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CHAPTER 1 - INTRODUCTION 

1.1 Background 

The Erosion Control BMP Program includes the identification and prioritization of existing 
roadside areas within HDOT Highways rights-of-way on Oahu that exhibit soil erosion problems 
not associated with current or planned construction projects.  The following methodology was 
used to derive a prioritized listing: 

 
• Perform field operations; 
• Perform soil loss calculations; and 
• Develop quantitative criteria for evaluating island-wide erosion. 

A detailed description of the methodology is provided in Chapter 2.  

1.2 Objectives 

The objectives of this report include the following: 

• To identify and prioritize erosional areas on the island of Oahu within HDOT Highways 
rights-of-way based upon water quality impacts as a priority;  

• To ensure that erosional areas with the potential for significant water quality impact, but with 
limited public safety concerns are also considered a high priority for remediation.  Erosional 
areas with the potential for significant water quality impact shall include areas where there is 
evidence of rilling or gullying; or other evidence of significant sediment transport and that are 
located within High-Priority Watersheds.  High-Priority Watersheds are defined in Section 
2.3.   
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CHAPTER 2 - METHODOLOGY 

2.1 Field Operations 

The field operations consisted of identifying and documenting potential erosional areas within 
the State Right-of-Way.  The following activities were conducted between May and September 
2006: 
 

• Visual inspections of all areas along the State highways by a crew of two to three 
persons, using GPS units to precisely locate the extent of the erosional area if identified.  
See Appendix A for sample GPS data input screen; 

 
• Collect the following information about erosional area: 

− Length, 
− Approximate width, 
− Approximate Slope (measurements taken via SmartLevel®, where feasible), 
− Percent of vegetative cover, 
− Type of vegetative cover, 
− Type of erosion, and 
− Photographs; 

Sheetwash was identified as the most common form of erosion.  Also, numerous areas were 
observed to exhibit rilling.  Gullying and mass movement were much less common.  For the 
purposes of this task, sheetwash was identified as areas of relatively uniform soil removal with 
no clearly defined flow paths; rilling was identified as surface flows which result in rills less than 
12 inches in depth; gullying was identified as an advanced stage of rill erosion with concentrated 
water flows forming scour channels greater than 12 inches in depth.  Mass movement was used 
to identify areas that exhibit landslides or rockfalls. 

Georeferenced aerial photographs and City and County GIS data layers were used to 
supplement the field operations where necessary.  The limits of erosional areas were refined 
based on this information for locations where the extent of erosion was not completely visible 
from the roadway.  Aerial photos were also used to identify potential erosional areas along 
roadway embankments.  These areas constitute locations that are not readily visible from the 
driver’s perspective due to drop-offs along the roadside. 

2.2 Soil Loss Calculations 

The Universal Soil Loss Equation (USLE) was used for the soil loss calculations.  It predicts the 
long-term average annual rate of soil loss based on rainfall patterns, soil type, topography, 
ground cover vegetation, and management practices.  The USLE represents the best available 
estimates for sheet and rill erosion, but is less accurate when applied to gullying.  This method 
is not accurate in predicting soil loss due to mass movement since landslides occur as an 
incident, rather than a gradual process.  However, the USLE is still considered applicable to 
these locations since future erosion of the flattened bare slope would be subject to the other 
forms of erosion.  Therefore, in order to provide a uniform basis of comparison for predicting 
future soil loss, the USLE was applied to all sites, regardless of the type of observed erosion. 
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The Universal Soil Loss Equation is expressed as: 
 

A  = R*K*(LS)*C*P,  
 
where:   

 

 
The R values were obtained from the hyetograph provided in Rules Relating to Soil Erosion 
Standards and Guidelines.  A minimum value of 190 and a maximum value of 450 were used for 
the computations. 
 
The soil type was obtained from the City and County of Honolulu’s GIS layers.  The 
corresponding K-values were determined by Table 14 of the Rules Relating to Soil Erosion 
Standards and Guidelines.  Where applicable, a weighted K-value, based on a proportional 
area, was applied to the equation to provide an accurate representation of the varying soil types 
within the erosional area.   
 
