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Figure 28. Composite overflood extent, east study region, 2008 
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Figure 29. Composite overflood extent, west study region, 2009 
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Figure 30. Composite overflood extent, east study region, 2009 
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Figure 31. Composite overflood extent, west study region, 2010 
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Figure 32. Composite overflood extent, east study region, 2010 
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Figure 33. Composite overflood extent, west study region, 2011 
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Figure 34. Composite overflood extent, east study region, 2011 
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Figure 35. Composite overflood extent, west study region, 2012 
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Figure 36. Composite overflood extent, east study region, 2012 
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Figure 37. Composite overflood extent, west study region, 2013 
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Figure 38. Composite overflood extent, east study region, 2013 
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Figure 39. Composite overflood extent, west study region, 2014 
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Figure 40. Composite overflood extent, east study region, 2014 
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Figure 41. Composite overflood extent, west study region, 2015 
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Figure 42. Composite overflood extent, east study region, 2015 
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Figure 43. Composite overflood extent, west study region, 2016 
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Figure 44. Composite overflood extent, east study region, 2016 
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Figure 45. Composite overflood extent, west study region, 2017 
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Figure 46. Composite overflood extent, east study region, 2017 
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Figure 47. Composite overflood extent, west study region, 2018 
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Figure 52. Composite overflood extent, east study region, 2020 
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1 Introduction 

This document describes the river overflood geodatabase developed by Coastal Frontiers Corporation on 

behalf of the U.S. Department of the Interior, Bureau of Ocean Energy Management (BOEM) as part of 

the project Update of the River Overflood on Sea Ice and Strudel Scour in the U.S. Beaufort Sea. Detailed 
information regarding the overflood processes is provided in the project’s Final Report, which also 

includes extensive analysis of the products contained in the geodatabase. The documentation presented 

herein is intended to be used in concert with the Final Report, and thus does not contain information on 
the workflows used and assumptions made to develop the dataset. 

The present geodatabase builds on, updates, and supersedes the geodatabase created in 2009 in the 

framework of the Mineral Management Service (MMS) project Mapping Sea Ice Overflood Using 

Remote Sensing: Smith Bay to Camden Bay (Hearon et al., 2009). 

2 Points of Contact 

Scientific inquiries regarding the geodatabase products and underlying assumptions should be directed to:  

Gregory Hearon, P.E. 

Principal Investigator 

Coastal Frontiers Corporation 

882A Patriot Drive, Moorpark, California 93021 

(818) 341-8133 
ghearon@coastalfrontiers.com 

Inquiries regarding data access and dissemination should be directed to: 

Caryn Smith 

Contracting Officer’s Representative 

U.S. Department of the Interior 
Bureau of Ocean Energy Management Alaska Regional Office 

3801 Centerpoint Drive, Mailstop AM 500, Anchorage, Alaska 99503 

(907) 334-5248 
caryn.smith@boem.gov 

3 Geodatabase Structure 

The geodatabase consists of two volumes: 

OVERFLOOD_DATA.GDB: Primary geodatabase containing the river overflood data and auxiliary 

information compiled for the project. This product is intended for most end-users, and must be utilized in 

concert with the Final Report. Unless specifically stated, the horizontal datum of all datasets provided in 
the geodatabase is Universal Transverse Mercator (UTM) Zone 5N, relative to the North American 

Datum of 1983 (NAD83), with units of meters. The EPSG code is 26905. Depths are given in meters 

relative to the National Ocean Service (NOS) Mean Lower Low Water (MLLW) vertical datum. Unless 
otherwise stated, missing values are specified as “Null.” 

IMAGERY_BANK.GDB: Supporting geodatabase containing the raw satellite imagery used to derive 

the overflood extents for the period 1995–2020. This product is intended for experienced end-users 
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interested in studying the dataset used to derive the overflood extents presented in 

OVERFLOOD_DATA.GDB. The scenes composing the geodatabase are third-party products provided as 

is. The contents of each geodatabase are described in Sections 4 and 5 below, respectively. 

4 River Overflood Data 

The OVERFLOOD_DATA.GDB geodatabase is composed of three distinct feature datasets and one 

table. The geodatabase structure is listed in Table 1 and described in detail in the sub-sections that follow. 

Table 1. Contents of OVERFLOOD_DATA.GDB 

Feature Dataset Feature Class Name 

1 - Overflood_Extent_Data 

 1.1 overflood_extent_1995_thru_2020 

 1.2 overflood_extent_yearly_envelope_1995_thru_2020 

 1.3 overflood_extent_maximum_envelope_1995_thru_2020 

 1.4 overflood_extent_from_field_surveys_1995_thru_2020 

 1.5 overflood_extent_pre_1995 

 1.6 overflood_extent_probability_contours_2000_thru_2020 

2 - Drain_and_Strudel_Scour_Data 

 2.1 circular_drains_and_short_crack_drains_1995_thru_2020 

 2.2 long_crack_drains_1995_thru_2020 

 2.3 circular_strudel_scours_1995_thru_2020 

 2.4 linear_strudel_scours_1995_thru_2020 

 2.5 drain_and_strudel_search_areas_1995_thru_2020 

 2.6 strudel_zones 

 2.7 strudel_zones_with_overflood_extent_yearly_envelope_1995_thru_2020 

3 - Auxiliary_Data 

 3.1 alaska_north_slope_coast 

 3.2 alaska_north_slope_bathymetry 

 3.3 environmental_data_stations 

 3.4 WBDHU8 (hydrologic_units) 

 3.5 ice_roads 

Table - image_catalog 

4.1 Overflood Extent Data Feature Classes 

4.1.1 Overflood Extent, 1995–2020 

Feature class name: overflood_extent_1995_thru_2020 

Feature class type: geometry - polygons 

Description: Peak (cumulated maximum) overflood extent for each river, stream, or creek within the 

study area during each of the 26 river break-up seasons between 1995 and 2020. Data sources include 
field surveys and satellite imagery. The feature attributes are provided in Table 2.  In 2019, the start of 

overflood in Admiralty Bay was identified; however, the available imagery was insufficient to map the 

peak overflood extent.  A feature with no geometry is included (OBJECTID = 418) for this special case. 
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Table 2. Attribute description: overflood_extent_1995_thru_2020 

Field 
Name 

Field 
Type 

Field 
Length 

Description 

FEATURE string 254 Type of feature documented. All features in this class are categorized as “overflood extent.” 

