FLOODPLAIN DEVELOPMENT ALONG THE LOWER GUADALUPE RIVER: 

CASE STUDY AT GONZALES, TEXAS

-Jillian Aldrin

INTRODUCTION AND BACKGROUND

Flooding occurs when water exceeds the channel banks and flows across the adjacent floodplain surface. The amount and size of the sediment that make up the floodplain are a function of the competence and capacity of the river. Competency describes the size of the sediment being transported and capacity describes the amount of sediment able to be transported by the river (Knighton, 1998).

A dominant form of floodplain creation occurs through overbank deposition. The drastic reduction in velocity of water from the narrow channel to the broad open space of the floodplain results in sediment deposition. This rapid reduction allows for majority of the entrained particles to fall out of suspension and deposit near the banks. Over time, this deposition creates levees, which are raised portions of the floodplain. (Knighton, 1998). 


The depth of sediment varies across a floodplain surface due to the changes in velocity. According to Pizzuto (1987), thicker deposits of sediment are located closer to the bank and decrease in depth away from the channel. The thicker deposits near the channel generally consist of coarser sediments because finer silts and clays remain suspended and get carried further into the floodplain. However, when flow is perpendicular to the channel, higher velocities are sustained for a longer period of time allowing coarser sediment to be transported further into the floodplain. These multi-directional flows associated with the floodplain topography lead to complex patterns of deposition (Pizzuto 1997).

OBJECTIVES


The objectives of the project included (1) quantifying the amount of sediment deposited during a flood event though kriging, which is a geostatistical model used to plot the spatial variability of the overbank sediments; and (2) identifying depositional patterns or features on the floodplain.

STUDY SITE

This study focused on the Guadalupe River, south of Gonzales, Texas. The Guadalupe River is located in central Texas originating in the Hill Country region and flowing southeast before draining into the Gulf of Mexico (Figure 1). The Guadalupe Basin drains an area of approximately 26,000 square kilometers and is bordered by the Colorado River basin on the East and the San Antonio river basin on the West (USGS, 2003). 
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The study area analyzed was approximately 90,000 square meters. The channel at this location is described as having a sinuosity ratio of 2.10 with a slope of 0.006 m/m (USGS, 2003). The bank full discharge at the United Stated Geological Survey (USGS) Gonzales gauging station is approximately 340 cubic meters per second (cms). The reach that was analyzed for overbank sedimentation is relatively straight with a concave bend at the southern end of the study site (Figure2).  
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FLOODING AND SUBSEQUENT DEPOSITION EVENT

This study looked at the June 2002 flooding event on the Guadalupe River in Texas to analyze the amount of the sediment deposited from overbank flows. During the summer of 2002 a large precipitation event occurred between July 29, 2002 and July 10, 2002 in the central Texas region. Rainfall totals ranged from 35 to 83 centimeters of rain during this period (NWS, 2002). The recurrence interval for this flood was characterized from the USGS and classified as a 10-year flood event. The Guadalupe River was at flood stage for 9 days, but showed near bank full discharges for several weeks after the event (USGS, 2003) (Figure 3).



METHODS

According to Walling and He (1997) sediment deposition can be measured after a flood event by collecting sediment surrounding the river and identifying the newly deposited sediment by sediment traps, post-event surveys, the identification of dateable levels or by ground surveys. Dr. Hudson, a professor at the University of Texas at Austin received a grant through the National Science Foundation to gather sediment data following the summer 2002 flood event. According to Dr. Hudson, there was a visual distinction between the “older” sediment and the newly deposited sediment from the flood. Through visual analysis, a prominent leaf layer existed below the sediment deposited from the flood as well as the newly deposited sediment was lighter in color than the older sediments. Sediment samples were collected at various locations within the floodplain and a Geographical Positioning System (GPS) was used to record the spatial coordinates allowing for the data to be plotted in a Geographical Information System (GIS). The data used for this analysis was measured and collected along 5 transects extending perpendicular from the active channel. Only a portion of the field data gathered by Dr. Hudson and his students Kimberly Blancas, Rene Colditz and Augustin Auwundiogba were used in this analysis.

Digital Orthophoto Quarter Quadrangles (DOQQs) and Digital Raster Graphics (DRGs) for the Gonzales site were downloaded from the Texas Natural Resource Information System (TNRIS) web site and imported into Arc Map. The DOQQs are digital images of aerial photographs and the DRGs are scanned images of the United States Geological Survey topographic maps. The DRGs were overlaid onto the DOQQs and modified to show the contour lines on the landscape.  There was no defined projection for these maps, so they were re-projected in order to correspond with the GPS points taken in the field. Universal Transverse Mercator (UTM), zone 14 and 1983 North American Datum (NAD) were used.

