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Accurately characterizing subsurface structure and function of remediated floodplains is indispensable in understanding 
the success of stream restoration projects. Although many of these projects are designed to address increased storm 
water runoff due to urbanization, long term monitoring and assessment are often limited in scope and methodology. 
Common monitoring practices include geomorphic surveys, stream discharge, and suspended sediment loads. These 
data are comprehensive for stream monitoring but they do not address floodplain function in terms of infiltration and 
through flow. Developing noninvasive methods for monitoring floodplain moisture transfer and distribution will aid in 
current and future stream restoration endeavors. Ground penetrating radar (GPR) has been successfully used in other 
physiographic regions for noninvasive and continuous monitoring of (1) natural geomorphic environments including 
subsurface structure and landform change and (2) soil and turf management to monitor subsurface moisture content. 
We are testing the viability of these existing methods to expand upon the broad capabilities of GPR. Determining 
suitability will be done in three parts using GPR to (1) find known buried objects of typical materials used in remediation 
at measured depths, (2) understand GPR functionality in varying soil moisture content thresholds on turf plots, and (3) 
model reference, remediated, and impacted floodplains in a case study in the D’Olive Creek watershed located in 
Baldwin County, Alabama. We hypothesize that these methods will allow us to characterize moisture transfer from 
precipitation and runoff to the floodplain which is a direct function of floodplain health. The need for a methodology to 
monitor floodplains is widespread and with increased resolution and mobility, expanding GPR applications may help 
streamline remediation and monitoring practices.
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Introduction

Methods and Materials

The need for broad, easy to use monitoring practices within remediated or restored 
stream sites is more necessary than ever. More than 15 billion dollars has been 
accounted for annually in domestic ecological restoration through indirect and induced 
economic impacts of restoration activities in the United States, and at least 18% of 
ecological restoration is focused on aquatic and riparian restoration and management1. 
Stream restoration projects are expected to expand in the future, particularly in urban 
areas, and the need for effective monitoring practices is in demand2. Two critical factors 
to consider for comprehensive monitoring are spatial and temporal continuity. Most of the 
current monitoring practices focus on point data within a stream or along the stream bank 
(e.g. sediment load, discharge, repeat cross-sectional surveys) which lack the ability to 
capture the spatial complexity of floodplain, riparian, and stream processes. Furthermore, 
there is rarely long-term monitoring of restoration sites to determine if the restoration was 
sustainable. This research will investigate the application of ground penetrating radar 
(GPR) techniques to study floodplain processes after stream restoration.
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Once both controlled experiments are complete we will assess the methods 
and apply them to the case study site in the D’Olive Creek watershed in Daphne, 
AL. GPR surveys will be conducted in the built floodplain of the restored stream. 
Surveys will be taken over a 4 month period for temporal variability within the data.

This project is important for understanding both the stability of built structures 
and moisture distribution in restored floodplains as an indicator of floodplains 
health. Understanding how well restored floodplains work can help improve 
remediation practices and monitoring methods. Since many restored floodplains 
are upstream of communities, improving floodplain health can promote ecosystem 
health white improving water quality for residents. Monitoring floodplains within the 
coastal plain can also prevent infrastructure from eroding as well as prevent 
sediment pollution downstream. Since floodplains have multiple functions (e.g. 
ecological, hydrological) studying the viability of these projects is important to 
understanding watershed scale processes. 

Discussion and Future Directions

Figure 10. Aerial image of the case study site on D’Olive Creek within the D’Olive Creek 
watershed. Each orange dot indicates a floodplain no smaller than 30 meters in width. The 
middle orange dot indicates the restored reach. Starting with the western most study site they 
are labeled as impacted, restored, and reference sites. 
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Figure 1. Images of case study site in D’Olive Creek watershed pre (Dec. 2016), during (Jan. 2017) 
and post (Aug. 2017) restoration. 

Erosion due to urbanization over the last three decades has caused unconsolidated 
materials to remobilize and pollute downstream ecosystems and put a large burden on 
existing infrastructure3. The town of Daphne, in coastal Alabama, has been conducting 
restoration projects to mitigate erosion, but do not have a plan to comprehensively monitor 
built floodplains long-term (Figure 1). The city of Daphne, as well as other coastal plain 
stakeholders, have identified the long-term response of the stream system to restoration 
as a critical research. Since a stable floodplain that promotes infiltration can decrease 
erosion, floodplain monitoring is essential for a compressive understanding of restoration 
performance. GPR has the potential to improve and expand our ability to assess floodplain 
function and health. 

