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ABSTRACT. Vegetative filters (VF) are a best management practice installed in many areas to control sediment movement to 
water bodies. It is commonly assumed that runofproceeds petpendicularly across a VF as sheet flow. However; there is little 

infomation on natural pathways of water movement and pe$omance offield-scale VE The objectives of this study 
were: ( I )  to quantifi the pe f lomnce  ofa VF where the flow path is not controlled by artljTcial borders and flow path lengths 
are field-scale, and ( 2 )  to develop methods to detect and quantiJF overland flow convergence and divergence in a VF: Our 
hypothesis is that Pow converges and diverges in field-scale VF and that flow pathways that define flow convergence and 
divergence areas can be pmdicted using high-resolution topography (i.e., maps). Overland flow and sediment mass flow were 
monitored in two 13 x 15 rn subareas of a 13 x 225 rn grass buffer located in Polk County in east-central Nebraska. 
Monitoring included a high-resolution survey to 3 cm resolution, dye tracer studies to identify flow pathways, and 
measurement of maximum flow depths at 51 points in each subarea. Despite relatively planar topography (a  result of grading 
for sulfQce irrigation), there were converging and diverging areas of overlandflow in the bufer subareas. Convergence ratios 
rangedfrom -1.55 to 0.34. Predictedflow pathways using the high-resolution topography (i.e., map) closely followed actual 
flow paths. Overland flow was not unifomly distributed, and flow depths were not uniform across the subareas. Despite 
converging and diverging flow, the field-scale VF trapped approximately 80% of the incoming sediment. 
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v egetative filters ( W )  are a best management mance of VF, little research is available on pathways of water 
practice installed in many areas to control sedi- movement through VF. In particular, there is little informa- 
ment movement to water bodies. The use of VF tion on the performance of VF where the pathways are not 
has increased in part because of the National Con- bounded by artificial borders and where flow pathways are 

servation Buffer Initiative implemented by the USDA Natu- field-scale. Borders may impact the natural flow patterns of 
ral Resources Conservation Service. VF that are charac- the overland flow because the flow is confined between the 
terized by concentrated flow should be less effective at sedi- borders and lateral flow into andor out of the bordered area 
ment removal than VF with shallow, uniformly distributed cannot occur. These altered flow patterns could have a re- 

- 
overland flow (Dillaha et al., 1989). Results from Dosskey et duced overland flow velocity, and thus the sediment transport 
al. (2002) indicated that for their study in southeastern Ne- capacity would be reduced because lateral inflow into the 
braska, concentrated flow through riparian buffers can be bordered area is prevented. As a result, this alteration of flow 
substantial and that filtering effectiveness may be limited. patterns could result in overpredicting VF sediment trapping 
Helmers et al. (2005) found through modeling that converg- in comparison to "natural" flow conditions. In addition, with- 
ing flow areas can negatively impact the perfomance of a VF in the bordered plots, there is the potential for flow conver- 
depending on the degree of convergence in the VE While gence, which could increase the transport capacity. The 
there has been a significant amount of research omhe perfor- presence of borders may inhibit water from following the nat- 

ural topography or even microtopogaphic features on rela- 
tively uniform cross-slope filters. Thus, the borders could 
force the water to flow through pathways it would not travel 

Article was submitted for review in March 2004; approved for if the borders were not Dresent. T%is could have a ~ositive or 
negative effect on sed&ent transport capacity deiending on 
whether flow converges or diverges compared to its natural 
flow pathway. Microtopography likely causes some level of 
convergence or divergence in most VF studies. Since little in- 
formation is available on flow through a VF with unconfined 
flow pathways, there is a need for information on the pattern 
of flow through W systems where flow pathways are not 
confined to better understand VF performance. 

