
POWER ENGINEERS, INC. 
BRRTP – WATER RESOURCES AND HYDROLOGY SUPPLEMENTAL TECHNICAL REPORT FOR THE ANF 

ANA 119-150 (PER-02) 122708 (JUNE 2011) AC   

 

APPENDIX A: RUSLE ANALYSIS  

 

  



 

March 2010 

 

 

BARREN RIDGE RENEWABLE TRANSMISSION PROJECT 

RUSLE Analysis Report 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
PROJECT NUMBER: 

118353 
 

PROJECT CONTACT: 

ALLISON CARVER 

EMAIL: 

ALLISON.CARVER@POWERENG.COM 

PHONE: 

714-507-2700 
 
 
 

GIS CONTACT: 

JILL NORTON 

EMAIL: 

JILL.NORTON@POWERENG.COM 

PHONE: 

208-788-0378 
 

 



POWER ENGINEERS, INC. 
BARREN RIDGE RENEWABLE TRANSMISSION PROJECT – RUSLE ANALYSIS REPORT 

ANA 119-069 (PER-02) LADWP (MARCH 2010) AC 118353  

 

 

 

 

 

 

Barren Ridge Renewable Transmission Project 
 

RUSLE Analysis Report 
 

PREPARED FOR: LOS ANGELES DEPARTMENT OF WATER AND POWER 

111 NORTH HOPE STREET 

LOS ANGELES CA 90012 

 

PREPARED BY: POWER ENGINEERS, INC. 

(714) 507-2700 

WWW.POWERENG.COM 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

http://www.powereng.com/


POWER ENGINEERS, INC. 
BARREN RIDGE RENEWABLE TRANSMISSION PROJECT – RUSLE ANALYSIS REPORT 

ANA 119-069 (PER-02) LADWP (MARCH 2010) AC 118353 i 

TABLE OF CONTENTS 

1.0 INTRODUCTION ............................................................................................................................. 1 

2.0 METHODOLOGY ............................................................................................................................ 1 

3.0 RESULTS AND DISCUSSION ........................................................................................................ 4 

4.0 REFERENCES .................................................................................................................................. 9 
    

TABLES 
Table 1. NLCD Codes and Vegetation Classes Adjusted by Burn Year .......................................................2 
Table 2. C-factor Values................................................................................................................................3 
Table 3. RUSLE Erosion Results for Alternative 1 .......................................................................................6 
Table 4. RUSLE Erosion Results for Alternative 2 .......................................................................................6 
Table 5. RUSLE Erosion Results for Alternative 3 .......................................................................................6 

 

FIGURES 

 
Figure 1. Baseline RUSLE Erosion Model Results and Associated Hydrologic Units .................................5 

 
 

 

 



POWER ENGINEERS, INC. 
BARREN RIDGE RENEWABLE TRANSMISSION PROJECT – RUSLE ANALYSIS REPORT 

ANA 119-069 (PER-02) LADWP (MARCH 2010) AC 118353 1 

1.0 INTRODUCTION 

The City of Los Angeles Department of Water and Power (LADWP) is proposing the Barren Ridge 

Renewable Transmission Project (BRRTP or Project) to access clean, renewable resources in the 

Tehachapi Mountain and Mojave Desert areas. The Project is approximately 76 miles in length, beginning 

at the Barren Ridge Switching Station to Rinaldi Substation, and extends approximately 12 miles from the 

Castaic Power Plant to the proposed Haskell Switching Station. The proposed BRRTP includes the 

following: 

 

1) Construction of approximately 61 miles of a 230 kilovolt (kV) double-circuit transmission line 

from the LADWP Barren Ridge Switching Station to Haskell Canyon; 

2) Addition of approximately 12 miles of a 230 kV circuit on the existing double-circuit structures 

from Haskell Canyon to the Castaic Power Plant; 

3) Upgrade of approximately 76 miles of the existing Barren Ridge-Rinaldi (BR-RIN) 230 kV 

transmission line with larger capacity conductors between the Barren Ridge Switching Station 

and the Rinaldi Substation;  

4) Construction of a new electrical switching station in Haskell Canyon; 

5) Expansion of the existing Barren Ridge Switching Station. 

