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1.0 Introduction 

This Feasibility Report (Report) has been developed pursuant to the Storm Water Quality 
Improvement Committee (SWQIC) guidelines for water quality and erosion control projects (ECP) 
in the Lake Tahoe Basin and has been prepared by the County of El Dorado Community 
Development Services, Department of Transportation (Transportation).  This Report includes an 
analysis of the existing conditions and an analysis of potential alternatives for the Oflyng Water 
Quality Project (Project). 

The Oflyng Water Quality Project has been initiated to address impacts from urban development 
in the Oflyng residential area. These impacts have resulted in a concentrated flow of storm water 
from the County of El Dorado (County) rights-of-way (ROW) to drainages that are connected to 
the Upper Truckee River and Trout Creek, both of which are tributary to Lake Tahoe.  The 
hydrologic connectivity between Lake Tahoe and the Oflyng area results in a high to moderate 
potential to deliver fine sediment to Lake Tahoe.  The completion of this water quality project will 
help reduce the delivery of fine sediment to the Upper Truckee River and Trout Creek, and in turn 
Lake Tahoe. 

The Project site is within an existing residential development located in the community of Meyers 
in South Lake Tahoe, bordered by Skyline Drive to the north, Elks Club Drive to the east, Pioneer 
Trail to the south, and Southern Pines Drive to the west (Figure 1). The Project is identified in 
TRPA’s Environmental Improvement Project (EIP) list as project number 01.01.01.0074 (formerly 
EIP 189) and is located within the TRPA designated Priority 2 Watersheds 44 (Upper Truckee 
River) and 43 (Trout Creek). 

This project proposes to provide water quality improvements to the project area.  Infiltration 
improvements are proposed within the County ROW and on publicly owned parcels throughout 
the Project area.  Storm water runoff from the Project will be directed into infiltration improvements 
providing a direct reduction in the transport of fine sediment to Lake Tahoe. It is also anticipated 
that urban stormwater infrastructure will be upgraded to current design specifications with 
conveyances improved to allow for proper flow sizing and routing.  The effects of climate change 
will also be taken into consideration to ensure that flow sizing, routing, and treatment are 
addressed for future conditions. The Project will not change the use of the site or surrounding 
area. 

In 2017 Transportation requested and received a portion of the funds from the State Water 
Resources Control Board necessary to develop the Planning, Environmental, and Engineering 
documents.  The County will pursue site improvement funding to construct the project as 
opportunities are available. 

This Report will provide background on existing information concerning the Project area and 
provide an understanding of how Transportation identifies potential water quality, erosion control, 
and storm water hydrologic and pollution problems.  Transportation utilized the CTC’s Preferred 
Design Approach (PDA) guidelines,1 the SWQIC process,2 and the County of El Dorado Drainage 
Manual3 to develop this Report. 

2.0 Project Overview 

The primary problems to be addressed with this Project are defined under CTC guideline 
categories as Source Control (SC), Hydrologic Design (HD), or Treatment (T).  These categories 
include, but are not limited to, the following sub-categorically defined areas:  
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1. Untreated discharge of storm water runoff and snow melt via tributaries into Lake 
Tahoe. 

2. Eroding cut slopes and roadside ditches along the County rights-of-way (ROW). 

3. Sediment accumulation along roads with subsequent discharge into watercourses. 

4. Poor surface runoff water quality. 

5. Sediment migrating from private parcels to County ROW. 

To discuss the Project and obtain agency and public input, a project development team (PDT) 
meeting with agency and utility company staff will be held in October 2018 and a request for 
public comment will be sent out shortly thereafter. 

Tahoe Basin Goals and Objectives 

The five key milestones within the development of storm water and erosion control goals and 
objectives within recent Tahoe regulatory history include: 

1. Pursuant to the requirements of Section 208 of the Clean Water Act, the TRPA prepared 
a Water Quality Management Plan (208 Plan) in 1978 for the Lake Tahoe Basin and 
revised the plan in 1988.4  The 208 Plan identifies erosion, runoff, and disturbance 
resulting from development, such as subdivision roads, as primary causes of the decline 
of Lake Tahoe’s water quality.  The 208 Plan also mandates that capital improvement 
projects such as this Project be implemented to bring all County roads into compliance 
with Best Management Practices (BMPs) by the year 2008. 

2. In the early 1980’s, the Lahontan Regional Water Quality Control Board (Lahontan) 
adopted a Basin Plan that also mandated that BMPs be implemented within the Tahoe 
Basin to protect the water quality of Lake Tahoe and its tributaries (see Chapter 5 of the 
Basin Plan). 

3. In 1987, the CTC completed a report entitled, “A Report on Soil Erosion Control Needs 
and Projects in the Basin,” that further identified specific project areas for BMP retrofit. 

4. In 1997, TRPA developed a Basin-wide EIP that defined various projects in need of BMP 
retrofits.  This list of projects with assigned project numbers was also linked to the 1987 
CTC Report. 

5. In 2011 the Total Maximum Daily Load (TMDL) was adopted by Lahontan.  One of the 
requirements of the TMDL is for local California jurisdictions within the Lake Tahoe Basin 
to take appropriate measures to decrease pollutant loading to Lake Tahoe from 
urbanized areas. 

2.1 Project Goals and Objectives 

Urban development in the Oflyng residential area has resulted in a concentrated flow of storm 
water from the County of El Dorado (County) right-of-way (ROW) directed to pervious forested 
land as well as the Upper Truckee River. The hydrologic connectivity between Lake Tahoe 
and the Oflyng area results in a high to moderate potential to deliver fine sediment to Lake 
Tahoe. The completion of this water quality project will help reduce the delivery of fine 
sediment to the Upper Truckee River and in turn Lake Tahoe. 

The Project objectives represent physical conditions that can be measured to assess the 
success of the Project in achieving the Project goals.  The Project will conform to the 
Preferred Design Approach as detailed in the SWQIC process. 
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The Project goals and objectives are as follows: 

Goals Objectives 

1. Reduce the amount of very fine 
inorganic sediment by 12%, fine 
inorganic sediment by 25%, and 
coarse inorganic sediment by 33% 
from the urbanized watershed 
bounded by the Project boundary or 
to the maximum extent practicable 
prior to discharging into Lake Tahoe. 
Very fine sediment is defined as 
particles with a diameter of 20 
microns or less (<20 μm), fine 
sediment is defined as particles which 
pass a #200 sieve (<74 μm), and 
coarse sediment is defined as 
particles retained on or greater than 
the #200 sieve (>74 μm). 

Stabilize eroding slopes with County 
approved slope stabilization (Source 
Control) BMPs; 

Stabilize eroding channels/ditches with 
County approved channel or road 
treatment source control BMPs; 

Utilize various County approved 
sediment trapping BMPs (CMP inlets, 
infiltration, sediment basins, etc.) to 
capture sediment from impervious 
surfaces and eroding areas; 

Capture de-icing abrasives tracked in 
from local roads and highways to prevent 
discharge to watercourses; and, 

Define and increase the sweeping 
frequency within the ROW as funding 
and resources are available.  Current 
County sweeping frequency is a 
minimum of once per year. 

2. Reduce the 25-year, 1-hour storm 
surface water volume from the 
urbanized watershed bounded by the 
Project boundary by a volume 
associated with the “first flush” or to 
the maximum extent practicable prior 
to discharging into Lake Tahoe. 

Utilize County ROW and publicly owned 
parcels to capture, store, and infiltrate a 
portion of the 25-year, 1-hour volume, 
which are at main discharge points within 
the watersheds; and, 

Utilize various County approved 
infiltration and storage BMPs prior to 
discharging into the Upper Truckee 
River. 

3. Reduce the 25-year, 1-hour storm 
surface water peak flow from the 
urbanized watershed bounded by the 
Project boundary to the maximum 
extent practicable prior to discharging 
into Lake Tahoe. 

Utilize County ROW and publicly owned 
parcels to detain, spread, and infiltrate 
the storm water within the watershed 
prior to discharging into the Upper 
Truckee River without violating drainage 
laws; and 

Utilize various storm water drainage 
systems, which increase the time of 
concentration and reduce the peak 
discharge to the main discharge points 
into Lake Tahoe. 
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4. Community outreach with 
homeowners on the importance of 
Best Management Practices (BMP) 
and dry weather discharges.  