The higher severity erosional areas are generally characterized by steep slopes (nearly vertical 
to 1H:1V slope faces).  For these locations, the calculated LS factor represents an extrapolation 
of the formula provided in Table 16 from the Rules Relating to Soil Erosion Standards and 
Guidelines. 
 
The C value was interpolated from the data provided in Table 20 of the Rules Relating to Soil 
Erosion Standards and Guidelines. 
 
It was assumed that no mechanical or engineering erosion control measures were in place or 
were planned to be placed at any of the study sites.  Therefore, a P value of 1 as selected for all 
sites. 
 
In the future, the method for determining soil loss will be evaluated which may result in using 
more refined methods of calculating soil losses. 

2.3 Quantitative Criteria 

High priority sites were identified among the erosional areas by using the USLE equation, and 
other factors, including the erosion area, watershed priority, and water classification.  The 
ranking criteria (erosion values) are based on the following equation:  

Erosion Value = (USLE) x (erosion area) x (watershed factor) x (water classification factor). 

A = Computed soil loss per unit area 
R = Average annual values of rainfall factor 
K = Soil erodibility factor 
LS = Combined Slope-length and Slope-gradient factors 
C = Protective effect of ground cover and management factor 
P = Mechanical or engineering erosion control measures factor 
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Watershed Factor 

Each watershed was categorized into one of four classifications to determine the watershed 
factor.  Critical watersheds are defined as those which have been designated by the EPA as a 
Wasteload Allocation (WLA).  This constitutes the highest tier of the prioritization ranking and is 
assigned the largest weight factor of 4.  The five watersheds that comprise this group are Kawa, 
Waimanalo, Ala Wai, Kawainui, and Kaelepulu.  The second tier consists of the high priority 
watersheds as defined in the Consent Decree, Appendix A (Civil Action No. CV05-00636) and is 
assigned a weight factor of 3.  High priority watersheds include Aiea, Halawa, Kalauao, Kalihi, 
Kaneohe, Kapakahi, Kaukonahua, Keaahala, Kiikii, Nuuanu, Paukauila, Poamoho, Waiawa, 
Waikele, Waimalu, and Waipio.  The third tier consists of those watersheds that appear on 
EPA’s 303(d) list of impaired waters based on turbidity or total suspended solids.  This group is 
assigned a weight factor of 2 and includes Anahulu, Hanauma, Helemano, Honouliuli, Kaaawa, 
Kahaluu, Kahaluu Segment, Kahawainui, Kapalama, Kaupuni, Kawaiiki, Kawailoa, Koko Crater, 
Makaha, Makaiwa, Moanalua, and Opaeula.  The bottom tier consists of all remaining 
watersheds and is assigned a weight factor of 1. 

Water Classification Factor 

For the water classification factors, Class A waters were assigned a weight factor of 1, and 
Class AA waters were assigned a weight factor of 1.2, or 20% greater than Class A waters.  
Watersheds that outfall to Class AA waters include: Manini, Kaluakauila, Anahulu, Loko Ea, 
Kahana, Hakipuu, Waikane, Waianu, Waiahole, Kaalaea, Haiamoa, Waihee, Kahaluu, 
Ahuimanu, Kahaluu segment, Heeia, Keaahala, Kaneohe, Kawa, Puu Hawaiiloa, and Makapuu.  
All remaining watersheds were assumed to drain to Class A waters. 
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CHAPTER 3  - SUMMARY OF RESULTS 

3.1 Summary of Results 

A total of 934 erosional sites were documented between May and September 2006.  Each site 
was evaluated for erosion potential and ranked according to the erosion value as defined in 
Section 2.3 Quantitative Criteria.  Based on this analysis, a list of the top twenty island-wide 
erosional areas was compiled (Refer to Table 3.1).  As illustrated in Figures 3.1 and 3.2, these 
high priority sites are clustered within the Windward Oahu and Central Oahu areas.  It should be 
noted that this ranking of high priority erosional sites is subject to change pending a more 
comprehensive, site-specific engineering analysis. 

