Canada
Limited, five eight-inch diameter ABS plastic pipe cylinders one foot in

length were clamped vertically‘(?igure 11). A sixth 45 gallon drum was to be
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FIGURE 1i. DESIGN OF PIPE CYLINDERS IN 45 GALLON DRUM

8" DIA. ABS PLASTIC PIPE

NO
/cunp MOUNTS
4% GALLON STEEL TANK
TOP PLAN
CLAMP MOUNTS
L — 8" DIA. ABS PLASTIC PIPE
{ . |
i . i I MATTE BLACK INNER
COATING ON 45 GALLON
: : 1 STEEL TANK AND CYLINDERS
| | l
| ] !
! i b4
Mo | Jln-’
Y
SEAWATER

OBLIQUE CUTAWAY VIEW
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cc to '32.4 cc (Figures 12 and 13).

used as a contr6l and therefore had nc clamped cylinders. All of the °

cylinders and the interior of every drum was painted matte black'tq reduce _
the background albedo. T

The six drums were positioned in an exposed area adjacent to the

Shellburn dock where seawater was:pumped to within two inches of the top of

each drum. Diesel.oil, gasoline, bunker fuel, waste oil and crude oil were

- each introduced into different drums in five.quantities ranging fram 0.0324

The quantities of‘hydroca;bon placed in the cylinders'in eacg druﬁ
were originalily intended to simulate,fivé different thicknesses ranging ?rom
1" to 10000 um. Unfortunately pooling of:the sméller hydrocarbon quantities
(wheh the entire su;face within each,cylinder was nét covered) resulted in

some uncertainty as to exact thin layer thicknesses. Calculations of

guantities for the purpose of representating thicknesses were as follows:

Inside area of each cylinder‘=11r2 = 3.1416 (10.16 cm)2 = 324 cm?

'If 1 pm = 0.001 mm, then 10000 gm = W0 mm = 1 cm

Therefore, to cover an area of 324 cm? to a thickness of 10000 pm, 324 cc

(324 cm? x 1 cm) were required.

Correspo%ding'thicknesses for other cylinders were:

1000 pum - 32.4 cc
100 pm - 3.24 cc
10 um - 0.324 cc

1 um - 0.0324 cc
Imaging was done under sun and shade conditions with a Sony CCD

video camera set on a pedestal mount beside thé,shellburn dock approximately
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FIGURE 13. ARRANGEMENT OF 45 GALLON DRUMS, SHELLBURN REFINERY TEST, 15
SEPTEMBER 1986



above the drums positioned on the foreshore. Filters used in the test were
18A, 87B, 88A, 450nm, 550nm and 650nm (Appendix 3).

On visually reviewing the video imagery later on a monochrome
monitor, it was discovered that, although some variations in o0il type and
thickness were discernable, too large an area appeared in each image. This
meant that individual cylinders were too small for proper viewing or
digitizing. In addition, the non-vertical sun angle caused direct sun and
deep shade contrasts in the drums which resulted in a too wide exposure range
that made accurate reflectivity measurements very difficult. Consequently,

it was necessary to design a third and final controlled test.

4.1.3 Final Controlled Test. The setup for the final controlled test

(05 October 1986) at Simon Fraser University was similar to the Shellburn
Refinery test except that the drums were positioned in a straight line and
imaged individually from a near vertical position. The water control was in
the centre of each drum between cylinders rather than in a separate drum.
Hydrocarbon types were crude oil, waste oil, 10W30 oil, diesel oil and
gasoline. Hydrocarbon quantities were again 0.0324 cc to 324 cc to represent
thicknesses ranging by order of magnitude between one and 10000 fm
{micrometers or microns). However, pooling of the smaller quantities (0.0324
- 3.24 cc) made accurate determination of these thicknesses impossible.

The camera setup was identical to that of the pilot test except
that an RCA Newvicon rather than a Sony CCD video camera was used.
Filtration included no filter, 18a, 88A, 650nm, 550nm, 450nm, 301A/92
combination, 50 and 301A/46 combination (Appendix 3). (No filter implied

full transmittance throughodt'the photographic spectrum according to the
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spectral sensitivity of the camera - Figure 9.) A ten-second duration
hydrocafbon image and a separate five~second labelled image were recorded on..

a Sony B8mm video cassette recorder (VCR) for rach hydrocarbon type under both

direct sun and full shade conditions. -

st

4.2 Data Compilation .

The imagery acquired.in the final controclled test qas first

examined for Ecmpleteness and clarity. The five-second labelled images

< e 2mmm ‘. e )
€ ing, the ten-second hydrocarbon images were used to identify tape

“'preced
counter readings on the VCR for each filter for each‘hyé£ocarbon for sun and
sh;dg conditions. Within éach ten-second hydrocarbon iﬁage intérval
(approximately 300 videorframes), the clearest ;nitién Qas selegted for
digitization.

bigitization.waé carried out on the Simon Fraser University VAX
11/750 I1S image analysis system u§fﬁ§;a waveform monitor and time base
dozrector; The latter two piecés of hardware were included in the system to
'adjust the peak voltage forreach image to ensure proper exposwe and to |
provide image synchronization for the video digitiier‘ih the analysis systenm.
An example of a digitized image of diesel 0il using a 301A/46. combination

filrer under full shade eonditions and varying tﬁ%cknesses 1s provided in
o/

//'

Figure 14. . : ) .
Following digitization, the individual image frames were visually

examined. It was ngticed that a number of direct sun condition 1mages were

overexposed or degraded because of overvoltage flare from specular

¥

reflectance. Final anaiyses for this cortrolled test were therefore



FIGURE 14. EXAMPLE OF A DIGITIZED IMAGE - DIESEL OIL, 301A/46 COMBINATION
FILTER, SHADE -~ SHOWING NOMINAL THICKNESSES FROM 1 MICRON TO
10000 MICRONS



.

restricted to shaﬁe condi tions only, because of the difficulty of dealing

with tﬁese distorted high contrast images.

Using the IIS System 500 software (International Imaging Systems

' Inc., 1980), several data examination procedures were run on each image.

Profiles and graphs of radiometric values, as illustrated in Figure-15,'yere
first used for selected target reflectance cross-sections to determine if

digital brightness levels (also known as reflectivity or grey levels)

increased in _relation" to hydrocarbon quantity (i.e., approximate t.:hicknas)-f

_This agpearéd to be the case, so another software‘routine (blotch) was used

to measure grey levels in designated areas or blotches.

Finally, for each selected target area, each pixel was individually

examined to record pixel-specific grey level values (8 bit resolution: 0-256

levels). R ; . )

In each image for each quantity”(of approximate thickness), 12 grey
level pointé were sampled and éveragea acroes the slick area. An adjacent
water area was also sampled 12 times, averaged and subtracted from the

hydrocarbon mean grey level to reduce any hias caused by radiometric camera

lens distortions such as light falleoff; The resulting values were defined

as adjusted mean grey levels (or reflectivity levels) and were recorded by

hydrocarbonvtype and filter type (Table 7). These data provided the basis

for 'subsequent statistical calculations.’

o

R}

4.3 Data Apa;ysis and Interpretation

A}

The data compilation in Table 7 was graphed by hydrocarbon type
using STATPRO software (Penton Software Inc., 1985) on an IBM-AT

microcomputer (Figures 16-20). In all five graphs.théré appeared to be ai/

&



FIGURE 15. EXAMPLE OF A PROFILED AND GRAPHED IMAGE -~ DIESEL OIL, 301A/46

CMBINATION FILTER, SHADE

X-axis: Number of pixels along selected red profile
Y-axis: Reflectivity or grey level where
0 = full darkness and

256 = full brightness
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in hydrocarbon quantity o? Epptoximte—ﬁflicbsa’up to 1000 mic:ons;

Howevér, the adjusted mean grey‘level between L/OO and 10000 microns did not
follow this trend. 'Instead, values (ﬁinehsloges) err 100b,ﬁicrohé were more .
& : i o,

or less neutral Qith no ggnérﬁi fosi;ive ;rg a'apparént. -
;maIYzed by hydrocarbon ;:ype', JJ7£ slopes bétween 1\;5‘6 ka;)O.
micfgns appearéd steeper fo; the t;ansluc/ht hydxocaernsksﬁch;a§ 10W30 oilé
diesel oil and gaéoline., In ghe mre opague Frudelané w;sté?oilﬁy{;hey dgd‘

not sh&hgas much reflectance differen:ial. This could have beer a

/

6;nsequencé*of a lbwer capacity of the crude and waste olils to permit passage

through them of .internally reflected light within the cylinders: and therefore

K .

these curves "flattened out"™ sooner. - -

There was also a relatively consistent pattern in adjusted mean

=]

- grey levels for diff@reni‘filter types-i For example, the 18Aa filter ﬁsually
had th; lbwest of overall grey Ievels,ﬂﬁhile the 650nm and "no filté;"

filters demonstrated rélatively ﬁigher adjusted mean grey levels. This was a
function of exposure levels (voltaée) within the c;mera;_these’levels were a

.

function of -the transmission characteristicsbof each filter and the spectral
sepsitivity of the camera as ;ell as f;gtop and light level. v

A series of. statistical analyses were also carried out on the data
in Table 7 using SHAZAM (White, 1984) software onbavCailan Unistar -
microcomputer - The first analysis was a c;mbined filter multiple regression
for ea?h“hydrocarbon type in which oil thickness was .set as the independent
va;iable aﬁd each grey level set as the dependent variable. Resulting

o

regression slope, T-ratio and R2 values for both linear and logarithmic

series are presented in Table 8. THese wvalues clearly showed the
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relétionship of adjustedAmgan‘grey level to hydrocarbon thickness to be

logarithmic rather than linear. Logarithmic zegréssionlslopes implied a

distinct trend of increasing albedo or grey level with increasing thickneés,

Wsuppo;;;gg_ggg,study hypotheéis fhat video imagery can detect dif ferences in

spillﬁthickneSS. T-ratios for the‘logafithmic regressions were also -

-consistently higher, indicating a greater éegree of Significhnce thaﬁ'fot the

linear, while RZ values demonstrated that the logarithmic regressions had a

better overall fit than the linear estimations. Logarithmic regressiohg
slopes for the lightef hydrocarbons, 10W30 o0il, diesel oil and gasoline, were

steeper than for crude or waste oil, confimming a similar observation noted
-5,

earlier in relation to Figures 15"- 20. The coefficients of the logarithmic
re§;e5§i6ns all exhibited a higﬁ;gtatistical,signlflcancel Standard errors

and f-statistics froﬁ the SHAZAM output also were examined; in all cases the
f-statistics indicated significanceiqf the,equationsias a whole.