 

Portions of each of the three Project alternative routes would cross through the Angeles National Forest. 

Temporary impacts would occur where ground is disturbed for equipment staging and line work, and 

where construction access would be needed. Permanent impacts would result from ground disturbance 

required for upgrading the existing access roads and spur roads, and clearing the right-of-way. 

 

Initial analysis of Project-related impacts revealed the potential for impacts to water quality through 

erosion of disturbed soils, leading to increased sedimentation and turbidity of receiving waters within the 

Angeles National Forest. At the request of the U.S. Forest Service (USFS), POWER Engineers, Inc. has 

prepared a watershed analysis to predict erosion rates (tons/acre/year) that would potentially result from 

construction of the alternative transmission line routes in the Angeles National Forest. This analysis 

allows for the comparison of potential impacts on sensitive aquatic habitat and species, and beneficial 

uses of waters from construction of the alternative routes within the Angeles National Forest. 

 

2.0 METHODOLOGY 

Following consultation with Mr. Paul Gregory, Hydrologist for the Angeles National Forest, the Revised 

Universal Soil Loss Equation, Version 2 (RUSLE) was selected to predict annual erosion from Project-

related ground disturbance. The RUSLE model was run using ESRI ArcGIS 9.3.1 software. The RUSLE 

model predicts long-term average annual soil loss expressed in tons per acre per year (A), and is 

determined by the product of five factors: 

 

A = R∙K∙LS∙C∙P 

 

where: 

 

A = Estimated soil loss in tons per acre per year 

R = Rainfall-erosivity factor 

K = Soil erodibility factor 

LS = Slope length and slope steepness factor 

C = Land cover management factor 

P = Erosion control practice factor 

 

The R factor represents the erosivity due to rainfall at a particular location. An average annual value of R 

is determined from historical weather records using erosivity values determined from individual storms, 
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computed as the average annual sum of EI30, where E is total storm kinetic energy and I30 is the maximum 

30-minute storm intensity. The R factor accounts for both the intensity and amount of rainfall. This 

analysis used 4-kilometer resolution data acquired from the Natural Resource Conservation Service 

(NRCS) National Water and Climate Center in Portland, Oregon. This data was then converted to a 10-

meter grid for calculation purposes. 

 

The K factor represents the susceptibility of a soil to sheet and rill erosion by water. The estimates are 

based primarily on percentage of silt, sand, and organic matter, and on soil structure and saturated 

hydraulic conductivity (Ksat). For example, silt soils generally have the highest K values because silt soil 

particles detach easily and the sediment is easily transported. Soils with high clay content have the lowest 

K values because clay soils are generally plastic and resistant to detachment. K factor values from Kern, 

Los Angeles, and Ventura county soils were assigned based on dominant component Soil Survey 

Geographic (SSURGO) data from the NRCS database. Within the study area, values of K range from 0.02 

to 0.32. This data was then converted to a 10-meter grid for calculation purposes.  

 

The LS factors represent the effects of topography on erosion. The L factor represents hillslope length and 

the S factor represents hillslope gradient. In general, soil loss increases with increased hillslope length and 

gradient. To calculate the LS factor, 10-meter digital elevation model data was obtained from USGS. An 

automated program, RUSLE_LS_4_PC (Van Remortel et. al. 2007) was used to account for changes in 

slope from cell to cell by using a slope cut-off factor for ending/beginning slope length cumulation. For 

this analysis, the default cutoff values were used; a cutoff factor of 0.7 feet was used for slopes of less 

than five percent, and a cutoff factor of 0.5 feet was used for slopes greater than or equal to five percent. 

 

The C factor represents the effects of land cover; specifically, the effects of vegetative cover, soil cover, 

soil biomass (roots and incorporated residue), and soil-disturbing activities on erosion. The C value is the 

average soil loss ratio weighted by the distribution of rainfall (EI) during the year. This study used a 

National Land Cover Dataset (NLCD) adjusted with wildfire perimeter data. The NLCD data was 

adjusted for both the base level RUSLE model and the proposed Project RUSLE model, to account for 

fires within the last 10 years. Fire data was incorporated based on the year of the burn and changing cover 

classes within burn areas based on the number of years since the burn occurred (see Table 1).  