Helping homeowners coordinate with the 
Tahoe Regional Planning Agency 
(TRPA) and Tahoe Resource 
Conservation District (TRCD) for BMP 
solutions.  Includes homeowner 
utilization of the TRPA Home 
Landscaping Guide for evaluating and 
developing BMP solutions for driveways 
within the limits of the Project area. 

 

2.2 Measures of Progress 

TRPA is now using performance measures (PM) to monitor the effectiveness of the key 
thresholds associated with the Environmental Improvement Program (EIP).  This Project (EIP 
No. 01.01.01.0074) has two (2) separate performance measures with corresponding 
definitions: 

5 - Miles of Road Treated 

The amount of city, county, state, and federal roads that are retrofitted or obliterated to reduce 
stormwater pollution through capital improvements.  Operations and maintenance activities 
are captured by other PMs.  This PM is reported in three categories of treatment priority based 
on water quality risk.  Treating high-priority roads reduces stormwater pollution and cost-
effectively improves the clarity of Lake Tahoe. This includes the use of Low Impact 
Development principles to address treatment of stormwater near the source. 

6 - Miles of Street Sweeping 

Miles of city, county, and state roads that are swept to reduce stormwater pollution during 
each EIP reporting year as part of regular operations and maintenance procedures.  Capital 
stormwater infrastructure improvement activities are captured by other PMs.  Sweeping 
streets reduces a major source of pollutants in stormwater runoff that flows to Lake Tahoe and 
works toward reducing clarity loss. 

The performance measures for this Project are shown in Table 1. 

Table 1 – Performance Measures 

PM PM Indicator PM Unit of Benefit 

5 Road Priority Miles Retrofitted 

6 Sweeper Type Miles Swept 

2.3 General Site Description 

The Project is located in the south section of the Lake Tahoe Basin within portions of Sections 
21, 28, and 29, Township 12 North, Range 18 East, Mount Diablo Meridian. 

The total Project area is approximately 112 acres and encompasses County of El Dorado 
ROW as well as CTC, USFS, and privately owned residential lots.  Subdivisions within the 
Project area include Country Club Heights Unit No. 5 and Tahoe Paradise Unit No. 48.  
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Improvements within the Project area include paved County roads ranging between 
approximate widths of 25-feet to 40-feet within ROW that varies in width between 50-feet to 
approximately 100-feet, unpaved roads, rock and concrete slope protection, timber and 
concrete block retaining walls, dike, storm drain systems, sediment basins, check dams, 
channels, and overhead and underground utilities.  Portions of the paved County roads may 
not be centered within the ROW. 

Within the Project area approximately 33% of the parcels are owned by the CTC, or the 
USFS.  The majority of the privately owned parcels have been developed with single-family 
residences. 

Urban development within the Project area resulted in concentrated storm water flows from 
the County ROW and developed parcels to be directed via dike, roadside ditch, and storm 
drain pipe toward the State ROW or onto forested open space prior to runoff reaching 
drainages that are connected to the Upper Truckee River and Trout Creek, both of which are 
tributary to Lake Tahoe.  Previous work completed in 1989 included the addition of rock outlet 
projection, curb and gutter, and some retaining wall work along Pioneer Trail (southern border 
of project) as part of a 1989 project to address earlier identified wate quality issues 

3.0 Existing Site Characteristics 

3.1 Topography 

As presented on Figure 2, the approximate elevation range of the Project area is 220 feet 
(from 6,315 to 6,535 feet above mean sea level (NGVD 1929)).  Project area topography 
consists of gently sloping to steep terrain with typical slopes ranging from 3% to 30% with 
some areas exceeding 60% as shown on Figure 3. 

3.2 Geology 

A preliminary review of regional geology within the Project area has shown that this 
geomorphic unit has flat to moderate slopes and moderate to steep slopes, weathered rock 
outcrops, and one main geologic map unit as shown on Figure 4.5  Characteristics of this map 
unit are described below.6 

Pre-Tahoe till (Pleistocene) (Qm5) 

Till is moderately dissected, terminal moraines are deeply eroded, some moderately well 
preserved lateral moraines with rounded crests.  Well developed soil profile.  Granitic blocks in 
soil thoroughly disintegrated to grus; volcanic and metamorphic rocks are weathered.  Till is 
well-compacted. Age, more than 100,000 years.  
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Hydrology 

The United States Geological Survey (USGS) has divided the Tahoe Basin into 110 
hydrologic basins and intervening areas contributing to outflow from Lake Tahoe.7  The 
majority of the Project area is located within USGS hydrologic basin 73 with a small portion at 
the northeast within USGS hydrologic basin 72.  Basin 73 has a drainage area of 56.5 square 
miles and is defined as the Upper Truckee River at Mouth.  The watershed drains into the 
Upper Truckee River from the subdivisions through established storm drains, surface 
channels, and detention basins.  Basin 72 has a drainage area of 41.2 square miles and is 
defined as Trout Creek at Mouth.  The watershed drains into Saxon Creek from the 
subdivisions through established storm drains, surface channels, and detention basins.  The 
USGS basins are depicted in Figure 5. 

Runoff flowing throughout the Project area is directed toward drainage facilities within County 
and Caltrans ROW before reaching the Upper Truckee River and Trout Creek.  Transportation 
has divided the Project area into ten primary watersheds using topographic mapping based on 
LiDAR developed in 20138 and field surveys.  Watershed A, on the southwest end of the 
Project area, drains into a channel and spreads into a channel system on USFS (APN 08-102-
003) and State of California (APN 03-427-039) owned lands.  This channel system also 
contains a detention berm and spillway that was constructed as part of the 2017 Meyers 
Erosion Control Project.  The runoff from this area connects with the Meyers Creek drainage 
system. Watershed B drains into a pipe which conveys the runoff into the same channel 
system as watershed A.  Watersheds C, D, E, F, G, H, & I drain into pipes which convey the 
runoff across Pioneer Trail into a perennial roadside drainage ditch which conveys the runoff 
into the above USFS and State channel system.  Watershed J, on the northwest end of the 
Project area, drains into a pipe which crosses Pioneer Trail and is conveyed into a shallow 
channel on a USFS parcel (APN 08-103-109) which eventually sheet flows into Saxon Creek 
and which drains into Trout Creek.  

A comprehensive hydrological analysis of the Project area is found in Section 4. 

3.3 Soils 

The 2007 NRCS soil survey data for the County of El Dorado Tahoe Basin Area was used to 
determine the primary soils units within the Project area.9  The soils found within the Project 
boundary are presented on Figure 6 and are described below. 

● Christopher loamy coarse sand, 0 to 9 percent slopes (7441).  This soil consists of very 
deep, somewhat excessively drained glacial outwash.  Average total available water in the 
top five feet of soil is 6.6 inches.  There are no hydric soils in this unit.  Hydrologic soil 
group is A and runoff class is low.  Water table is not present within the soil profile. 

● Christopher loamy coarse sand, 9 to 30 percent slopes (7442).  This soil consists of very 
deep, somewhat excessively drained glacial outwash.  Average total available water in the 
top five feet of soil is 6.6 inches.  There are no hydric soils in this unit.  Hydrologic soil 
group is A and runoff class is medium.  Water table is not present within the soil profile. 

● Jabu coarse sandy loam, 0 to 9 percent slopes (7461).  This soil consists of very deep, 
very well drained glacial outwash.  Average total available water in the top five feet of soil 
is 5.4 inches.  There are no hydric soils in this unit.  Hydrologic soil group is A and runoff 
class is low.  Water table is present within the soil profile. 
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 Jabu coarse sandy loam, 9 to 30 percent slopes (7462).  This soil consists of very 
deep, very well drained glacial outwash.  Average total available water in the top five 
feet of soil is 6 inches.  There are no hydric soils in this unit.  Hydrologic soil group is A 
and runoff class is low.  Water table is present within the soil profile. 

 Oneidas coarse sandy loam, 0 to 5 percent slopes (7491).  This soil consists of deep, 
poorly drained glacial outwash and/or till. Average total available water in the top five 
feet of soil is 7.1 inches.  There are no hydric soils in this unit. Hydrologic soil group is 
D and runoff class is very high.  Water table is present within the soil profile.  

