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The WEPP Road Batch Model: A Tool
for Reducing Erosion from Trails

by Andrew Breibart

Located in the Sierra Mountains
along the California-Nevada state
border, the sapphire-blue water of
Lake Tahoe has remarkable water
clarity and quality. Unfortunately,
water clarity and quality has declined
in recent years because development
and land management activities in
the basin have increased runoff and
erosion. The USDA Forest Service,
Lake Tahoe Basin Management Unit
is responsible for the conservation,
preservation, and restoration of the
Lake Tahoe watershed ecosystem
within National Forest Lands.
Reducing and eliminating sediment
from roads and trails into Lake
Tahoe, an Outstanding Natural Water
Resource, and its tributaries is a high
priority management concern on the
Lake Tahoe Basin Management Unit

(fig. 1).

The WEPP (Water Erosion
Prediction Project) Road Batch
model was used to evaluate erosion
from existing trail designs and
design new system trails on the Lake
Tahoe Basin Management Unit that
minimized soil erosion and protected
water quality. Comparisons between
model runs were made to find the
most important variables for

reducing erosion from newly
designed trails. Two types of trail
segments were modeled:

e Trails located within a Stream
Environmental Zone (SEZ).
Trails located in a SEZ are
hydrologically connected to and
within 91 m (300 ft) of a stream,
lake, or spring. Trails located in
a SEZ have the potential to
deliver sediment to water bodies
and reduce water quality.

e Trails located in a non-SEZ are
those trails outside of a SEZ and
not part of a stream crossing.
Trails located in a non-SEZ have
the potential to cause excessive
erosion in forested landscapes.

Methods
WEPP Road Batch Model

Trails located in a SEZ and a non-
SEZ were modeled with the online
version of the WEPP Road Batch
model (USDA Forest Service, 2005;
http://forest.moscowfsl.wsu.edu/
fswepp/). Important aspects and
limitations of the WEPP Road Batch
model are:

e Designed to predict runoff and
potential sediment erosion from
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Figure 1. A typical trail on the Lake Tahoe Basin
Management Unit; Crowned Trail through Big
Meadow.

forest roads, compacted landings, compacted
skid trails, and compacted foot, cattle, or off-
road vehicle trails (Elliot et al., 1999).

e An inherent error of plus or minus 50 percent
(Elliot et al., 2000).

e Best used as a comparative tool between
different road designs and not as an absolute
predictor of the amount of erosion that will
occur.

e Does not route sediment into streams and
cannot predict the actual amount of sediment
delivered to streams (Elliot et al., 2000).

e Generates results as mean annual values for
modeled climates.

e Trails are considered low traffic unless they
have heavy use by all-terrain-vehicles

e There are 13 input variables: climate, soil
texture, percent rock, road design, road surface,
traffic level, road grade, road length, road
width, fill gradient, fill length, buffer gradient,

and buffer length.

o Assumes that the ground cover of fill slopes is
50 percent; consequently fillslopes are erodible
in the model.

e Assumes that buffers have 100 percent ground
cover of a 20-year forest.

Modeled Trail Designs

The WEPP Road Batch model was used to
compare potential erosion from new trail designs to
a typical, current 200 m trail segment on the Lake
Tahoe Basin Management Unit. Differences
between the current trail design and possible new
trail designs are presented in table 1. To determine
which new trail designs minimized erosion from
the trail the following trail design variables were
systematically changed: trail grade, trail connected
length, trail width, and trail buffer length. For new
trail designs, five different trail connected lengths
were modeled while holding all other variables
constant in order to determine the minimum
spacing of water control devices such as water bars
and rolling dips. Trail connected length is defined
as the length of trail that is hydrologically
connected to and drains into a stream, lake, or

Table 1. Model input variables based on current
trail designs and new trail design guidelines within
a SEZ and non-SEZ.

Current Trail New Trail
Design Feature Designs Designs
Trail design In sloped, In sloped,
bare ditch bare ditch
Trail surface Native material Native material
Traffic level Low Low
Trail grade (percent) 16 10
Connected length (m)* 200 10, 20, 30, 40, 50
Trail width (m) 1.5 0.6
Fill grade (percent)” 0.1 0.1
Fill length (m)° 0.3 0.3
Buffer grade (percent)
*SEZ 14 14
* non-SEZ 13 13
Buffer length (m)
*SEZ 15 30
* non-SEZ 100 100

a. Connected length is defined as the average distance between water
diversion structures such as water bars or rolling dips.

b. Most of the trails on the Lake Tahoe Basin Management Unit do not
have fill slopes, but the WEPP Road Batch model requires a minimum
fill grade of 0.1 percent and a fill length of 0.30 m.
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spring. The current trail design and 11 new trail
designs were modeled for a hydrologically
connected trail segment within a SEZ. The current
trail design and 13 new trail designs were modeled
for a trail segment outside of a non-SEZ.

