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Abstract 
 

The US Navy has proposed construction of an Outlying Landing Field (OLF) for carrier-landing 

practice, at one of five potential sites in North Carolina and Virginia.  The proposed Sandbanks 

site in Gates County, NC is opposed by the Citizens Against OLF, who asked the Duke 

Environmental Law and Policy Clinic to evaluate possible damages to the area by drafting an 

Environmental Impact Statement.  This project will contribute to that EIS by evaluating the 

site’s hydrology and wetlands using GIS analysis.  Results of examinations of the wetlands’ 

ecosystem services indicate large areas of important wetlands on and near the site.  The 

individual results (buffering capacity, runoff estimates, and habitat quality) are integrated into a 

single product that can be compared to the North Carolina Coastal Region Evaluation of 

Wetland Significance (NC CREWS).  This comparison shows a larger area of high significance 

wetlands in the NC CREWS rating due to depth of the analysis, among other factors.  There is 

ample evidence of high wetland significance at the Gates County site. 
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Introduction 

 In October 2000, the Navy proposed the need for a new outlying landing field (OLF) 

near the Oceana base in Virginia Beach, VA (NO OLF 2008).  The OLF would be used by Super 

Hornet jets to practice touch-and-go landings as they would be performed on aircraft carriers.  

The Navy argues that a new OLF is necessary because of noise complaints from current landing 

strips in the Norfolk/Virginia Beach area and noise and overcrowding at the auxiliary landing 

field at Fentress base where landing practice is currently performed (OLF EIS 2009).  In the 

intervening period, several sites have been proposed and rejected with no small amount of 

controversy.  As of 2008, the Navy has settled on five possible sites, two in northeastern North 

Carolina and three in Virginia (OLF EIS 2009).  The focus of this project is on the wetlands of the 

‘Sandbanks’ site in Gates County, North Carolina.  

 At the request of a citizens’ group opposed to the OLF being located at this site, the 

Duke Environmental Law and Policy Clinic agreed to draft an independent Environmental 

Impact Statement (EIS) to assess the possible damage to local habitat and risks to nearby 

landowners, particularly due to noise pollution.  For my portion of the study, I will be assessing 

potential loss of wetlands and associated consequences to the hydrology of the nearby Chowan 

River and potential habitat loss to rare native species. 

 

Background- Previous Proposed OLF sites and the Sandbanks Site: 

 As of 2003, the Navy’s preferred site possibility was known as “Site C,” located in 

Washington and Beaufort Counties near the Pocosin Lakes National Wildlife Refuge, one of the 

largest migratory bird refuges in the country.  The 400,000 acre refuge hosts nearly 100,000 

tundra swans in the winter.  The danger to the waterfowl from the jets and to the jets and their 
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pilots from the birds was source of great controversy (Richter 2007).  North Carolinians 

Opposed to the Outlying Landing Field (NO OLF) and environmental organizations such as the 

Audubon Society engaged the Navy in a prolonged legal battle from 2004 until 2008, when the 

Navy abandoned Site C in favor of the five possible sites mentioned above. 

 Following the successful resistance of NO OLF, several other citizens groups have 

formed to oppose the construction of an OLF in their area.  The Citizens Against OLF (CAOLF) 

from Gates County have engaged the Duke Environmental Law and Policy Clinic (ELPC) to 

assist them in their fight.  There are many reasons why the area should be preserved rather than 

developed into a landing strip.  Many area residents have lived there for generations, and the 

site contains valuable natural resources.  The proposed ‘Sandbanks’ site in Gates County is 

adjacent to the Chowan River, which flows into the Albemarle Sound (See Fig. 1).  The Chowan 

Swamp State Gamelands are partially within the proposed area of the site.  The proposed site 

will consist of an 8,000 ft runway and associated outbuildings on a 2,000 acre “core” area 

surrounded by a 30,000 acre “contour” area “used as a buffer area to ensure land use 

compatible with an OLF” (OLF EIS 2009).  I will explore how the OLF might affect wetlands and 

area hydrology using GIS analysis.   

 

Materials and Methods 

 To begin the analysis, GIS layers for the site were acquired from a few different sources.  