 

Land Capability 

All the lands within the Tahoe Basin are divided into seven classes based on soil types, 
potential for erosion, and other related characteristics.10  Lands with a ranking of 1 have the 
highest potential for erosion and 7 the lowest.  Level 1 is also subdivided into three categories: 
1a – least tolerance for use; 1b – poor natural drainage in a stream environmental zone 
(SEZ); and 1c – fragile flora and fauna.  There are three land capability classes within the 
Project boundary as shown on Table 2 and Figure 7.  The Land capability groups were based 
on TRPA Bailey Land Capability data.  A request for Verification of Land Capability by TRPA 
staff will be forwarded shortly for those areas where work is proposed. 

Table 2 – Area Distribution by Land Capability Class 

Land Capability 
Class 

Percent 

4  49% 

5  26% 

6  25% 

3.4 Land Use 

The majority of the Project boundary lies within the TRPA Plan Area Statement (PAS) 120 – 
Tahoe Paradise Meadowvale (Figure 7).  The land use classification for PAS 120 is 
residential, the management strategy is mitigation, and the special designation is none.   
Within PAS 120, the existing use is residential at a density of one single family dwelling per 
parcel.  The planning area is approximately 30 percent built out. 

3.5 Biological Resources 

3.7.1 Wetlands 

Jurisdictional waters of the U.S. are classified into multiple types based on topography, 
edaphics (soils), vegetation, and hydrologic regime.  Primarily, the U.S. Army Corps of 
Engineers establishes two distinctions:  Wetland and non-wetland waters of the U.S.  Non-
wetland waters are commonly referred to as other waters. 

Transportation retained NCE to determine the presence of jurisdictional wetlands.  NCE noted 
the presence of features that appear to conform to the definition of waters of the U.S. per 
Section 404 of the federal Clean Water Act.  A final report describing their findings has been 
submitted to the U.S. Army Corps of Engineers for a determination.  The determinations will 
be taken into account when finalizing the preferred alternative design. 
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3.7.2 Vegetation 

Transportation retained NCE to perform a review of published documents and inventory and 
conducted a field inspection to determine special status plant species, vegetation 
classifications, and invasive/noxious weed species within a one-half mile radius of the Project 
area.  Initial results show the presence of Bull Thistle, Cheatgrass, Klamathweed, and Mullein.  
The results of this study are available for viewing at the Tahoe Engineering office. 

3.7.3 Fish and Wildlife 

Transportation retained NCE to perform a review of published documents and inventory and 
conducted a field inspection to identify special status wildlife species and habitat within and 
adjacent to the Project area.  Results indicate that habitat within the project area is marginal 
and would not support reproductive requirements of special status species.   The results of 
this study are available for viewing at the Tahoe Engineering office. 

3.6 Cultural Resources 

Transportation retained NCE to perform a review of published documents and inventory and, if 
necessary, conduct a field inspection to determine the location and extent of previous 
archaeological inventories in and near the Project area.  However, the final report describing 
their findings has not been complete at the time of this Report.  The findings will be taken into 
account when finalizing the preferred alternative design. 

3.7 Property Network 

The Project property network was developed from GIS data, ROW and recorded subdivision 
maps, and field survey.  The property network depicts County road ROW, and property lines.  
The purpose of the property network is to depict a close representation of the subdivisions for 
planning purposes and is utilized for many of the figures throughout this Report. 

Figure 8 depicts the Project area which is comprised of 213 private lots and 106 public lots 
owned by the CTC, and USFS.  Where necessary, Transportation will begin the process of 
ROW acquisition for easements, special use permits, and license agreements for any affected 
parcels during the development of the preferred design alternative. 

3.8 Utilities 

Numerous underground and overhead utilities are within the Project area.  The Existing 
Utilities Map (Figure 9) was developed from available record information and shows the 
approximate location and utility type.  Utility owners are listed in Table 3. 
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Table 3 – Utility Owner List 

Utility Type Owner Owner Address Contact 

Telephone AT&T 
12824 Earhart Ave 
Auburn, CA 95602 

Astrid Willard 

Electricity Liberty Energy 
933 Eloise Avenue 
S. Lake Tahoe, CA 96150

Andrew Gregorich 

Water & Sewer STPUD 
1275 Meadow Crest Dr 
S. Lake Tahoe, CA 96150

Steve Caswell 

Cable Television 
Charter 
Communications 

9335 Prototype Dr 
Reno, NV 89521 

Anthony Lefanto 

Natural Gas Southwest Gas 
1740 D Street, Unit No. 4 
S. Lake Tahoe, CA 96150

Chris Foster 

3.9 Driveway and Private BMP Inventory 

A driveway and private BMP inventory was not completed for this Project. 

3.10 Maintenance 

During the winter months, the County’s Tahoe Maintenance and Operations removes snow by 
plowing within and adjacent to the Project limits on an as-needed basis.  Snow is plowed 
along every street within the Project area with snow storage occurring on the shoulders and at 
the ends of streets or cul-de-sacs where stacked snow does not interfere with driveway 
access. 

Road maintenance activities in the winter are primarily limited to snow removal.  To improve 
vehicle traction during icy conditions, road abrasives are applied as required throughout the 
Project area.  Sweeping of streets and vactoring of storm drain systems is currently the only 
method of collecting sediment generated by road abrasives, naturally occurring sediment, or 
sediment tracked into the Project area. 

4.0 Existing Hydrology 

4.1 Watershed Characteristics 

Transportation has divided the Project area into 10 watersheds as shown on Figures 10 and 
Figure 11.  Runoff is conveyed through the watersheds via pipe, sheet flow, roadside ditches, 
AC swales, and AC dike.  At specific points of interest, the watersheds have been divided into 
sub-watersheds.   

The hydrologic characteristics of the Project area were analyzed in accordance with 
techniques outlined in the County of El Dorado Drainage Manual (Drainage Manual).11  The 
Drainage Manual includes precipitation information through 1989.  Since that time, additional 
updates have been completed for the precipitation record including an update of the 
precipitation Mean Annual Precipitation Map.12 

Watershed A is approximately 12.3 acres and is divided into 4 sub-watersheds. Runoff 
combines from these watersheds and flows along Meadow Vale Drive into a CMP inlet.  The 
structure’s outlet pipe conveys the runoff into a steep channel armored with gunite which 
conveys the flows into a USFS meadow area with a berm constructed during the 2017 Meyers 
Erosion Control Project. Overflow from the bermed retention area is conveyed to the Meyers 
Creek drainage.  
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Watershed B is approximately 8.2 acres and is divided into two sub-watersheds which drain 
into a pipe which conveys the runoff to the southern end of the USFS meadow area with a 
berm constructed during the 2017 Meyers Erosion Control Project. 

Watershed C is approximately 1.9 acres and drains into a pipe which conveys the runoff 
across Pioneer Trail into a perennial roadside ditch which conveys the runoff back across 
Pioneer Trail and into the USFS meadow area.  

Watersheds C, D, E, F, G, H, & I intermittently drain into pipes which convey the runoff across 
Pioneer Trail into a perennial roadside drainage ditch which conveys the runoff into a pipe 
which crosses back across Pioneer Trail and into the USFS meadow area.  Watershed C is 
approximately 1.9 acres; watershed D is approximately 10.9 acres and is divided into two sub-
watersheds; watershed E is approximately 8.2 acres and is divided into three sub-watersheds; 
watershed F is approximately 1.5 acres; watershed G is approximately 8.5 acres and is 
divided into two sub-watersheds; watershed H is approximately 17.0 acres and is divided into 
7 sub-watersheds; watershed I is approximately 30.2 acres and is divided into 12 sub-
watersheds which periodically enter the storm drain system running down the north side of 
Pioneer Trail before being conveyed across Pioneer Trail into the roadside drainage ditch.   

Watershed J, on the northwest end of the Project area, is approximately 8.6 acres and is 
divided into seven sub-watersheds.  The runoff from these sub-watersheds combine and are 
conveyed via a pipe near the intersection of Elks Club Dr. and Pioneer Trail into a shallow 
channel which eventually dissipates and sheet flows into Saxon Creek which drains into Trout 
Creek.  