Results and Design Recommendations
Stream Environmental Zone (SEZ)

A current, typical 200 m segment of trail located in
a SEZ has the potential to annually deliver 173 kg
of sediment to a water body located 15 m from the
trail (table 2 and fig. 2). Decreasing the trail grade
from 16 to 10 percent (Trail Design 1) reduced the
potential sediment erosion from the trail by 10
percent when compared to the current trail design.
Increasing the trail buffer length from 15 to 30 m to
the water body (Trail Design 2) reduced the
potential sediment erosion from the trail by 45
percent when compared to the current trail design.
Decreasing trail width from 1.6 to 0.6 m (Trail
Design 3) decreased sediment erosion from the trail
by 60 percent when compared to the current trail
design. Installing four water diversion structures
with a spacing of 50 m on a 200 m trail segment
(Trail Design 4) resulted in the greatest reduction
of trail erosion; sediment erosion from the trail
declined 79 percent when compared to the current
design.

Including water diversion structures along the trail,
reducing trail grade and trail width, and increasing
the buffer length between the trail and water body
resulted in the greatest decrease in potential erosion
from the trail when compared to the current trail
design. Including four water diversion structures
with a spacing of 50 m on a 200 m trail segment,
increasing the buffer length between the trail and
water body to 30 m, reducing the trail grade to 10
percent, and reducing the trail width to 0.6 m (Trail
Design 6) decreased the potential sediment erosion
from the trail and delivery to the water body by 98
percent when compared to the current design.
Decreasing the water diversion structure spacing to
40 m while keeping the other variables constant in
the new trail designs (Trail Design 8) completely
eliminated the delivery of sediment from the trail to
the water body when compared to the current trail
design. Clearly, installing more closely spaced
water diversion structures (Trail Designs 9, 10, and

Table 2. Predicted potential erosion and reduction
in erosion in a SEZ from the WEPP Road Batch
model. Bold values are input variables that were
changed for a given model run.

Model input parameters changed® Modeling Results

Trail  Trail Trail Buffer |Potential Reduction

Design grade length width length | erosion in erosion
Run (%) (m) (m) (m) | (kg) (%)

Current 16 200 1.5 15 173 0
1 10 200 1.5 15 156 10
2 16 200 1.5 30 96 45
3 16 200 0.6 15 69 60
4 16 50 1.5 15 36 79
5 16 50 1.5 30 95

8

6* 10 50 0.6 30 4 98
7 10 30 1.5 15 7 96
8 10 40 0.6 30 0 100
9 10 30 0.6 30 0 100
10 10 20 0.6 30 0 100
11 10 10 0.6 30 0 100

* Preferred trail design.

a. The following model input parameters were held constant
in the WEPP model for all trail designs: 1) trail design (in
sloped, bare ditch), 2) trail surface traffic level (native, low),
3) fill grade (0.1 %), 4) fill length (0.1 m), 5) buffer grade
(14 %), 6) soil texture (sand loam; USDA, 1974), 7) percent
rock (0.0 %), 8) traffic level (low, primarily mountain bikes
and hikers), 9) climate (Tahoe, CA weather station, input
from weather station modified for site characteristics using
WEPP Rock Clime (USDA Forest Service, 2004)).

11) provides little additional benefit at a greater
cost because trail erosion and sediment delivery to
the water body was already minimized with a
spacing of 40 m between water diversion structures
(fig. 2 and table 2).

Trail Design 6 demonstrated the greatest reduction
in potential sediment erosion when balanced with
the cost and effort to construct trails located within
a SEZ (fig. 2 and table 2). While Trail Design 5
exhibited similar results as Trail Design 6 with
respect to trail erosion and sediment delivery to the
water body, the wider trail (1.5 m versus 0.6 m)
would disturb more ground in the SEZ during
construction. Local regulations dictate that ground
disturbing activities within a SEZ should be
minimized, thus New Trail Design 6 was
determined to be the preferred and recommended
trail design. Further, constructing a 0.6 m wide trail
requires less effort and cost than constructing a 1.5
m wide trail.
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Figure 2. Predicted sediment erosion and percent reduction in sediment erosion from the current
design in a SEZ as a result of changing one or more trail design variables in the WEPP Road
Batch model. The letter “C” represents the current trail design and the circled point is the
recommended trail design.