The second analysis applied to Table 7 da.a was a logarithmic

lﬁultiple regression of adjusted mean grey level against hydrocarbon thickness

by hydrocarbon type and filter type (Table 9). 1In each case, the adjuéted

' ean grey levei of a particular filter was set as the dependent variable and"

il thickness as the independent variable. 1In terms of regr?ion slope, .
Trratio and R2<va1ues, Table 9 confirms the eatlier observatidn that

discrimination of hydrocarbon thickness by ‘video imagery was greater for

lighter hydrocarbons than for the more opague crude and waste oils. Filters

with the most meaningful and consistent values for regression slope, T-ratio

and RZ were "no filter", 88a4, 550nm, 450nm and 301A/46 respectively. This

was particularly so for diesel oil and gasoline. It should be noted t hough

that the lens used with the 18a Qlass flltér resulted in underexposures and
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(&)

that a gelatin filter or lens with a larger aperature would have provided

better results as would have gain control adjustments within fhe'vi(hc camera

r
itself. v S

R R

5

In su;nmary’, analysis of the final controlled test data showed that

video imagery with selected filtration could movide order of magnitude

comparisons 6f hydrocarbon thicknesses up to 1000 microns (1 mm) based on

feflectance measurements. Thicknesses greater than 1000 microns showed no

discernable increase in reflectanhce yéers. The ability of video systems to
discriminate relative oil thicknesses appeared to be greater for translucent

hydrocarbons such as 10%30 oil, diesel oil and gasoline in contrast to crude

_or waste oils. For these, ligiutér hydrocarbons, filters which appeared to

provide the greatest reflectance differences, as defined by regression slope,

~ T-ratio and Rz, were "no filter", 88A, 550nm, 450nm and 301A/46.

‘

-
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CHAPTER 5. FIELD TRIAL

One of the problems encountered in the controllea test situation
was "pooling" of the hydrocarbons on the.surface of the cylinders. A field
trial was therefore planned to provide a large surface area to reducé this
difficulty. The field trial also offered an opportuntity to investigate the
ef fects of certain environmental parameters as well as to test the remote

sensing equipment under operational conditions.

5.1 Method of Data Collection

The study area identified for field testing of the results acquired
from the controlled tests was in Burrard Inlet (Figure 21). This area was
selected because of its usually calm, clear waters, its proximity to an
airport and cleamup equipment depot, and its concentration of potential oil
spill sources including freighter anchorages, four refineries, three chemiéal
plants and some chemical transfer terminals. Environmental\frotection
Service (EPS) records (Canada, 1986d) indicated that seven medium-sized oil
spills occurred in Burrard Inlet in 1985, approxi.n‘ately one every two months.
With this frequency it was originally anticipated that a convenient spill of
opportunity would be likely for undertaking a field trial. Environmental
Emergencies Branch of EPS agreed to prpvide notification in the event of any
medium-sized spill in Burrard Inlet and, as well, several aircraft spill
searches were made. Between October 1986 and early March 1987, only one
epill of sufficient size occurred in the area. Unfortunately, the remote

sensing aircraft to be used in the study was under repair at the time.

«
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-

Without a spill of opportunity, it became necessary to obtain

g 7

'permisSidn to create a field trii{_spill specificdlly fof the study. .
Applicatip‘;was made to the Ocean D&mping Appfoval Prqcess (ODAP) for this
‘purpoée (Képendix 4;.' Agenqies-gufh as the Canadian Coast'quhfd,ibepartment
7;f Fisheries and Oceans: Can;Bian’Wildlife Sé:§ice.and Port’of Vancouver were

notified. Concern was expressed by same of the environmental agencies, but

. . f . ) . N
approval eventually was granted based on the extensive involvement of Burrard
Clean Limited, a spill cleanup contractor which assumed responsibilty for

' a

spill control and cleanup.

The video package developed for the field trial, consisted of a four

'came:a array with each camera having its own 8mnm video cassette recorder and
selected optical filter, a waveform monitor and a monochrome monitor ‘(Figure

22). A switch control was included for camera selection for display on t he’

-

monochrome monitor The cameras consisted of three Sony CCL moﬁ%chromés-and_
‘s . . S o - . .
an RCA Newvicon black ard white. The video cameras were sensitive: in the

ranges shown in Figure 9. The hydroqarbon chosen was diesel because it had

~.
N

deronstrated good thickﬁgss reflectance 1n the final controlled test' and wds

\

, \ . ,
-approvable under ODAP. The filters selected were 18A, 500nm, 600nm and- 88A

{Appendix 3). In spite of some of the dif ficulties experienced with the 18K

filter in the final controlled test, it was nonetheless chosen because of its,
. 2 , . SN
s {

well documented high o0il toc water contrast. The remaining three filters each

represented a band selection which had proven promising in the final

coéntrolled test. | . . . -

o

£

In addition to the video equipment, two Niken 35 mm photographic-

P

cameras with 24 mm Nikkor lenses wé€re utilized in the field trial. One .of-
. - &

the cameras was loaded with Kodak 2443 herochrome Infrared film and fitted

£9
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w1th,a Nakon 056 (Wfatten 22) filter to ellmlnate the blue andvblue-grgeg

N

apect.ral reglons. The oth@r camera oontaméd Kodak 5037 Ektachrcne Tungsten :
,film and uséd an BSB fllter- The twovcameras»combined to provide'full
. photographlc spectrum 1maglng., (Thé;spectral sensitivity‘o%fthe/two~filmk

3 . +
- . . . A . - R .

types is shown 1n Flgure 23 ) ' , ‘t_»@ S LI =
. ; , °+ " The aircraft used in field trlal data COllectlon was' a Cessna 185
L 2 ‘with 9 1nch and 18 inch photography ports, a 1000 mlle range and 36000 feet

*

@ - ) e I
-altltude capablllty- ~This alrcraft is relatlvely 1ngxpensrve to prpduCe andﬁg

I ) .

operate, yet has practical performance characteristics for operational use.
- . - : : T .
.o @ Reference measurements&of spill. thickness for correlation with '
. ’ ] , ‘ ’ - 2 j ' i ‘ ) | . N .
L video ahd photographic imagery obtained from the aircraft weretcollected» v

- »

through surface sampl’ng from a boat usrng a Ross—Belore sampler (Figure 24).

54 -
. . ¢ .

The sampler qu de51gne4 to be drqppéd onto a spnll surface 80 that its-

v

bo*tom edge could trap and absorb that area of the'splll ulth\a spec1ally
J" Ny ’ i

designeo absorbent pad. &After each. fleld trlal sample was obtalned the

- : . . °

v
. Y

absorbent’ was removed and placed into a humbered, time-referenCed sampling -,
jar which was sealed for later laboratory analysis-
.- 7—,)‘ . . , ® ' . . g .. . . o - , ;‘:" 7
Y On 10 Uanuary 1987, a preliminary sortie was made over.Burrard
o 'rlgleteto check the videofsystem uhder‘re?l—bige'cpnditionsy. All coamponénts -
worked successfully~except that #he sensitivity of the ﬁenSDOh the Newvicon
. ; - o - % - . . Lo
5 T —, . . o - S .
camera was ndt high enough‘for the rel;tively high opacity of the 18A filter.

3 ~

Kl

» - N .
o *%15 was later rectlflec prlor to the actual field trial’ through use of'a

]

different lens: *nth(an addltlonal f-stop o '

. 'S VU, L. L
, . The field trial took place on 18 March, 1987 in Burrard Infet .
’ ) » . : " e, IR N
_r"”\' ‘. (Figure 25).ar approved under ODAP. A seriesrnf consecutive pas ses Ataﬂjbor

1208 and 500 fo-t elevations were made between 1118 hours and 120C hours
4 * * : o - " . . ’ '
d o L .

= - - - -
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FIGURE 25. AERIAL VIEW OF FIELD TRIAL, BURRARD INLET, 18 MARCH 1987



PacificvStgndard Time. Surface samplihé Qas caré;gd‘éut.simultaneously with o
the overbead passage of‘theiaircraft; wa tch synchropiza;ion between the fieid
\ _sampier.and‘caﬁe?a operator méde it later'pésgible to match the laboratory
resu}ts'from tﬁe,sux{acg Sampies with the video and(phdtograPhic imagery. &A
total of 18 passes were made of which four were later drdéped fréﬁ anal?éis”i
becéﬁse two were only for,équipment adjustment, one had no surface samples
'énd one did ﬂot inclﬁdgvthe sampling boat in the video imagery. The camera
with the infrared gily.malfunctioned ﬁéar.the sﬁarb of operations and
ﬁhénefore prevented c&llection of color;IR photogréphs. This resﬁltedAinrk
IAER of photographic corroboration ;f video IR resUltﬁl

Envifogmenﬁal céﬁditions duriﬁg the field't;ial wére optimum in
temsl of limiting f;‘he ’potential variables identifi ed in Table 6.). The sea was
calm and clear, while the spili site Qas.sﬁfficiently offshore fof marine
'végetation not tp be a’fa;tor. The sun was atyg near veftipa; aﬁgle and
there was' a consistent, moderately\thick cloqd cover a£ 2,000 feet which
‘minimized thelsun glare problem. Thésevconditiﬁns plus‘the fgll funétioﬁing
of%the §ideo eéuipment onboard the ;;rcigft and the surface sampler on the
. boat ‘provided 14 flight lines of usefui ﬁa£a. Apéit fr om ﬁhe loss ofvone
‘additional flight line with the color photograéhic camera, excellent ;olor

.t

phoﬁographs were acquired for all other fiigﬁt lines.
. ) 3

.