YEAR integer 4 Overflood season of the documented overflood extent. 

WBD_HU8 string 254 
Name of the level 8 hydrologic unit (HU8) containing the river, stream, or creek from which the 
overflood originated. HU8 are those defined by the United States Geological Survey (USGS) 
Watershed Boundary Dataset (USGS, 2021a) provided in feature class WBDHU8. 

RIVER string 254 

Name of the river, stream, or creek from which the flood waters originated. Names correspond to 
those documented in various USGS topographic maps (USGS, 2021b). Bodies of water for which a 
name is not provided are categorized as “unnamed.” 

Notes:  
1. When the flood waters from multiple streams merge offshore and cannot be accurately 

assigned to individual rivers, this field lists all the contributing bodies of water.  
2. When flood waters of a stream reach an area previously occupied by another stream for 

which the overflood extent was accurately documented, the overlapping area is assigned 
to the first stream. Exception: due to their importance for data analysis, flood waters 
from the Colville, Kuparuk, and Sagavanirktok Rivers are always assigned to those rivers. 

OF_START date 10 

Overflood start date. Corresponds to the day when river discharge was first detected on the sea ice 
adjacent to a river mouth. 

Notes:  
1. Overflood start dates are only documented when determined with an accuracy of 

±2 days (or ±1 day for the Colville, Kuparuk, and Sagavanirktok Rivers).  
2. No data value is “09/09/9999.” 

OF_PEAK date 10 

Overflood peak date. Corresponds to the day when the maximum overflood extent was registered. 

Notes: 
1. The overflood of major rivers progresses heterogeneously in different directions. As a 

result, on a given day the flood water boundary can be advancing in one region while 
retreating in another. In these cases, the peak date is defined as the last day during which 
flood waters advanced anywhere in the region. 

2. Overflood peak dates are only documented when determined with an accuracy of 
±2 days (or ±1 day for the Colville, Kuparuk, and Sagavanirktok Rivers).  

3. No data value is “09/09/9999.” 

OF_AREA integer 6 

Area, in square kilometers, covered by the flood waters when the maximum overflood extent was 
registered. 

Notes: 
1. Areas are ellipsoidal relative to the GRS 1980 ellipsoid. 
2. Areas are rounded to the nearest square kilometer.  
3. Areas less than 0.5 square kilometers are assigned a value of 0. 

CONFIDENCE string 254 

Level of confidence attributed to the geometry of the overflood extent. This is a qualitative 
assessment to describe how well the mapped overflood extent matches the actual maximum 
overflood that occurred for the river, stream, or creek under consideration. A description of the 
confidence levels used is provided in Table 3. 

SOURCE string 254 

Source of the overflood extent data. Data sources include satellite imagery and field surveys 
(helicopter or hovercraft). 

Notes: 
1. When satellite imagery was utilized, the list of the specific scenes used is provided in the 

field “IMAGERY.” 
2. When field surveys were utilized, the date and type of survey is noted in this field. 

Additional detail pertaining to field surveys conducted between 1995 and 2020 is provided in 
feature class overflood_extent_from_field_surveys_1995_thru_2020. 

(continued) 
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Table 2. Attribute description: overflood_extent_1995_thru_2020 (continued) 

Field 
Name 

Field 
Type 

Field 
Length 

Description 

IMAGERY string 254 

List of satellite images used to trace the overflood extent. Scenes are identified by their short name 
in the following format: 

TTT_YYYYMMDDL 

Where: 
TTT is the imagery type (see Table 4) 
YYYYMMDD is the date of image capture (local time) 
L is a unique identifier (“A”, “B”, or “C”) used to differentiate images captured on the same date  

Image details are summarized in feature class image_catalog, and the scenes themselves are 
compiled in the Imagery Bank geodatabase.  

Table 3. Confidence levels 

Confidence Level Description 

high 
Clear and abundant satellite imagery or survey data available. High degree of confidence that the derived geometry 
accurately matches the true maximum overflood extent. 

medium-high 
Mostly clear and abundant satellite imagery or survey data available. High degree of confidence that the derived 
geometry accurately matches the true overflood extent in most of the region. Uncertainties exist in isolated locations, 
and/or the overflood edge is diffuse due to light cloud cover. 

medium 

The available satellite imagery and survey data are sufficient to derive a meaningful overflood extent, but in certain 
areas the linework heavily relies on the interpretation of scarce/flawed data. This is generally the case when abundant 
cloud cover is present intermittently during the overflood season and limited Synthetic Aperture Radar (SAR) images 
are available. 

medium-low 
The available satellite imagery and survey data are sufficient to derive a meaningful overflood extent, but the linework 
heavily relies on the interpretation of scarce/flawed data. This is generally the case when abundant cloud cover is 
present throughout the overflood season and no SAR images are available, or when the overflood extent is very small. 

low (1995–99) 
Confidence level reserved for overflood extents from the pre-MODIS era (pre-2000). It reflects the lack of daily data 
covering the entire study area, which could have resulted in a general under-estimation of overflood areas relative to 
the MODIS era. Caution must be used when including these data in numerical analysis. 

Table 4. Abbreviations for satellite imagery types 

Short Name Description 

ERS ERS-2 image (European Space Agency, ESA) 

LS5 Landsat 5 image (USGS/National Aeronautics and Space Administration, NASA) 

LS7 Landsat 7 image (USGS/NASA) 

LS8 Landsat 8 image (USGS/NASA) 

MOD Moderate Resolution Imaging Spectroradiometer (MODIS) image (NASA) 

PAL ALOS PALSAR image (Japanese Aerospace Exploration Agency, JAXA) 

R2A Resourcesat-2A Advanced Wide Field Sensor (AWiFS) image, (Indian Space Research Organization, ISRO) 

R2L Resourcesat-2A Linear Imaging Self Scanning Sensor (LISS-3) image (ISRO) 

RAD Radarsat (Canadian Space Agency, CSA) 

SE1 Sentinel-1 image (ESA) 

SE2 Sentinel-2 image (ESA) 
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4.1.2 Overflood Extent Yearly Envelope, 1995–2020 

Feature class name: overflood_extent_yearly_envelope_1995_thru_2020 

Feature class type: geometry - polygons 

Description: Combined peak overflood extent for all rivers, streams, and creeks in the study area during 

each of the 26 river break-up seasons between 1995 and 2020. Base data for this feature class are those 

contained in feature class overflood_extent_1995_thru_2020. The feature attributes are provided in 

Table 5. 