Transportation utilizes the Drainage Manual as a guide for hydrologic and hydraulic design 
within the Tahoe Basin.  The Drainage Manual requires that drainage facilities be designed to 
safely convey storm water runoff from an event with an average recurrence interval of 100-
years for areas greater than 100 acres, and an average recurrence interval of 10-years for 
areas less than 100 acres without the headwater depth exceeding the pipe barrel height.13 

The TRPA Code of Ordinances stipulates an infiltration requirement for the 20-year, 1-hour 
storm runoff volume.14  The TRPA Code of Ordinances also states that drainage conveyance 
shall be designed for at least a 10-year, 24-hour storm and that drainage conveyance through 
an SEZ shall be designed for a minimum 50-year storm.  The Lahontan Water Quality Control 
Plan states that the “design storm” for storm water control facilities in the Lake Tahoe Basin is 
the 20-year, 1-hour storm event.15 

Considering that the individual watersheds within the Project area are less than 100 acres, the 
Project design hydrologic storm frequency is defined as the 25-year, 1-hour rain event.  For 
evaluation of hydraulic conveyance, the Project design storm frequency is defined as the 10-
year event with the storm duration equal to the time of concentration.16  In addition, 
Transportation will analyze hydraulic conveyance of the peak runoff for the 100-year, 24-hour 
return period storm event. 
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4.2 Precipitation Values 

Mean annual precipitation (MAP) for the Project watersheds are 25 inches for watersheds A 
and B, 24 inches for watershed C, 23 inches for watershed D,  22 inches for watershed E and 
F, 21 inches for watershed G, and 20 inches for watersheds H, I, and J (Figure 12).  As shown 
on Figure 13, for a MAP of 25 inches, the 1-hour rainfall depth is equal to 0.79 inches for the 
25-year return period.  The 1-hour rainfall depths for the remaining MAP values are shown in 
the table below:17 

MAP Isoheytal 
(Inches per Year) 

25 Year - 1 Hour Rainfall 
Depth (inches) 

20 0.63 

21 0.64 

22 0.69 

23 0.72 

24 0.76 

25 0.79 

 

The TRPA Code of Ordinances stipulates that an average rain intensity of 1-inch per hour can 
be used for the 20-year, 1-hour storm for water quality evaluation.18  The Lahontan Water 
Quality Control Plan states that for the Mammoth Lakes area, the 1-hour design storm is equal 
to 1 inch of rainfall.19  Based on the location of the Project, the Project design rainfall intensity 
for the 1-hour storm is accepted as that ranging from 0.79 inches to 0.63 inches to represent a 
storm event with a return period of 25 years. 

4.3 Hydrologic Methods 

The objective of the hydrologic analysis is to estimate the peak flow and runoff volumes for the 
10-year, 6-hour; 25-year, 1-hour; and 100-year, 24-hour storm events.  For the Project, two 
hydrologic techniques were used; the Rational Method and the Unit Hydrograph.  An Excel 
spreadsheet was used to calculate peak flows and velocities using the Rational Method and 
the computer program, HEC-HMS, version 3.5, was used to calculate peak flows and volumes 
using the Unit Hydrograph Method.  The results from these analyses were accepted to 
represent peak flow and volumes, without the presence of base flow. 
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The Project area was divided into 10 watersheds which drain toward Pioneer Trail and 
combine with the Upper Truckee River and Trout Creek.  The watersheds were further divided 
into sub-watersheds in order to estimate the peak flow and volume at specific drainage 
structures and treatment locations. 

For this hydrologic analysis, the land within the sub-watersheds was considered connected to 
the point of interest (e.g., an outfall) when computing the total watershed hydrology and no 
bulking factor was applied. 

A ROW only hydrologic analysis was also completed to determine the County's portion of the 
storm runoff from the 25-year, 1-hour event.  This analysis included only the impervious 
surfaces from within the County road ROW.  Outside ROW connectivity was not considered 
as part of the ROW only analysis. 

4.4.1 Rational Method 

The Rational Method was used to calculate the peak discharge from the Project area.  This 
method relies on four input variables and was calculated using equation 1:20 

                                                      AICCQ f                                                     (1) 

Where Q is peak discharge in cubic feet per second (cfs), C is the runoff coefficient, Cf is the 
runoff coefficient frequency adjustment factor, I is the rainfall intensity in inches per hour, and 
A is the area of the watershed in acres.  For the Project area, an unadjusted runoff coefficient 
C of 0.1 was selected based on the drainage area being unimproved.  For the Project design 
rainfall return periods of 10 and 25 years, a runoff coefficient frequency adjustment factor Cf of 
1.0 was applied to the runoff coefficient and for the 100 year design rainfall return period, an 
adjustment factor Cf of 1.0 x 1.25 was applied.21  The rain intensity I of the design storm was 
calculated using the estimated time of concentration Tc and the area A of the sub-watershed. 

The flow paths for the Project watersheds were segregated into overland sheet flow, shallow 
concentrated flow, and, where applicable, channel flow and curb and gutter.  The times of 
concentration were calculated for each watershed to determine the time required for runoff to 
travel from the hydraulically most distant part of the watershed to the outfall.  For this Project 
area, the overland-flow roughness coefficient was estimated to be 0.40 based on Woods with 
light underbrush. 

The travel time for sheetflow was calculated using the kinematic-wave equation and is 
presented as equation 2:22 
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Where Tt is sheetflow time of travel in hours, n is overland-flow roughness coefficient, L is 
length of overland flow in feet (300 foot maximum), P is rainfall depth in inches, and S is land 
slope in feet per feet. 

The velocity of shallow flow over unpaved surfaces was estimated based on equation 3:23 

                                                      
5.01345.16 OU SV                                                          (3) 

Where VU is flow velocity in feet per second and S0 is land slope in feet per foot. 

The velocity of shallow flow over paved surfaces was estimated based on equation 4:24 
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5.03283.20 OP SV                                                          (4) 

Where VP is flow velocity in feet per second and S0 is land slope in feet per foot. 

The times of concentration for shallow flow over unpaved and paved surfaces were calculated 
by dividing the flow path length by the velocity.  The watershed time of concentration for each 
of these flow path segments was summed to determine the total time.  In all cases, a 6 minute 
initial time of concentration was used. 

Input parameters and output results for the Rational Method are contained in Appendix B. 

4.4.2 Unit Hydrograph Method (HEC-HMS) 

The Unit Hydrograph Method is commonly used for determining the peak flow (Q) and the 
hydrograph from relatively large watersheds (up to 10 sq. mi.).  Transportation used the unit 
hydrograph for an entire watershed tributary to its outflow as well as at specific drainage 
structures and treatment locations.  This method was used to determine the peak runoff rates 
for the Project watersheds. 

The program requires input parameters and variables such as a Basin Model, Meteorological 
Model, and a Control Storm.  The Basin Model parameters include:  input of the drainage 
area, lag time, percent impervious, initial abstraction Ia, and any base flow information.  The 
lag time is the product of 0.6 multiplied by the time of concentration derived from the Rational 
Method.25  The impervious coverage was estimated using field survey data and existing aerial 
topographic maps for each watershed.  The initial abstraction was calculated using equation 
5:26 
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With the runoff index (RI) being equivalent to a weighted curve number (CN).  For the 
Meteorological Model, the Soil Conservation Services (SCS) method was chosen with a Type 
1A storm, per the Drainage Manual.27 

Output results for HEC-HMS are contained in Appendix B. 

4.4 Hydrologic Results 

Based on the results of the Rational Method, the peak discharge for the main watersheds is 
presented in Table 4.  The peak discharge at points of interest within each main watershed is 
presented in Table 5. 

Table 4 – Main Watershed Characteristics & Peak Flow Summary (Rational) 
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Parameters Q Peak (cfs) 

%
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C1 
Tc 

(min) 
I2 

(in/hr) 
10-Yr, 
6-Hr 

25-Yr, 
1-Hr 

100-Yr, 
24-Hr 

A 12.3 0.3 50 0.7 2.9 3.5 5.2 28 

B 8.2 0.2 31 1.0 1.7 2.1 3.1 16 

C 1.9 0.2 31 1 0.4 0.5 0.7 15 
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C1 
Tc 

(min) 
I2 

(in/hr) 
10-Yr, 
6-Hr 

25-Yr, 
1-Hr 

100-Yr, 
24-Hr 

D 8.2 0.2 54 0.7 1.3 1.6 2.4 11 

E 7.5 0.3 38 0.7 1.5 1.8 2.7 23 

F 1.5 0.2 33 0.8 0.3 0.3 0.5 17 

G 8.5 0.2 43 0.8 1.4 1.7 2.5 15 

H 17.1 0.3 74 0.5 2.5 3.0 4.5 26 

I 30.4 0.3 59 0.5 4.4 5.1 7.7 21 

J 8.6 0.3 43 0.6 1.8 2.1 3.2 29 

Notes: 
1. For 100-year events, value increased by 25%. 
2. Only 25-year event is listed here. 