5.2 - Data Compilation S - '

R

i, il e

5.2.1 Surface Samples. ‘surface samples collected during the field

trial were guantitatively analyzed in ‘the West Vancouver -Analytical
! ’ : " B l T .
Laboratory of Environment Canada. Detailed procedures for the quantification

1

+

. of the diese; oil collected in each sorbent pad are Presented in Appendix 5.

- 3

A Perkin-Elmer Model 882 Infrared Spectrophotometer brovided t%e §ﬂalytica1' 7

75



A

2

results, The value obtained fér-g\achv sample from the 'chémiéal arnralysirs”warsr
expressed in mg. The methogd for translating weight ’to:t'hicknesrs for each

sample was .a# follows: _ ? o “ .

‘Thickness (T) = Volume of Diesel Sample (V) -
Area of Ross-~Belore Sample Pad (A)

Knotwlng Weight (W) = Density (D) x Volume (V)

Then V = W/D
and T = (W/D)/A

: Now W is known in mg for each sample, by laboratory analysis,
e . Dis. xnown by laboratory quallty control for the diesel oil
.- used in the field trial (0.8625 gm/cc), ; ‘
A is'derived by A = Trr? = 3.142. x 7.72 = 186.3 cm2,
So T can be calculated in cm or pm. ‘

Weight and converted thickness values for each flight line sample

are presentea in Table 10. Thickness values are .included in reflectance/

thickness correlations described later in this chapter. -

PN

5.2.2 Inam. - For meamngful data compllatlon of field trlal

. imagery, it was First necessary to . 1dent1fy which fllght lines showed §urface

sampling actually occ&rr’ing, i_n order to be able to correlate imagery

measur ements with sufface thicknesses. For the 14 video flight :.lines fitting

this category, the imagery was.again reviewed with’ counter readings on the

A

video cassette recorder noted where the sampling boat appeared near the

s
g ] //

center -or nadir .of the lens. Each of thewcounter readings was used as a

Vs

reference ?r jmage digitization on the VAX11/750 IIS image analysis system

Qsing a wa%eform monitor and time base corrector.

v
.

For the color photography, images which showed surfac'e'svainpling},i,:
F3 ) N i

near the nadj rere selected for VAX 11/750 I1IS digitizatton. Digitization

g
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TABLE 10. SAMPLE WEIGHTS DETERMINED BY CHEMICAL ANALYSIS AND |
'CORRESPONDING CALCULATED SAMPLE THICKNESSES -

FLIGHT - - R -
LINE SAMPLE ' SAMPLE
NUMBER WEIGHT (mg) "THICKNESS (um)
1 5150 , 321 1
2 19 T - 1 :
3 31800 : . 1979 - ,////fp///j,
4 Ve 6 1
5 29 : 2
6 65 4
. 7 20 1
8 .55 3
9 9 1 . )
10 - 13 1
11 17 1.
12 b 9- ; 1
13 44 - 3
. ) 14 , 42 : 3
h N \
]
- , R I
- l e
C :
1 .
[ - ‘ . «
|
. : | ' ‘
\ l

@y
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—

. and are shown in Table 12 along with measured diesel o0il thicknesses. It

~

. was carried out by securing each selected color 35 mm frame on a light table-
and imaging it with a video camera regulated by a waveform monitor. Each

frame was\sequentialli imaged with Wrasten 25 (red), 58 (green) ar® 47 (blue)

[N

filters in conjunction'with a 301Aa filter (for elimination of near infrared
energy) so as to create a digitized color écmposite image. -
The first examination of the 14 digitized video images (Figure 26)

was used to determine target reflectivity across a transect. This profiling

>

4””f4‘aﬁd graphing confirmed spill thickness variations go that a second routine

[

(points) was used to determine adjusted méan grey levels (brightness levels)
in a manner identical to that used for the final controlled test. ~Table 11

shows, adjﬁsted'méan grey levels by filter type and diesel oil thickness (as

derived in the preceding section) on a flight line basis as well as altitude

. -

ané time of sampling.

ﬁith fespect to the digitized fed, greén and blue bands acquired

-

from the 35 mm color photography; the adjusted mean grey level for each band

of the selected image for each flight line was determined using the points

prqéedﬁ;égy The resulting values were ratioed one to another by flight 1%53)h1\¢
»

shopld be noted that certain flight lines are missing from Table 12 as

4

" explained in more detail in the next section.

5.3 ~Data Analysis and.Interpretation

Table 11

data were presented in. two gréphs (Figdres 27 and 28).

v . t -
Figure 27 portrayed a camplicated plot of adjusted mean grey level versus -

S ;o2 : :
diesel oil thickness® in the lower.hydrocarbon thicknesses (less than 25 lim).

Higher thidknesses up to 1979 micronslsugéested an increase in adjusted mean

Lo X >
grey 1e§é;, Qr'réflectivity, with an increase in hydrocarbon thickness. The

€ -
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FIGURE 26. EXAMPLE OF A PROFILED AND GRAPHED IMAGE -~ FIELD TRIAL,

BURRARD INLET, 18 MARCH 1987

X-axis: Number of pixels along selected red profile

Y-axis: Reflectivity or grey level where
0 = full darkness and
256 = full brightness
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anomalies in the lower thickness range could possibly be explained by
examination of Table 11 which showed that adjusted mean gey levels for
flight lines 5, 8 and 9 for all filter types were comparatively high.
Re-examination of the digitized images for these flight linés indicated that
sampling uncertainties were likely the cause. That is, either exact sampling
points during surface sampling were difficult to identify or the sampling
boat was in an area in which thickness variations were close together.

Owing to these constraints, Table 11 figures were re-plotted
without flight lines 5, 8 and 9 (Figure 28). The plot in this figure showed
a considerably improved correlation between adjusted mean grey level and
hydrocarbon thickness through the range of hydrocarbon thickness values
considered. In other words, these selected field data confirmed the earlier
final controlled test results which indicated higher reflectivity values w;th
higher spill thickness.

Again using the data in Table 11, statistical analyses were
carried out. The first analysis was a combined filter multiple regression
for the diesel oil in which the thickness of thg diesel was set as the
independent variable and each grey level set as the dependent variable.
Resulting regression slope, T-ratio and R2 values for both linear and
logarithmic series were derived and are presented in Table 13. These values
indicated that the relationship of adjusted mean grey level to hydrocarbon
thickness was statistically better represented in logarithmic rather than
linear fashion, and that excluding flight lines 5, 8 and 9 considerably
enhanced the results. Logarithmic regression slopes for both data sets
suggested that grey level increased with thickness as per the study
hypothesis. T?ratios for th; iogarithmic regressions indicated a high degree
of significance and R2 values (without flight lines 5, 8 and 9) had the
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best overall fit. Standard errors and f-statistics from the SHAZAM output
indicated significance of the equations as a whole (without lines 5, 8 and 9).

Table 14 displays the results of linear and 1oga£ithmic multiple
regressions of adjusted mean grey levels against diesel oil thicknesses for
the four filter types for two data sets - all flight lines, and all flights
lines except 5, 8 and 9. 1In each case the adjusted mean grey level of a
particular filter was set as the dependent variable and oil thickness as the
independent variable. Again the outputs showed that the logarithmic
regressions were more meaningful than the linear. 1In terms of regression
slope; T-ratio and R2? values, inéréases in hydrocarbon thickness appeared to
correlate with reflectance values for all filter types. Omitting flight lines
5, 8 and 9 improved the correlation outputs. Filters providing the most
meaningful statistical values for regression slope, T-ratio and R2 were 18A
and 500nm. This was only in partial agreement with the final controlled tesﬁ,
in which the 18A did not produce strong statistical results, although the
literature clearly supported the usefulness of 18A filters in enhancing oil
and water contrast (Vizy, 1974). However, the reasons for this were
recognized during the controlled test; correctivé camera and lens adjustments
were made prior to the field trial which led to the improved results..

With respect to the 35 mm color photography, statistical analyses
were undertaken on Table 12 data. Linear and logarithmic multiple regressions
were calculated for band ratios against thicknesses for the flight lines shown
in that table. Resulting regression slopes, T-ratios and R2 values appear
in Table 15. The band ratio with the best statistical results was the
red-blue which was in agreement with Aukland and Trexler (United States, 1970)

and Catoe and Orthlieb (1971).
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adjusted mean grey leévels for different‘filtgg;;airs (Table 16). These data.
wefe*nultiply‘regressed against diesel oil thicknesses both linearly and
logarithmically (Table 17). The regression slope, T-ratio and R? values

suggested the importancé‘of the 1BA filter relat ive to the others.

In_summary,_field trial data analysis, both graphically and
statistically, showed that video imagery with selected,fig;:ation,could

identify relative spill thicknesses in the order of two to three orders of

=

wr

magnitude based on refliectange measwements under specific environmental

~ -

A similar approach using video data was also undertaken by ratioing, -

conditions. Because of some uncertainty over sampling accuracy, thin slick -

results for the field trial were confusing. However, deletion of suspect
. 3 . i ~

2

-

fiight lines led tc analytical, results which strongly suggeéted that 18R and

7

"550nr filters were useful in identifying relative diesel thicknesses under

lirmited environmental conditions. &additional analyses of band and filter
ratios further confirmed this result. The field trial results were for
experimental purposes only; development of an operational system would

reguire additional field trials under different conditions.