The application of GPR to estimate moisture distribution within the subsurface has been 
around for decades4,5. We are attempting to use GPR to estimate subsurface moisture 
content and distribution in built floodplains with the ultimate goal to make inferences about 
infiltration rates as an indicator of floodplain health. The focus of this poster is to explain 
the two experiments that will help determine the limitations of the GPR in coastal plain 
sediments to 1) detect buried objects and 2) estimate moisture distribution correlated to 
absolute moisture content measurements. Both experiments will then be applied to a case 
study in the D’Olive Creek watershed. 

Figure 2. Images of objects that were buried at 2 m and 0.9 m in trench at E.V. 
Smith Research Center. (a) Wood logs (~15 cm in diameter), (b) rebar, (c) two 
cement blocks (center) and two boulders (limestone and quartzite), (d) 
rectangular plastic cooler (~45 cm tall), (e) 20 L plastic carboy.
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Figure 4. Grid set up for 3D GPR data acquisition. Grid 
is approximately 5 x 10 m.  

Estimating moisture content using
GPR will be conducted at the AU
Turfgrass Research Unit in Auburn, AL.
A 10 x 10 m grid will be set up to run
perpendicular transects 0.3-0.5 meters
apart. The plot will be saturated from
surface to depth (~ 2m) then GPR data
will be taken every two to three days
until subsurface drying plateaus. Soil
auger measurements will be taken
concurrently with daily GPR
measurements to get volumetric water
content at time of acquisition.
Volumetric water content data of the
surface will be taken using a POGO
Turf Pro moisture probe.

Figure 5. Basic sketch of 10 x 10 meter 
plot to be used at Turfgrass Research Unit. 
Red lines indicate transect paths and black 
circles represent auger hole locations.

Figure 6. (a) Common-offset reflection profile (CO) and (b) Common mid-point (CMP) 
reflection surveys using ground penetrating radar equipment6.

Once materials were buried, the trench was left
undisturbed for three days to allow for the
sediment to settle. A 5 x 10 m plot was marked out
to take GPR transects in two directions. The
perpendicular transects can be combined are then
RADAN 7 to create a 3D model of the subsurface
(Figure 9). 2D transects were taken with a 400
MHz and 900 MHz antenna. The two antennas
were also used in a CMP data line, but these data
have yet to be processed.

The common offset reflections (a) are used to take 2D transects to image linear 
profiles to image the subsurface7. This method can be used to create 3D models if 
transects are taken perpendicular to each other. CMP soundings are used to 
estimate water content of the subsurface by calculating the velocity of the direct 
ground wave (DGW). Both methods are used within this experiment: method (a) is 
used to detect buried objects and method (b) is used to estimate floodplain 
moisture content6,7,8,9.

Buried object locations were documented with GPS
(+/- 10 cm accuracy) for correlated with the processed
GPR data. All buried objects were measured to specific
depths within and distance along the trench and
recorded. The objects were chosen as similar to what is
used in floodplain reconstruction in the D’Olive Creek
watershed, with the exception of the plastic containers.
The plastic containers were placed to try and capture
void spaces on a GPR profile. Plastic does not produce
a robust reflection (if one at all) on GPR profile, allowing
void spaces to be seen, and replicating what large void
spaces in a floodplain might look like10. After all objects
were placed, the trenched was filled and flattened
(Figure 4).

Figure 9. Constructed 3D grid from perpendicular 2D transects of buried objects. 
Concentrated lighter tone areas correlate to undetermined buried objects in trench. 
Z axis transect is at ~0.6 m depth.   

Figure 7. GPR transect (008) processed using RADAN 7 software. 
Diagonal line (yellow) indicates probable boundary between 
disturbed and undisturbed sediments at edge of trench. Reflections 
at ~ 0.7m and 1.2 m correlate to objects at know depth.

Figure 8. GPR transect (008) processed for migration. Parabolas 
seen in Figure 7 have been flattened and the interface between 
disturbed and undisturbed sediments dips less steeply.  

Preliminary data processing displays returns at approximate locations correlated to burial depths. Minimal processing has been done due to timeline restrictions and machine 
availability. Comprehensive processing will be completed following the GSA Annual Meeting. The 3D grid displays approximate location of buried rebar and logs at line toned areas. Initial 
results suggest that plastic containers to create void spaces may not show returns at all and placed rocks may not have any return due to its similarity in composition to surrounding 
materials. 

Figure 3. Buried objects identified in Figure 2 and their placement in 
the trench at two different depths. Yellow arrow indicates rebar 
location.
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