Several layers were downloaded from the US Geological Survey (USGS) Seamless Server 

website (http://seamless.usgs.gov/index.php), including: the National Land Cover Dataset 

(NLCD) 2001 version, a National Elevation Dataset (NED, 1 arc second resolution) Digital 

Elevation Model (DEM), and National Atlas state and county boundaries for North Carolina  

 

~ 2 



  

Fig. 1: Overview map of the Sandbanks proposed OLF site 
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and Virginia.  National Wetlands Inventory data were acquired from the US Fish and Wildlife 

Service Wetlands Geodatabase (http://wetlandsfws.er.usgs.gov/NWI/download.html).  

Weather data were acquired from NOAA Atlas 14 Precipitation Frequency Data Server 

(http://hdsc.nws.noaa.gov/hdsc/pfds/orb/nc_pfds.html).  Several layers, such as the site 

boundary and buffer, the regions’ cities, and the location of federally owned lands, as well as 

many others, were received from the Duke ELPC. 

Preliminary Analysis:  

 As an exploratory analysis, the Tabulate Area function in GIS was used to calculate the 

percentages of different types of land use or land cover within the proposed site or a fixed 

distance from it.  The layers analyzed were the NLCD, the NWI converted into raster form (with 

the ‘No Data’ sections classified as generic ‘upland’), and a merger of two land management 

layers—parcels of State/Federal land and land managed for conservation.  The tables produced 

were imported to Excel and converted to percentages of the different areas of the site.  

Hydrologic Analysis: 

 A more detailed analysis of hydrologic flow and buffering capacity was performed 

using DEM-derived flow layers.  ArcGIS Spatial Analyist Hydrology tools were used to derive 

flow direction and accumulation, which were then converted to a stream network.  The vertices 

of the network were converted to points, which were then thinned by stream order, keeping 

points for streams of 3rd order or greater (Strahler Method, Strahler 1952).  The points were 

clipped to within 12 miles of the site, and points at important stream intersections flowing into 

the Chowan River were manually selected.  These points were used as pour points to derive 

watersheds for the area around the Sandbanks site.  These watersheds were then used as units 

of analysis for examining buffering capacity, runoff, and Natural Heritage species diversity.  
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Buffering Capacity Analysis: 

The buffering capacity of forests and wetlands around the site were examined using 

methods adapted from Baker et al. 2006 and Fay and Swenson 2009.  This analysis considered 

simple fixed-distance buffer to non-point “source” ratios per watershed and a “flow path” 

method that uses DEM flow direction to examine the effective width of buffers based on routes 

that runoff would take to streams.  Two versions of the NLCD 2001 layer, the original and one 

in which the site core was converted to developed land, were reclassified into Buffer, Source, 

and Other categories.  Non-point “source” pixels were row crop and developed land cover 

types, while buffer was categorized two ways, one scenario where both forest and wetland were 

considered buffer, and one where only wetlands were considered buffer.  The “other” category 

was all other land cover classes.  These layers were then combined with the flow direction, 

watersheds, and streams network in a series of models to derive statistics of buffer proportion 

and width by watershed according to the above methods. The outputs of these models (see 

Model appendix for graphics) are both map layers and tables of statistics of buffer proportions 

per watershed.  

Runoff Analysis: 

 Runoff for the site was estimated by watershed using the Rational Runoff Method.  This 

method uses the formula Q=C*i*A where Q is peak discharge, C is a land use coefficient 

calculated for each watershed, I is rainfall intensity (inches/hour) for a selected design storm 

(intensity based on the average length and recurrence interval of the storm), and A is watershed 

area (Thompson 2006).  This method was chosen for its simplicity of translation to GIS, but has 

certain drawbacks (discussed later) that make it suitable only for rough estimates.  Runoff from 

several design storm rainfall intensities was estimated for land use scenarios before and after 
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OLF construction, and the differences between scenarios were normalized by watershed area to 

estimate relative amount of change. 

Natural Heritage Methods: 

 Layers of element occurrences of rare species and habitats from the Natural Heritage 

Program were analyzed gage the species that use the Sandbanks site wetlands and nearby 

streams as vital habitat.  The Element Occurrence (EO) points and polygons were merged with 

Significant Natural Heritage Areas (SNHA) polygons and extant records were selected from 

these to produce a table of current rare and important habitats and species in the area.  EO 

points were also used to calculate the average point density of natural heritage elements per 

watershed, which could be used as a measure of habitat quality. 