Table 5. Attribute description: overflood_extent_yearly_envelope_1995_thru_2020 

Field 
Name 

Field 
Type 

Field 
Length 

Description 

FEATURE string 254 Type of feature documented. All features in this class are categorized as “overflood extent.” 

YEAR integer 4 Overflood season of the documented overflood extent. 

OF_AREA integer 6 

Area, in square kilometers, covered by the maximum flood extent at all rivers, streams, and creeks in 
the study region. 

Notes: 
1. Area is ellipsoidal relative to the GRS 1980 ellipsoid. 
2. Area is rounded to the nearest square kilometer. 

4.1.3 Overflood Extent Maximum Envelope, 1995–2020 

Feature class name: overflood_extent_maximum_envelope_1995_thru_2020 

Feature class type: geometry - polygons 

Description: Boundary of all overflood extents mapped between 1995 and 2020. Base data for this 

feature class are contained in feature class overflood_extent_1995_thru_2020. Feature attributes are 

provided in Table 6. 

Table 6. Attribute description: overflood_extent_maximum_envelope_1995_thru_2020 

Field 
Name 

Field 
Type 

Field 
Length 

Description 

FEATURE String 254 Type of feature documented. All features in this class are categorized as “overflood extent.” 

4.1.4 Overflood Extent Derived from Field Surveys, 1995–2020 

Feature class name: overflood_extent_from_field_surveys_1995_thru_2020 

Feature class type: geometry - lines 

Description: Peak overflood extent for various rivers in the study area derived from helicopter and 

hovercraft surveys performed by Coastal Frontiers between 1995 and 2020. Feature attributes are 
provided in Table 7. The information in this feature class was analyzed alongside the satellite imagery 

presented in Section 5 in order to derive the final dataset presented in feature class 

overflood_extent_1995_thru_2020. The information is provided for archival purposes only. 
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Table 7. Attribute description: overflood_extent_from_field_surveys_1995_thru_2020 

Field 
Name 

Field 
Type 

Field 
Length 

Description 

FEATURE string 254 Type of feature documented. All features in this class are categorized as “overflood extent.” 

YEAR integer 4 Overflood season of the documented overflood extent. 

DATE date 10 Date of the survey (local time). 

TYPE string 254 Type of survey (by helicopter or, in a limited number of occasions, by hovercraft). 

RIVER string 254 
Name of the river or rivers from which the flood waters originated. Names correspond to those 
documented in various USGS topographic maps (USGS, 2021b). Bodies of water for which a name is 
not provided by the USGS are categorized as “unnamed.” 

4.1.5 Overflood Extent, Pre-1995 

Feature class name: overflood_extent_pre_1995 

Feature class type: geometry - lines 

Description: Peak overflood extent for various rivers in the study area during overflood seasons pre-

dating 1995. Data sources include field surveys and satellite imagery. Feature attributes are provided in 

Table 8. The information is provided for archival purposes only. 

Table 8. Attribute description: overflood_extent_pre_1995 

Field 
Name 

Field 
Type 

Field 
Length 

Description 

FEATURE string 254 Type of feature documented. All features in this class are categorized as “overflood extent.” 

YEAR integer 4 Overflood season of the documented overflood extent. 

RIVER string 254 
Name of the river or rivers from which the flood waters originated. Names correspond to those 
documented in various USGS topographic maps (USGS, 2021b). 

SOURCE string 254 

Source of the overflood extent data. Data sources include satellite imagery and field surveys. 

Notes: 
1. When satellite imagery was utilized, the specific scene in noted in this field. 
2. When survey data was utilized, the date of the survey is noted in this field. 

4.1.6 Overflood Extent Probability Contours, 2000–2020 

Feature class name: overflood_extent_probability_contours_2000_thru_2020 

Feature class type: geometry - lines 

Description: Isolines of annual overflood occurrence probability derived from the 21 annual overflood 

extents between 2000 and 2020. The base data used to derive the contours are provided in feature class 

overflood_extent_yearly_envelope_1995_thru_2020. The contours have been smoothed for presentation 
purposes. Feature attributes are provided in Table 9. 
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Table 9. Attribute description: overflood_extent_probability_contours_2000_thru_2020 

Field 
Name 

Field 
Type 

Field 
Length 

Description 

FEATURE string 254 
Type of feature documented. All features in this class are categorized as “overflood extent 
probability contour.” 

PROB integer 3 
Probability of flood waters reaching the location in any given year, in percent. Probabilities of 0%, 
10%, 25%, 50%, 75%, 90%, and 100% are provided. 

4.2 Drain and Strudel Scour Data Feature Classes 

4.2.1 Circular Drains and Short Crack Drains, 1995–2020 

Feature class name: circular_and_short_crack_drains_1995_thru_2020 

Feature class type: geometry - points 

Description: Circular and short crack drain data obtained from field surveys performed by Coastal 

Frontiers during the overflood seasons between 1995 and 2020. Feature attributes are provided in 

Table 10. It should be noted that the field surveys did not encompass the entire study region. The search 
areas included as part each field survey are provided in feature class 

drain_and_strudel_search_areas_1995_thru_2020. 

Table 10. Attribute description: circular_and_short_crack_drains_1995_thru_2020 

Field 
Name 

Field 
Type 

Field 
Length 

Description 

FEATURE string 254 Type of feature documented. All features in this class are categorized as “drain.” 

YEAR integer 4 Overflood season during which the documented drain formed. 

TYPE string 254 Type of drain: circular, short crack (less than 15.2 m long), or unknown. 

RIVER string 254 

Name of the river, stream, or creek from which the flood waters where the drain was found 
originated. Names correspond to those documented in various USGS topographic maps (USGS, 
2021b). Bodies of water for which a name is not provided by the USGS are categorized as 
“unnamed”. If the specific river that flooded the drain could not be determined with a high degree 
of confidence, all of the possible sources are listed. 