The objectives of this research were: (1) to quantify the 
performance of a VF where the flow path is not controlled by 
artificial borders and flow path lengths are field-scale, and 
(2) to develop methods to detect and quantufii overland flow 
convergence and divergence in a VE Our hypothesis is that 
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flow converges and diverges in Eeld-scale VF and that flow sedhent-trapping performance of these systems, is shown in 
pathways that define flow convergence and divergence areas table 1. Many of the studies had small source area to buffer 
can be predicted using high-resolution topographic data. area ratios, often well below the value expected in typical 

applications. An area ratio greater than 20: 1 may be expected 
under most field conditions. Of the studies reported, 50% had 

BACKGROW ON VEGETATIVE FILTER an area ratio less than 5:l (fig. 1). MRCS (1999) guidelines 
for the ratio of drainage area to filter strip area allow for 

STUDIES m ~ m u m  area ratios between 70: 1 and SO: 1 depending on 
There has been an extensive amount of research on the the RUSLE-R factor in the region. Typically, N R ~ S  designs 

sedhent-trapping ability of VF both from a monitoring and are based on a 30: 1 ratio. 
modeling perspective. In this article, we discuss the monitor- Most past studies were performed on plot-scale VF 
ing aspects of VF performance; Helmers et al. (2005) discuss systems, in particular, bordered plots. We refer to the case of 
in greater detail modeling of sediment trapping in a VF. A bordered plots as a confined flow path condition, with the 
summary of experimental studies on VF, specifically the case of unbordered plots being an unconfined flow path 

Table 1. Sumnary of studies on sediment reduction bv vegetative filters. 
Site Condition 

Mass 
Length Range of Reduction 
of Filter Area Slope Soil M o w  Rate of Sediment 

Reference Location (m) Ratio (%) Texture (L m-1 s-1) (%> Comments 

Arora et al. Iowa 20.12 30:l 3 SiCL 83.6 1 event (E6) 
( 1996) la] 20.12 15:l 3 SiCL 87.6 1 event (E6) 

Arora et al. Iowa 20.12 15:l 3 SiCL 
( 1993)Ea] 20.12 30:l 3 SiCL 

45.8 1 event 
40.6 1 event 

Barfield et al. Kentucky 4.57 4.84:l 9 .  SiL 97 2 events 
(1998)fb1 9.14 2.42:l 9 SiL 99.9 2 events 

13.72 161: ' 9 SiL 99.7 2 events 

Coyne et al. Kentucky 9 2.46: 1 9 SiL 0.2 1 99 1 event, no till upsiope 
1 event, conventional 

(1 995)rb] 9 2.46: 1 9 SiL 0.25 99 tillage upslope 

Coyne et al. Kentucky 4.5 4.1:1 9 SiL 95 2 events 
(I 998)[b] 9 1.5:1 9 SiL 98 2 events 

Daniels and Gilliam North 3 29: 1 4.9 SL to CL 
(1996)fC] Carolina 6 14: 1 4.9 SL to CL 

3 29: 1 2.1 SL to CL 

59 2 growing seasons 
61 2 growing seasons 
45 2 growing seasons 

6 14: 1 2.1 SL to CL 5 7 2 growing seasons 

Dillaha et al. Virginia 9.1 2: 1 11 SiL 97.5 6 events 
4.6 4: 1 11 SiL 
9.1 2: 1 16 SiL 
4.6 4: 1 16 SiL 

5 (cross- 
9.1 2:l slope = 4%) SiL 

5 (cross- 
4.6 4:l slope = 4%) SiL 

6 events 
6 events 
6 events 

6 events 

6 events 
Hall et al. Pennsylvania 6 3.67: 1 14 SiCL 76 1 growing season 
(1983)Ea1 

Hayes and Hairston Mississippi 25.7 2.35 Sic  and 0.01 to 1.53 60 2 plots: 18 events (piot I), 
(1983)la] (2.6 m wide) SiCL and 16 events (plot 2) 

Lee et at. 12000)[b1 Iowa 7.1 3.11:l 5 SiCL 70 2 events 

Magette et al. Maryland 9.2 2.39:1 2.7 SL 81.1 
(1989)rb] 4.6 4.78:1 2.7 SL 71.2 

9.2 2.39:l 2.7 SL 94.7 
4.6 4.78:1 2.7 SL 77.3 
9.2 2.39:l 4.1 SL 70.4 
4.6 4.78:l 4.1 SL 48.5 

