MODELING SEDIMENT TRAPPING IN A VEGETATIVE FILTER
ACCOUNTING FOR CONVERGING OVERLAND FLOW
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ABSTRACT. Vegetative filters (VF) are used to remove sediment and other pollutants from overland flow. When modeling the
hydrology of VE it is ofien assumed that overland flow is planar, but our research indicates that it can be two-dimensional
with converging and diverging pathways. Our hypothesis is that flow convergence will negatively influence the sediment
trapping capability of VE. The objectives were to develop a two-dimensional modeling approach for estimating sediment
trapping in VF and to investigate the impact of converging overland flow on sediment trapping by VF. In this study, the
performance of a VF that has field-scale flow path lengths with uncontrolled flow direction was quantified using field
experiments and hydrologic modeling. Simulations of water flow processes were performed using the physically based,
distributed model MIKE SHE. A modeling approach that predicts sediment trapping and accounts for converging and
diverging flow was developed based on the University of Kentucky sediment filtration model. The results revealed that as flow
convergence increases, filter performance decreases, and the impacts are greater at higher flow rates and shorter filter
lengths. Convergence that occurs in the contributing field (in-field) upstream of the buffer had a slightly greater impact than
convergence that occurved in the filter (in-filter). An area-based convergence ratio was defined that relates the actual flow
area in a VF to the theoretical flow area without flow convergence. When the convergence ratio was 0.70, in-filter
convergence caused the sediment trapping efficiency to be reduced from 80% for the planar flow condition to 64% for the
converging flow condition. When an equivalent convergence occurred in-field, the sediment trapping efficiency was reduced
to 57%. Thus, not only is convergence important but the location where convergence occurs can also be important.
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egetative filters (VF) are used to control sediment

delivery to water bodies. VF retard flow velocity

and reduce the transport capacity of water flow

(Tollner et al., 1982). As a result, some of the sedi-
ment will be deposited as water flows through the VF. While
there has been a significant amount of research performed on
plot-scale VF and on laboratory-scale filters using either real
vegetation or simulated vegetation, very little information is
available on water flow and sediment transport within field-
scale VF (Daniels and Gilliam, 1996; Dillaha et al., 1989,
Munoz-Carpena et al., 1999; Schmitt et al., 1999; Sheridan
et al., 1999). In this article, field scale differs from plot scale
in that the flow lengths within the filter and the loading of wa-
ter and sediment to the filter are representative of field condi-
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tions, and flow pathways are not controlled by artificial plot
borders.

Current models of overland flow and sediment movement
through VF only apply to one-dimensional or uniformly
distributed flow (i.e., planar). REMM (Lowrance et al., 2000)
and VFSMOD (Munoz-Carpena et al., 1999), which are
models that simulate processes that occur in VF, use this
assumption. Overland flow within a VF that was investigated
during this study was found to be two-dimensional with
converging and diverging pathways (Helmers, 2003). Dillaha
et al. (1989) stated that VF that are characterized by
concentrated flow should be less effective for sediment
removal than filters with shallow, uniformly distributed flow.
However, there is little quantitative information on the
impact of convergence of overland flow on sediment trapping
in a VF. Our hypothesis is that flow convergence will
negatively influence the sediment trapping capability of VF.
The objectives of this investigation were: (1) to develop a
modeling approach for estimating sediment trapping in a VF
that accounts for converging or diverging flow, and (2) to use
this model to investigate the impact of converging overland
flow on sediment trapping within a VF.

MODELING

To model sediment trapping in a VE, infiltration and
overland runoff must be modeled along with modeling of
sediment trapping in the VF. The hydrologic processes were
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Figure 2. Segmental approach to sediment trapping in a vegetative filter. Note that segmental width varies through the filter depending on overland

flow pathways, but segmental width is constant.

sediment from one segment to the next and applying the seg-
mental trapping to determine the outflow of sediment to the
next segment, the total trapping of the filter can be computed.