Overall Ranking: 

 The results of these analyses can be merged into a comprehensive rank of the 

importance of the wetlands and other habitat in and around the site.  This overall OLF 

significance ranking was created by a weighted overlay of one reclassified results layer from the 

previous quantitative analysis: the wetlands-only flow path buffer width (50%), the 1-year 3-

hour normalized difference runoff (20%), and the point density of Natural Heritage element 

occurrences (30%).  This weighted ranking can then be compared to the North Carolina Coastal 

Region Evaluation of Wetland Significance (NC CREWS) data for Gates and Hertford Counties.  

These data rank wetlands in terms of the significance of their ecologic functions as well as 

estimates which former wetlands sites would be most suitable for restoration. 
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Results 

Preliminary analysis: 

 The exploratory site analysis showed that the majority of the proposed site is forested 

(about two-thirds of the core), with the rest split between wetlands and crops or pastures (See 

table below).  The core area does not contain many wetlands, but the contour and surrounding 

area have more wetlands than agriculture.  The entire core is private land but some of the 

surrounding area is protected State land, the Chowan Swamp Gamelands that were  mentioned 

above. 

Table 1: Percentages of land use/land cover on the Sandbanks site, from NLCD 

Land Use Type 
Percent of 

Core 
Percent of 
Contour 

Percent of 6 
Mile Buffer 

Water 0.00 1.22 2.00 

Developed-Open 0.00 0.15 1.02 

Developed-Low 0.00 0.17 0.15 

Developed-Med 0.00 0.00 0.04 

Developed-High 0.00 0.00 0.01 

Barren 5.09 5.80 2.85 

Forest-Deciduous 8.94 12.28 15.48 

Forest-Evergreen 66.74 42.65 30.28 

Forest-Mixed 5.20 4.35 3.93 

Pasture/Hay 3.28 5.59 6.03 

Row Crop 8.26 9.56 14.20 

Wetlands-Woody 2.26 16.49 22.10 

Wetlands-Herb 0.23 1.75 1.91 

 
Table 2: Percentages of wetland cover on Sandbanks site, from NWI 

Wetland Type 
Percent of 

Core 
Percent of 
Contour 

Percent of 6 
Mile Buffer 

Upland (Non-wetland) 98.78 82.84 76.47 

Emergent 0.00 0.01 0.48 

Forested 1.22 15.51 19.86 

Pond 0.00 0.01 0.11 

Lake 0.00 0.00 0.77 

Riverine 0.00 1.63 2.31 

Other Wetland 0.00 0.00 0.00 

 
Table 3: Percentages of land management on Sandbanks site 

Land Management Type 
Percent of 

Core 
Percent of 
Contour 

Percent of 6 Mile 
Buffer 

Private Land 100.00 75.87 84.48 

State/Federal Land 0.00 24.13 15.52 
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Fig. 2: Overview of NLCD, NWI, and State/Federal land use and land management on the Sandbanks site. 

Private 

State 
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Hydrology and Riparian Buffers: 

 The proposed OLF site drains into the Chowan River in several different directions (see 

Fig. 3).  Using pour points into the Chowan and one on the river slightly downstream of the site, 

eight watersheds can be defined that cross the 6 mile buffer of the site.  Five of these fall within 

the contour and three in the core area of the site.  Having derived these watersheds and the 

hydrologic flow direction, the buffering capacity of the site can be examined by watershed for 

several scenarios.   

Table 4: Measures of buffer by watershed under current land use. Green columns include forests and wetlands as 
buffer, blue are wetlands only. 

Watersheds 
Catchment-
Wide Buffer 
Proportion (%) 

Catchment-
Wide Buffer 
Proportion (%) 

Near-Stream 
Buffer 

Proportion (%) 

Near-Stream 
Buffer 

Proportion (%) 

Mean 
Buffer 

Width (m) 

Mean 
Buffer 

Width (m) 

0 62.0 13.0 84.2 36.0 277.8 51.9 

1 61.5 5.3 86.0 20.0 295.2 30.5 

2 58.4 15.6 85.1 41.7 329.5 63.2 

3 91.4 52.1 96.0 68.8 417.8 115.2 

4 82.5 35.5 90.6 54.6 351.8 101.5 

5 60.9 4.9 68.2 15.7 175.1 20.7 

6 62.5 14.8 83.6 37.2 289.2 50.8 

7 67.8 17.6 80.2 36.7 257.1 58.2 

 

The watersheds with the highest amount of buffer total, within 100m of the stream, and mean 

buffer width are three and four.  Both are small watersheds that have their headwaters in the 

core area of Sandbanks site, and lie almost entirely within the 6 mile radius of the site. 

