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Abstract


On December 7, 2004, the 738-foot freighter M/V Selendang Ayu drifted without power in the Bering Sea near Bogoslof Island, then grounded off Unalaska Island, Alaska on December 8, 2004. The vessel split in two with both portions positioned several hundred yards off shore of Unalaska Island. The ship carried 60, 000 tons of soybeans and approximately 1689 
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 (446,280 gallons) of Intermediate Fuel Oil (IFO 380) and 120 
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 (31,573 gallons) of Marine Diesel.  As tanks breached, an unknown amount of oil and soybeans were spilled.  By mid-January, salvagers concluded the vessel no longer carried petroleum cargo as the bottom tanks were breached and any remaining oil in the wing tanks, pumped off.  


As part of the response effort, the National Oceanic and Atmospheric Administration (NOAA) investigated the use of RADARSAT -1 synthetic aperture radar (SAR) imagery to assist in the pollution monitoring effort. This paper describes the methodology and results of the analysis.   In addition, recommendations are made for improving the integration of RADARSAT -1 SAR satellite imagery and analysis into future oil spill responses.

1.0
Introduction


On December 7, 2004, the 738-foot freighter M/V Selendang Ayu drifted without power in the Bering Sea near Bogoslof Island, off Unalaska Island, Alaska.  The ship carried 60, 000 tons of soybeans and approximately 1689 
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 (446,280 gallons) of Intermediate Fuel Oil (IFO 380) and 120 
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 (31,573 gallons) of Marine Diesel.  On December 8, 2004, the freighter grounded and split in two with both portions grounding several hundred yards offshore of Unalaska Island, Alaska.  As the tanks breached, approximately 335, 7322 [What is this number?] gallons of petroleum product and an unknown quantity of soybeans were spilled.  A helicopter-based lightering effort removed approximately 538 
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 (142,000 gallons) of fuels and lube oils.  By mid-February 2005, salvagers concluded that the freighter no longer carried any substantial petroleum cargo; the bottom tanks were opened to the sea and any oil in the intact tanks had been pumped off.  The wreck continued to generate small sheens and tar balls due to oil residue clinging to the sides of the tanks or void spaces.


The grounding occurred in a region notorious for severe weather.  Over the winter months, strong winds and high seas were expected to limit the opportunities for aerial observations.  Determining if the bow and stern were upright, capsized or submerged over the winter was a high priority.  An additional concern, based on commercial fisheries and wildlife, was tracking offshore oil slicks.  As a result, the United States Coast Guard (USCG) requested the U.S. Department of Commerce National Oceanic and Atmospheric Administration (NOAA) to investigate various approaches for monitoring the wreckage including satellite remote sensing.  Although NOAA did examine satellite imagery during the spill, the analysis reported in this paper was completed after the fact and was not considered an important factor in the emergency response.

1.1
Ship Wreckage and Oil Behavior 


During the emergency response, monitoring the M/V Selendang Ayu wreckage was important for identifying potential risks for oil releases.   Over the longer term, the wreck could be a potential navigation hazard, source of marine debris and an impact to human health and safety.   The M/V Selendang Ayu reportedly was 225m in length with a  beam of  32.26 m and  cargo hatch dimensions approximately 14 m by 15 m (IMC Shipping, 2005).  The precise dimensions of the two broken sections, the bow and stern, were unavailable but the sections were nearly equal in length.  To determine if the vessel remained at or above the sea surface would require the satellite sensor to have a minimum resolution of 100 m.  Resolution on the order of 10’s of meters or less would be needed to observe finer details of the wreckage such as the status of the tanks or cargo hatches.
  Satellite detection of any oil slicks would require higher resolution imagery.  

The M/V Selendang Ayu carried two types of petroleum products with very different physical properties, IFO 380 and marine diesel (Table 1).  The pour point and the density of the IFO 380 suggests when cooled to the temperature of the seawater (~10°C), the product is buoyant and likely to form a thin film with a viscosity similar to honey.  Within a week of the initial release, oil weathering (i.e., evaporation, dispersion and emulsification) should have significantly increased the viscosity of the product to the extent  that the oil would not easily form a thin film or slick.  In addition, dispersion was enhanced due to the large, breaking waves near the grounding site.  Any oil film  was broken up into smaller patches and particles.   To on-scene observers, the IFO 380 would likely appear as buoyant, viscous patties of weathered oil or tarballs with typical diameters ranging from 1 mm to 50 m distributed over a large area of the sea surface.  If the seas were calm, observers should see a silver or gray sheen associated with the tarballs.  Any areas of surface convergence could collect the oil into long, cohesive streaks (100’s of meters in length).  Tarballs are known to be very persistent and can travel hundreds of kilometers.  Observing offshore releases of the IFO 380 would require a remote sensing resolution of about 100 m for oil collected in a surface convergence and10 m for larger tarballs.  These length scales are at the very edge of resolution for many sensors.