65 GPS data points were collected from the field and imported into Excel and saved as a dBase file. The data collected was stored as five transects, labeled 1 through 5 (Figure 4). The dBase files were imported into Arc Map and plotted on top of the DOQQs. Accuracy between the DOQQs and DRGs with the GPS points were visually assessed and compared with Dr. Hudson’s field notes. The 5 transects were joined into one layer so block kriging could be used.  The data was also graphed in Excel to analyze the depths in relation to distance from the channel.
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Following the research conducted by Asselman and Middelkoop (1993), the geostatistical method of kriging was chosen to interpolate the sediment deposited during the flooding event. Kriging is a geostatistical method for performing spatial analysis with a given set of locations and data points (Chang, 2004). This technique uses semivariance analysis to find spatial correlations between known points and measures the degree of dependence among those points (Chang, 2004). This is important because as the distance between points increases, so does the semivariance, and after a certain distance, there is no spatial correlation between points (Goodall and Maidment, 2002).

Kriging was used with a box-cox estimation of 0.41. This number was chosen because it plotted the data points symmetrically as a histogram and along a trend line in the Normal QQ plot and yielded the lowest root mean square error and standard deviation. A spherical model was chosen with a lag size of 15 units to incorporate a search radius of 1.84 units. A standard error prediction map was also generated with the same parameters to note the amount of error in the kriging analysis. The results are shown in Figures 5 and 6 as well as Figures 8 and 9. 







Results
The findings from the Excel and kriging analysis are discussed in relation to mapping the sediment deposited within an area and identifying trends or patterns with the deposition. The graph shown in Figure 7 plots the five transects in relation to distance from the channel. Figures 8 and 9 show the interpolated sediment depths and the standard error of the kriging analysis, respectively. The kriging method was tested until the resulting analysis returned the lowest root mean square error of 1.055 cm and a standard deviation of 0.79. As expected, the errors in sediment depths with the kriging analysis increase with increased distance from sample points. 
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As seen in Figures 7 and 8, there is a great amount of depositional variability throughout the floodplain, but an overall thinning of the sediment occurs with increased distance from the channel. The high amounts of sediment adjacent to the channel indicate a depositional trend and possibly the formation of natural levees. Although slight variations of sediment depths within transects 1 through 4 indicate small topographic changes; this could be attributed to ridge and swale deposits creating a slight undulation of the surface. Overtime the undulations will be covered up through subsequent overbank deposition leading to a flatter topography. 

Transect 5 shows a reversal of deposition in that more sediment is deposited further into the floodplain. This occurs when overbank flows are perpendicular to the channel creating turbulent water and higher velocities are sustained allowing for increased deposition further from the channel. Transect 5 is located within an upstream portion of a concave meander bend where flood waters are flowing perpendicular to the channel. When the flow from transect 5 merges with the overbank flow from transect 4, the velocity decreases and the sediment is deposited. 

Conclusion


Through the combination of field analysis and kriging, sediment depths were mapped for an area of approximately 90,000 square meters. The resulting map allows for trends in sediment deposition to be extrapolated for a region By mapping out the differences in sediment depths, patterns within the study area were identified such as the thinning trend of sediment away from the channel, the formation of a natural levee along the straighter reach of the river and the increased velocity of overbank flows surrounding transect 5. 


Although broad sampling occurred over the study area, additional data points within this area would be helpful for generating a stronger resolution of event based sedimentation patterns. Other parameters that could be addressed in future work include grain size analysis with depositional thickness. 
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Figure 1. Location of the Guadalupe River. (Data set from GIS in Water Resources, UT Austin)  





Figure 2. Location of study site. (DOQQ from TNRIS)





Figure 3. Discharge at the Gonzales gauging station during the summer 2002 flood event





Figure 4. Location of the sample points





Figure 5: Histogram of the kriging  analysis.





Figure 6: Normal QQ Plot of the kriging analysis





Figure 7: Comparison of sediment depth among the transects





Figure 8. Predicted sediment depths from kriging analysis





Figure 9. Error in predicted sediment depths from kriging analysis





Figure 5. Histogram of the kriging analysis
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