Table 5: Measures of buffer by watershed after OLF construction. Green columns include forests and wetlands as 
buffer, blue are wetlands only. 

Watersheds 

Catchment-
Wide Buffer 
Proportion 
w/OLF (%) 

Catchment-
Wide Buffer 
Proportion 
w/OLF (%) 

Near-Stream 
Buffer 

Proportion 
w/OLF (%) 

Near-Stream 
Buffer 

Proportion 
w/OLF (%) 

Mean Buffer 
Width 

w/OLF (m) 

Mean Buffer 
Width 

w/OLF (m) 

0 60.7 13.0 83.4 35.9 266.9 50.5 

1 61.5 5.2 86.0 20.0 295.2 30.5 

2 58.4 15.6 85.1 41.7 329.5 63.2 

3 87.6 52.4 94.0 68.7 275.5 81.0 

4 77.5 35.8 85.9 54.3 216.3 71.4 

5 61.2 4.8 68.2 15.7 175.1 20.7 

6 62.5 14.8 83.6 37.2 289.2 50.8 

7 67.8 17.7 80.2 36.7 257.1 58.2 
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Fig. 3: Map showing the streams and watersheds produced by the hydrologic analysis 
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These watersheds and watershed zero would have decreased buffering capacity in the post-

OLF-construction scenario.  Watersheds three and four would have a decrease in mean buffer 

width of about thirty percent.  These watersheds appear to be a small yet critical part of the 

buffer to the Chowan River that preserves its water quality.  Any landing strip built in the core 

area would create a large source of polluted runoff at the headwaters of these streams and cut 

into their buffering capacity.  

Runoff Analysis: 

 The change in land use that would be caused by the construction of an OLF would 

substantially increase the amount of runoff from the affected watersheds.  In terms of peak flow 

estimates, runoff in watersheds three and four may double: 

Table 6: Runoff estimates for several design storms, in ft3/sec. Purple lines represent post-construction estimates 

Watershed 25y 3h 25y 30min 1y 3h 1y 30min 

0 680 22865 3180 12182 

1 848 2848 396 1517 

2 28846 96928 13481 51636 

3 207 696 97 371 

4 543 1826 254 973 

5 483 1622 226 864 

6 38705 130059 18089 69289 

7 8370 28125 3912 14983 

0 7820 26278 3655 14000 

3 438 1472 205 784 

4 1086 3648 507 1943 

 

As mentioned earlier, these numbers are only rough estimates.  The rational method was 

designed for small watersheds less than 200 acres in area, much smaller than the watersheds in 

this case.  It does not account for antecedent conditions or storage and is less accurate in larger 

watersheds where rainfall is less likely to be uniform and the time at which all areas of the 

watershed are contributing to runoff is longer.  However, it provides an index of runoff in 

ungaged basins with little input data and can be calculated simply using GIS(Brikowski 2007).  

The method was chosen for these reasons, and since the results are used for proportional 
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comparison rather than the usual use (design of flood control structures), exact figures are not 

necessary.  The above runoff estimates were differenced (post-minus pre-construction) and the 

results normalized by watershed area to assess overall proportional change.  Numerically, the 

normalized difference represents the cubic feet per day per square foot of watershed, or the 

additional feet of runoff produced each day for each square foot of area.  For example, for the 1-

year 3-hour design storm (a three hour long storm with an average recurrence interval of one 

year), watersheds three and four would have an approximately 0.5 ft proportional increase in 

rainfall per square foot (see Fig. 5).  Watershed zero has a smaller normalized increase, but the 

actual increase in volume would be concentrated near the OLF site. 