ZONE string 254 
Strudel formation zone where the drain occurred. The zones are provided in feature class 
strudel_zones. 

DRAIN_SA string 254 
Description of the area thoroughly searched for drains. Typically, the area corresponds to a 
monitoring corridor along a route of interest (e.g., pipeline route). See feature class 
drain_and_strudel_search_areas_1995_thru_2020 for additional detail. 

NORTHING real 10 Northing of the drain center. Horizontal datum is UTM Zone 5N, NAD83, with units of meters. 

EASTING real 10 Easting of the drain center. Horizontal datum is UTM Zone 5N, NAD83, with units of meters. 

LAT real 10 Latitude of the drain center (NAD83). 

LON real 10 Longitude of the drain center (NAD83). 

LOCATION string 254 
This field notes if the drain was located inside or outside of the pre-established monitoring corridor 
delineated in field “DRAIN_SA.”   “No corridor” indicates that a pre-established monitoring corridor 
was not used as part of the strudel search. 
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4.2.2 Long Crack Drains, 1995–2020 

Feature class name: long_crack_drains_1995_thru_2020 

Feature class type: geometry - lines 

Description: Long crack drain data obtained from field surveys performed by Coastal Frontiers during 

the overflood seasons between 1995 and 2020. Feature attributes are provided in Table 11. It should be 

noted that the field surveys did not encompass the entire study region. The search areas included as part 

each field survey are provided in feature class drain_and_strudel_search_areas_1995_thru_2020. 

Table 11. Attribute description: long_crack_drains_1995_thru_2020 

Field 
Name 

Field 
Type 

Field 
Length 

Description 

FEATURE string 254 Type of feature documented. All features in this class are categorized as “drain.” 

YEAR integer 4 Overflood season during which the documented drain formed. 

TYPE string 254 Type of drain. All features in this class are categorized as “long crack.” 

RIVER string 254 

Name of the river, stream, or creek from which the flood waters where the drain was found 
originated. Names correspond to those documented in various USGS topographic maps (USGS, 
2021b). Bodies of water for which a name is not provided by the USGS are categorized as 
“unnamed”. If the specific river that caused the drain could not be determined with a high degree of 
confidence, all of the possible source streams are listed in this field. 

ZONE string 254 
Strudel formation zone where the drain occurred. The zones are provided in feature class 
strudel_zones. 

DRAIN_SA string 254 
Description of the area thoroughly searched for drains. Typically, the area corresponds to a 
monitoring corridor along a route of interest (e.g., pipeline route). See feature class 
drain_and_strudel_search_areas_1995_thru_2020 for additional detail. 

LOCATION string 254 
This field notes if the drain was located inside or outside of the pre-established monitoring corridor 
delineated in field “DRAIN_SA”.  “No corridor” indicates that a pre-established monitoring corridor 
was not used as part of the strudel search. 

LENGTH integer 4 Approximate length of the crack, in meters. 

4.2.3 Circular Strudel Scours, 1995–2020 

Feature class name: circular_strudel_scours_1995_thru_2020 

Feature class type: geometry - points 

Description: Circular strudel scour data derived from bathymetric surveys performed by Coastal 

Frontiers and others during the open water seasons between 1995 and 2020. Feature attributes are 

provided in Table 12. It should be noted that the field surveys did not encompass the entire study region. 
The search areas included as part each field survey are provided in feature class 

drain_and_strudel_search_areas_1995_thru_2020. 
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Table 12. Attribute description: circular_strudel_scours_1995_thru_2020 

Field 
Name 

Field 
Type 

Field 
Length 

Description 

FEATURE string 254 Type of feature documented. All features in this class are categorized as “strudel scour.” 

YEAR integer 4 
Overflood season during which the documented strudel formed (for new strudels), or year when the 
strudel was found (for relict strudels). 

AGE string 6 
“New” strudels correspond to features formed in the same year that they were first surveyed. 
“Relict” strudels correspond to features found outside the corresponding overflood extent. The 
latter are included in the geodatabase for data archival purposes.  

TYPE string 254 Type of strudel scour. All features in this class are categorized as “circular.” 

RIVER string 254 

Name of the river, stream, or creek from which the flood waters that caused the strudel scour 
originated. Names correspond to those documented in various USGS topographic maps (USGS, 
2021b). Bodies of water for which a name is not provided by the USGS are categorized as 
“unnamed.” If the specific river that caused the strudel scour could not be determined with a high 
degree of confidence, all of the possible source streams are listed in this field. 

ZONE string 254 
Strudel formation zone where the strudel scour was found. The zones are provided in feature class 
strudel_zones. 

WATER_D real 6 Water depth at the location of the strudel scour. Vertical datum is NOS MLLW, in units of meters.  

SCOUR_D real 6 
Scour depth relative to the surrounding sea floor, in units of meters. Value is “Null” in those cases 
where the scour was imaged only with side-scan sonar (scour depth not measured). 

HORIZONTAL real 6 
Maximum horizontal dimension of the scour at the depth of the surrounding sea floor, in units of 
meters. 

SCOUR_SA string 254 

Description of the area thoroughly searched for strudel scours. The area generally includes several 
pre-planned survey lines and, if a drain search was performed during break-up, the locations of the 
mapped drains. See feature class drain_and_strudel_search_areas_1995_thru_2020 for additional 
detail. 

DRAIN_SA string 254 
Description of the area thoroughly searched for drains. Typically, the area corresponds to a 
monitoring corridor along a route of interest (e.g., pipeline route). See feature class 
drain_and_strudel_search_areas_1995_thru_2020 for additional detail. 

NORTHING real 10 
Northing of deepest point of the scour. Horizontal datum is UTM Zone 5N, NAD83, with units of 
meters. 

EASTING real 10 
Easting of deepest point of the scour. Horizontal datum is UTM Zone 5N, NAD83, with units of 
meters. 

LAT real 10 Latitude of deepest point of the scour (NAD83). 

LON real 10 Longitude of deepest point of the scour (NAD83). 

LOCATION string 254 
This field notes if the scour was located inside or outside of the pre-established monitoring corridor 
delineated in field “SCOUR_SA.”  “No corridor” indicates that a pre-established monitoring corridor 
was not used as part of the strudel search. 