Table 5 – Points of Interest Peak Flow Summary (Rational) 
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C1 
Tc 

(min) 
I2 

(in/hr) 
10-Yr, 
6-Hr 

25-Yr, 
1-Hr 

100-Yr, 
24-Hr 

A 

A1 2.7 0.4 45 0.8 0.8 0.9 1.4 34 

A2 5.2 0.3 25 1.0 1.6 1.9 2.8 24 

A1-A3 11.9 0.3 50 0.7 2.7 3.2 4.9 27 

A1-A4 12.3 0.3 50 0.7 2.9 3.5 5.2 28 

B 
B1 6.2 0.2 29 1.0 1.2 1.4 2.1 12 

B1-B2 8.2 0.2 30 1.0 1.7 2.1 3.1 16 

C 1.9 0.2 27.8 0.95 0.4 0.5 0.7 15 1.9 

D 
D1 8.2 0.2 30 0.9 1.2 1.4 2.1 8 

D1-D2 10.9 0.2 53 0.7 1.3 1.6 2.4 11 

E E1 1.3 0.5 26 0.9 0.5 0.6 0.9 44 

 E2 4.8 0.2 38 0.7 0.7 0.8 1.2 12 

 E1-E2 6.1 0.3 38 0.7 1.1 1.3 1.9 19 

 E1-E3 7.5 0.3 38 0.7 1.5 1.8 2.7 23 

F F1 1.5 0.2 29 0.8 0.3 0.3 0.5 17 
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C1 
Tc 

(min) 
I2 

(in/hr) 
10-Yr, 
6-Hr 

25-Yr, 
1-Hr 

100-Yr, 
24-Hr 

G 
G1 5.1 0.2 42 0.8 0.8 0.9 1.4 13 

G1-G2 8.5 0.2 43 0.8 1.4 1.7 2.5 15 

H 

H1 4.2 0.3 62 0.5 0.7 0.9 1.3 28 

H3 1.4 0.3 67 0.5 0.2 0.3 0.4 29 

H8 0.1 0.5 7 1.6 0.1 0.1 0.2 52 

H3-H4, 
H8 

2.6 0.4 73 0.5 0.5 0.6 0.9 36 

H1-H4, 
H8 

9.3 0.3 73 0.5 1.5 1.8 2.7 30 

H1-H5, 
H8 

13.4 0.3 74 0.5 2.0 2.3 3.5 26 

H1-H6, 
H8 

14.2 0.3 74 0.5 2.1 2.5 3.7 26 

H7 2.9 0.3 44 0.6 0.6 0.7 1.0 27 

H1-H8 17.1 0.3 74 0.5 2.5 3.0 4.5 26 

I 

I1 5.1 0.3 51 0.6 0.9 1.0 1.5 24 

I1-I2 9.0 0.3 52 0.6 1.4 1.7 2.5 22 

I3 6.8 0.2 42 0.6 1.0 1.1 0.0 15 

I4 2.0 0.2 37 0.7 0.3 0.4 0.6 16 

I5 2.2 0.3 32 0.7 0.5 0.6 0.9 26 

I1-12, I5-
I6 

13.1 0.3 52 0.6 2.1 2.5 3.8 23 

I1-12, I5-
I7 

14.5 0.3 55 0.6 2.3 2.7 4.1 23 

I3 & I9 7.0 0.2 42 0.6 1.0 1.2 1.8 16 

I1-I3 & 
I5-I9 

22.8 0.3 56 0.6 3.4 4.0 6.0 21 

I1-I3 & 
I5-I10 

22.9 0.3 57 0.6 3.5 4.1 6.1 22 

I4 & I11 4.7 0.2 41 0.7 0.7 0.8 1.3 17 

I1-I12 30.4 0.3 59 0.5 4.4 5.1 7.7 21 

J 

J1 2.5 0.3 40 0.7 0.5 0.6 0.9 25 

J1-J2 3.7 0.3 41 0.7 0.7 0.9 1.3 25 

J3 1.3 0.4 25 0.8 0.4 0.5 0.7 37 
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Tc 

(min) 
I2 

(in/hr) 
10-Yr, 
6-Hr 

25-Yr, 
1-Hr 

100-Yr, 
24-Hr 

J 

J3 & J6 1.5 0.4 25 0.8 0.5 0.6 0.9 38 

J1, J2, 
J4 

5.2 0.3 42 0.6 1.0 1.2 1.8 25 

J3, J5 & 
J6 

3.2 0.4 38 0.7 0.8 0.9 1.4 34 

J1-J7 8.6 0.3 43 0.6 1.8 2.1 3.2 29 

Notes: 
1. For 100-year events, value increased by 25%. 
2. Only 25-year event listed here. 

The Rational Method determined peak discharge rates are slightly larger than the results from 
the HEC-HMS model.  The differences can be attributed to the different parameters required 
for the calculations.  For watersheds less than 100 acres, Transportation utilizes the Rational 
Method results for analyzing existing and proposed storm drain systems.  The Unit 
Hydrograph modeling provides the runoff volumes required for confirming compliance with 
permitting requirements and analyzing existing and proposed infiltration/detention systems. 

4.5 Hydrologic Validation 

Hydrologic validation will be performed once the selection of the alternative has been 
finalized. 

5.0 Existing Hydraulics 

The intent of the hydraulic analysis is to confirm whether or not the existing storm drain systems 
are adequate for conveyance of the calculated runoff and to confirm whether conditions at each 
inlet accommodate that runoff.  Pipe locations and elevations for the analysis were derived from 
topographic mapping based on LiDAR28 and recent field survey data available at the time of this 
Report.  To generate a more accurate representation of the system's dynamics with less 
extrapolation a field survey would be required. 

There are a number of pipes, inlets, and channels within the Project area.  These facilities were 
installed as subdivision infrastructure, maintenance upgrades, or as part of previous erosion 
control projects.  Most of the conveyance facilities direct runoff toward drainages that run parallel 
to Pioneer Trail.  The hydraulic analysis does not include these channels and basins but is limited 
to the storm drain systems upslope of these facilities. 

5.1 Pipe Characteristics 

The pipe systems within the Project area are comprised of 18”, 24”, and 36” diameter CMP.  
Pipe conditions range from fair to poor.  The Manning’s roughness coefficient (n) of the 
existing CMP pipes was estimated to be 0.024.29  In some locations, sediment deposition 
limits the capacity of the pipe and outlet conveyance systems. 
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5.2 Shoulder Characteristics 

Most of the roads within the Project area were constructed with runoff being conveyed by AC 
dike, AC swales, or vegetated/dirt swales on one side of the street and on the opposite side, 
sheetflow conveys runoff away from the paved road surface onto dirt shoulders or vegetation.  
In some locations, erosion and sediment deposition is evident within the shoulders. 

5.3 Hydraulic Methods 

For circular pipes, the full capacity of the pipe was calculated using the Manning’s equation 
which is presented as equation 6:30 

                                              
n

SD
Q

f
2/13/8

463.0


                                                   (6) 

Where Q is discharge in cfs, D is pipe diameter in feet, Sf is slope of the energy grade line in 
feet/feet, and n is Manning’s roughness coefficient. 

The hydraulic capacity of the existing pipes was compared to the results of the hydrologic 
analysis for the design storm. 

5.4 Hydraulic Results 

The Drainage Manual requires that drainage facilities be designed to safely convey storm 
water runoff from an event with an average recurrence interval of 100-years for areas greater 
than 100 acres and an average recurrence interval of 10-years for areas less than 100 acres 
without the headwater depth exceeding the pipe barrel height.31  The drainage areas 
generating runoff through the subdivisions are all less than 100 acres; therefore, according to 
the Drainage Manual, the 10-year, 6-hour Rational Method peak would be an acceptable 
design storm.  In Section 4.2 of this Report, however, the 25-year, 1-hour rain event was 
determined to be the design storm for this Project and was used to analyze the hydraulic 
capacity of the existing pipes.  The results of this analysis are located in Appendix B.  Table 8 
contains a summary of the existing pipes, inflows, and capacities. 