Table 3.1:  Top 20 High Priority Sites 
 

From To

1 219 61 Kalanianaole Hwy 8.44 8.51 2177 $110,000
2 220 61 Kalanianaole Hwy 8.27 8.39 1600 $160,000
3 223 61 Kalanianaole Hwy 8.41 8.50 1071 $80,000
4 127 72 Kalanianaole Hwy 0.90 0.95 1025 $185,000
5 504 80 Kamehameha Hwy 0.71 0.90 691 $90,000
6 507 80 Kamehameha Hwy 0.52 0.64 668 $60,000
7 138 83 Kahekili Hwy 38.46 38.57 498 $180,000
8 149 99 Kamehameha Hwy 14.11 14.16 469 $50,000
9 150 99 Kamehameha Hwy 14.11 14.17 457 $75,000
10 419 72 Kalanianaole Hwy 1.36 1.55 452 $165,000
11 136 83 Kahekili Hwy 38.06 37.10 448 $75,000
12 505 80 Kamehameha Hwy 0.71 0.86 447 $75,000
13 207 H-3 Interstate H-3 11.84 12.08 438 $835,000
14 521 99 Wilikina Drive 7.67 7.80 421 $130,000
15 516 99 Kamehameha Hwy 15.04 15.15 417 $75,000
16 418 61 Kamehameha Hwy 9.17 9.25 413 $50,000
17 421 72 Kalanianaole Hwy 1.81 1.91 361 $85,000
18 999 H-3 Haiku Access Road - - 348 $40,000
19 510 99 Kamehameha Hwy 11.16 11.45 344 $165,000
20 125 72 Kamehameha Hwy 0.85 0.93 317 $125,000

Est imated
Remediat ion

Cost

MilepostSite
Rank

Route
# RouteSite

ID #
Erosion
Value
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Figure 3.1:  High Priority Erosional Sites in Windward Oahu 

 

Twelve of the top twenty erosional sites are located in the Windward area, where critical 
watersheds and Class AA waters are prevalent.  The general soil classification is of the 
Lolekaa-Waikane association, which comprises approximately 15 percent of the island.  This 
association is characterized by well-drained, fine to moderately fine textured soils on uplands, 
fans, and terraces.  They formed in old alluvium and material weathered from basic igneous 
rock.  These soils range from nearly level to very steep; however, all of the high priority sites in 
this area exhibit nearly vertical faces, some exceeding 40 feet in height. 

The remaining high priority sites (8 of 20) are located in central Oahu.  The soil in this area is 
identified by the Helemano-Wahiawa association, which comprises approximately 18 percent of 
the island.  This association consists of well-drained, moderately fine textured and fine textured 
soils on uplands that formed in material weathered from basalt.  These soils are generally nearly 
level to moderately sloping; however, all of the high priority sites identified in this region were 
observed to have slope faces of 100% or greater. 

For cost estimating purposes, it was assumed that all sites would be treated with either a 
hydraulically applied flexible erosion control blanket or hydro-mulch with gypsum binder.  These 
applications include soil amendments, fertilizer, and a seed mixture.  The advantage of this 
application is that it can be applied to an irregular slope face without extensive preparation such 
as re-grading or cutting the existing slope face.  It should be noted that this measure is a low-
cost alternative and does not include a permanent irrigation system.  Therefore, upon 
completion of a more detailed site analysis (geotechnical, agronomical, investigation), a  
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Figure 3.2:  High Priority Erosional Sites in Central Oahu 

 

more costly remediation measure may be recommended, as appropriate.  It was further 
assumed that a temporary silt fence would be constructed along the bottom of the eroded slope 
for increased retention of on-site soil.  Maintenance costs have also been accounted for in the 
cost estimates.  
 