Marine diesel consists of petroleum distillates, intermediates and residual oil.  When spilled, the product typically forms a thin film (~0.1 mm).  Given that the release site was in a high energy area, it is likely as much as 30 to 60% of the oil evaporated and dispersed within the first 5 days of release (NOAA, 2004).  Any remote sensing imagery used to track the marine diesel would need to identify the oil within a few days of the initial release or the slicks would be too small or dissipated for detection.

	Oil Product
	Volume
	Density
	Pour Point
	Viscosity

	IFO 380
	1605 
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	0.989 
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	-17° C to –12°C
	346 
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	Marine Diesel
	68 
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	0.839 
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	N/A
	10 
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[is it OK to use cc like doctors do, or should we use cm3?]
Table 1. Characteristics of spilled oil from the M/V Selendang Ayu.  Modified from Unified Command (2005).

1.2
Satellite Remote Sensing


Passive satellite sensors, such as NASA’s Moderate Resolution Imaging Spectroradiometer (MODIS), NOAA’s Advanced Very High Resolution Radiometer (AVHRR) and DigitalGlobe’s Quickbird, were considered to monitor the bow and stern sections but the idea was quickly discarded for several reasons.   Theoretically, the visible spectrum captured by these satellite sensors could observe the wreckage if the spatial resolution of the imagery was suitable, the sky clear and the satellite passed over the site during the day.  Observations of any oil slicks using the visible spectrum would subject to problems similar to those encountered by an observer on an over flight (e.g., cloud cover, sun angle and sea state).  Additional complications include differentiating between oil slicks and thinner biogenic films produced by seaweed, phytoplankton, zooplankton, and nekton.


Another possible application for passive sensors was exploiting the sensor’s ability to measure the sea surface temperature through observation of the infrared signature.  The sensor detects the oil slick by observing the temperature contrast between petroleum and the surrounding water.  This relationship is complex and a function of the oil emissivity, surface wind and seawater convection.  Unfortunately, the heat differential between the oil and surrounding water is difficult to detect even under the best of environmental conditions.  


In order for passive satellite sensors to effectively collect visible (daytime only) and infrared (day or night) radiation from the sea surface, the skies must be clear.  The opportunities for a satellite pass with absolutely clear skies occurring at overpass time are extremely limited during Alaskan winters.  As Noerager and Goodman (1991) point out in their remote sensing attempts for the Exxon Valdez, an oil spill that covered large areas of open water off Alaska for a month, there was only one clear day that coincided with a satellite pass.  These problems in combination with the need for optimal weather conditions for detection are the reason that passive sensors were not considered for monitoring the M/V Selendang Ayu wreckage or oil slicks.  

False color imagery


The active sensor, Synthetic Aperture Radar (SAR), appeared promising because of its ability to collect data through cloud cover, fog, and light rain and during the night and day.  Additionally, observing the wreckage using SAR sensors mounted on satellites seemed reasonable as these types of systems are routinely used to track vessels at sea (Jackson and Apel, 2004). Also appealing is that the same sensor could identify and track oil spills (Calabresi, 1996; Hodgins et al. 1996, Jones and Mitchelson-Jacob, 1998, Brown and Fingas, 1999, Espedal and Wahl, 1999, Jones 2001).  A potential problem is the satellite revisit frequency of 2 to 3 days.  But, even with the time delay, it would still be possible to know if there was a major change to the vessel or a large oil spill within several days of the event.  For this reason, NOAA attempted to use SAR imagery as a remote sensing tool to detect the wreckage and track offshore oil slicks.

2.0
Method

2.1
Study Area


The freighter grounded near-shore in a high-energy zone along a remote and rugged coastline.  USCG observers reported the wreck on the west side of Unalaska Island in Skan Bay with the bow at 53o38'11" N, 167o07'24" W and the stern, 53o38'05" N, 167o07'31" W.  Using these coordinates, identifying the initial study area was straightforward.  Later into the response, there was increased interest in the identification of oil slicks and the satellite search area was expanded based on aerial and shoreline surveys (Figure 1).  
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Figure 1. Study area off Unalaska, Alaska (Unified Command, 2005).