 

Table 6 – Existing Pipe Characteristics [25-yr, 1-hr] (Rational) 

WS Pipe ID 
Pipe Size / 

Material 
Inlet / Outlet 

Facility 

Q 
Capacity 

(cfs) 

Q         
25-yr,1-hr 

% 
Capacity

A 

1506 18" CMP CSP Inlet / Channel 8.2 0.9 11% 

1507 18" CMP CSP Inlet / Channel 8.0 1.9 23% 

1510 18" CMP CSP Inlet / Channel 8.1 3.2 40% 

1509 18" CMP CSP Inlet / Channel 8.1 3.1 38% 

B 
1513 18" CMP Channel / Channel 8.1 1.4 17% 

1514 24" CMP DI / Pipe 17.4 2.1 12% 

C 1533 18" CMP DI / Channel 28.8 0.5 2% 

D 1511 18" CMP CSP Inlet / Channel 8.1 1.4 17% 
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WS Pipe ID 
Pipe Size / 

Material 
Inlet / Outlet 

Facility 

Q 
Capacity 

(cfs) 

Q         
25-yr,1-hr 

% 
Capacity

1512 18" CMP DI / Channel 6.8 1.6 23% 

E 
1501 18" CMP CSP Inlet / CSP Inlet 30.2 0.6 2% 

1502 18" CMP CSP Inlet / DI 28.5 1.3 5% 

E 1503 24" CMP DI / Channel 44.3 1.8 4% 

F 1482 18" CMP DI / Channel 28.8 0.3 1% 

G 
1463 18" CMP CSP Inlet / DI 24.8 0.9 4% 

1465 18" CMP DI / DI 51.2 1.7 3% 

H 

1455 18" CMP CSP Inlet / CSP Inlet 23.2 0.9 4% 

1451 18" CMP CSP Inlet / CSP Inlet 5.8 0.3 5% 

1452 18" CMP CSP Inlet / CSP Inlet 6.1 0.1 2% 

1453 18" CMP CSP Inlet / CSP Inlet 18.0 0.6 3% 

1456 18" CMP CSP Inlet / CSP Inlet 20.4 1.8 9% 

1457 18" CMP CSP Inlet / DI 14.2 2.3 16% 

1458 18" CMP DI / DI 8.1 0.7 8% 

1459 18" CMP DI / DI 8.1 3.0 37% 

I 

1420 18" CMP CSP Inlet / CSP Inlet 20.7 1.0 5% 

1421 18" CMP CSP Inlet / DI 16.5 1.7 10% 

1424 18" CMP CSP Inlet / CSP Inlet 8.1 1.1 14% 

1427/1428 18" CMP CSP Inlet / DI 18.9 0.4 2% 

1412 18" CMP DI / DI 4.1 0.6 14% 

1413 18" CMP DI / DI 3.1 2.5 80% 

1414 18" CMP DI / DI 7.2 2.7 38% 

1425 18" CMP CSP Inlet / DI 23.6 1.2 5% 

1415 24" CMP DI / DI 18.9 4.0 21% 

1416/1426 24" CMP DI / DI 19.8 4.1 21% 

1429/1430 18" CMP CSP Inlet / DI 20.6 0.8 4% 

1431 36" CMP DI / CSP Inlet 50.9 5.1 10% 

J 

1388 18" CMP CSP Inlet / Channel 9.5 0.6 6% 

1409 18" CMP CSP Inlet / CSP Inlet 18.1 0.9 5% 

1401 18" CMP CSP Inlet / CSP Inlet 12.2 0.5 4% 
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WS Pipe ID 
Pipe Size / 

Material 
Inlet / Outlet 

Facility 

Q 
Capacity 

(cfs) 

Q         
25-yr,1-hr 

% 
Capacity

1402 18" CMP CSP Inlet / CSP Inlet 15.0 0.6 4% 

1408/1675 24" CMP CSP Inlet / DI 26.2 1.2 4% 

1403/1404 18" CMP CSP Inlet / DI 17.1 0.9 5% 

J 1406 24" CMP DI / Channel 12.8 2.1 17% 

 

The results in Table 8 do not reflect potential head pressure or inlet structure capacities.  All 
pipes appear to convey design flows as installed.  One pipe (#1507) has outlet damage and 
as a result work is proposed for this location. Inlet/outlet conditions and pipe capacities will be 
further analyzed during design of the preferred alternative. 
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6.0 Storm Water Quality and Loading Summary 

6.1 Water Quality Monitoring 

The current water quality effluent objectives for runoff from the Project area are based on 
TRPA and Lahontan water quality limits as presented in Table 9.32  One of the goals of this 
Project is to meet these water quality limits by providing source control, hydrologic design, and 
treatment BMPs within the Project area for the 25-year, 1-hour runoff event. 

Table 7 – TRPA and Lahontan Water Quality Limits 

Constituent 
Surface Waters Infiltration Systems 

Lahontan TRPA Lahontan TRPA 

Total Nitrogen as N 0.5 mg/l  5 mg/l  

Dissolved Nitrogen as N  0.5 mg/l  5 mg/l 

Total Phosphate as P 0.1 mg/l  1 mg/l  

Dissolved Phosphate as P  0.1 mg/l  1 mg/l 

Total Iron 0.5 mg/l  4 mg/l  

Dissolved Iron  0.5 mg/l  4 mg/l 

Turbidity 20 NTU  200 NTU  

Suspended Sediment  250 mg/l   

Grease & Oil 2 mg/l 2 mg/l 40 mg/l 40 mg/l 

6.2 Groundwater and Percolation 

Groundwater levels and soil percolation rates within the Project area will be evaluated for the 
proposed basin locations on the USFS parcel at the intersection of Elks Club Drive and 
Pioneer Trail and on the CTC parcels between Oflyng and Pioneer Trail.  If basins are selected 
as a preferred alternative, the findings will be taken into account when finalizing the a basin 
depth with the preferred alternative design. 

6.3 Storm Water Loading Estimates 

The load analysis for this report was taken from the Updated County Baseline Pollutant Load 
Estimate Report (2016)33.  The analysis was completed using the Pollutant Load Reduction 
Method (PLRM) developed by NHC.34  This method utilizes the PLRM model to estimate 
average annual pollutant loads from the individual Project watersheds based on the following 
factors: watershed size, slope, land uses, road condition, shoulder condition, estimated 
connectivity of the roadway section, roadway maintenance practices, and number of private 
BMP’s installed.   

For planning purposes, the ten watersheds were grouped into two urban planning catchments 
(UPC) (Table 10).  The Project area is typically only sanded by the County in the steeper 
portions of the roadways as part of routine County snow removal operations.  The loading 
associated with the abrasives will be taken into consideration as part of the project design for 
CSP inlets and needed infrastructure requirements, but increased load contributed for this 
portion of the analysis will not be considered.  Therefore loading generated from sanding 
operations was not taken into consideration as part of this analysis. 
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Table 8 – Annual Pollutant Load (PLRM) – Existing Condition 

 
UPC WS 

Area 
(acres) 

Volume 
(Acre-Ft / 

Year) 

FSP 
(lbs/yr) 

TP1 
(lbs/yr) 

TN 
 (lbs/yr) 

FSP1 
(lbs/ac/yr)

702 A, B, C, D, 
E, F,H 

227 33 23,079 81 288 102 

75 I, J 31.7 2.3 2,117 7 22 67 

1. Characteristic runoff concentrations 

2. Includes parcels on both sides of Pioneer Trail. 

The watersheds used in the baseline report covered a larger area and only approximate those 
mapped as part of this report.  In addition, the pollutant load values shown in Table 10 were 
caluclated using PLRM V2.  A detailed analysis of the estimated average annual pollutant load 
will be completed as part of the Final Design Report. 