Munoz-Carpena et d. North 4.3 9: 1 5-7 SiL 0.03 to 0.57 86 5 events 
(1 999) la] Carolina 8.5 4.5: 1 5-7 SiL 0.36 to 0.63 93 2 events 

Parsons et al. North 4.3 8.6: 1 1.9 SCL 78 11 events 
( 1 994) iaj Carolina 8.5 4.35: 1 1.9 SCL 8 1 I I events 

Parsons et al. North 4.3 8.6:1 2.53  SCL 75 1 event 
( 1990)["j Caroiina 8.5 4.35:1 2.5-4 SCL 85 I event 

T ~ m s m o ~ s  OF THE ASAE 

p 



Site Condition 
Mass 

Length Range of Reduction 
of Filter Area Slope Soil Inflow Rate of Sediment 

Reference Location fm)  Ratlo (5%) Texture (L rn-1 5-1 j (%I Comments 

Patty et ai. France 6 8.33: 1 7 L 93 I event 
(1 997)ia] 12 4.17:1 7 L 100 1 event 

18 2.78: 1 7 L 100 1 event 
6 8.33: 1 10 L 1 00 1 event 
12 4.i7:l 10 L 100 I event 
18 2.78: 1 10 L 100 1 event 
6 8.33: 1 15 L 99 1 event 
12 4.17:l 15 L 100 1 event 
18 2.78: 1 15 L 100 1 event 

Schmia et al. Nebraska 7.5 10.8:l 6-1 SiCL 0.42 95 1 event, 25-year-old grass 
(1 999)Ld] 15 5.4:l SiCL 0.42 99 1 event, 25-year-old grass 

7.5 10.8:l SiCL 0.42 85 1 event, Zyear-old grass 
15 5.4: 1 SiCL 0.42 96 I event, 2-year-old .grass 

Sheridan et al. Georgia 8 33: 1 2.5 LS 
(1999) [c] 

81 103 events 

Tingle et al. Mississippi 0.5 55: 1 3 Sic 
(1998)[b] 1 22: 1 3 Sic 

2 11:1 3 Sic 
3 7.33: 1 3 Sic 
4 5.5:1 3 Sic 

85 6 events 
90 6 events 
90 6 events 
9 1 6 events 
96 6 events 

Van Dijk et al. Netherlands 1 
(1 996)id] 4 

5 
10 
5 
10 
5 
10 
10 
5 
10 
1 
4 
5 

2 events 
2 events 
1 event 
1 event 

2 events 
2 events 
2 events 
2 events 
1 event 

2 events 
2 events 
1 event 
1 event 

3 events 

La] Plot study, natural rainfall. 
Plot study, simulated rainfall. 

Ic] Field study, natural rainfall. 
Plot study, simulated runoff. 

Bordered plot study, sirnuiated rainfall 
20 Bordered plot study, natural rainfall 

Unbordered field study, natural rainfall 
' A  1 0 1 MMmum recommended area iatio (NRCS. 1908) J i 

Source area/Buffer area (Area Ratio) 

Figm 1. m e n $  trapping dciency as a function of area ratio for ratios 
180 (based on references iisted in table 1). 

condition. A potential problem with confined flow paths is 
that the natural flow paths are disrupted, which can reduce 
flow or accentuate flow concentration compared to natural 
conditions (as in the case of Dill&a et al., 1989). h some 
cases, flow that would enter the plot is prevented from doing 
so, and the discharge rate out of the plot would be less than 
for the case where the flow is not confined. This reduction in 
discharge rate may impact the transport capacity of the water 
flow through the VF. 

The studies by Daniels and Giliarn (1996) and Sheridan 
et al. (1999) were the only studies found that were performed 
on unbordered, field-scale VF (unconfmed flow path). 
Daniels and Gilliarn (1996) state that even though VF are an 
accepted and highly promoted practice, little quantitative 
data exist on their effectiveness under unconfined flow path 
conditions. Their study provided some data on the variability 
of the water quality along the field edge and within the VF but 
not how this variability may have been affected by the 
topography or microtopography of the land surface. 

Dillaha et al. (1989) reported results from experiments on 
two filter-strip plots with a cross-slope that encouraged 
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