Additional information for the Top 20 sites is provided in Table 3.2, and individual site reports 
are included in Appendix B.  A comprehensive list of all erosional areas evaluated in the study  
is provided in Appendix C.   A data disk containing the electronic files of the site reports for all 
documented locations is included in Appendix D. 
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Table 3.2:  Top 20 High Priority Sites – Site Characterization 
 

Site
Rank

Approx.
Slope Cover Erosion

Type Soil Type Watershed Water
Class

Soil Loss 
(tons/yr)

1 ~Vertical 0% Rilling ALF Kawainui A 544
2 1H:2V 20% Sheetwash ALF Kawainui A 400
3 1H:2V 10% Sheetwash ALF Kawainui A 268
4 1H:2V 30% Rilling AeE Kawainui A 256

5 1H:1V 40% Sheetwash  HLMG
WaA, WaB Kaukonahua A 230

6 1H:2V 5% Sheetwash HLMG Kaukonahua A 223
7 1H:1V 20% Rilling WpE Heeia AA 415
8 1H:2V 0% Sheetwash HLMG Waikele A 156
9 ~Vertical 30% Sheetwash HLMG Waikele A 152
10 1H:2V 40% Rilling ALF, AeE Kaelepulu A 113
11 1H:2V 5% Rilling WpE Heeia A 373

12 1H:1V 20% Sheetwash  HLMG
WaA, WaB Kaukonahua A 149

13 1H:2V 80% Sheetwash KHOF,ALF Kaneohe A 122
14 1H:2V 40% Sheetwash  HLMG Kaukonahua A 140

15 ~Vertical 20% Sheetwash LaB, MuB Waikele
Kapakahi A 139

16 1H:2V 10% Sheetwash rSY, AeE Kawainui A 103
17 1H:1V 30 Rilling AeE Kaelepulu A 90
18 1H:2V 5 Mass Movement ALF, LoD Keaahala AA 97
19 1H:1V 30 Sheetwash WaA Waikele A 115
20 1H:2V 40 Rilling AeE, ALF Kawainui A 79

 

3.2 Limitations 
 
The findings presented in this report are based upon information obtained from visual field 
inspections conducted during the dates listed in Section 3.1 Summary of Results.  The degree 
of erosive conditions is subject to change subsequent to the date of the field survey.  The nature 
and extent of these variations may not be evident until subsequent field visits, at which time, a 
reevaluation of the site may be required. 
 
The “Soil Loss” values as shown in Table 3.2 are used as the basis of prioritization, as 
discussed in Section 2.2 of this report.  These values are not to be considered the actual soil 
loss rates for these sites.  In the future, prioritization of erosional sites will be reevaluated, which 
may include the use of more refined methods of calculating soil losses. 
 
A gross total of 934 erosional sites were documented between May and September 2006.  No 
threshold value was established for “significant” water quality impacts.  However, in the future, 
the total number of erosional sites may be reduced based upon the application of allowable soil 
loss rates, which may vary throughout the island of Oahu 
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3.3 Implementation Schedule 
 
Appendix C contains the current prioritized list of erosional areas for the island of Oahu.  This 
prioritized list will be revised periodically, and it will be implemented as funding becomes 
available.  The FY07 design of mitigation measures for the next grouping of erosional areas as 
defined in MS4 Permit Part D.1.f.(3)(a)(ii) is proceeding from the highest ranked site (i.e. Site ID 
#219) in a descending order.  The 10 highest priority sites or up to a maximum of $1.5 million 
construction budget will be used to select the next sites for erosion control mitigation work.  The 
construction of the mitigation measures for the FY07 erosional areas will be completed within 
two (2) years of the revised MS4 SWMPP submittal per MS4 Permit Part D.1.f.(3)(a)(ii). 
 
The initial ten sites as defined in the Consent Decree, Appendix D are currently under 
construction at the time of the writing of this report (March 2007).  The construction of the 
mitigation measures for these initial ten sites will be completed by the January 30, 2008 
completion date as specified by Consent Decree Injunctive Relief Item No. V.9.d.  Discussion of 
the initial ten sites can be found in Plan for the Completion of the 10 Erosion Control Projects at 
the Sites Listed in Consent Decree, Appendix D, July 2006. 
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Sample Data Input Screen for GPS Unit 
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