Field tria® data represented segeral»photographic‘bands and, 1n

that sense, were multispectfal. Bowever, no special combinations of filters

showing potential for thickKness discrimination such as the 18h together with
the 500nn were tested. 1In addition, the statistical tests examined only a
simple rélat}ons&ip between a particular filter and oil thickness.

Miitivariate analysis could extend these results by 1dentifying useful band

-
'

or-filver combinations. -This is a promising direction for refining the

kY

filrer-thickness relatizcnship docurented in this study.

-
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1

e The objectiverof this study was to evaluate whether hydrocarbon. -

8pill thickness could be estimﬁ}e&~by measuring light reflectanée differences

*

S

- . : . B ¢ v .
tral video remote sensing. As the liferature on the subject

using multispec

was contradictory, a series of controlled tesﬁs'aqd a field trial were

+

undertdken to investigate this pessibility. The video and photographic

systems selected for use were intended to be experimental only; an

operational system would reguire further testing and modification.
, , g v

.

Graphical. and étatistical analyses of_fihal controlled test data

showed that video imagery gollect%GVWitﬁ specific'filgers’éould provide

comparative estimates of_hyd;ocarbon,thiékhess ﬁp‘tq 1000 microns (1 mm).

B ) 4

0ii thickness discrimination waslbetter for translucent hydroéazbans such as
10w3C o0il, diesel oil and gasoline than for trude or waste ollsﬁ’ The most
effective filters were determined to be 88A, 550nm bandpass and 301A/46.

» -

.

o » - :
Field trial video imagery, also analyzed graphically and .
o [ . & ,sh ’
statistically, confirmed that it was pcssiblé'tE identify relative spill.
thickness from reflectance measurements, althouglt not with the same
p - o -

«

statistical significance as in the final cohtrolled test. Depending on how

> » * o
3

the field trial data were interpretegd, there was some unéertainty over
3 . R

estimating thin slick (less than,ZS‘ﬂuJ'thicknesses. Filters preving most | .

3

s ’ e ) . P
effective were 18A .and 500nm bandpass urder the specific environmental -

7 . : ¢ - . : A,} v
conditions e€ncountered;, o

+
.

In comparing the regilts of the final controlled test and the field

B >

IS

trial, there was agreement that relative estimation of hydrecarbon thickness

=
= » . .

" to two or three orders of maénitudeﬂwaé possible through measurement of

2 1
~
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Fl

fefletﬁance di fferences using a multdispectral video remote sensing system.

It is ;mpsftant ;pynéie thafves{;mation;was zel;giv;;qﬁo éttempt’uas made to
ascribe.speﬁifiﬁ thidknesses tﬁi;pecific greyilevels An a predic;ive'basis.
Instead, ihe imager§‘was analyzed for gréjvléééls,in‘relation to known

* hydrocarbon thicknesses. Relative thicknessidete;mination appéa:éd to be R

pcsgible‘up to 1000 Eicrons. Beyond that there HﬁS'QO discerﬁaplé increase

in reflectance values. Statistical analyses of the two independent tests

(contr:)lled and field) suggested that for both the reflectance to thickuess

+

relationship appeared to be logarithmic;

Iﬂ.the finéljcontro;led test, oil tfpe seemed ﬁo‘be a factor in the
ability té resolve differences in hydrocarbon thickness. Diesei showéd god
reflecghnce/thickness relationships; ﬁhis was confirmed by the fiéld trial.
Furthér studies would be ﬁeededAto betﬁer understand the reguirements for

v

hydrocarbon type identification and full multispectral evaluations. For

E

exanple, g&lters iepresenting'different bands could be combined physically in
the carera setup or digitally on the‘caﬁpﬁ;er to provide actual mu tdspeétral
imaging. 1In addition, multivariate aralysis cotld be run or the re&ulting
data to identify optimal Eombinationé for idéntifying?spill’thicknes es.
[ Y .
wWith respect to the filters y/sed with the video cameras, oﬁﬁy those
in the blue-green band {500nm and Onm) were effective under both th?’final
. ) ° ) ) LA ’ - % A ' I
controllied test and field trial”conditions. Bowever, the 18A filter ghowed
the best results in the fiexd trial after proper exposure levels were{
. ' ' \
achieved. The final contrclled test imagery of the 18X was poor because of
. , - o ‘.
underexposure. Filter results from the video imagery accorded with Munday et

al. (1571) and United;States (1971b) which reported that good ﬁhin slick’

detection was provided by using UV and blue band photography, and thicker

—

23



'in this study are as follows:

>

| ,
I . o
|

' slick detection, the green band. It also concurred with Yuanfu et &l. (1982)

in terms of the UV aad‘blue-green, but diéagr"ﬁd in the use of the'réd band
for thicker slicks. /qugver,‘analyses offdigitized~photbgrapbic imagery

‘

suggested the importance of the red and blue bands in imaging spill

thickness, as per Yuanfu et al. (1982). This was confirmed in the controiled
test for thicknegses greater than 100 microns for thevlight oils qnd‘gasoline'

(Figures 18-20). . N - ) \§

In summary, the conclusions drawn from the experiments undertaken

. >

1. HYdrocarbon'spill thickness can be relatively.estimated in the
order of two to th:eé orders of magﬁitude by measuring light.

reflectance differences using multispectral ﬁideo remote

sensing. B

-_ o2, Reflectance measurements for comparing o011 thicknesses are only

effective in spill thicknesses less than 1000 microns.

3. Blue-green and ultraviolet band video filtration is best for -

+ * Bhowing relative hydrocarbon thickness in slicks'lgss_than.
100 microns thick.. < ”‘"

4. Some of the experiments Buggested that the réd band may be
. vusefql under limited conditions such as only transiuoent7

. ’ hydrocarbons greater than 100 microns.

¢

4 o -

5. Transluc®nt hydrocarbons such as 10W30 oil, diesel oil and
"gasoline allow better thickness determination thah do 6paque !

hydrocarbons such as crude or waste oils. ‘ r

Experiments by others have focused on the potential for remote

§ensing technigues to identify absolute hydrocarbon spill thicknesses. This
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study dealt with the, questlon of whether deternunatlon of relat:.ve thickness

was possible and concluded - that it was. Th:.s is 1mportagt with respect to

—

focusing oil spill cleanui: efforts, k;nowing that thick regions of spills,

“i

conta:.n more than 90 peroent of total oil in less than ten;percent of the

‘o

spill area ‘(Hollingezj, 1974). The experimental video ;ystem deyeloped for

the field trial .therefore could be of practical use in assisting cleanup

o

efforts under similar- environmental conditions. /bﬁowever,, a fully

operational system would reguire more testing with respect to sunlight,‘-
skjiight) weather and sea state, turbidity, near shoreline vegetation

conditions and camera corrections. BN . ' S
, , . , o

Future testing —c;ouid:al,s;o include use of a largérA apefrature lens
witﬁ an G‘!BA fiiter under co*‘nt.rolléd conditioxjs, and n:oré vextensi\ve surfacfi
;sampling 1n field t:-ials‘[to provide a laréer data ;et‘ Of course, such
trials are lbgisticqlly canpliex and may be ;rery costly.  They must be
desig—{ed vf,or‘ very efficient data cqllectiOn. Flight elevations at‘500 feet
are recommended because the,résulting larger im‘agexy "permlts more precise
idén:‘if;catioh of lsjpil'l sampliﬁg locatli.ons- Altitudé app;ared to have. no
bearing on t};é ability to detmerm‘ine thickness ghioughéféflectancé |
differences.. However} all observations ﬁereI made at relatively low altitude;
-atmospheric effects c‘ould be iméor_tant at ére;ater he_rights.“

In spité of some of :the uncelrtaintis%‘;.asséciaLted with the
multispectral video' rémote sensing system uséd in4 the field trial, data.
analysis cleérly demcnstrated th‘at thAe’sy‘ste:m_ was capable of estimaiing‘
relative hydrocarbon spill thic'}messgs to two or three orders c_f~ mag;xii‘:ude on
.the basis ﬁ;f light reflec:ance differences undér—certain environmental
cendivions. Th‘is was showr ti“moagh grey lével guantification c:)fj digitizeé

.
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imagery and subSequent statistical analyses. Further computer treatments of

e

the data vougg llkely produce improved resolutlon throuéh supervxsed

classxflcatlon procedures and related multlvarlate technlqueB; resultlng
classified lmages ‘can be pseudo=-colored and dlsplayed wnth split xmaglng ﬁ:r

N

illustratlng the identified dlfferences in hydrocarbon thlckness (Flgure 29).

Appllcatlon of such technlquesf{b the hydrocarbon splll thlcknesé method'

developed 1n thls study should prove of con51dera31e beneflt in 1mprov1ng 011 _

spill,cleanup'operations. .




FIGURE 29. EXAMPLE OF A PSEUDO-COLORED SPLIT IMAGE - FIELD TRIAL,
BURRARD INLET, 18 MARCH 1987
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According to Intera Environmental Consultants Ltd. (Canada,

. 1984a: 9):

To the eye, the appearance of an oil slick is extremely
"variable” depending on illumination conditions, oil type
and thickness, relative‘locations of the slick and the
observer, environmental conditions ;revailing at the time,
and the physicalsand mental state of the observer.- Even
under 1deal conditions, the water to oil contrast is
subtle in the wvisible portlon of - the spectrum, straining
‘anyone's visual acuity. .