900 120
L 1 potential sediment erosion 7
—@— sediment erosion reduction

I 1 100

@

o

o
T

~

o

o
T

(o2}
o
o
T
1

1 80

[$)]

o

o
T

N

o

o
T

current trail design (%)

1 40

N w
o o
o o
L
1

1 20

O;Ju . ! .H.H.ﬂ.ﬂ.ﬂ.l_l.l—l.ﬂ.m.mzo

C 1 2 12 13

potential sediment erosion (kg)
[}
o
sediment erosion reduction compared to

=

o

o
T

design/model run

Figure 3. Predicted sediment erosion and percent reduction in sediment erosion from the current
design in a non-SEZ as a result of changing one or more trail design variables in the WEPP
Road Batch model. The letter “C” represents the current trail design and the circled point is the
recommended trail design.
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Table 3. Predicted potential erosion and reduction in
erosion in a non-SEZ from the WEPP Road Batch
model. Bold values are input variables that were
changed for a given model run.

Model input parameters changed® Modeling Results
Trail Trail Trail Potential ~ Reduction
Design grade  length  width erosion in erosion
Run (%) (m) (m) (kg) (%)
Current 16 200 1.5 777 0
1 10 200 1.5 483 38
2 16 200 0.6 311 60
3 16 50 1.5 256 67
4 16 40 1.5 205 74
5 16 30 1.5 160 79
6%* 10 50 0.6 60 92
7 10 30 1.5 87 89
16 20 1.5 100 87
9 10 40 0.6 45 94
10 10 30 0.6 33 96
11 16 10 1.5 60 92
12 10 20 0.6 20 97
13 10 10 0.6 20 97

* Preferred trail design.

a. The following model input parameters were held constant in
the WEPP model for all trail designs: 1) trail design (in
sloped, bare ditch), 2) trail surface traffic level (native, low),
3) fill grade (0.1 %), 4) fill length (0.1 m), 5) buffer grade (14
%), 6) soil texture (sand loam; USDA, 1974), 7) percent rock
(0.0 %), 8) traffic level (low, primarily mountain bikes and
hikers), 9) buffer length (100 m), 10) climate (Tahoe, CA
weather station; input from weather station modified for site
characteristics using WEPP Rock Clime (USDA Forest
Service, 2004)).

Non-Stream Environmental Zone (non-SEZ)

A current, typical 200 m segment of trail in a non-
SEZ has a predicted average annual erosion rate of
777 kg (fig. 3 and table 3). The erosion rate could
be substantially reduced on the existing trail design
by installing water diversion structures along the
trail. For example, installing 4 water control
structures with a spacing of 50 m (Trail Design 3)
would reduce the predicted average annual erosion
rate by 67 percent. Increasing the number of and
spacing between water control structures would
further reduce erosion (fig. 3 and table 3; Trail
Designs 4, 5, 8, and 11). Decreasing the trail grade
from 16 to 10 percent and the trail width from 1.6
to 0.6 m resulted in a 38 and 60 percent decrease,

respectively, in the predicted average annual
erosion rate when compared to the current trail
design. Installing 4 water control structures with a
spacing of 50 m on the trail in conjunction with a
trail grade of 10 percent and trail width of 0.6 m
(Trail Design 6) reduced annual erosion from the
trail by 92 percent when compared to the current
trail design. Additional water control structures
spaced closer together only resulted in a slight
reduction in the predicted erosion rate (compare
New Trail Design 6 to New Trail Designs 7, 9, 10,
12, and 13 in fig. 3 and table 3). For new trail
designs located in a non-SEZ, Trail Design 6 is
recommended because it provides the greatest
reduction in erosion when balanced with the effort
and cost for constructing trails in a non-SEZ (fig. 3
and table 3).

Summary

The WEPP Road Batch modeling results indicate
that the primary problem with the current trail
system in the Lake Tahoe Basin Management Unit
is the length of trail segments without water
diversion structures. Currently, a typical 200 m trail
segment located within a SEZ has the potential to
deliver 173 kg of sediment to a water body located
15 m from the trail (fig. 2 and table 2). Currently, a
typical 200 m trail segment located outside of the
SEZ annually erodes 777 kg of sediment (fig 3. and
table 3). Simply installing water diversion
structures every 50 meters resulted in at least a 67
percent reduction in erosion from trail segments in
a non-SEZ and a 79 percent reduction in sediment
erosion from a trail segment located in a SEZ (figs.
2 and 3; tables 2 and 3). Trail managers can
effectively minimize soil erosion and protect water
quality by installing frequent water diversion
structures on existing and new trails.

For trails within a SEZ, sediment erosion and
production was further decreased from trail
segments when the trail buffer length between the
trail and water body was increased from 15 to 30 m
(fig. 2 and table 2; trail design 2).