4.2.4 Linear Strudel Scours, 1995–2020 

Feature class name: linear_strudel_scours_1995_thru_2020 

Feature class type: geometry - points 
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Description: Linear strudel scour data derived from bathymetric surveys performed by Coastal Frontiers 

and others during the open water seasons between 1995 and 2020. Feature attributes are provided in 

Table 13. It should be noted that the field surveys did not encompass the entire study region. The search 

areas included as part each field survey are provided in feature class 
drain_and_strudel_search_areas_1995_thru_2020. 

Table 13. Attribute description: linear_strudel_scours_1995_thru_2020 

Field 
Name 

Field 
Type 

Field 
Length 

Description 

FEATURE string 254 Type of feature documented. All features in this class are categorized as “strudel scour.” 

YEAR integer 4 
Overflood season during which the documented strudel formed (for new strudels), or year when the 
strudel was found (for relict strudels). 

AGE string 6 
“New” strudels correspond to features formed in the same year that they were first surveyed. 
“Relict” strudels correspond to features found outside the corresponding overflood extent. The 
latter are included in the geodatabase for archival purposes. 

TYPE string 254 Type of strudel scour. All features in this class are categorized as “linear.” 

RIVER string 254 

Name of the river, stream, or creek from which the flood waters that caused the strudel scour 
originated. Names correspond to those documented in various USGS topographic maps (USGS, 
2021b). Bodies of water for which a name is not provided by the USGS are categorized as 
“unnamed”. If the specific river that caused the strudel scour could not be determined with a high 
degree of confidence, all of the possible source streams are listed in this field. 

ZONE string 254 
Strudel formation zone where the strudel scour was found. The zones are provided in feature class 
strudel_zones. 

WATER_D real 6 Water depth at the location of the strudel scour. Vertical datum is NOS MLLW, in units of meters.  

SCOUR_D real 6 
Scour depth relative to the surrounding sea floor, in units of meters. Value is “Null” in those cases 
where the scour was imaged only with side-scan sonar (scour depth not measured). 

HORIZONTAL real 6 
Maximum horizontal dimension of the scour at the depth of the surrounding sea floor, in units of 
meters. Corresponds to the length of the feature measured along the scour orientation. 

SCOUR_ORNT integer 3 Orientation of the scour, in units of degrees relative to Grid North (UTM Zone 5N, NAD83). 

SCOUR_SA string 254 

Description of the area thoroughly searched for strudel scours. The area generally includes several 
pre-planned survey lines and, if a drain search was performed during break-up, the locations of the 
mapped drains. See feature class drain_and_strudel_search_areas_1995_thru_2020 for additional 
detail. 

DRAIN_SA string 254 
Description of the area thoroughly searched for drains. Typically, the area corresponds to a 
monitoring corridor along a route of interest (e.g., pipeline route). See feature class 
drain_and_strudel_search_areas_1995_thru_2020 for additional detail. 

NORTHING real 10 
Northing of deepest point of the scour. Horizontal datum is UTM Zone 5N, NAD83, with units of 
meters. 

EASTING real 10 
Easting of deepest point of the scour. Horizontal datum is UTM Zone 5N, NAD83, with units of 
meters. 

LAT real 10 Latitude of deepest point of the scour (NAD83). 

LON real 10 Longitude of deepest point of the scour (NAD83). 

LOCATION string 254 
This field notes if the scour was located inside or outside of the pre-established monitoring corridor 
delineated in field “SCOUR_SA.”  “No corridor” indicates that a pre-established monitoring corridor 
was not used as part of the strudel search. 
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4.2.5 Drain and Strudel Search Areas, 1995–2020 

Feature class name: drain_and_strudel_search_areas_1995_thru_2020 

Feature class type: geometry - polygons 

Description: Spatial coverage of the drain and strudel scour surveys performed by Coastal Frontiers 

between 1995 and 2020. Feature attributes are provided in Table 14. The coverages have been trimmed to 

include only the flooded portion of the search area based on feature class 

overflood_extent_from_field_surveys_1995_thru_2020.  Empty features correspond to years when either 
a drain search was not conducted, or a drain search was planned, but the flood waters did not reach the 

monitoring corridor.  In both cases, a strudel search was conducted using the data acquired along the 

pipeline monitoring survey transects. 

Table 14. Attribute description: drain_and_strudel_search_areas_1995_thru_2020 

Field 
Name 

Field 
Type 

Field 
Length 

Description 

FEATURE string 254 Type of feature documented. All features in this class are categorized as “search area.” 

YEAR integer 4 Overflood season during which the search was undertaken. 

RIVER string 254 
Name of the river, stream, or creek from which the flood waters that were searched originated. 
Names correspond to those documented in various USGS topographic maps (USGS, 2021b). Bodies 
of water for which a name is not provided by the USGS are categorized as “unnamed.” 

DRAIN_SA string 254 
Description of the area thoroughly searched for drains. Typically, the area corresponds to a 
monitoring corridor along a route of interest (e.g., pipeline route). 

SCOUR_SA string 254 
Description of the area thoroughly searched for strudel scours. The area generally includes several 
pre-planned survey lines and, if a drain search was performed during break-up, the locations of the 
mapped drains. 

4.2.6 Strudel Zones 

Feature class name: strudel_zones 

Feature class type: geometry - polygons 

Description: The three zones of strudel scour formation identified by Leidersdorf, et al. (2007). The 

Primary Strudel Zone is defined as the region between the 1.5-m and 6.1-m isobaths. The Secondary 

Strudel Zone is located landward of the 1.5-m isobath, and the Tertiary Strudel Zone is located offshore 
of the Primary Strudel Zone. Feature attributes are provided in Table 15. 

Table 15. Attribute description: strudel_zones 

Field 
Name 

Field 
Type 

Field 
Length 

Description 

FEATURE string 254 Type of feature documented. All features in this class are categorized as “strudel zone.” 

ZONE string 254 

Strudel formation zone (Leidersdorf, et al., 2007). 