It is owing to these limitations of the human eye within the

visible specttum as well as its total inability below and above the visible

that a variety of oil spill sensor systems have been aé%élopedl They are
di szussed in this appendix relative to the portions of the spectrum unthln

whlch they operate More detailed summaries of remote sensing equxpment are
AN ,' -
provided by Canada (1984c) and., Lillesand and Kiefer (1979).
o 4% PR

Visible, Near Visible and Infrared Sensors

Photographic Sensors. - .There is a wide range of photographic cameras

available for oil spill remste sensing from 35 mm reflex to large fo:mat‘withx
corresponding low to high cost. Magazine capacity, cycie rate, lens optics,’
resolution and shutter speed can vary considerably. 1In addition, there ‘are

many color and black and whitfe film types which differ in speed, resolution

-
¢

and wavelength sensitivity. There arg alsc numerous filters available which

can further isolate portions of the electromagnetic spectrum. .Q}\ ///

N
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Photographic cameras offer high resolution and can provide
stereoscopic coverage and multispectral imaging. General availability of
many lenses, films and filter types is also an advantage. However,

photographic systems are not real-time and some systems are very costly.

Radiometers. A radiometer is a passive non-imaging device which measures
the absolute value of the energy emitted and/or reflected from an object.
Typical airborne radiometers provide point measurements along an aircraft's
flight path. Incanming radiation is transduced into an electrical cwrent
which is then recorded. Radiometer sensitivity can range from the
ultraviolet to the far infrared depending on the type of sensing element
incorporated in the instrument. (Radiometers which detect between 0.3 and

1 m are known as photometers). In addition, energy in specific spectral

bands can be detected through use of filters or a diffraction grating.

Line Scanners. While radiometers generate a one-dimensional profile along

a flight‘line, scanners create a two-dimensional record for a svaih beneath
the aircraft. 1In effect, a line scanner is a radiometer which sweeps fram
side to side as the aircraft moves above the ground creating a series of
cross-profiles. Scanner system components include a collection system
consisting of a mirror which oscillates on a shaft oriented parallel to the.
flight line and a solid state detector or detector array where received
energy is converted into electrical impulses and recorded on an
electromagnetic tape. Scanners sense the photographic and thermal portions
of the electromagnetic spectrum, although some are also capable of sensing

the microwave band. 1In the case of multispectral scanners, incoming energy
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18 split into smaller bands by a prism or diffraction grating. _It is
possible-to"deVelop a composite color picture by designaiing a different
energy band (i.s., color) to each channel and supeq;mpésing channel imaga&.

ﬁﬂbthér type .0f scanner is the pushbroam’scanner in which, rather

‘than an bsciliating mirror, terrain radiance is recorded through repeated

sampling by a solid state sensor array. Aircraft forward motion again

N

provides the Bcan direction. Pushbroam scanner; generally have a higher

resolution than standard multispectral scanners hecalse of the precise

3 .

gecmetry of gheir sensor array, dgreater signal power from the large area of

-
N

tbeir focal plane and minimum mechanical disturbances because they lack a
moving mirror.

&
v

Video ﬁxyte-s.,v’Video or ‘television systems ébnsist of an optics package

which collects incoming radiation and focusesu;t on an image%tube‘or solid
state detector. Solid state detectors utilize photodetector‘array; and
silicen cﬁips. Dif ferent integratedkcircq;g technoiogies»are avail#ble
including the charge éouple device (CCD), the charge injection‘device (CID)
and metal on silicon (MOS) .(Meisner, 1986). Vidéo outpﬁt can be achigved by

a cathode ray tube showing a real-time image, ;ecorded on a videotape or
) ( » \_{ )
&

digitized in a freeze-frame iﬁage._ Both coldyfand black and white systeﬂé

are available; higher resolution is attainable j

<

.

_‘t'h{%a?k and white. It is

important that the monitor and recorder are compatiblfe with the camera owing

to the "weakest link” rule. This rule states that the resolution, S/K ratio,
and distortion of the entire system will never exceed tﬁ&giof the weakest
component, whether camera, recorder or monitor {(White, 19B3).

]
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Resolution and sensitivity of video systems can vary as a function
of electron beam diameter across the cathode ray tube screen, imperfect
electro~-optics and detection-induced noise, but they hav; the advantage of
operating in real-time at relatively low cost. Spectral sénsitivity can
range from ultraviolet to thermal but most cameras are limited to the
photographic spectrum. Selective filtration is readily achievable using a
variety of optical filters.

Video cameras commonly create an image which is geometrically
distorted by 1 - 2 percent depending on camera aperature and timing
relationships. One key component of video cameras is the lens; focal lepgth
and aperature diameter determine field of view and amount of available light,
two important factors for adequate remote sensing of oil spills.

One important variable amongst video cameras is the ability to
produce images under low light conditions as is the case with low light level
television (LLLTV). 1In these systems image-forming electrons are
electrostatically accelerated befbre being focused on a fiuorescent
phosphorus screen. Usually capable of operating in the same electromagnetic
range as conventional TV's, they have the added‘advantage of being usable
under starlight, moonlight, dawn or dusk conditions, but are expensive

relative to standard videos.

Forward-Looking Infrared (FLIR) Devices. FLIRs are basically line

scanners which operate in the themrmal infrared portion of the spectrum. The
main components of a FLIR are a scanner, a detector array and electronic

components including output devices. One common scanning technique is
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contiguous scanning which is a comblnation of high speed horlzontal scannzng

with oscillating vertzcal -cans._ ‘Detector arrays requ;re -uparcoollng to

T7e x., usually through the use of liquid nitrogen. The most common dlpplay
unit is that of a s;anqard television monitor with the option of videotape or

~ B3 .
. 1

singlé'fr;me recorders-‘ While capable of recognizing small t&rgets over
ranges of several mlles, FLIRs are correspondlngly constralned by a llmlted

fleld of view.

-

4

!lnorosénsgrs. Fluorescence radiation is created when a molecule-qbsorbs'

a pho;on‘and subsequently emits another photon with less ene;gyvbaé greater.
wcveléngtha Most flﬁo;osenso;s operat;‘in‘the dltraviole; portibn of the
spectrum through de;ectiSn of natufal flu:resceﬁce or’artifically stimu;at d
fluoreécénce,'depén51ng on . the sensor system. With fluoxescenée-induge
systems, pulsed or continﬁouszwave lgsersv(light amplification by stimulated

ecitted radiation) create the fluorescence. Fluorescence is usually recorded

on a magnetic tape via a telescopic receiver.

Active Gated Television (AGTV)'Sensori./ One of the generation of new

combined sensor systems, the active gated television combines a low light-
level television with a laser. 1In its passive mode, the system functions as
an LLLTV. capable of night sensitivity; in the active mode, a pulse laser is

3

transmitted to the target. The casgrgﬂxntensifier in the LLLTV is then gatedgy.
on 'to act as a receiver’'. fﬁis’approach provides high target readability

under limited ligh? conditions with a reduced field of view. i
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Fraunhaufer Line Discriminators.  Fraunhaufer-dark lines in the solar
spectrum are caused by selected absorption of"i;gﬁﬁ by gases in the upper

atmosphege Qith,the strongest lines occurring in the ultraviolet and

infrared bands of the spectrum during daylight hours. The Fraunhaufer line

discriminator records luminescence through éompa;ﬁson-qf sky’and“target

rhdi&nce’on'a selected Fraunhaufer line in the_nol;§ spectrum. Mechanically
* i & S

the system consists of one ﬁelescope looking skyward'and3another,t6wards the

_ gréﬁnd, a chopper wheel alternating between them, filters, . a photo-_" ¢

multiplier, a light collector and electronic components including a

mini-camputer which calculates luminescence and reflectance values.

M - | r/f

Iy — R

ffy . Microwave/Radar. Sensors

9

Pagsive Microwave Systems. ' Passive microwave systems operate 'in a fashion
similar to thermal radiometers and scanners and therefore afé1capable of .~

) o , i
either flight path profiles or Hidér‘gcan lines along the length of a flight

path. The main difference between‘passive microwave sensors and radiometers

is that the'former utilize antennas ratheffthan photon detection elements.
Energy collected via an antenna is amplified and CCm;n:ed to an internal

calibration temperature reference éignai- Ther difference between the two is
. Rl .

*

electronically detected and recorded in such output recorders as a

)

synchronized film recorder.

Passive microwave’ sensors record energy in the microwave portion of

h
9

the electramagnetic spectrum from a variety of emigsion sources. These may

include not only target temperature and instant radiation, but alsoc emitted,
/ o
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reflected or transmitted energies from other sources such as the sky or

£

atmosphere. Owing to the variety of sources, passive miéiéﬁivéféﬁéféiﬂyields’”"

a noisy B;Qnal which can be difficult to inierpret. This is particularly

‘critical with tespect to oil spill detection for which miqrbané systems

attempt to discfiminate between open water waves and surface water calmed‘by

-
o
¥

oil. : L,

.

'Bide-Looking Airborne Radar (SLAi)”Syste-s. f Radar stanas for radio

detection and ranging. It is basically an active‘picrowave‘system which uses .

radio waves to detect objects and determine their range through transmission

of short bursts of microwave energy and recording their return or backscatter.
° : :
reflectiong.>*

One particular type of radar, side-looking airborne radar or SLAR, )

uses an antenna under an’aircraft.fo\propagate microWave energy to a target.
{ .7 s ’ : o
A synchronizer switch varies the antenna between transmitting and receiving

mode. Received eneigy is processed to p;odﬁce an amplitude/time video signal
which is recorded on a film recorder. Each image line on the film is a total

representat@bn of the signal strength from a sihgle radar pulse. A strip

2

)

image‘is created in the film recorder through a series of such pulses.