 

TABLE 1. NLCD CODES AND VEGETATION CLASSES ADJUSTED BY BURN YEAR 

Burn Year Adjusted NLCD Code and Vegetation Cover Class 

2009 31 – Barren Land (Rock/Sand/Clay) 

2008 31 – Barren Land (Rock/Sand/Clay) 

2007 71 – Grassland/Herbaceous 

2006 71 – Grassland/Herbaceous 

2005 71 – Grassland/Herbaceous 

2004 71 – Grassland/Herbaceous 

2003 71 – Grassland/Herbaceous 

2002 52 – Scrub/Shrub 

2001 52 – Scrub/Shrub 

2000 52 – Scrub/Shrub 

1999 52 – Scrub/Shrub 

 

Areas where fires occurred recently (2008 and 2009) were given a vegetation cover class of “barren land” 

since the fires had consumed all vegetation covers and soils were exposed. Over time, these areas begin to 

recover, with establishment of grasses and herbaceous vegetation, followed by scrub/shrub or woody 

vegetation providing increased soil cover and stability.  

 

Data for areas within the Angeles National Forest indicates that annual erosion rates during the first year 

after a burn are 30 times greater than baseline levels. The second year after a burn, erosion rates decrease 

to 10 times baseline followed by seven times greater the third year, five times greater the fourth year, four 
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times greater the fifth year, three times greater the sixth year, and two times greater the seventh year. By 

eight to ten years following the burn, the area has typically recovered to baseline levels (Rowe et. al. 

1949).  

 

For analysis of erosion resulting from the Project, C values were adjusted based on Project-related 

changes (e.g., road construction or improvement of existing roads). The NLCD was modified for each 

proposed alternative where roads would require improvement. Roads requiring improvement were 

buffered by five meters, and underlying values (one 10-meter grid cell) were designated “barren land.” 

Based on RUSLE2 software, RUSLE calculation procedure manuals, correlation tables, and approximate 

ranges from previous analyses, NLCD codes were correlated and converted to C values, as shown in 

Table 2. The adjusted C values were then converted to a 10-meter grid. 

 

TABLE 2. C-FACTOR VALUES 

C Factor NLCD Code Number Description 

0 11 Open Water 

0.01 21 Developed Open Space 

0.01 22 Developed, Low Intensity 

0.02 23 Developed, Medium Intensity 

0.03 24 Developed, High Intensity 

0.3 31 Barren Land 

0.003 41 Deciduous Forest 

0.003 42 Evergreen Forest 

0.003 43 Mixed Forest 

0.06 52 Scrub/Shrub 

0.05 71 Grassland/Herbaceous 

0.02 81 Pasture/Hay 

0.09 82 Cultivated Crops 

0.0003 90 Woody Wetlands 

0.0006 95 Emergent Herbaceous Wetlands 

 

The P factor represents the influence of control practices, such as contour farming, terracing, diversions, 

or sediment- and erosion-control best management practices (BMPs) that reduce the erosion potential of 

stormwater runoff. Although the P factor can be modified to account for construction disturbance and 

associated effectiveness of mitigation features, this variable was held constant throughout this analysis. 

Assignment of P values for specific disturbance and BMPs is impractical for an analysis of this scale. For 

an analysis of this scale, using a constant value of P is considered a conservative approach if the total area 

modified with increased land use factors (C factor) due to construction is overestimated. This is the case 

with this analysis, since C factor values were assigned in 10-meter grid increments. 

 

Given the scale of the study area, specific data regarding implementation of erosion- and sediment-control 

BMPs were not included in this analysis (P = 1), and predicted post-construction erosion values do not 

reflect effects of BMP implementation. In actuality, erosion- and sediment-control BMPs and mitigation 

measures would be implemented throughout the Project and would reduce the potential for erosion and 

sedimentation.  

 

The boundary of the watershed study area was delineated using twelve-digit/6
th level hydrologic units 

encompassing the alternative routes within the Angeles National Forest. All data was clipped to this study 

area before running the RUSLE analyses. 
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3.0 RESULTS AND DISCUSSION 

The study area encompasses 333,135 acres of highly varied terrain within the Angeles National Forest. 

