Wetlands are crucial ecosystems
Wetlands are critical to a sustainable
landscape, providing habitat for wildlife
and fish and shellfish production, storing
water, controlling erosion, and improving
water quality. Since the 1780s, about 53%
of US wetlands have been lost (Dahl,
1990). Recent natural disasters, such as
the tsunami of 2004 that devastated
Indonesia, Thailand, and India and
Hurricane Katrina, have called attention
to the value wetlands play in protecting
coastlines.

Wetland mitigation is difficult

and often unsuccessful

Wetland mitigation is a way to minimize
impacts of development in such a way as
to have a “no net loss” of wetland area.
However, many created wetlands are
actually too wet, leading to open water,
not emergent vegetation (Cole and
Brooks, 2000). One of the key
components in the water budget is the
outflow rate and often the outflow is
estimated using the hydraulic resistance
within the wetland (Kadlec, 1990). The
primary source of hydraulic resistance to
wetland flow is vegetation.

The goal of the research is to improve
the success of wetland design

To achieve this goal, three main
objectives are proposed:

1. Evaluate the ability of the hydraulic
resistance models to describe flow through
emergent herbaceous vegetation under
wetland conditions;

2. Determine what vegetation properties
influence roughness; and

3. Develop and field test models to predict
hydraulic resistance due to vegetation from
measurable physical properties of the
vegetation.
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To accomplish the first objective, a large outdoor flume was constructed

A schematic of the experimental setup at the Virginia Tech Prices Fork Research
Center is shown below. The flume was 14.4 m long, 1.2 m wide, and 0.9 m deep,
constructed of plywood and sealed with marine epoxy. Tailwater conditions were
created using an adjustable outlet weir allowing a variety of flow depths to be
attained. Inflow was measured using an ultra-sonic flow meter from the pump outlet
before it reached the flume. A point gauge was mounted to a level frame attached to
level poles adjacent to the flume to provide a reference point for measuring the water
surface slope and water depth.

Woolgrass (Scirpus cyperinus) was transplanted to the flume in a mixture of sand,
potting media, and on-site soil at a depth of 0.3 m after one season of growth.
Experiments took place every six weeks between the hours of 8 am and noon during
the growing season beginning in July 2006 and concluding in spring 2007, creating
six sets of plant density data and seven sets of hydraulic data. Three repeated
measures each of 3 and 4 L/s flowrates, at four water levels (no tailgate, 0.10-m, 0.18-
m, and 0.41-m tailgates), were conducted for each planting density, yielding a total of
144 flume runs and a final data set of 48 points. Steady state conditions were
assumed when subsequent measurements of the water surface elevation were
constant. Vegetation data was collected after each set of experimental runs
corresponding to a different density.

Parameter Method Number of Samples

Stem diameter Stems will be harvested  |Harvest using stratified random sampling.
and diameter measured | Three stems harvested at one randomly
with calipers. selected point within each sampling block.
(total of 12)

Digital imaging technique |One 0.05-n? (for high densities) or 0.1-m?
presented by Jarvela (for low densities) plot located using a
(2002 stratified random sampling procedure (total
of four).

Vegetation porosity | Digital imaging technique |One 0.05-n¥ (high densities) or 0.1-m? (low | Digital camera, whiteboard, image
presented by Jarvela densities) plot located using a stratified processing software

(2002) adapted for 3-D  |random sampling procedure (total of four).
blocks.
Board drop test Two within each sampling block (total of
presented by Kouwen eight)

(1988)

Equipment Required
Calipers

Blockage factor Digital camera, whiteboard, image

processing software

Hexural rigidity 1829-mm by 305-mm board weighing

4.85kg, ruler

Photo-modeling provides a non-
destructive technique for

measuring vegetation properties
The vegetation is distinguished from a
background using photo-editing software
and MATLAB photo-modeling algorithms.
A pixel count routine provides a ratio of
background pixels to foreground pixels.
This can be manipulated mathematically
to determine blockage factor, vegetation
volume, porosity, stem density, and
clump diameter.

Future work includes model

development and field testing
Immediate goals are to complete flume
runs in the spring and to begin analysis
with data collected during the summer
and fall. Existing flow models will be fit to
the data. The vegetation data will be used
to determine what properties of the
vegetation affect the roughness
parameters of the model. Regression
models will be developed linking model
roughness parameters to vegetation
properties. The regression models will be
field-tested. Possible field sites include
stormwater wetlands monitored by NCSU
and Villanova.
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