Natural Heritage Analysis: 

 The richness of local aquatic resources provides habitat for several rare and endangered 

species in the area.  Below are tables and a figure showing the extant rare species and habitats in 

the area from the Natural Heritage program: 

Table 7: Recent element occurrences of rare habitats within the 6 mile buffer (yellow are more threatened) 

Name 
No. of 

Occurances 
State 
Rank 

Global 
Rank 

Type 

Cypress--gum swamp (blackwater subtype) 2 S5 G5T5 Wetland 

Coastal plain small stream swamp (blackwater subtype) 2 S5 G5 Wetland 

Nonriverine swamp forest 2 S2S3 G2G3 Wetland 

Peatland atlantic white cedar forest 1 S2 G2 Wetland 

Small depression pocosin 1 S3 G2? Wetland 

Small depression pond 1 S3 G3 Wetland 

Tidal cypress--gum swamp 3 S3 G4 Wetland 

Mesic mixed hardwood forest (coastal plain subtype) 3 S4 G5T5 Terrestrial 

Dry-mesic oak--hickory forest 1 S5 G5 Terrestrial 

Pine/scrub oak sandhill 5 S3 G4 Terrestrial 

Xeric sandhill scrub 1 S4 G5 Terrestrial 

Colonial Wading Bird Colony 2 S3 GNR Wetland 
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Table 8: Recent element occurrences of rare species within the 6 mile buffer(red is most threatened) 

Scientific Name Common Name 
No. of 

Occurances 
State 
Rank 

Global 
Rank 

State 
Threat 
Status 

Federal 
Threat 
Status 

Type 

Orconectes 
virginiensis 

Chowanoke 
Crayfish 

1 S3 G3 SC FSC Aquatic 

Alasmidonta 
undulata 

Triangle Floater 1 S2 G4 T   Aquatic 

Anodonta implicata Alewife Floater 1 S1 G5 T   Aquatic 

Lampsilis radiata 
radiata 

Eastern 
Lampmussel 

1 S1S2 G5T5 T   Aquatic 

Leptodea ochracea Tidewater Mucket 2 S1 G4 T   Aquatic 

Ligumia nasuta 
Eastern 

Pondmussel 
2 S1 G4G5 T   Aquatic 

Ammodramus 
henslowii 

Henslow's 
Sparrow 

1 S2B,S1N G4 SR FSC Wetland 

Picoides borealis 
Red-cockaded 
Woodpecker 

3 S2 G3 E E Terrestrial 

Hottonia inflata Water-Violet 1 S2 G4 SR-O   Aquatic 

Litsea aestivalis Pondspice 1 S2 G3 SR-T FSC Wetland 

 
 
 

Table 9: Significant Natural Heritage Areas within or crossing the 6 mile buffer 

Site Name Acres Rank 

Chowan Swamp 26046.93 B 

Chowan River Aquatic Habitat 27339.27 B 

Chowan Sand Banks Northern Remnant 100.10 C 

Chowan Sand Banks Southern Remnant 727.81 C 

Horsepen Pocosin 68.52 C 

Meherrin River Aquatic Habitat 886.78 C 

Winton Bluffs 364.11 C 

Wyanoke Sandhills 121.02 B 

 

In addition to element occurrences of rare species, the area also has several Significant Natural 

Heritage Areas (SNHAs, see above table).  SNHAs usually contain several elements as well as 

their own unique features of importance.  The Chowan River Aquatic Habitat, for instance, is 

important for its numerous rare native mussels.  Rank B sites are of state-wide significance 

while rank C indicates regional significance.  Point density was used as a measure of the 

distribution of the element occurrences over the landscape, which could be used as a ~ 13 



  

representation of habitat quality.  The statistics of natural heritage element point density by 

watershed are below: 

Table 10: Point density statistics by watershed. 

Watershed Range Mean Std. 

0 2.546 0.043 0.218 

1 1.592 0.116 0.246 

2 2.228 0.043 0.173 

3 2.546 0.493 0.640 

4 2.865 0.514 0.813 

5 0.318 0.001 0.015 

6 2.546 0.030 0.192 

7 4.456 0.164 0.507 

 

Once again, watersheds three and four have the highest mean density of natural heritage points, 

but they also had the highest standard deviation of density.  The maximum point density 

occurred in watershed seven. 

 

Fig. 4: Map of recent element occurrence and SNHA locations near the site. 
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Fig. 5: Difference in runoff for the 1 year 3 hour storm, before and after land use change due to OLF construction. 
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Fig. 6: Map of the density of natural heritage element occurrences near the OLF site.  
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Overall Rating: 

 The overall rating was scaled from one to three to produce results comparable to the NC 

CREWS data (see Fig. 7).  Areas of high significance (rank 3) were rare due to the simplicity of 

the weighting scheme: 

Table 11: Proportion of area in each significance class by watershed 

Watershed 
1-Low 

Significance 
2-Med. 