In near-shore coastal areas, there is a potential for many types of interference when trying to detect oil slicks using remote sensing techniques.  This is particularly significant in Alaska where there are areas of high biological productivity.  Guano, kelp beds, whale and fish sperm, releases from fish processing activities, and plankton can all generate biogenic films on the sea surface that have a signature similar to that of  petroleum films when viewed by remote sensing instruments.  Wave shadows on the lee side of inlets and bays, freshwater runoff from rivers, streams and snowmelt, or new ice can appear as a ‘false positive’ to the sensor.  On-scene observers reported a very thin layer of ice in sheltered bays with freshwater outflow.  Under low lighting conditions, the water appeared smooth like an oil slick.

2.1
Remote Sensing Data


NOAA has access to RADARSAT-1 SAR imagery data as part of the United States Allocation  under a Memorandum of Agreement with the Canadian Space Agency (CSA) and NASA
.  The European Space Agency (ESA) also provides ERS-2 data for approved investigations in Alaska. The Alaska Satellite Facility (ASF) was contacted and asked to begin imaging the spill area.  The final acquisition commands for RADARSAT-1 imaging are up-linked to the satellite 48 hours in advance, although requests made for imaging less than a month and half in advance may not be accommodated due to scheduling conflicts. Last minute requests can be  made in the event of a national emergency (e.g., Hurricane Katrina). Despite these restrictions, scheduling imagery for Unalaska Island during the M/V Selendang Ayu event was very successful.  From December 14, 2004 to February 28, 2005, there were satellite passes over the M/V Selendang Ayu on 42 days, an average of one pass every 1.8 days.  Special scheduling and rapid processing by ASF were responsible for the exceptional data coverage.  Spatial resolution of both ERS-2 and Radarsat-1 Standard Mode images available to NOAA was 30 m (12.5m pixels).  This resolution is sufficient to view both sections of the vessel and display limited details of the bow and stern configurations. 
2.2
Meteorological Data


A week after the vessel grounded, NOAA deployed a meteorological station (SKNA2) on Unalaska Island at 53°49.775’ N 167° 8.953’ W at about 60 m (200 ft) above the sea surface (Albanese, 2005).  The site is located on the south-southeast side of Cape Kovrizhka at the base of Makushin Volcano, which has an elevation of 2036 m (6680 ft).  On December 14, 2004, the station began recording hourly wind speed and direction, air and dew temperature and relative humidity data. The meteorological station did not record precipitation. This was not of great concern as any heavy rainfall would produce a recognizable signature on the SAR image. If the station did not have data from a sensor at a particular hour, ‘999’ would appear in the data field.  As a simple quality assurance check, data containing ‘999’ in either the wind speed or the wind speed gust fields were not used in the analysis.  This produced gaps in the data set.  Therefore, winds were interpolated to one-hour intervals using a cubic fit routine.  Vector plots of the wind speed and direction data from the meteorological station are shown in Figure 2, 3 and 4. 


Figures 2 through 4 indicate a general north-south orientation of the wind vectors.  This is likely due to influence of local topography on the winds as the station is located at the base of a volcano.  Nonetheless, we assumed the station represented the wind orientation and speed at the sea surface near the ship.  The station experienced a catastrophic failure from January 17 to 27, 2005 and is shown as no data in Figure 3. 


The remarkable feature of the meteorological data is a series of strong windstorms passing through the study area beginning December 20, 2004.  Higher wind speeds in this period ranged from 13 to 15 m/s with a peak wind of 21 m/s occurring on December 30th.  The importance of these storm events will be examined in the next section. 
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Figure 2. Vector diagram of interpolated hourly winds from Unalaska Island (SKNA2) from December 14 to December 31, 2004. Vectors pointing toward the bottom of the page indicate winds from the north.  Each tick on the time axis represents one day. 
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Figure 3. Vector diagram of interpolated hourly winds from Unalaska Island (SKNA2) from January 1 to January 31, 2005. Vectors pointing toward the bottom of the page indicate winds from the north.  Each tick on the time axis represents one day.
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Figure 4. Vector diagram of interpolated hourly winds from Unalaska Island (SKNA2) from February 1 to February 31, 2005. Vectors pointing toward the bottom of the page indicate winds from the north.  Each tick on the time axis represents one day.