Synthetic égg;ature Radar (SAR) Systeas. Whegt;s SLAR systems are known'

as real aperature sensors because they depend on the actual physical length .
of their antenna, synthetic aperature radar or SAR systems depend on modified
data recording and processing4techhiques‘t0~synthesize the ef fect of a lohg

antenna. SAR's record both the amplituae and frequency of target returns as

¢



compared to only amplitude for SLARs. Freguency information from a target is
compared to a control frequency reference signal generated internally with
the resulting pattern recorded photographically or on mag;etic tape. These
signal films must be interpreted in turfx by a laser optical processor. SAR
is very complex and requires dependable performance from its many éystem

components.
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ARPPENDIX 2. PREFERRED FILM "A.\D FILTER TYPES FOR R.EMOTE
SENSING OF CIL SPILLS
- @ :
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PREFERRED FILM AND FILTER TYPES FOR REMOTE SENSING OF OIL SPILLS

FILM DESCRIPTION

2402 Kodak Plus-X Aerographic (Black and White)
Panchromatic with extended red sensitivity

2403 Kodak Tri-X Aerographic (Black and White)
Panchromatic with extended red sensitivity

2424 Kodak Infrared Aerographic (Black and White)
Infrared, visible and ultraviolet (weak between 500-600 nm)

80-397 Kodak Ektagraphic EF Aerographic (Color reversal)
Sensitive multilayer balanced

FILTER WAVELENGTH (ym)
1A 380 - 1100
18A 310 ~ 400 and 700 - 800
32 300 - 520 and 600 -~ 1100
39 300 - 500 and 680 - 1100
99 520 - 590 and 740 ~ 1100
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APPENCIX 3. TRANSMITTANCE RANGES OF FILTERS USED IN CONTROGLLED
o TESIS AND FIELD TRIAL '
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TRANSMITTANCE RANGES OF FILTERS USED IN CONTROLLED TESTS AND FIELD TRIAL —

k)

" FILTER TRANSMITTANCE RANGE (yim)

18R , 310 - 400 aha 700 - B0O

50 . 430 - 480 and 750 - 1100

878 ' 830 - 1100 - : e
B8A . 720 - 1100

3014/46 400 - 520 T
301a/92 620 - 690

400 nm . 375 - 425

450 nm 425 - 475

500 nm 475 - 525

550 no 525 - 575

600 nm 575 - 625

650 nm 625 - 675
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: -

- "“ili‘b;'ciiénmvkwﬁ.' Gowvemement o,
of Canada  du Canada - o MEMORANDUM
" vironmental Protection .
...nservation and Protection

o[ B. A. Heskjn ' o

TO Regional Director, Pacific & Yukon .

‘A p. .
" Attention: H. Nelson - Ocean Dumping _
| _ n _ ]
[ Bob Sherwood . . N

 from Senior Physical Scientist ‘

DE Referral and Impact Analysis :

., —Pacific & YuKon Region - ‘ : .
s AR _
SUBJECT™ -
oeET 011 Sp111 Remote Sens145 Egper1ment

'NOTE DE SERVICE

1" ™Mapch 11, 1987

SECURITY - CLASSIFICATION - DE SECURITE;

DUR FILE — N/ REFERENCE

YOUR FILE — v/ REFERENCE

Attached is an application for approva1 under the Ocean Dumping Control
- Program for an oil spill remote sensing experiment on March 18, 1987 in )
. Burrard Inlet. The intent of the experiment is to test an arraycof video b
cameras and f11ters on board a Cessna 185 for thickness detection of a
diesel spill of Kn'own quantity, In addition, the experiment will provide
"an opportunity for Burrard Clean to improve its spill response capab111%y.)7

AN precaut1ons will be taken to ensure that no escape of product, nor any
form of environmental degradation occurs.. EP personnel will be present
during all releases of the diesel fuel and can call a halt to the work at .
any time. Only sea cogglt1ons in which the fuel can be realistically

~ expected to be recover

will be worked. 0il containment barriers, a

skimmer and sorbents will be utilized in cleanup following the aircraft
overflights. A small runabout with outboard will be used to keep birds

away from the area pr1or to and during cleanup.

1 recognize the extremely tight timeframe in wh1ch approval is be1ng ~

sought and thank you for your efforts in this regard.

Shou1d additional informatlon be required p1ease contact me at 666- 5925 v

" Bob Sherwood
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B  Env-anment Canada  Environnement Canada

Ar. _iICATION FOR A PERMIT TO DUMP AND/OR TO LOAD SUBSTANCES FOR DWO!JG AT SEA
DEMANDE D'AUTORISATION D'IMMERSION OU DE CHARGEMENT DE SUBSTANCES A IMMERGER

PART A BASIC INFORMATION

PARTIE A RENSEIGNEMENTS GENERAUX

1 NAME OF APPLICANT / Nom du requérant

Simon Fraser. Umiversirr — Bos  Sucecovos ‘GLL -5125

TEL. NO / NO de téi.

ADORESS /
¢lo Envion mbrrt Camada
KAPLaws DO — PRV Pefa-
WesT VAmNGuvel

VT A

2 TYPE OF BUSINESS / Type d'ontreprise

R%M AWD Deaverormenst

3 NAME(S) OF INDIVIDUAL(S) | NAME(S) 7 Nom(s)
RESPONSIBLE FOR
LOADING AND DUMPING
ON BEHALF OF APPLICANT

Boa Ouercucd

TITLE(S) / Titre(s) TEL. NO(S) / NO(s) Oe té.

Serviofl

Nom de is personne chargée du iy Sican - e
chargement et de I'immersion P St 66‘ >4 25
U nom du requérant PXVIN fl 5 'd
& SUBSTANCE (Give chemical, common, trade. or other name) FORM DGE )
& ” ‘appaliati ) lsle ou aufre) Forme :::.GI.D DSLU. D GASEOUS E IL.:“\;IGIP
- N OTHER (specity’
DIEsSG i Autre (Dréciser) !

$ SOURCE OF SUBSTANCE
Source de 15 substance

TOTAL Q'TY TO BE DUMPED
Quantité totale 3 Immerger

NAME OF FIRM (if applicadle)
Nom e ia sociité (s° v & liex)

S _FTear Gmes . | PETi0uupA REFNER) imonv  Frasen. U vepsi7v
ADDRESS / Adresse TYPE OF BUSINESS / Type d'entreprise TEL. NO / NO de téi.

Ac. AR e IN (') U;wué&&:f# b‘aé-SfZ.l’;
DESCRIBE PREVIOUS DISPOSAL METHODS / Décrire les méthodes d'é utitisées

’ﬂns’ 1S A ERPELAMETT To Tes7 A Remo7& SérXivs

cqsTanm AVD SPLL
BL 57 5% Ep P ATy

6 DESCRIBE ACTIVITY FROM WHICH SUBSTANCE ORIGINATES
Diécrire I'activité de s dels

Petroienman (NOWSTRN

7 WHY IS IT NECESSARY TO DUMP SUBSTANCE AT SEA?
Pourauol est-il nécessaire d'immerger i substance en mer?

’}/" SirmuaTE AL Riar SPLl A Tion 5

PART B CARRIER INFORMATION

PARTIE B RENSEIGNEMENTS SUR LE TRANSPORTEUR

8 NAME OF CARRIER COMPANY
Nom de 1a compagnie de transport

Bv..ﬁ—,“\k&b

ADDRESS / Adresse 5“.. . -re | o0& TEL. NO / NO de tél.
K AP LN S 2] p.&(l—& L‘vhn 4 2L -74-5 i
Ws= Umitpawr ac vITiad

TEL. N0/ NO de tel.

oo =

C»Véva ~
9 NAME OF CARRIER OWNER
Nom du propriétaire au transporteur

Bucrare Ciaaw

ADDRESS / Adresse -
SWITE (oo
alilanvior = Parie Bwvar
Wes7 Vag b wue? % yI7i82

420" 74%

10 NAME OF CARRIER'S AGENT (if applicable)
Nom de I'agent du transporteur (s'll y @ lieu)

ADDRESS / Adresse TEL. NO / NO ge tél.

11 NAME(S) OF INDIVIDUAL(S)
RESPONSIBLE FOR
LOADING AND DUMPING
ON BEHALF OF CARRIER
Nom de Ja personne chargée du
chargement st de I'immersion
au nom du transporteur

NAME(S) / Nom(s)

Ao NoTes ~ B) asove

TITLE(S) / Tire(s) TEL. NO(S) / NO(s) de téi.

12 TYPE OF CARRIER / TYPE DE TRANSPORTEUR

(a) NAME OF SHIP NAME OF MASTER PORT OF REGISTRY
Nom du bateau Nom du capitaine Port d'attache
srs | Prerace Cigaven & | w2haldd Cotnn PeRB ML N A
Bsteaux OFFICIAL NUMBER OVERALL LENGTH EXTREME BREADTH DEADWEIGHT TONNAGE
Numéro otficiet Longueur hors-tout Largeur au fort Chargement en iourd
Nn “4-2 Feer 1 Feer 14 Tows
(®) TYPE MODEL SERIAL NUMBER NATIONALITY
Type Moddie Numéro de sérle Nationalité
AIRCRAFT
Aéronefs REGISTRATION MARKS MAX. GROSS WEIGHT AS AUTHORIZED NAME OF PILOT IN COMMAND
Marques g'immatricutstion BY CERTIFICATE OF AIRWORTHINESS Nom du pilote commandant de bord
Polds brut max. autorisé par le certificat
de navigabltité
tci DESCRIBE CARRIER OR OTHER STRUCTURE NAME OR NUMBER (if any) OVERALL LENGTH
Décrire te transporteur ou I'ouvrage Nom ou numéro (s'il y 8 lieu) Longueur horstout |
UNREGISTERED .
SQRORT'SS: NO ~ e EXTREME BREADTH DEADWEIGHT TONNAGE |
STRUCTURES Largeur au tort Chargement en lourd ‘
Transporteurs e * _l
non immatri- _
culés ot sutres NAME OF MASTER, PILOT, OR OTHER INDIVIDUAL IN COMMAND
ouvrages Nom du capitaine, pifote ou autre commandant de bord
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» e v e W VISJSSC IUNEINEN TS SUR L T EREION

13 PORT OF DEPARTURE 14 PROPOSED LOADING DATE(S) 15 METHOD OF LOADING AND STOWAGE PROPOSED
Port ae aépart Dno(s) sée(s) pour l‘ cha P sée de Chargement ot d'arrimage
| J )
Preito v Gl NAP 182 élA/»’/lﬁ/B i LoaDinG 1A o (. D2aas
16 PROPOSED DATE(S) OF DUMPING |[QUANTITY PER DUMPING
Date(s) proposde(s) de IImmersion @ ¢ immergbe par opération AND STefinNir N Same
Mac— 12 (29 5o TP GALS
17 WHERE 16 DOES NOT APPLY STATE] REQUIRED DURATION OF PERMIT TOTAL QUANTITY FREQUENCY AND RATE OF DUMPING
$i 16 ne s'applique Pas, Indiauer Durde nécessaire ge (‘sutorisstion Quantité totase Fréquence st casience @es 0pérations
NA FROM / 4o YO /A
} s, Tmr Gus. 10 GALS (a0
18 DESCRIBE ROUTE FROM LOADING SITE TO DUMP SITE / Diécrirs is trajet du point de ch o llou @

Direcr From PBusstard Cican pEror n Vamegaven “-t-.q:za..“_p_
“To ofernn wWATER ARER R P OF CATES PARC NEGan The

Moy T OF Tnbiam AZM.