Additional reductions in erosion from trails can be
obtained by decreasing the trail grade. Ferguson
(1998) found that trail erosion significantly
increased as the slope of the trail increased.
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Intuitively and as demonstrated by the WEPP Road
Batch model, decreasing the trail slope from 16
percent to 10 percent reduced erosion from the
trail. However, the reduction in erosion predicted
by the WEPP Road Batch model when the trail
grade was decreased was minimal when compared
the reduction in trail erosion when water diversion
structures were installed along the trail (figs. 2 and
3; tables 2 and 3). While the WEPP Road Batch
modeling results does not support trail grade as
being a significant factor in trail erosion and
sediment production, qualitative monitoring
indicates that where trail grade exceeds 15 percent,
trails tend to widen and the trail surface is
destabilized. Deluca et al. (1998) found that trail
widening, multiple trail paths, and water ponding
on the trail are problems in wet conditions. WEPP
Road Batch considers these variables
independently and does not account for the
compounding impacts of trail widening and trail
surface degradation on steep trail grades.

Computer simulation was an effective tool in
improving trail designs on the Lake Tahoe Basin
Management Unit. Based on the WEPP Road
Batch modeling results, new and existing trails on
the Lake Tahoe Basin Management Unit should
incorporate the following recommendations to
minimize erosion from trails and sedimentation of
streams, lakes, and springs:

e Install water diversion structures every 50 m on
trails located in both the SEZ and non-SEZ
assuming that the trails are constructed at the
appropriate grade for that spacing.

e Maintain trail grades of less than 10 percent.

e Reduce trail width to 0.6 m.

e [ocate trails at least 30 m from surface water
bodies in a SEZ.

To wvalidate these recommendations, additional
work should quantify actual rates of erosion and
sedimentation from trails. Results can then be used
to further validate the efficacy of the WEPP Road
Batch model for predicting erosion from trails on
the Lake Tahoe Basin Management Unit.
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Dear Doc Hydro: I have a series of stream
channel cross sections that have been measured
for several years on my Forest. While all of
them are tied into a common benchmark, the
measurement intervals (distances) across the
channel are not consistent for the different
measurements so I haven’t been able to figure
out how to plot all of these cross sections on one
graph. I can’t afford to buy expensive $400
software to do this task and WinXSPRO only
allows me to plot 2 cross sections at a time. Is
there a simple way to plot multiple cross-
sections in Excel when the measurement
intervals are not identical for all of the data?

Of course. The trick is to identify cells lacking data
with the NA function in Excel. #N/A is the error
value that means "no value is available." By
entering #N/A in cells where there is missing
information, the problem of unintentionally
including empty cells in calculations or graphs can
be avoided.

The accompanying table, graph, and instructions
explains how this is done for repeat cross section
measurements collected at the same location across
the channel, but at different measurement points.

Step 1: Enter the distance measurements of each
year in column B sequentially.

Step 2: Enter the elevation data in column C for
XS-yrl so that it matches the appropriate distance
data in column B for that year. Enter #N/A in the
remaining cells in column C.

Step 3: Enter the elevation data in column D for
XS-yr2 so that it matches the appropriate distance
data in column B for that year. Enter #N/A in the
remaining cells in column D.

Column A Column B Column C Column D Column E

XS-yr1 XS-yr2  XS-yr3

Distance Elevation Elevation Elevation
Year (ft) (ft) (ft) (ft)
0 100 #N/A #N/A

5 100 #N/A #N/A
10 96 #N/A #N/A
15 94 #N/A #N/A
20 94 #N/A #N/A
25 93 #N/A #N/A
30 93 #N/A #N/A
35 94 #N/A #N/A
40 96 #N/A #N/A
45 100 #N/A #N/A
50 100 #N/A #N/A
0 #N/A 100 #N/A
4 #N/A 100 #N/A

10 #N/A 96 #N/A
16 #N/A 95 #N/A
22 #N/A 94 #N/A
32 #N/A 94 #N/A
36 #N/A 95 #N/A
42 #N/A 97 #N/A
48 #N/A 100 #N/A
50 #N/A 100 #N/A

0 #N/A #N/A 100
2 #N/A #N/A 99
16 #N/A #N/A 93
36 #N/A #N/A 93
48 #N/A #N/A 100
50 #N/A #N/A 100

WWWWWWINDNDNDNNNNNNNRAA A2 A A

101
100
99 -
98 -
97 -
96 -
95 -
94 - -
93 |
92 : : : :

0 10 20 30 40 50
distance (ft)

—— XS1-yr1
- -m - XS1-yr2

elevation (ft)

Step 4: Enter the elevation data in column E for
XS-yr3 so that it matches the appropriate distance
data in column B for that year. Enter #N/A in the
remaining cells in column E.

Step 5: Build additional columns as necessary.

Step 6: Select columns B-E. Insert an Excel Chart
and select the XY (scatter) line plot to plot the
different cross sections.

Step 7: Edit the graph as needed. &
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