The study area was divided according to watersheds affected by routing alternatives of the Project. The 

watersheds evaluated in this assessment are 6th level subwatersheds (12-digit hydrologic unit codes 

[HUCs]) ranging from approximately 11,409 acres to 38,533 acres and elevations of approximately 960 

feet to 3,550 feet. Using the RUSLE model, baseline annual erosion rates (tons/acre/year) were estimated 

for each subwatershed affected by the alternative routes (Alternatives 1, 2, and 3) as shown in Figure 1. 

Four subwatersheds within the study area would not be affected by the BRRTP alternatives: Elizabeth 

Lake Canyon (180701020304), Fish Creek-Piru Creek (180701020602), Fish Canyon (180701020302), 

and Upper Bouquet Canyon (180701020201). 

 

Once baseline values were estimated, the change in annual erosion rates (tons/acre/year) was estimated 

for each subwatershed as a result of construction of the alternative routes (e.g., vegetation clearing related 

to road construction). Using these results, the increase of erosion from baseline conditions was calculated. 

 

Alternative 1 would affect eight subwatersheds with a combined area of 191,957 acres. Sensitive aquatic 

species within these subwatersheds are arroyo toad (Anaxyrus californicus), California red-legged frog 

(Rana draytonii), and the Santa Ana sucker (Catostomus santaanae). As detailed in Table 3, estimated 

average baseline annual erosion level for these subwatersheds is 48.15 tons/acre/year. With construction 

of Alternative 1, predicted average erosion levels would be 48.43 tons/acre/year, and increase of 0.68 

percent over baseline conditions. Of the eight subwatersheds, Liebre Gulch-Piru Creek would have the 

largest potential increase (2.26 percent) over baseline conditions from construction of Alternative 1. 

 

Alternative 2 would affect three subwatersheds with a combined area of 65,172 acres. Sensitive aquatic 

species within these subwatersheds are the arroyo toad and the California red-legged frog. As detailed in 

Table 4, estimated average baseline annual erosion level for these subwatersheds is 43.93 tons/acre/year. 

With construction of Alternative 2, predicted average annual erosion would be approximately 44.43 

tons/acre/year, an increase of 1.18 percent over baseline. Of the three subwatersheds, Elizabeth Lake 

would have the largest potential increase (1.59 percent) over baseline conditions from construction of 

Alternative 2. 

 

Alternative 3 would affect three subwatersheds with a combined area of 76,006 acres. Sensitive aquatic 

species within these subwatersheds are the arroyo toad, California red-legged frog, and the Santa Ana 

sucker. Estimated average baseline annual erosion level for these subwatersheds is 35.42 tons/acre/year. 

As detailed in Table 5, with construction of Alternative 3, predicted average annual erosion would be 

35.82 tons/acre/year, an increase of 1.35 percent over baseline. Of the three subwatersheds, Agua Dulce 

Canyon would have the largest potential increase (2.04 percent) over baseline conditions from 

construction of Alternative 3. 
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FIGURE 1. BASELINE RUSLE EROSION MODEL RESULTS AND ASSOCIATED HYDROLOGIC UNITS 
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TABLE 3. RUSLE EROSION RESULTS FOR ALTERNATIVE 1 

HUC NUMBER HUC12 NAME 
AREA 

(ACRES) 

BASE AVERAGE 
ANNUAL EROSION 
(TONS/ACRE/YEAR) 

PROJECT AVERAGE 
ANNUAL EROSION 
(TONS/ACRE/YEAR) 

CHANGE 
INCREASE 

OVER BASE 
(%) 