Primary Strudel Zone: region between the 1.5-m and 6.1-m isobaths 
Secondary Strudel Zone: region located landward of the 1.5-m isobath 
Tertiary Strudel Zone: region located offshore of the Primary Strudel Zone 

The bathymetric contours used to define the three strudel zones are provided as feature class 
alaska_north_slope_bathymetry. 
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4.2.7 Strudel Zones and Overflood Extent Yearly Envelope, 1995–2020 

Feature class name: strudel_zones_and_overflood_extent_yearly_envelope_1995_thru_2000 

Feature class type: geometry - polygons 

Description: The combined peak overflood extent for all rivers, streams, and creeks in the study area 

during each of the 26 river break-up seasons between 1995 and 2020 (feature class 

overflood_extent_yearly_envelope_1995_thru_2020) classified according to the three zones of strudel 

scour formation (feature class strudel_zones). Feature attributes are provided in Table 16. 

Table 16. Attribute desc.: strudel_zones_and_overflood_extent_yearly_envelope_1995_thru_2000 

Field 
Name 

Field 
Type 

Field 
Length 

Description 

FEATURE string 254 
Type of feature documented. All features in this class are categorized as “overflood extent by strudel 
zone.” 

YEAR Integer 4 Overflood season of the documented overflood extent. 

ZONE string 254 

Combined peak overflood extent for all rivers, streams, and creeks in the study area classified by 
strudel formation zone (Leidersdorf, et al., 2007). 

Primary Strudel Zone: region between the 1.5-m and 6.1-m isobaths 
Secondary Strudel Zone: region located landward of the 1.5-m isobath 
Tertiary Strudel Zone: region located offshore of the Primary Strudel Zone 

The bathymetric contours used to define the three strudel zones are provided as feature class 
alaska_north_slope_bathymetry. 

4.3 Auxiliary Data Feature Classes 

4.3.1 Alaska North Slope Coastline 

Feature class name: alaska_north_slope_coast 

Feature class type: geometry - polygons 

Description: Alaska North Slope coastline used as the landward boundary for the study. It is a simplified 

version of that contained in the original study geodatabase (Hearon et al., 2009). The linework should be 

considered to be approximate, as the Alaskan Arctic coast has experienced differential erosion and 
accretion between 1995 and 2020. Feature attributes are provided in Table 17. 

Table 17. Attribute description: alaska_north_slope_coast 

Field 
Name 

Field 
Type 

Field 
Length 

Description 

LandType string 254 “mainland” or “island.” 

4.3.2 Alaska North Slope Bathymetry 

Feature class name: alaska_north_slope_bathymetry 

Feature class type: geometry - lines 
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Description: Bathymetric contours used to derive the strudel zones presented in feature class 

strudel_zones. It is a simplified version of that contained in the original study geodatabase (Hearon et al., 

2009). Updates to the original study geodatabase include removal of contours exceeding 15.2 m, and 

refinement of the contours on the far east end of the study area. The linework should be considered to be 
approximate, as the primary data set used to develop the contours was acquired in the 1950’s. Feature 

attributes are provided in Table 18. 

Table 18. Attribute description: alaska_north_slope_bathymetry 

Field 
Name 

Field 
Type 

Field 
Length 

Description 

WATER_D Real 6 
Water depth below National Ocean Service (NOS) Mean Lower Low Water (MLLW) in units of 
meters. 

SOURCE String 254 Source used to develop bathymetric contours. 

4.3.3 Environmental Data Stations 

Feature class name: environmental_data_stations 

Feature class type: geometry - points 

Description: Location of the meteorological stations and river streamflow monitoring sites used in the 

analysis of the overflood data presented in the geodatabase. Feature attributes are provided in Table 19, 

while the project’s Final Report describes the analysis methods and results. 

Table 19. Attribute description: environmental_data_stations 

Field 
Name 

Field 
Type 

Field 
Length 

Description 

AGENCY string 254 Reporting agency. 

NAME string 254 Station name. 

DATA_PRIM string 254 Primary environmental data reported by the station and of interest for overflood studies.  

DATA_SEC string 254 Secondary environmental data reported by the station and of interest for overflood studies.  

PERIOD string 254 Period of operation in years. Note, data gaps may exist. 

4.3.4 Hydrologic Units 

Feature class name: WBDHU8 

Feature class type: geometry - polygons 

Description: USGS Watershed Boundary Dataset (WBD) 8-digit Hydrologic Unit (HU8) data for Arctic 

Alaska. The dataset is provided as is from the USGS without modification (USGS, 2021a).  Feature 
attributes are provided in Table 20.  The associated XML file submitted with the geodatabase (\FGDC 

Metadata\OVERFLOOD_DATA\Auxiliary Data\WBDHU8.xml) provides a complete description of the 

dataset. 
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Table 20. Attribute description: WBDHU8 

Field 
Name 

Field 
Type 

Field 
Length 

Description 

OBJECTID integer 10 Internal feature number 

TNMID string 40 Unique 40-character field that identifies each element in the geodatabase exclusively. 

MetaSource string 40 Unique identifier that links the element to the metadata tables. 

SourceData string 100 Brief description of the type of base data used to update or change the current WBD. 

SourceOrig string 130 Description of the agency that created the base data used to improve the WBD 

SourceFeat string 40 Identifies the parent of the feature if the feature is the result of a split or merge. 

LoadDate date 10 Date when the data were loaded into the official USGS WBD ArcSDE geodatabase 

GNIS_ID Integer 10 
Preassigned numeric field that uses a unique number to relate the name of the hydrologic unit to 
the GNIS names geodatabase. 

AreaAcres real 18 
Area in acres calculated at the 12-digit hydrologic unit from the intrinsic area value maintained by 
the GIS software.  

AreaSqKm real 18 
Area in square kilometers calculated at the 12-digit hydrologic unit from the intrinsic area value 
maintained by the GIS software.  

Name string 120 Name refers to the GNIS name for the geographic area in which the hydrologic unit is located. 

ReferenceG string 50 Unknown field. No documentation provided by USGS. 

States string 50 
The States or outlying area attribute identifies the State(s) or outlying areas that the hydrologic unit 
falls within or touches. 

HUC8 string 8 Unique 8-digit hydrologic unit code. 

Shape_Leng real 18 Unknown field. No documentation provided by USGS. 

Shape_Area real 18 Unknown field. No documentation provided by USGS. 