Significance 
3-High 

Significance 

0 78.9 21.1 0.0 

1 91.3 8.7 0.0 

2 81.4 18.6 0.0 

3 41.6 51.3 7.1 

4 45.7 48.9 5.3 

5 98.3 1.7 0.0 

6 84.3 15.6 0.0 

7 83.9 16.0 0.0 

 

Watersheds three and four again had the greatest proportion of high and medium significance 

area, with watershed zero, the other watershed on the core site, having the next highest amount 

of medium rating. 

Discussion and Conclusion 

 The importance of wetlands is well-established, as buffers against pollution and 

sedimentation, for mitigation of flooding, and as vital habitat for numerous plant and animal 

species.  Some wetlands may provide more services than others, but all are beneficial to surface 

water quality and ecosystem diversity.  The above analyses have demonstrated some of the 

ways that the wetlands on the proposed OLF site and the surrounding Chowan River swamps 

benefit the Chowan as it makes its way into the Albemarle Sound.   

 The wetlands in the coastal zone of North Carolina have been classified according to 

functionality by the NC CREWS program.  The CREWS system is hierarchical, forming an 

overall functionality rating from a combination or ranks for different factors of water quality, 

~ 17 



  

hydrology, and habitat functionalities (NC CREWS fact sheet).  According to this ranking 

system, the wetlands around the Sandbanks site are of either Substantial or Exceptional 

significance (see below). 

 

 

  

 

  

 

 

 

 

 

 
 

Fig. 7: Maps of NC CREWS overall significance and the rating from this analysis clipped to the NC CREWS extent 
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 The OLF significance rating has far fewer areas of higher significance wetlands.  This 

could be due to several factors, including the simplicity of the weighting process and the small 

number of layers used in the weighting.  Given more time and resources, the OLF rating could 

be improved by the addition of more layers, such as more accurate runoff estimates from 

smaller watersheds, positional analysis to show which wetlands were receiving the most runoff, 

and inclusion of threat rankings in the species habitat quality inputs.  The NC CREWS rating is 

created from a complex and exhaustive hierarchy of factors, combining expert knowledge and 

field data on 39 parameters (NC CREWS Fact Sheet).  The rankings also shows more wetlands 

in the area than are classified by the NLCD or the NWI because it includes former wetlands that 

have been drained or ditched, 

such as those in the core area, 

that have strong potential for 

wetland restoration.   

 To preserve these 

important wetlands and other 

natural resources of the 

Sandbanks site and all of the 

proposed OLF sites, there is the 

option to not build a new 

landing field.  While conditions 

at the Oceana/Fentress base 

may currently be crowded, 

Fig. 8: Map from the US Navy showing current and former proposed OLF sites in relation to naval air bases (with 
Fort Pickett marked by the author). 
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there are other airstrips nearby that are not currently in use.  For example, Fort Pickett is a 

former Army base that is currently used only by the National Guard. It is about 100 miles away 

from Oceana while most of the OLF sites are between 25-75 miles away from the base (see 

below). A site such as this could be reactivated for training purposes.  If not able to use an 

already existing strip, the Navy should certainly be more careful in choosing potential site 

locations.  First selecting a site next to a huge wildfowl impoundment, and then proposing a site 

with thousands of acres of wetlands demonstrates a lack of concern for the environmental 

consequences of its construction projects. 

Conclusion: 

 The wetlands in and around the Sandbanks site play a vital role as buffers to flooding 

and non-point source pollution as well as providing species habitat.  As with previous proposed 

OLF sites, the Navy seems to have ignored its responsibility to consider the environmental 

impacts of its proposed construction projects.  With so many acres of vital wetlands and state 

protected lands in this area, the Navy should look elsewhere to less-sensitive habitats for its 

space needs, or else consider alternatives that will utilize currently unused bases.  The will of 

citizens that have occupied the land for generations should also be taken into account.  Several 

houses and farms in the area are over 100 years old.  Construction of an OLF would subject 

residents to having their land taken or polluted with noise without any of the potential 

economic benefits of a full-scale military base.   Gates County is an inappropriate site for such a 

project.
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