The Feasibility of Using Sedges and Rushes to Map the Alluvial Aquifer from the 

Cal-Wood Entrance to the Lower Pond OR An Educationally Sanctioned Reason to Play in the Mud
Team members: Ryan Bowman, Dave Rodriguez, Tiffany Hall (aka: The Mud People)
Scientists: Rick Rudy, Lesley Smith, Dorrie Panayotou
Research Question: Can we use the sedge and rush (reed) plants that are found in the valley from the entrance of Cal-Wood to the lower pond to determine the location and depth of the groundwater and thereby map the alluvial aquifer in this same region?

Predictions: 
1. A strong correlation will exist between where the plants are growing and the depth of the groundwater from the surface.  
2. The sedge will be found in locations where the ground water is closest to the surface.

3. The rush will be found in locations where the ground water is slightly deeper below the surface.

4. Once the average depth of ground water below each type of plant is determined, we will be able to map the location and depth of ground water in the alluvial aquifer.  

Sites: 

Two primary sites were chosen within the valley between the entrance to Cal-Wood and following down to the lower pond (see Map 1).  The first site was located in the valley just above the upper pond between the old well and the road (see Map 2).  The first site was referred to as the “Barn Site”, as it was located close to the barn.  The second was located in the valley between the upper and lower pond right below where the Tecolote Trail meets the road (see Map 3).  This site was referred to as the Aspen Site due to a stand of aspen trees at the south edge of the valley.   Additionally we collected data at a number of “Spot Check” sites following the valley up to the west of the Barn Site.
Equipment and Materials:

· Soil augar

· Tape measure

· Chalk

· GPS unit

· Marking tape

· Plastic baggies

· PVC pipe

· Tripod 

· Laser

· Level

· Turkey baster

· Plastic tubing

· Nalgene containers

· Coffee filters

· pH meter

Quality Control

· Water depth measurement procedure was always consistent.

· GPS coordinates were taken by the same person and on the same unit.

· Water depth measurements were initially taken several times over an hour to determine that water depth did not change over time.  It was found that water depth did not change significantly over time. 

Methods:

1. Identified 2 families of plants (sedges and rushes) that were prevalent in the valley and that were known to be wetland plants.
2. Identified 2 sites (Barn Site and Aspen Site) 

3. At each site we used a soil auger to bore soil cores at multiple locations within the site.  At a minimum, a soil core was taken in 2 patches of sedge, 2 patches of rush, 1 patch of mixed sedge and rush, and 1 area outside of the sedges and rushes where there were more arid-loving plants.  Additionally we took 14 “spot check” samples at various locations through out the valley above the upper pond.  A GPS reading was taken at each sample location.
4. As the core sample was being taken, we noted soil composition at 6 inch intervals.

5. Soil core boring continued until water or a rock was reached or the auger could no longer bore deeper.

6. Once water was reached, we used an initial GPS elevation reading at a reference location along with a 6 foot PVC pipe, a laser pointer, a level, a tripod and a measuring tape to survey each sample to determine surface elevation and ground water elevation.  Depth of groundwater to the surface was determined by subtracting the water elevation from the surface elevation.

7. Using the GPS readings, a GIS software, and the survey readings, we created a potentiometric surface map (map of the water table) along with a topographic map to compare the differences.
8. At the Barn Site and the Aspen Site, water samples were taken using either a turkey baster or 5 foot length of plastic tubing to suck the water out.  Water samples were stored in nalgene bottles.

9. Water samples were brought back to the lodge to be filtered and chemically analyzed for nitrate and phosphate levels.  However, these tests proved challenging because the samples were so saturated with clay particles that we were not able to adequately filter the water to a clarity that would lend itself to the color-based analyses.
Results:

The water depth results are illustrated in Figure 1.  All cores that were taken within the sedges and the rushes did result in contact with the aquifer.  The depth from surface to water in the sedges varied between 0 inches and 35 inches with an average depth of 12.73 inches and a standard deviation of 9.64 inches.  The depth from surface to water in the rushes varied between 7.5 inches and 55.5 inches with an average depth of 26.92 inches and a standard deviation of 17.70 inches.  The depth from surface to water where there were no sedges or rushes varied between 37.5 inches and 48 inches, however three of the cores did not reach water and two may have hit bedrock.  The average depth of ground water for those that did hit the aquifer was 42.5 inches.
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Figure 1: Scatter plot of water depth for each vegetation type
There were no chemical analysis results, because the coffee filter paper was insufficient to filter out all of the clay particulates.