4.3.5 Ice Roads 

Feature class name: ice_roads 

Feature class type: geometry - lines 

Description: Location of the offshore ice roads constructed between 1995 and 2020.  The linework was 

provided by industry partners or was identified in satellite imagery. Feature attributes are provided in 

Table 21. 

Table 21. Attribute description: ice_roads 

Field 
Name 

Field 
Type 

Field 
Length 

Description 

YEAR integer 4 Overflood year during which the ice road was in place. 

SOURCE string 254 Data provider. If identified on satellite imagery, the value is “SATELLITE.” 
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4.4 Image Catalog (Table) 

Table name: image_catalog 

Description: Summary of the 344 satellite imagery scenes used in the development of feature class 

overflood_extent_1995_thru_2020. The imagery is provided as a bundle in the supporting geodatabase 

IMAGERY_BANK.GDB (Section 5). The catalog fields are given in Table 22. 

Table 22. Attribute description: image_catalog 

Field 
Name 

Field 
Type 

Field 
Length 

Description 

SHORT_N string 254 

Project-specific image name in the following format: 

TTT_YYYYMMDDL 

Where: 
TTT is the imagery type (see Table 4) 
YYYYMMDD is the date of image capture (local time) 
L is a unique identifier (“A”, “B”, or “C”) used to differentiate images captured on the same date  

 
The scenes are compiled in the Imagery Bank geodatabase.  

LONG_N string 254 Original name of the image file, as obtained from the data provider. 

DATE date - Date of image capture (local time). 

RES real 6 Image spatial resolution, in units of meters. 

SATELLITE string 254 Satellite platform or constellation. 

SENSOR string 254 Satellite sensor acquiring the image. 

PRODUCT string 254 Specific product type or acquisition mode. 

PROVIDER string 254 Data provider. 

ORIGINATOR string 254 Data originator. 

5 Imagery Bank 

The 344 satellite images listed in the image_catalog feature class are provided as a bundle in the 

IMAGERY_BANK.GDB geodatabase. Scenes are categorized by image type. The images are provided as 

is. The only modification is appending the project-specific name to the image name. The image catalog 
includes references to the data provider and source. The imagery collections are listed in Table 23.  
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Table 23. Contents of IMAGERY_BANK.GDB 

Collection Imagery Source 

1 ERS-2 (ESA) 

2 Landsat 5 (USGS/NASA) 

3 Landsat 7 (USGS/NASA) 

4 Landsat 8 (USGS/NASA) 

5 Moderate Resolution Imaging Spectroradiometer (MODIS, NASA) 

6 ALOS PALSAR (JAXA) 

7 Resourcesat-2A Advanced Wide Field Sensor (AWiFS, ISRO) 

8 Resourcesat-2A Linear Imaging Self Scanning Sensor (LISS-3, ISRO) 

9 Sentinel-1 image (ESA) 

10 Sentinel-2 image (ESA) 

11 Radarsat (CSA) 
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U.S. Geological Survey, 2021a, National Hydrography Dataset (ver. USGS National Hydrography 
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January 1, 2021 at URL https://www.sciencebase.gov/catalog/item/5a3a5264e4b0d05ee8b59f1f 
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Appendix D: Correlations between Environmental Parameters and 
Overflood 

This appendix contains figures illustrating the correlation between each of the paired environmental and 

overflood parameters presented in Section 9 of the main report. Please see Section 9 for more 

information.  
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1 Correlation between Environmental Parameters and Streamflow 

1.1 Colville River Streamflow 

 

Figure 1. Correlation between precipitation (Atigun Pass) and streamflow (Colville River) 
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Figure 2. Correlation between precipitation (Atigun Camp) and streamflow (Colville River) 
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Figure 3. Correlation between precipitation (Imnavait Creek) and streamflow (Colville River) 
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Figure 4. Correlation between precipitation (Sagwon) and streamflow (Colville River) 
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Figure 5. Correlation between precipitation (Prudhoe Bay) and streamflow (Colville River) 
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Figure 6. Correlation between end-of-winter SWE (Upper Kuparuk River Watershed) and streamflow (Colville River) 
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Figure 7. Correlation between end-of-winter SWE (Imnavait Creek Watershed) and streamflow (Colville River) 
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Figure 8. Correlation between TDD (Atigun Pass) and streamflow (Colville River) 

R² = 0.13
0

1,000

2,000

3,000

4,000

5,000

6,000

7,000

8,000

0 50 100 150 200 250

P
ea

k 
D

is
ch

ar
ge

 (
m

3
/s

)

R² = 0.14

0

500

1,000

1,500

2,000

2,500

3,000

3,500

0 50 100 150 200 250

A
vg

. D
is

ch
ar

ge
 (

m
3
/s

)

R² = 0.02

0.E+00

1.E+09

2.E+09

3.E+09

4.E+09

5.E+09

6.E+09

7.E+09

0 50 100 150 200 250

Fl
o

o
d

 V
o

lu
m

e 
(m

3
)

Thawing Degree Days 
(Apr 15 - May 31)

R² = 0.08
0

200

400

600

800

1,000

1,200

1,400

1,600

0 50 100 150 200 250

Fl
o

o
d

 In
te

n
si

ty
 (

m
3
/s

/d
ay

)
Thawing Degree Days 

(Apr 15 - May 31)
Atigun Pass



D-10 

 

 

 

Figure 9. Correlation between TDD (Deadhorse) and streamflow (Colville River) 
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1.2 Kuparuk River Streamflow 

 

Figure 10. Correlation between precipitation (Atigun Pass) and streamflow (Kuparuk River) 
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Figure 11. Correlation between precipitation (Atigun Camp) and streamflow (Kuparuk River) 
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Figure 12. Correlation between precipitation (Imnavait Creek) and streamflow (Kuparuk River) 
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Figure 13. Correlation between precipitation (Sagwon) and streamflow (Kuparuk River) 
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Figure 14. Correlation between precipitation (Prudhoe Bay) and streamflow (Kuparuk River) 
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Figure 15. Correlation between end-of-winter SWE (Upper Kuparuk River Watershed) and streamflow (Kuparuk River) 
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Figure 16. Correlation between end-of-winter SWE (Imnavait Creek Watershed) and streamflow (Kuparuk River) 
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Figure 17. Correlation between TDD (Atigun Pass) and streamflow (Kuparuk River) 
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Figure 18. Correlation between TDD (Deadhorse) and streamflow (Kuparuk River) 
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1.3 Sagavanirktok River Streamflow 