2.3
Aerial Observations of Oil


Severe winter weather was expected to limit over flights of the oil spill.  Fortunately, weather conditions were somewhat reasonable and 37 over flights conducted from December 2004 through February 2005 reported wreck and oil observations (Unified Command, 2005).  Tracking the spilled oil over a large area is not easy given the dynamic nature of Alaskan weather.  Further complicating the visual observations were errors related to naturally occurring phenomena, such as kelp, silt plumes, algae and ice.  Other problems involve variation in observational reports from different observers due to non-standardized mapping techniques and terminology (Murphy, 1992; ASTM, 1997).   However, this particular issue does not appear to be a significant problem for the M/V Selendang Ayu as the same observers were on the majority of the over flights.  Oil spill observations, over flight maps and incident reports were available for post-spill analysis on the Unified Command’s website (2005).  

3.0 Analysis

3.1
Imagery Selected for Ship Wreck and Oil Slick Analysis


The analysis of the SAR images relied on visual inspection.  Unfortunately, unambiguous methods for ship detection and ways to differentiate oil slicks from biogenic signatures using strictly numerical values of the SAR backscatter data do not exist. To optimize the opportunity for viewing the wreckage and oil slicks, the images were screened for further analysis based on ideal observing conditions and with the goal of limiting the number of ‘false positives’ observed on an image.  These methods rely on wind speed observations and knowledge of locations of heavy precipitation which can attenuate the radar backscatter signature.  Pichel et al (2004) indicates hard targets, like freighters, easily reflect radar energy and, in calm water conditions, the high backscatter makes them stand out on the image.  With increasing wind speed and the subsequent increase in wind-driven waves, the ability to detect ships using SAR degrades.  Optimal viewing conditions for detecting ships are surface wind speeds ranging from 0 to 10 m/s (Vachon et al 2000). 


Any oil leaking from the M/V Selendang Ayu could result in either a large, cohesive slick or a small but chronic release.  The optimal sea-state window for viewing larger oil slicks with SAR reported in the literature varies, but generally ranges from 3 
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.  The key aspect of the technique is that capillary waves and small gravity waves of wavelenghs approximately of the same scale as the radar wavelength generally provide the strongest radar returns from the ocean’s surface.  For calm conditions, around 3 to 4 
[image: image18.wmf]  

m

/

s

, the thinner biogenic sheens break up but the thicker petroleum films (3
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) remain [is this true about the biogenic sheens breaking up?] and the radar signal is not reflected back to sensor in these areas because wave damping by the oil creates a mirror-like surface and most of the radar energy is scattered forward.  If there are too many breaking waves, around 10 to 12 
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, the oil is over washed and pushed into the water column.  The capillary waves are not dampened and consequently the radar does not detect an oil slick.


For small, chronic releases, Simecek-Beatty and Clemente-Colon (2004) refined a methodology for interpreting RADARSAT-1 SAR imagery for offshore releases. Using this method, SAR images are rejected:

1) If the wind speed at the time of image acquisition is less than 2 m/s and greater than 10 m/s.

2) If at anytime during the 24 h prior to the image acquisition the winds were greater than 10 m/s.

3) Heavy rain at the time of acquisition.


The database for the dates and times of the satellite passes, on-scene wind observations and aerial over flight maps were compared with the screening criteria for viewing the wreckage and subsequent oil slicks.   Seven satellite passes occurred when the meteorological station failed from January 17 to 27, 2005.  These passes were not included in the analysis.  For ship detection, the interpolated hourly wind speed data were screened for dates and times when the surface wind speeds ranged from 0 to 10 m/s.  Interestingly, 40 of the 42 satellite passes occurred under these wind conditions and met the ship detection criteria (Table 2).  Twenty nine incident reports containing descriptions of the vessel status corresponded with the timing of the satellite passages meeting the ship screening criteria.  


The dates for optimal slick detection, using the criteria described above, were compared with satellite passes.  Out of 42 satellites passes, 22 take place under favorable wind and precipitation conditions.  Ten over flight maps coincided with satellite passes when conditions were favorable for viewing oil.  Table 2 shows the results of the screening.  

	
	SAR Images
	Ship Detection Criteria
	Incident Report (Vessel status)
	Oil Slick

Detection 

Criteria
	Observation Map (Oil)

	December 2004
	12
	8
	8
	3
	3

	January 2005
	12
	12
	12
	8
	4

	February 2005
	13
	13
	4
	11
	3


Table 2.  Number of images meeting the screening criteria for optimal ship and oil slick detection for each month of the study and the number of incident reports and observational maps available at the time of image acquisition.