The survey of water table elevation and surface elevation yielded Map 4 of the potentiometric surface and Map 5 of the topography.  These maps demonstrate that the topography and the alluvial aquifer are not identical.  

Through observations of the soil cores, it was determined that the sedges generally were found in soils that were very moist and that contained a high concentration of clay near the surface.  Generally, the soils in which rushes were found were slightly less moist and consisted of a siltier or sandier clay near the surface. 
Discussion:

There is a trend in the data that would suggest that the water table is closer to the surface where sedges are growing, and slightly farther from the surface where rushes are growing.  However, with such large standard deviations, our data is not sufficient to give an exact range of groundwater depth beneath each of these plants.  However, the results are sufficient to conclude that the presence of the test plants does indicate the location of the aquifer, because every bore hole beneath these plants resulted in reaching the aquifer within 55.5 inches.  
In order to draw more certain conclusions about the ability to use the test plants as indicators of water table depth, we would need to collect a great deal more data.  It would be useful to dig multiple cores in a series of transects starting from the entrance to Cal-Wood at least down to the upper pond, and perhaps even to the lower pond.  
One reason that we were not able to form a strong correlation between exact water depth and the presence of the test plants is that the lithology of the alluvium seems to play a great roll in determining how these plants are distributed.  It was clear from the core samples that the soil directly beneath the rushes was drier, mostly due to a siltier or sandier clay that allowed for greater permeability and drainage.  The soil beneath the sedges tended to have a higher concentration of clay that allowed for less drainage.  Although both of these plants are generally found in wet areas such as stream banks and ditches (Guennel, 1995), the lithology appears to play a much larger role than we expected in determining where the plants are growing.  A more in depth study of the lithology in relation to these plants would provide a clearer picture and might even speak to the interaction between the moisture in the clays and silts, the surface run-off and the aquifer, itself.  The interplay of the lithology also indicates that the correlation between ground water and the presence of the test vegetation is not a simple cause and effect relationship.  Instead, there are several systems working together to create what we actually see at the surface.
When we began the study, we assumed that all of the sedges were probably of one species and that all of the rushes were of one species.  After talking to Kim Regier (a botanist) and consulting Guennell, 1995, it became clear that we may have had several species of sedges and several species of rush.  It is possible that each species has a preferred microhabitat.  Multiple species of plants could help to explain the wide variation in groundwater depths versus plant types.
The one confounding factor that we had considered from the beginning of the study was that water chemistry – particularly nitrate levels – might play a role in determining where the plants would be growing.  While we had planned to do a chemical analysis of the water found in each well, we had trouble filtering the clay out to a level where the water was clear enough to test.  Because of time constraints, we decided to drop this test, but it may have clarified some of our conclusions. 
The topographic map and the potentiometric surface map were very useful to get a clearer picture of what was really going on with the alluvial aquifer versus the topography.  If our results had supported the ability to map the aquifer in 3-dimension, it would have been interesting to compare these maps to a map of the vegetation as a double-check of our conclusions. 
Conclusion:

The results of our study support that we can use the sedges and rushes of the valley to map a 2-dimentional view of where the alluvial aquifer is located.  However, we are unable to speak to the depth of the aquifer and so can not create a 3-dimensional map based solely on the vegetation.  Furthermore, the presence of the sedges and rushes most likely indicate more about the lithology rather than the aquifer of the area.
Next Questions:

1. What is the correlation between the sedges and rushes and the lithology of the valley at Cal-wood?

2. What is the lithology of the valley at Cal-wood?

3. How does the groundwater chemistry affect the location where different plants are found?

4. How does the soil chemistry affect the location where different plants are found?
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