19 METHOD OF DISPOSAL / METHODE D'ELIMINATION

(8) FORM OF PACKAGING OR CONTAINERIZATION (b} SPEED OF CARRIER DURING {c) DISCHARGE RATE

Méthode o ot de DISCHARGE Cadencs ds géchargement

P Vitesse du treansporwur su cours du
CURCO Frern 1O CGme. Dy ms Géchargement
©To | ®aALT (o Cats{min
(d) DEPTH OF DISCHARGE (Below seo surface or altitude sbove see surfoce (o) DESCRIBE CARRIER TRACK WHILE DUMPING
if spplicedle) Odcrire le trajet du transporteur au cours de 1'immersion
#ro du gé {sous le niveau oe la mer ou attitude audessus

Gu nivesu de 1a mer s v a eu)

< Eaxr AnD ST
PULFaAcEe onM

PART O DUMP SITE INFORMATION PARTIE D RENSEIGNEMENTS SUR LE LIEU DIMMERSION
20 GEOGKAPHICAL COORDINATES OF DUMPSITE LONG 21 DEPTH OF SEA AT PROPOSED DUMPSITE
Coo qu tieu d kq 19,622 sy [ Profonceur de (s mer au lieu d'immersion R MET Lz <

22 REASON FOR SELECTION OF PROPOSED SITE / Raisons du ehoix du lisu proposé

LotnstitaLy eeoriceaiara ey EURNAXRL ToE-T. ACLs Bnobu(:\%r

SENSTIvE. ThRAan o7HeZ AREAS LA PloximiTw TP (pn NTEMEASW
L& A Paser ofFf  CFE AT.coos

PARTIE E PROPERTIES OF SUBSTANCES TO BE DUMPED PARTIE € PROPRIETES DE LA SUBSTANCE A IMMERGER

p—

NOTE: In carrying out any necessary tests the analyst should foliow documented procedures and be prapared 10 descridbe
thase procedures in detall.

NOTE: Pour sffectuer les essais nécessaires, I‘analy ste dolt sulvre las méthodes inaiquées et étre prét A les décrire en gétall.

23 PHYSICAL PROPERTIES / PROPRIETES PHYBIQUES
) SPECIFIC GRAVITY VAPOUR PRESSURE MISCIBILITY WiITH SEAWATER {VISCOSITY |ODOUR COLOUR
LIQUIDS Poids spécifique Tension ge vapeur Miscibliité avec 'sau de ia mer Viscosité Oadeur Coulsur
. L1 o
Liquides ) - - . T, Nl S 7,
oc.¢L-0-9% 4.5 LESE Thows S [2-20ecCs | LTI | goei o,
() SPECIFIC GRAVITY SOLUBILITY IN SEAWATER ODOUR COLOUR
SOLIDS SOLUBLE Polds spécifiq 1ubliité dans l'sau de mer Odeur Couteur
IN WATER
Solides solubies
dans i ‘sau
(c) PARTICLE SIZE DISTRIBUTION AND SETTLING RATE {N SEAWATER ODOUR COLOUR
lsswgggnsowsus Grosseur des particules et taux de sédimentation dans I'eau de mer Odeur Couleur
Solides insolubles
dans |'sau
24 CHEMICAL AND BIOCHEMICAL PROPERTIES / PROPRIETES CHIMIQUES ET BIOCHIMIQUES
{a) ARE SUBSTANCES NAMED IN SCHEDULES | AND It OF THE ACT PRESENT? IF YES, INWHAT CONCENTRATIONS
Y a-tdl des substances mentionnées sux annexes | ot | de Ia Lol Si oul, Gans quelies concentrations
YES NO
P o [non
®) OXIDATION REDUCTION POTENTIAL CHEMICAL OXYGEN DEMAND
Potentiel d'oxydoréduction Demands chimique d’oxygéne
g«f;a:lﬁ% N A VAR AL E -~ GenErpnT bow
Stabilité REACTIVITY WITH SEAWATER - CHANGE ON EXPOSURE TO ATMOSPHERE AND SUNLIGHT
chimique Réactivité avec 1'sau de mer Changement au contact de |t ére ot de 18 jumidre du soleli
NA& VXupaTich ANVD EUAPOUL LT iON
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{c) l.uxum;cg; OXYGEN DEMAND AT 20° BIOTRANSFORMATION

Demande piochimique d'oxygbne & 20° Slotransformation
) .
BIOCHEMI. .. howv AnD> VAR AL & Nene kavwy
BEHAVIOR
P ‘OLU'ILIT\’ N ANIMAL OR PLANT LIPIDS IF SUBSTANCE IS A PESTICIDE. GIVE PCP REGISTRATION NO. OR
Ayl I1t¢ dans les 11pioes animeux et végdtsux COMMON NAME
biochimique $91 s'spit d'un ] dro @'snregh (i
antiparagitaires ou ie nom commun
s 1Y N A
25 BIOACCUMULATION BY MARINE ORGANISMS / BIO-ACCUMULATION PAR LES OAGANISMES MARINS

) CONCENTRATION FACTOR FOR FISHMACROINVERTEBRATES AND (b) RATE OF UPTAKE AND RETENTION (biologies! hdl Mle)

PLANKTON Taux d'ingestion st de (demi-vie biologh
Pactour de pour le Poision, s téorés ot e Bt
NA NA
[13) TAINTINQCOLOUR CHANGE AND OTHER UNDESIRABLE CONTAMINANTY EFFECTS ON SEAFOOD
oo ot sutres effets de contamination inddsirsdies sur les fruits de mer

Pa%z&.u-r.., oF Taiarloulr oF S«sSiLe Mainve CIFE

26 TOXICITY TO MARINE ORGANISMS (P§ Aour LCg0 In mg/l)
Toxicite pour les organismes marins (CLg o apris 96 heures, en my/l)

A PProruninTey ‘co M (L 9. LC 5o ® TlouT
N TS SR Persts, MMt AND BopmMsS wite BE v STANHAT in

IMMED ATE LN Ty o Recowee Sfice .
27 DESCRIBE HAZARD TO HUMAN HEALTH BY / Décrire ias dangers pour s santé humaine par

(a) ORAL INTAKE (LDjgq in ma/kg) () SKIN CONTACT
Ingestion orsie (DLgp en ma/g) Contact svec 12 peau
Moperane HazZans 54—16% 1RR 74T o0

{c) INHALATION / inhaiation

LlT‘fué {4a 2 AR

—
wWhen the appiicant is a corporation, give the titie or capacity and telephons number of the person signing this application.
Site ¢ o5t une sociétd, donner ie titre ou la fonction ot ls numdéro de téiéph du si * de ia
A 8T S, -, = L. s Tlon ERAAL DL
DATE S!GNATURE OF A’PLICANT / Slgn.(uu du requérant ‘I’I?LE / Titre
= Sang

secsssvssecrresasporacucessavevecntonnctiace cavavas

TEL. NO./ N© ge tél.
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"IP"' éanrnnmt- Envionnement

Canada o o |
ﬁnwmnial—ﬁe@ecimﬂep — e
- Protection l'environnement ' T -, »
Conservation and Protection o e
~ 3rd Floor, Kapiiano 100, Park Roya . . e
West Vancouver, B.C. VIT 1A2 S il

March 17, 1987
' . 4543-2-02173

- Mr. Bob- Sherwood
Environment Canada
Conservation and Protection } , .
3rd Floor, Kapilano 100 ; ;
Park Royal, West Vancouver, B.C. . : . o R
V7T 1AZ2 . . : B

Dear Mr. Sherwood: o S

2 Re: Ocean. Dumping Control. Program, File No. 4543- .2- 02173 :
- Simon Fraser University, Burnaby, B.C. —

- Your proposa1 has been revieued'pursuant to-subsection 33.1(1}) of the
Fisheries Act. Attached are the conditions covering your application to
conduct loading ard ocean dumping. Your attention is directed in_particu1ar
to Condftions 3, 5, 8 and 9. . o

&

With reference to Condition 3, the prescribed activity will be restricted to
the date requested by the Pr0ponent fe: March 18, 1987. Any activities
“outside of this date will be subject .to further review. With reference to
conditions 9.2, 9.3, and 9.4, you are requested to ensure that extreme
- caution and d111igente is exercised to ensure no adverse impact on the
environment. ,

Please be advised that it fs the responsibility of the Proponent,toiensure
that all contractors involved in the loading/dumping activity are made
aware of any restrictions and/or conditions.

It is understood that the Prononent has obtained all necessary permits/
~approvals, etc., from other regulatory agencies in respect. of the
project(s) described herein.

o

If you have any questions, please contact Mr. H Nelson at 666- 2947 or Mro
D. Brothers at 666-2990. _

Yours truly,

~ 4
e "B,A. Hetkin, P. Eng.
/=" Directo~
Pacific and Yukon
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DEPARTMENT OF THE ENVIRONMENT , :
OCEAN DUHPIHG CONTROL PROGRAH : C . % . .