SENSITIVE SPECIES  
WITHIN THIS HUC 

180701020507 Gorman Creek 23,544 29.36 29.47 0.11 0.36 ― 

180701020509 Liebre Gulch-Piru Creek 14,137 35.27 36.07 0.80 2.26 ARTO 

180701020603 Lake Piru-Piru Creek 34,242 66.26 66.40 0.14 0.21 ARTO 

180701020305 Middle Castaic Creek 11,920 55.25 55.68 0.42 0.77 ARTO 

180701020303 Upper Castaic Creek 24,059 47.35 47.47 0.12 0.24 ARTO 

180701020202 Lower Bouquet Canyon 22,072 39.93 40.10 0.17 0.41 ARTO, CRLF 

180701020306 Lower Castaic Creek 30,292 41.85 42.32 0.47 1.13 ARTO, CRLF. SAS 

180701020402 San Francisquito Canyon 31,691 69.93 69.97 0.03 0.05 ARTO, CRLF 

Average 23,995 48.15 48.43 0.28 0.68  

 

TABLE 4. RUSLE EROSION RESULTS FOR ALTERNATIVE 2 

HUC NUMBER HUC12 NAME 
AREA 

(ACRES) 

BASE AVERAGE 
ANNUAL EROSION 
(TONS/ACRE/YEAR) 

PROJECT AVERAGE 
ANNUAL EROSION 
(TONS/ACRE/YEAR) 

CHANGE 
INCREASE 

OVER BASE 
(%) 

SENSITIVE SPECIES  
WITHIN THIS HUC 

180701020301 Elizabeth Lake 11,409 21.93 22.28 0.35 1.59 ― 

180701020202 Lower Bouquet Canyon 22,072 39.93 40.24 0.31 0.77 ARTO, CRLF 

180701020402 San Francisquito Canyon 31,691 69.93 70.76 0.83 1.18 ARTO, CRLF 

Average 21,724 43.93 44.43 0.50 1.18  

 

TABLE 5. RUSLE EROSION RESULTS FOR ALTERNATIVE 3 

HUC NUMBER HUC12 NAME 
AREA 

(ACRES) 

BASE AVERAGE 
ANNUAL EROSION 
(TONS/ACRE/YEAR) 

PROJECT AVERAGE 
ANNUAL EROSION 
(TONS/ACRE/YEAR) 

CHANGE 
INCREASE 

OVER BASE 
(%) 

SENSITIVE SPECIES  
WITHIN THIS HUC 

180701020106 Mint Canyon 18,661 39.05 39.79 0.74 1.89 ― 

180701020107 Sand Canyon-Santa Clara River 38,533 47.69 47.75 0.05 0.11 ARTO, CRLF, SAS 

180701020104 Agua Dulce Canyon 18,812 19.51 19.91 0.40 2.04 CRLF, SAS 

Average 25,335 35.42 35.82 0.40 1.35  

ARTO = Arroyo toad (Anaxyrus californicus) 

CRLF = California red-legged frog (Rana draytonii) 
SAS = Santa Ana sucker (Catostomus santaanae) 
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Rates of erosion are dependent on scale. Smaller watersheds at higher elevations tend to have higher 

predicted rates of erosion than larger watersheds at lower elevations. In the Angeles National Forest, 

smaller watersheds generally have steeper slopes and greater relief, tend to receive a greater amount of 

precipitation than lower-lying watersheds, and are flushed more readily by storm runoff. Vegetation also 

plays a role in erosion, acting as a biological barrier by intercepting precipitation and causing it to 

dissipate its kinetic energy on leaves and other plant structures (Howard 1982). When vegetation is 

removed, either by natural means (e.g., wildfires) or by artificial means (e.g., vegetative clearing for 

construction purposes), soils are left relatively open to erosive influences. 

 

Traditionally, the RUSLE model has been applied to agricultural lands where the cover is relatively 

uniform and slopes are relatively level. Since its development, use of the RUSLE model has been 

extended to predict erosion in such non-traditional settings as construction sites, reclaimed mine spoils, 

and erosion on steep slopes in the tropics. In non-traditional settings where the RUSLE model generates a 

value for A of > 20 tons/acre/year, the expected accuracy rate is ± 35 percent (Yoder et. al. 2001).  

 

The purpose of this analysis was not to calculate a precise quantity of sediment delivered to catchments 

within the study area, but to use the predicted volumes of soil loss to qualitatively compare the erosional 

effects of each BRRTP alternative route within the Angeles National Forest. In this respect, the predicted 

magnitude of change between pre- and post-project erosion, and between each alternative, is more useful 

to planners than a precise prediction of sediment delivered to a given outlet. The results of this analysis 

will allow for a side-by-side comparison of potential impacts from erosion resulting from each alternative, 

and allow for a more specific assessment of Project-related potential impacts to sensitive aquatic species 

within the study areas. 