3.1
Ship Wreck Analysis


The coordinates of the wreck reported by the Unified Command (2005) were used to locate the bow and stern on the SAR images.  Significant energy is reflected off a ship’s metal corners and this phenomenon is apparent in the images of the wreck of the M/V Selendang Ayu.  Indeed, strong radar returns are particularly noticeable off the superstructure on the stern section.  Close-up views of the wreck in the images revealed the stern was much brighter and larger than the bow (Figures 5 to 7).  For this analysis, none of the images were geo-referenced and the satellite images were acquired at differing angles of incidence (i.e. ”look” angles).  This makes it difficult to visually correlate changes in the vessel status based on the strength of the radar return (i.e., brightness).  In December 2004, eight images met the detection criteria.  On December 25, 2004, the Unified Command reported the bow section had sunk with the forepeak of the vessel just above the water.  The stern section was listing but had leveled off.  This observation coincides with a strong series of storms in the last week of December (Figure 2).  Visual inspection of the imagery at or below the detection criteria suggests a change in the status of the wreck.  The energy returned from the bow from December 26 through December 29, 2005 is not nearly as intense or as large as earlier images (Figure 5).  All of the images were taken during plus tides with December 14, 2004 (Figure 5a) occurring at + 1.3 m (4.4 ft) and the lowest tide, December 26, 2004 at +0.3 m (1.1 ft).
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(a) Dec 14, 2004
(b) Dec 15, 2004     (c) Dec 18, 2004    (d) Dec 19, 2004
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(e) Dec 21, 2004
(f) Dec 26, 2004      (g) Dec 28, 2004   (h) Dec 29, 2004

Figure 5.  Close-up view of the wreck in the SAR imagery meeting the detection criteria in December 2004. [which is the bow section and which is the stern? Are they all with north up?]
In January 2005, 12 images were reviewed closely and no noticeable change was observed.  On January 3, 2005, the Unified Command reported the stern remained hard aground with a 3° port side list and the bow section suffering additional structural damage.  On January 5, 2005, a hole was reported in the stern.  No other variations in the vessel were reported in January.  The images from January 1, 2005 to January 7, 2005 are shown in Figure 6. The images were taken during plus tides with January 7, 2005 (Figure 6d) occurring at + 1.3 m (4.2 ft) and the lowest tide, January 5, 2005 at +0.3 m (1.0 ft).  The remaining images for January did not change significantly from those shown here.
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(a) Jan 1, 2005

 (b) Jan 4, 2005
(c) Jan 5, 2005
     (d) Jan 7, 2005

Figure 6. Close-up view of the wreck in the SAR imagery meeting the detection criteria from January 1 through January 7, 2005.

In February 2005, thirteen images met the detection criteria and eight are shown in Figure 7. The incident reports for February are infrequent and halted on February 11, 2005 as the winter operations were scaled back due to severe weather.  Only four incident reports coincided with satellite passages.  On February 9, 2005, the lightering crews observed the foreship or bow had sunk completely and only the crane housing was visible.  The stern part of the vessel remained hard aground.  A visual comparison of the images from February 7 to February 11, 2005 shows a return signal for the bow no longer appears on the February 11th image.  The signature for the bow does not appear on the remaining images. All but one of the images were taken during plus tides with February 4, 2005 (Figure 7a) occurring at + 1.3 m (4.3 ft) and the lowest tide, February 8, 2005 at -0.3 m (-1.0 ft).
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(a) Feb 4, 2005
(b) Feb 7, 2005     (c) Feb 8, 2005
   (d) Feb 11, 2005
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(e) Feb 12, 2005
(f) Feb 14, 2005     (g) Feb 15, 2005
   (h) Feb 17, 2005

Figure 7. Close-up view of the wreck in the SAR imagery meeting the detection criteria from February 4 through February 17, 2005.

3.3
Oil Slick Analysis


The preferred method for analyzing SAR imagery for oil slicks is visual inspection.  There is no unambiguous way to characterize the type of slick or differentiate it from biogenic signatures using strictly the numerical values of the RADARSAT-1 SAR backscatter data.  To determine if there was oil in the image, the size, shape and variation of pattern and configuration of the image signature were considered as part of the interpretative technique.  Since there was a relative abundance of published data of the aerial observations and much of this analysis was completed after the fact, the SAR imagery was compared to this data.  The intent was to use a ‘convergence of evidence’ to determine if a dark shadow on the image was in fact an oil slick.  