 

Figure 19. Correlation between precipitation (Atigun Pass) and streamflow (Sagavanirktok River) 
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Figure 20. Correlation between precipitation (Atigun Camp) and streamflow (Sagavanirktok River) 
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Figure 21. Correlation between precipitation (Imnavait Creek) and streamflow (Sagavanirktok River) 
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Figure 22. Correlation between precipitation (Sagwon) and streamflow (Sagavanirktok River) 

R² = 0.17
0

100

200

300

400

500

600

700

800

0 5 10 15

P
ea

k 
D

is
ch

ar
ge

 (
m

3
/s

)

R² = 0.21
0

50

100

150

200

250

300

350

0 5 10 15

A
vg

. D
is

ch
ar

ge
 (

m
3
/s

)

R² = 0.21
0.E+00

1.E+08

2.E+08

3.E+08

4.E+08

5.E+08

6.E+08

7.E+08

8.E+08

0 5 10 15

Fl
o

o
d

 V
o

lu
m

e 
(m

3
)

Accumulated Precipitation (cm)
(Oct 1 - May 31)

R² = 0.03
0

20

40

60

80

100

120

140

160

0 5 10 15

Fl
o

o
d

 In
te

n
si

ty
 (

m
3
/s

/d
ay

)
Accumulated Precipitation (cm)

(Oct 1- May 31)
Sagwon



D-24 

 

 

 

Figure 23. Correlation between precipitation (Prudhoe Bay) and streamflow (Sagavanirktok River) 
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Figure 24. Correlation between end-of-winter SWE (Upper Kuparuk River Watershed) and streamflow (Sagavanirktok River) 
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Figure 25. Correlation between end-of-winter SWE (Imnavait Creek Watershed) and streamflow (Sagavanirktok River) 
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Figure 26. Correlation between TDD (Atigun Pass) and streamflow (Sagavanirktok River) 
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Figure 27. Correlation between TDD (Deadhorse) and streamflow (Sagavanirktok River) 
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1.4 Precipitation 

 

Figure 28. Correlation between precipitation and end-of-winter SWE (Upper Kuparuk River Watershed) 
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Figure 29. Correlation between precipitation and end-of-winter SWE (Imnavait Creek Watershed) 
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2 Correlation between Environmental Parameters and Overflood Area (by River) 

2.1 Colville River 

 

Figure 30. Correlation between streamflow (Colville River) and overflood area (Colville River) 
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Figure 31. Correlation between precipitation and overflood area (Colville River) 
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Figure 32. Correlation between end-of-winter SWE, TDD, and overflood area (Colville River) 
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2.2 Kuparuk River 

 

Figure 33. Correlation between streamflow (Kuparuk River) and overflood area (Kuparuk River) 
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Figure 34. Correlation between precipitation and overflood area (Kuparuk River) 
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Figure 35. Correlation between end-of-winter SWE, TDD, and overflood area (Kuparuk River) 

R² = 0.07

0

2

4

6

8

10

12

14

16

18

0 100 200 300 400

En
d

-o
f-

W
in

te
r 

SW
E 

(c
m

)

Upper Kuparuk River Watershed

R² = 0.09

0

5

10

15

20

25

0 100 200 300 400

En
d

-o
f-

W
in

te
r 

SW
E 

(c
m

)

Imnaviat Creek Watershed

R² = 0.00

0

20

40

60

80

100

120

0 100 200 300 400

Th
aw

in
g 

D
eg

re
e 

D
ay

s
(A

p
r 

1
5

 -
M

ay
 3

1
)

Overflood Area (km2)

Deadhorse

R² = 0.18

0

50

100

150

200

250

0 100 200 300 400

Th
aw

in
g 

D
eg

re
e 

D
ay

s
(A

p
r 

1
5

 -
M

ay
 3

1
)

Overflood Area (km2)

Atigun Pass



D-37 

 

 

2.3 Sagavanirktok River 

 

Figure 36. Correlation between streamflow (Sagavanirktok River) and overflood area (Sagavanirktok River) 
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Figure 37. Correlation between precipitation and overflood area (Sagavanirktok River) 
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Figure 38. Correlation between end-of-winter SWE, TDD, and overflood area (Sagavanirktok River) 
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3 Correlation between Environmental Parameters and Overflood Area (by WBD) 

3.1 Lower Colville River WBD 

 

Figure 39. Correlation between streamflow (Colville River) and overflood area (Lower Colville River WBD) 
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Figure 40. Correlation between precipitation and overflood area (Lower Colville River WBD) 
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Figure 41. Correlation between end-of-winter SWE, TDD, and overflood area (Lower Colville River WBD) 
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3.2 Kuparuk River WBD 

 

Figure 42. Correlation between streamflow (Kuparuk River) and overflood area (Kuparuk River WBD) 
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Figure 43. Correlation between precipitation and overflood area (Kuparuk River WBD) 
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Figure 44. Correlation between end-of-winter SWE, TDD, and overflood area (Kuparuk River WBD) 
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3.3 Sagavanirktok River WBD 

 

Figure 45. Correlation between streamflow (Sagavanirktok River) and overflood area (Sagavanirktok River WBD) 
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Figure 46. Correlation between precipitation and overflood area (Sagavanirktok River WBD) 
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Figure 47. Correlation between end-of-winter SWE, TDD, and overflood area (Sagavanirktok River WBD) 
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4 Correlation between Environmental Parameters and Total Overflood Area 

4.1 Streamflow 

 

Figure 48. Correlation between streamflow (Colville River) and total overflood area 
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Figure 49. Correlation between streamflow (Kuparuk River) and total overflood area 
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Figure 50. Correlation between streamflow (Sagavanirktok River) and total overflood area 
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4.2 Precipitation 

 

Figure 51. Correlation between precipitation and total overflood area 
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4.3 Snowpack and Air Temperature 

Figure 52. Correlation between end-of-winter SWE, TDD, and total overflood area 
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