« -

1. ~ PROPONENT

_Simon Fraser University

2. TYPE OF ACTIVITY
To dump and/or load substances for ‘dumping at sea for exper1lenta1
purposes. Diesel of1 will be spilled to test remote sensing equipment
and ofl contaimmeént and recovery capabilities.

3. ' TERM-
‘Yalid from March 18, 1987 to March 17, 1988. Loading and dumping will

be restricted to periods which will not impose a threat to biological
resources. These periods will be specified by this office.

4. LOADING SITE(S)

Vancouvef Harbour;
49°17.42'N, 123°03.50'W

: 3

5. o smTE(s) )
Eurrard Inlet; )
49°17.75'N, 122°56.50'wW '

- at a depth of not less than 20 metres.

6. EQUIPMENT AND METHOD OF DUMPING
Diesel ofl will be poured from 10 gallon drums.

E
k)

7. : TOTAL QUANTITY TO BE«DUHPED_
Hot to excéed 50 imperial gallons. b -
8. MATERIAL TO BE DUMPED
Diesel oil.

s. . MONITORING REQUIREMENTS AND TIMING RESTRICTIONS

9.1  The Proponent should notify this office a minimum-of five working ~
days prior to loading and dumping. The notification should include
the following information: . o

1) oad site and dump site ' to -
{1) nature and quantity of the material to be dumped
$+11) proposed date{s) oa which the lcading and dumping will take place.
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DEPARTMENT OF THE ENVIRONMENT
OCEAN DUMPING CONTROL PROGRAM FILE NO.: 4543-2-02173

9.2

9.3

9.4

9.5

The Proponent shall ensure minimal impact to the marine environment
11ving resources at the experiment site. The experiment shall be
conducted at a time when wind and wave action allow the necessary
control of equipment to ensure adequate recovery of ofl.

Equipment on-site to ensure containment and recovery of spilled ofl
shall include: of1 containment barriers; a skimmer; and sorbents.
The oi1 containment barriers must be deployed prior to any release
of ofl.

No dumping of ofl shall take place until an Ocean Dumping Inspector
present on-site and has approved commencement of the experiment.

The Proponent should report to the Director, Environmental
Protection, Pacific Region, within 30 days of expiry of the
Approval, the nature and quantity of materfal disposed of pursuant
to the Approval and the date(s) on which the activity occurred.

B.A. HESKIN, P. EAG
Director

Environmental Protection
Conservation and Protection
Pacific Region

March 17, 1987
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<DﬁPOSIT OIL INTO BURRARD INLET FOR SCIENTIFIC PURPOSES

Sermis- Ge/pour permit 10/tor

dans 1a (ias) province(s) in the provinca(s)
. X % .
nom ¥t paresse } uﬁﬂ?)pg!ems’ .

Bob Sherwood

Senior Physical Scientist
Enviromentgl Protection
Conservation &:Protection
Pacific and Yukon Region

MBCA BC 87/01
permis n® umn‘no.
4'1

" @élivrd an vertu O Varticis . Ksusd under section

B M;gmtm_mms_mmmn_tmn Act
of ,

16 March 1987
date d'émigsion cate OF issue

30 March 1987 i

. ——
cate g'sxpiration date Ot QIDV

signature gy odtenteur signature Sf hoider / pqu’il ymr- = for the minister
¥
cond'tions speciaies Weta condons

e N ES

0611700 (0342) | . (:ki[]él(i
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PURSUANT TO SECTION 4'l and 35'2° OF THE MIGRATORY BIRDS CONVENTION ACT
AND REGULATIONS, THIS PERMIT AUTHORIZES THE DEPOSIT OF UP TO 50 GALLONS
OF DIESEL FUEL INTO BURRARD INLET NEAR GATES PARK FOR THE PURPOSES OF

" TESTING REMOTE SENSING EQUIPMENT AND CLEANUP CAPABILITIES. e :

a (- 1489
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}_‘,ﬂ\" .

[ Ral Nelson - ' T SECURITY - CLASSIFICATION - DE SECURITE

L

r_'Bob Sherwood
- FROM

L

SUBJECT
OBUET ~

- - . ‘}

- —

\

Goyemmm Gouvernemem - &

of Canada ' du Canada
aniroumental Protection

Conservation and PFotection

‘Ocean Dumping
Pacific & Yukon Region

OKTIR ALE — N/ aEFERENCE
N 4543-2-02173

YOUR FILE = v/ REFERENCE
Sernlor Physical Scientist

Referral and Impact Analysis
Pacific & Yukon Region

CAMarch 27, 1687

B

Ocean Dumping Control Program - Simon Fraser University

The test spills broposed for March 18, 1987 in Burrard Inlet were successfully

" executed as planned. Video and photographic remote sensing data of the spills

were collected and are now being anafyzed.

Environmental conditions were optimal—wave heights minimal Awinds ‘light and
cloud cover 10/10 at 2000'. Burrard Clean controlled and cleaned up the oil
very efficiently and even took the opportunity¢to mop up some adjacent unrelated
slicks. -

I would like to ‘thank you, buane Brothers and all those involved in ‘the Ocean
Dunping approval process for your cgpsiderate and expeditious review and
comments. ’ ; . :

o

Bob/Sherwoodr
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APPENDIX 5. LAB PROCEDURES FOR QUANTIFICATION OF DIESEL ClL
' COLLECTED IN EACH SORBENT PAL DUKING F1ELD TKIAL. -
SURFACE SAMPLING
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1.
2.
3.
4.
5.
6.
7.
B.
9.
10.

11.
c12.

13.
14.

15.
16.
17.
18.

19.

N

N L oww S . ;
s R N

LKB PROCEDURES FOR QUANTIFICATION OF - DIESEL OIL COLLECTED
IN EACH SOREBENT PAD DURING FIELD TRIAL SURFACE SAMEET&G

z
o - -
- N . . b4 -
A

- .

Cut up sorbent pads to fit 100 ml centrzfuge tube -

¢

Add glass beads to fit 100 ml centrifuge tube.j T .
Add cut-up pad to 100 ml centrlfuge tube. - . ’ ' -
Add 2 ml ‘concentrated sulfuric acid. . ' B . ‘s
Cover’ w1th~screw cap and centrifuge at 3500 RPM for 10 mlnutesw ’
Remove pad. o

Extracg,llqu1d on bottom of. centrifuge 1nto 100 ml volumetric flask and

—flush tube with freon 113. _ : . o

Put pad back into centrifuge tube.

Add 10 ml freon 113 on top of pad.

Repeat Bteps 5 - 9. At this point pad has all organlcs removed. and 1n\\
the volumetric flask.’

Volumize 100 ml volumetric flask. _—
Check the freon 113 as indicated in the Standards Procedures set out

-

Oon next page.

Ac1d1fy a 250 ml sample in a 500 ml separatory funnel-‘to less than pH™ 2 -
with concentrated sulfuric acid, usually 250 ul is adeguate. >
Extract with 30 ml of freon 113, letting the sample sit five mlnutes
between extractions. )

Drain each freon extract 1nto a 50 ml volumetrlc flask by filtering
through a small funnel with a GF/C paper and five gm anhydrous sodlum
sulfate.'

Rinse funnel and sodium sulfate with freon 113 and make solutlon to
exactly 50 ml.

Measure the absorbance at 4000 and 2935 cm-1 on a Perkln—Elmer Model 882
Infrared Spectrophotometer, using appropriate dilutions on samples to
fall within the range of the calibration linearity. ,
Using 20 ml of the decanted-solution from the 0il and Grease Quantitation
(steps 14 - 17), add three gm silica gel and shake for 30 minutes.
Centrifuge at 2000 RPM for ten minutes, then carefully decant into five
cm cylindrical cell. Measure the absorbance at 4000 and 2935 cm-1 on a
Perkin-Elmer Model 882 Spectrophotometer to obtain Hydrocarbon
Quantitation values. . _ B
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STANDARDS PROCEDURES

Make a "Standard 0il" with exactly 15 ml hexadecane, 15 ml iso-octane,
and 10 ml chlorobenzene. Determine the density by weight, normally
around 0.823 gm/ml.

Prepare a stock solution using 2500 mg "Standard Oil"™ made up to exactly
50 ml with freon 113 (50,000 mg/l).

Prepare an intermediate stock solution by diluting 1 ml of the above to
100 ml (500 mg/1).

Prepare standard solutions of 100, 75, 50, 25, and 10 mg/1l by appropriate
dilutions and a freon 113 blank.

Measure the absorbance at 4000 and 2935 cm-1 against air on an Infrared
Spectrophotometer. Typical five cm cell values obtained are as follows:

Concentration. (in freon, mg/l) Absorbance (2935-4000 cm-1)
0 0.36920
10 0.46290
25 0.59750
50 0.81790
75 1.0415
100 1.2633

Slope = 0.1/839
Offset = 7.4443
Correlation = 0.99999

Plot the standard curve and perform regression analysis on the Infrared
Spectrophotometer. The linear coefficient of correlation should be at
least 0.99995.

Unless there is a change in the absorbance of the freon 113, then
recalibration will be necessary only periodically. Each bottle of
solvent should be checked as a sample against the standard curve. If any
bottle gives a reading eguivalent to more than +/-0.1 mg/l in the freon,
then the standard curve must be redone. More than 1 mg/l indicates
probable contamination and the freon should not be used.

CALCULATIONS

Plot values obtained from "Standard 0il" vs concentrations of sample.
Determine the freon concentration of the unknowns.
For 0il and Grease Concentrations

(freon concentration x 50 ml)/(sample volume in ml) = mg/l

For Hydrocarbon Concentration
Calculate as above. In this case, the resulting value represents

the quantity of diesel oil in a sorbent pad in mg.
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