While this seemed fairly straightforward, there were many other patterns or interferences on the images that looked similar to oil slicks.  As discussed in Section 2.1, biogenic films on the sea surface may appear similar to petroleum films.  Wave shadows on the lee side of inlets and bays, freshwater runoff from rivers, streams and snowmelt, and new ice can appear as a ‘false positive’ to the sensor.  In addition, the soybean cargo released into the sea could dampen capillary waves to some extent and may appear on the images.  An additional problem is the satellite pass may not have occurred at the same time as the over flight [is over flight one word or two or hyphenated?].  This was considered a negligible factor as the IFO380 is persistent when spilled in the marine environment.  For diesel, this is a serious problem, as the petroleum would be expected to dissipate quickly after spillage.


An excellent example of this problem is apparent in the December 2004 imagery.  Three images met the screening criteria and were compared with oil observations.  On three of the days, there are no reports of offshore oil.  On December 28, 2004, observers from Polaris and NOAA (NOAA Response Link, 2004; Unified Command, 2005) reported 4 to 6 tar balls east of the wreck and a 5 by 100 m silver sheen south-southwest of the wreck (Figure 8b).  The observations are at the very limit of the imagery resolution.  The image for December 28, 2004 (Figure 8a) shows one massive dark shadow and several smaller dark shadows.  The wreck appears as the small bright spot near the center of the image.  At first glance, the dark shadows have the general shape of an oil slick.  On-scene winds were fairly weak (Figure 2). However, over flight observers did not report large oil slicks and commented that viewing conditions were good.  While not shown here, the remaining images contained patterns consistent with that of oil slicks, particularly in bays and inlets, but over flight maps and incident reports didn’t report offshore floating oil.  It also is important to note that the flight paths for over flights indicate that the vast majority of the observations were nearshore.
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(a) Dec 28, 2004 RADARSAT-1

(b) Dec 28, 2004 over flight map 

Figure 8. Comparison of December 28, 2004 RADARSAT-1 and over flight map. 

In January, eight images met the oil detection criteria but only four over flights coincided with the satellite passes.  Patches of sheen were observed on four flights with one report indicating brown oil, but not from M/V Selendang Ayu.   A visual examination of the January 4, 2005 image (Figure 9a) shows large dark patterns near the wreck and in Skan Bay even though the overflight conducted on the same day show three 1m x 100m areas of sheen (Figure 9).  Identification and confirmation of oil slicks in the remaining imagery was questionable.
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(a) Jan 4, 2005 RADARSAT-1

(b) Jan 4, 2005 over flight map 

Figure 9. Comparison of January 4, 2005 RADARSAT-1 and over flight map. 

For February, eleven images were selected for analysis based on the oil slick detection criteria.  However, only three observational maps were available for comparison as inclement weather limited the number of over flights.  The February 11, 2005 image indicates a large dark shadow near the wreck and in Skan and Makusin Bays (Figure 10a).  These signatures are much larger than the multiple sheens reported on the over flight (Figure 10 b).  The remaining two over flight maps reported either no oil observed or small sheens.  None of the observations were identifiable on the images.
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(a) Feb 11, 2005 RADARSAT-1

(b) Feb 11, 2005 over flight map 

Figure 10. Comparison of February 11, 2005 RADARSAT-1 and over flight map. 

4.0
Conclusion


The number of occasions when the wind speeds were optimal for viewing the wreckage and oil slicks were remarkable given the high winds and seas anticipated for a winter season in the Aleutian Islands of Alaska.  There were 35 over flights from December 14, 2004 to February 28, 2006 in which the observers recorded their observations onto electronic maps.  Fifty-seven incident reports describing the vessel status were also available during this time period.  Using screening criteria for the most favorable wind and wave conditions, 37 images were available for viewing the wreck and 22 images were acceptable for oil slick viewing.  The numerous flights over the wreck and spill site provide a unique opportunity to compare and ground truth the SAR imagery with aerial observations.  


The image analysis for the wreck suggests the sensor has a resolution and capability to monitor a grounded freighter.  Visual inspection of the images indicates that SAR can capture a change in the vessel status, such as the sinking of the bow.  The oil slick detection capability was disappointing for the incident.  This is likely due to the large number of biogenic films or ‘false positives’ in the near shore areas of Alaska.  The slick detection criteria proposed here did not screen out the false positives and alternate techniques should be explored.
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