7.0 Existing Conditions 

7.1 Problem Areas 

Figure 14 depicts the problem areas within the Project boundary.  Many of the road shoulders 
and slopes in the Oflyng Project area have been stabilized with rock and AC swales, timber 
and masonry block retaining walls, rock and gunite slope protection, and vegetation.  
However, bare and eroding shoulders and slopes can be found in numerous locations 
throughout the subdivisions and some of the rock slope protection sites are failing due to the 
rock being small and rounded.  Additionally, over time, many of the bare slopes have eroded 
beyond the shoulder behind dike and are contributing sediment directly to the dike flow line. At 
one location on Oflyng Drive, a 30-foot high section of gunite slope protection has buckled and 
toppled. 

Many of the roads within the Project area were constructed with AC dike or integrated AC 
swales.  In some locations the AC dike is missing or separated from the pavement surface, 
impacting conveyance capacity.  In other locations the AC dike or swale is covered or filled 
with sediment and rock from eroding cut slopes, forcing runoff into the travel lane.   

A majority of the runoff from the project area is discharged without preliminary infiltration or 
treatment into the storm water system which runs along Pioneer Trail.  The additoinal runoff 
into this system increases peak flows and contributes sediment loads from the identified 
sources. This in turn reduces the effectiveness of downstream treatment facilities and results 
in a high potential to deliver fine sediment to Lake Tahoe.  

Below is a summary of identified problems within the project area with correpsonding 
opportinties and constraints. 

 7.1.1 Eroding or Incised Channel 

PROBLEM: There are three eroding channels within the project area that convey runoff 
from pipe outlets down steep slopes to flatter areas wihtin the project area.  The first 
channel is west of the intersection of Southern Pines and Meadowvale Drive, the main 
outfall for watershed A.  This channel has been previously armored with gunite slope 
protection. The gunite is showing signs of wear and there is evidence that flows have left 
the channel and eroded a section along side the channel before re-entering the armored 
channel. 
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The second channel is located at the outfall of watershed B, west of Southern Pines and 
Pioneer Trail.  This area is in flat topography within an existing County maintained channel 
where there is evidence of bank undercutting and depostion. 

The third eroding / incised channel is located at the outfall of watershed J, which is south 
of the intersection of Elks Club Dr and Pioneer Trail. This channel has become incised and 
has an accumulation of sediment within the channel which has caused multiple flow paths 
to erode the terrain below the outfall with no treatment facility before the runoff enters 
Trout Creek.  

OPPORTUNITY: For the steep channels wihtin watershed A, there is opportunity for 
source control and improved hydraulic conveyance. This can be accomplished with either 
reinforcement of the existing failed gunite channel section or removale and replacment of 
the failed gunite amor with with rock, essentially rock lining of the channel. 

For the flat channel at the outfall of watershed B, the incised channel can be reinforced 
with rock and excess sediment can be removed.  Additional rock checks within the 
channel could help reduce velocities near the start of the outfall. 

For the channel below watershed J, the incised channel can be reinforced with rock 
armmor.  The channel crosses a publicy owned parcel (owned by the USFS) which 
provides an opportunty to be construct a shallow, offline, basin with flows covneyed to via 
a weir structure which would allow for the additional treatment of stormwater runoff prior to 
entering the Trout Creek drainage.  

CONSTRAINTS: The steepness of the slopes at the steep channels could present a 
challenge for access and constructability. The slope below watershed A is approximately 
30%.  The impacts of accessing this area and excavating on this slope may be more 
detrimental to the area then the added benefit of stabilizing the channels with rock lined 
channels.   

In addition, the steep parcels on either side of the channel are owned by the State of 
California, and the parcel below this is owned by the US Forest Service. If temporary 
access across the Federal or State owned lots is necessary a special use permit or license 
agreement will be required, respectively. 

The land at the proposed treatment area at the outfall of watershed J is publically owned 
by the USFS, and would therefore require a Special Use Permit from the USFS. 

 

7.1.2 Impared Gunite Slope Protection 

PROBLEM: Gunite was utilized to stabilize many of the cut slopes throughout the project 
area.  This treatment was orginally constructed in the 1970’s and has shown to have been 
adequate for  many years, but is beginning to fail in several locations. There are three 
types of failures happening throught the area: 1) material is eroding adjacent to the 
exposed leading edges of the gunite, 2) missing and/or exposed sections of within the 
lareger gunite wall with the existing mesh reinforcement exposed, and 3) area where the 
existing gunite wall has buckled, resulting in complete failure of the gunite wall.   

Areas of Type 1 failure have been identified on Meadow Vale Drive (near the intersection 
of Crystal Air Drive) and on Crystal Air Drive (near the intersection of Meadow Vale Drive).   
Areas of Type 2 failure have been identified on Oflyng Drive and Southern Pines Drive. 
The primary area of Type 3 failure is on Oflyng Drive approximately 600 ft east of the 
intersection with Southern Pines Dr.  In this section, approximately 120 feet of the slope, 
25 to 30 feet high, has buckled and failed completely, with the gunite wall still in tact on 
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either side fo the failure. The area is currently baracaded off and a tarp has been placed 
on the exposed slope to help prevent further erosion and degratation.   

OPPORTUNITY: There is opportunity to salvage parts of the gunite slope stabilization 
which will prevent further degradation and sediment migration from these slopes.  For the 
areas with exposed leading edges, rock slope protection could be utilized to stabilize the 
slope near the edge and prevent future erosion near the edge. For the areas with exposed 
mesh, additonal gunite may be able to be applied to the exising mesh and gunite.   

Where the gunite slope protection is failing either in-kind replacement would work or 
utilization of a Mechanically Stabilized Earth (MSE) wall such as Redi Rock or a Tensar 
Retaining Wall system.  There is a 25’ slope easement in this section will provide for 
additional room to work as well as bench the existing slope.   

CONSTRAINTS: The steepness of the slope at the location of complete failure of the 
gunite poses problems with many slope stabilization techniques. The County of El Dorado 
slope easement in this location will need to be analyzed to determine how much the slope 
can be laid back without encroaching on state land. If encroachment is needed, a license 
agreement will need to be obtained from the State of California. In addition, due to the 
height of the cut slope at this location (30’), some slope stabilization techniques such as 
stacked rock walls are not feasible.  

 

7.1.3 Eroding Slopes 

PROBLEM: Due to the steepness of the project area, there are many cut slopes along the 
uphill portions of roads within the project area. Some of these slopes are stabilized with 
either vegetation or gunite, but some need additoinal stabilization to prevent sediment 
migration into the roadway.  There are AC dikes and swales at the toe of most of these 
slopes, but the slope has eroded over the dike and into the flow line in serveral locations. 
There are at least thirteen locations where the eroding slopes are just above CMP inlets 
causing impacts to the conveyance systems.  

OPPORTUNITY: The solution to this problem is source control, primarily through 
placement of rock and/or rolled erosion control products for slope protection.  By installing 
rock slope protection or planting suitable vegetation, soil erosion can be greatly minimized 
and in some cases, eliminated.  

CONSTRAINTS: The extent of the eroding slopes beyond the County’s rights-of-way 
needs to be determined.  If the slope is beyond the right-of-way needs to be utilized, an 
easement would be necessary. Another constraint is that not all locations are suitable for 
vegetation and rock can be considered by some to be aesthetically unpappealing. Soil 
conditions, slope steepness, and intense sun exposure are non-conducive to establishing 
vegetation. To eliminate constraints with the County’s right-of-way, rock for toe protection 
would be utlized for source control.  

 

7.1.4 Damaged or Missing AC Dike 

PROBLEM: AC dike has been constructed on most of the cut slope sides of the streets 
throughout the project area.  Due to these roads being mostly planer, sloping toward the 
AC dike, this has served as an adequate means of conveyance for storm water 
throughout. Over time, snow plow operations have damaged the AC dike and eroding 
slopes have overburdened the AC dike, directing runoff into the street.  
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OPPORTUNITY: There is opportunity for improved hydraulic conveyance and 
infrastructure life span.  This can be achieved by replacing the damaged portions of AC 
dike with AC Dike or concrete curb and gutter. The concrete curb and gutter is more 
resistant to the impacts of plow operations and when installed will establish a shoulder 
behind the curb capable of retaining eroded soil from the adjacent slope. In areas where 
existing Corrugated Steel Pipe (CSP) inlets are located at the damaged AC dikes, 
Drainage Inlets could be installed to provide additional treatment and extend the life of the 
infrastructure.  