SEDIMENT FILTRATION MODEL

To analyze converging and diverging flow areas, the
University of Kentucky sediment filtration model was
programmed in a spreadsheet for use in computing sediment
filtration in a VF using the segmental approach presented by
Inamdar (1993). Using the segmental approach allows the
width over which the overland flow is distributed to vary so
that converging and diverging flow areas can be modeled
(i.e., the length of each segment is constant, but the width of
the segment may vary) (fig. 2). It is assumed that flow is
uniformly distributed over the width of the segment. A
flowchart for the spreadsheet program is provided in figure 3.
The input parameters are noted in the flowchart, as are the
equations used to perform the computations in each segment
of the filter. To account for cases where the sediment
transport capacity decreases due to diverging flow or
infiltration, the sediment mass flow rate is compared to the
sediment transport capacity in each segment to account for
deposition by this mechanism. In the spreadsheet program,
the depositional profile of the wedge is not computed, but the
sediment deposition in zone D is computed to allow for use
of the depth correction factor reported by Haan et al. (1994)
from Wilson et al. (1982).

To compute the fraction of sediment trapped, the unit flow
rate, sediment concentration, and sediment characteristics
including the fraction larger than 0.037 mm must be known.
The output from MIKE SHE was used in the spreadsheet
model as the hydrologic input in each segment of the VF.
From the coarse fraction and a particle size distribution
curve, the mean particle size of the coarse fraction is
computed for use in calculating the sediment transport
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capacity. The mean particle size used in computation of the
sediment transport capacity of the coarse fraction is the
particle size at the midpoint between the fraction finer than
0.037 mm and 1. The fraction of sediment finer than
0.037 mm entering zone D is computed by:

_1=Crm

—l—fog,-/ (1) ‘

D3y

where D37 is the fraction of sediment finer than 0.037 mm
after depositional wedge trapping, C37 is the coarse fraction
of sediment at the entrance to the filter, and f'is the fraction
of incoming coarse sediment deposited in the depositional
wedge.

The average fraction finer for the coarse material is
computed by:

1+D37
2

where Dacw is the average fraction finer for the coarse
material after wedge deposition.

The average fraction finer for the coarse material after
wedge deposition is converted to the fraction finer on the
original particle size distribution curve corresponding to the
same particle size. The fraction finer on the original curve is
computed by:

Dacw = (2)

3

where Docw is the fraction finer on the original particle size
distribution curve corresponding to fraction finer of coarse
material after wedge deposition. The Docw value is used to
estimate the mean particle size of the coarse fraction entering
zone D.

Docw =Dacw(l—/ Cyr37)
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Table 8. Analysis of variance for sediment
trapping efficiency for east grid events.

Source df Pr>F
Treatment (sediment trapping computation method) 2 0.8062
Contrast
Measured versus planar 0.58
Measured versus non-planar facet E3 0.58
Planar versus non-planar facet E3 1.0

slope of a regression line through the data was significantly
different from one and to test if the intercept was significantly
different from zero. From the linear regression, the slope was
1.17 and the intercept was —988 (fig. 7). Using a t-test, the in-
tercept was not significantly different from zero at the 0.05
significance level, but the slope was significantly different
from one at the 0.05 significance level. Based on the intercept
not being significantly different from zero, the data were fit
using linear regression holding the intercept equal to zero.
For this case, the slope was computed to be 1.10, which was

found to not be significantly different from one at the 0.05
significance level. The coefficient of determination (R2) for
a 1:1 line was 0.83. Based on the slope not being significantly
different from one, the measured and modeled sediment
trapped compare reasonably. Considering that the modeled
results are based on an uncalibrated model, the data validate
the performance of the spreadsheet model for the conditions
of the experiments. According to Refsgaard and Knudson
(1996), validation is the process of demonstrating that a given
site-specific model is capable of making accurate predictions
for periods outside the calibration period. The spreadsheet
model was not calibrated for the simulations that we con-
ducted. Rather, the model’s parameters were determined
through field and laboratory experiments.

The greatest area-based convergence ratio for this inves-
tigation at the Clear Creek Buffer was only 0.17, but in many
field conditions the ratio can be much greater. Dosskey et al.
(2002) reported that the effective buffer area averaged 6%,
12%, 40%, and 80% of the gross buffer area (convergence ra-
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Figure 6. Measured versus modeled sediment trapping efficiency for all events.
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Figure 7. Measured versus modeled sediment trapped for all events.
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