 

A RUSLE analysis was conducted for the Tehachapi Renewable Transmission Project (TRTP), also 

located partially within the Angeles National Forest (SCE 2009). Fourteen catchments were modeled in 

the TRTP analysis; catchment areas ranged from 1,879 acres to 55,471 acres (average area 19,989 acres), 

and predicted post-project annual erosion levels ranged between 3.6 tons/acre/year and 31.5 

tons/acre/year. Predicted annual erosion increase over base values ranged from 0.4 percent to 13.0 percent 

(average increase over base was 4.06 percent). Predicted erosion increases predicted for the BRRTP are 

consistent with values predicted for the TRTP, especially considering similarities in terrain, rainfall 

levels, fire history, and vegetation cover between the two study areas. 

 

It is important to note that the predicted rates of erosion do not reflect the amount of sediment that would 

be transported out of the watersheds; rather, the predicted values are an estimation of erosion that would 

occur as a result of construction and operation of the BRRTP. In actuality, much of the sediment eroded 

from construction areas and roads would be redeposited before leaving the watershed. A Spatially 

Explicit Sediment Delivery Model (SEDMOD) would be required to predict the quantity of eroded 

material that leaves the watersheds as sediment.  

 

SEDMOD is expressed as follows: 

 

SDR = 39 A-1/8 + ∆DP 

 

Where SDR = sediment delivery ratio 

A = watershed area in square kilometers 

∆DP = difference between the composite delivery and its mean value 

 

Delivery Potential is determined as follows: 

 

DP = (SG)r(SG)w + (SS)r(SS)w + (SP)r(SP)w + (ST)r(ST)w + (OF)r(OF)w 

 

Where SG = slope gradient 

SS = slope shape 
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SR = surface roughness 

SP = stream proximity 

ST = soil texture 

OF = overland flow index 

r = parameter rating (1 – 100) 

w = weighting factor (0 – 1)  

 

Once gross soil loss and sediment delivery ratio are determined, sediment load is estimated as follows: 

 

SY = A ∙ SDR 

 

Where SY = Sediment Yield 

A = Gross Soil Loss 

SDR = Sediment Delivery Ratio 

 

SEDMOD modeling was outside the scope of this analysis; however, SEDMOD modeling using RUSLE 

analysis results for the TRTP watersheds estimated that only 10 percent of the predicted annual erosion 

would reach the catchment outlets as sediment (SCE 2009). Taking into account the similarities of 

topography, soils, and watershed areas between the TRTP and the BRRTP study areas, it is reasonable to 

expect similar predicted sediment delivery values for the BRRTP study area. 

 

It is also important to note that, due to the scale of this analysis, the predicted post-Project erosion values 

do not reflect implementation of BMPs or mitigation measures. Where site conditions are modeled 

assuming implementation of BMPs, RUSLE erosion predictions are from 52 percent to 93 percent lower 

than without BMP implementation (Wachal et. al. 2008).  

 

The post-Project erosion rates predicted in this analysis represent a worst-case scenario in which no 

BMPs or mitigation measures are implemented and all eroded material leaves the study area as sediment. 

The BRRTP would implement appropriate erosion- and sediment-control BMPs and mitigation measures 

throughout all stages of construction. Furthermore, the model reflects erosion rates within the first year 

after construction, and does not account for natural revegetation. Assuming the more conservative 

estimate of 52 percent reduction in erosion rates, implementation of erosion- and sediment-control BMPs 

and mitigation measures would reduce average predicted post-Project erosion rates in Alternative 1 to 

48.30 tons/acre/year, in Alternative 2 to 44.18 tons/acre /year and in Alternative 3 to 35.63 tons/acre/year. 

Increases in erosion rates over base would average 0.33 percent in Alternative 1, in Alternative 2 to 0.58 

percent, and in Alternative 3 to 0.64 percent. 
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