CONSTRAINTS: Depending on the type of construction operation, concrete curb and 
gutter can be cost prohibitive.  Though it may be more economically feasible to remove 
and replace the existing damaged AC dike with new AC dike, the AC Dike tends to have 
longer term maintenance costs.  

 

7.1.5 Aging Infrastructure 

PROBLEM: Corrogated metal pipes (CMPs) and CSP inlet structures have limited life 
spans due to corrosion and damage. There have also been significant upgrades to the 
types and function of CSP inlets that reduce sediment and debris accumulation around the 
inlet as well as provide additional treatment. Some of the existing CSP inlets have solid 
lids and small inlet windows which become clogged with pine needles and sediment.  
When these structures become clogged, storm water runoff is directed into the roadway, 
causing pooloing and unnecessary erosion when finding the path of least resistance.  
There are also CMPs with exposed outlets which have become rusted and damaged, 
reducing the conveyance capacity.  

OPPORTUNITY: There is opportunity for improved hydraulic conveyance and increased 
treatment for this problem. This can be accomplished by replacing CSP inlets with either 
Drainage Inlets or CSP inlets with open bottoms for infiltration and larger sumps for 
increased sediment trapping capabilities. Replacing the CMP culverts with smooth wall 
HDPE pipes will provide for increaased hydraulic capacity and installation of rock as outlet 
protection will help reduce erosion at the watershed outfalls.  In addition the HDPE 
products have a longer lifespan than CMPs. 

CONSTRAINTS: Replacement of the inlets and infiltrating pipe system would increase 
land disturbance and may require easements if road shoulder widths are limited.  
Subsurface conflicts, such as existing utilities, may impact installation of the CMP inlets.  
Existing utilities and the locations of the existing storm drain pipes may impact the size 
and placement of the infiltration galleries.  

 

7.1.6 Treatment Opportunties 

PROBLEM: When the subdivision was built in the 1970’s the focus was on collecting and 
conveying stormwater runoff out of the subdivision.  Today we know that this creates 
additional problems where concentrated flows, pollutants, and sediment impact down 
stream conveyance systems and eco systems.  

OPPORTUNITY: There is opportunity for the installation of off-line infiltration galleries 
along the shoulders of existing junction structures.  The systems would be designed to 
capture the first flush of stormwater runoff which typically has a higher fine sediment 
concentration.  The offline systems would be constructed of CSP inlets connected by a 
perforated pipe, surrounded by clean crushed rock.  The system allows for the capture of 
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fine sediment and debris in a location that is more easily maintained by County 
Maintenance staff.  In addition, using a perforated pipe and open bottom CSP inlets will 
allow for Low Impact Development (LID) design prinicples to be used where stormwater 
runoff is infiltrated closer to the source as opposed to be conveyed further downstream. 

Installing additional inlets and infiltrating pipe systems within the existing storm system and 
County right-of-way would increase the treatment capability and have minimal impact to 
the project area.   

CONSTRAINTS: Installation of offline infiltration systems require shoulder widths of 5’ or 
more and are better suited to be installed in front of publicly owned parcels so as to 
minimize impacts for ingress / egress of parcel owners. Subsurface conflicts, such as 
existing utilities, may impact availability of space for installation of these systems.  

  

7.2 Opportunities and Constraints 

Within the Project area there are opportunities to provide source control where erosion is 
evident, hydrologic design where conveyance is insufficient, and treatment of runoff and the 
reduction of sediment.  With implementation of these measures, the reduction of runoff 
volume and coarse, fine, and very fine sediment from the Project area is feasible. 

Table 9 summarizes the opportunities and constraints for each of the problem areas 
discussed in Section 7. 

Table 9 – Summary of Opportunities and Constraints 

Problem Opportunity Constraint 
PDA 

Category 

Eroding or incised 
channels 

Stabilize the channel with rock or 
additional gunite 

Steepness of slopes may inhibit 
access and cause excessive 
disturbance. 

SC 

Impaired gunite slope 
protection 

Stabilize sediment sources with 
rock or vegetation, repair gunite 
where applicable 

Location of slopes in relation to 
right-of-way, easements, material 
aesthetically unappealing, and 
capitol cost. 

SC 

Eroding slopes 
Stabilize sediment sources with 
rock or vegetation. 

Location of slopes in relation to 
right-of-way, easements, material 
aesthetically unappealing, and 
capitol cost. 

SC 

Damaged or missing 
AC dike 

Replace existing dike with new 
AC dike or curb and gutter, 
increase hydraulic capacity 

Subsurface conflicts, increased 
land disturbance, easements, 
capital costs. 

HD 
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Problem Opportunity Constraint 
PDA 

Category 

Aging infrastructure 
Replace existing system; increase 
sediment capture, hydraulic 
capacity, and infiltration. 

Subsurface conflicts, increased 
land disturbance, easements, 
capital costs. 

HD, T 

Treatment of Runoff 

Install offline infiltration systems 
to capture fine sediment and 
infiltrate stormwater runoff closer 
to the source. 

Subsurface conflicts. HD, T 
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Formulating Alternatives 

In order to satisfy the goals of the Project, two alternatives were formulated to mitigate specific 
erosion and storm water runoff water quality problems within the Project area.  A third "do 
nothing" alternative will not satisfy the Project goals or objectives and is therefore not considered 
a viable alternative for discussion in this Section. 

The two mitigating alternatives were developed using the BMP categories of source control, 
hydrologic design, and treatment of runoff.  Many BMPs satisfy more than one category.  
Appendix C contains detailed BMP toolbox sheets for each specific facility and treatment 
proposed. 

Important design considerations in formulating the alternatives were ROW constraints, availability 
of suitable publicly owned parcels, existing underground utilities, capital costs of the proposed 
improvements, relative cost vs effectiveness of the proposed improvements, and the relatively 
high cost of easement acquisition on private property.  Suitable BMPs chosen for consideration 
for the Project alternatives include: 

Revegetation 

Revegetation is a source control mitigation measure.  In order for revegetation to be 
successful as a soil stabilization BMP, the characteristics of the application needs to be 
tailored to the specific conditions of each site.  These characteristics should include selection 
of a soil stabilization material and developing an appropriate plan for the growth of vegetation.  
Revegetation alone is not expected to be successful for all areas of bare soil.  This is primarily 
due to the dryness of some sites, granitic characteristics of the soil, and the depth to 
groundwater. 

Rock Slope Protection 

Rock slope protection is a successful source control mitigation alternative which has been 
used extensively within the Project area as elements of other erosion control projects.  The 
costs, benefits, and limitations have been established and demonstrated on past projects.  
This alternative has a long design life, is resilient to snow removal activities, and is successful 
in stabilizing eroding slopes. 

Rock-Lined Channel 

Rock-lined channels are a proven source control, hydrologic design, and treatment alternative 
for conveying runoff, stabilizing roadside ditches, and treating runoff.  The suspended 
sediments settle into the voids between the rock and portions runoff is infiltrated into the in situ 
soils beneath the channel.  Rock-lined channels have been constructed on numerous erosion 
control projects.  There are a few rock lined, infilled with grout, channels within the Project 
area.  These allow for protection of the channel without opportunities for infiltration. 

Seed and Blanket Channel 

When located in the correct environment, seed and blanket channels are a proven source 
control, hydrologic design, and treatment alternative for conveying runoff, stabilizing roadside 
ditches, and treating runoff.  Once established, suspended sediments are stabilized within the 
root system and the runoff is infiltrated into the in situ soils beneath the channel.  Seed and 
blanket channels have been constructed on numerous erosion control projects with varying 
degrees of success, primarily due to location. 

Sediment / Infiltration Basin 

A sediment basin meets the criteria for hydrologic design and treatment BMP through 
conveyance, the reduction of sediment, the reduction of runoff volume through infiltration, the 
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reduction of peak flow through detention and infiltration, and treatment of runoff through 
infiltration.  The reduction in peak flow is based on the infiltration rate of the sediment basin 
bottom, the runoff volume, and the volume of infiltration storage.  For the reduction of 
suspended coarse and fine sediment in runoff, the sediment basin relies on gravitational 
settling of particles that are denser than water.  For very fine particles suspended in runoff, the 
settling time is such that capture by a sediment basin requires the design and operation is in a 
first flush configuration.  The distance from the bottom of the sediment basin to groundwater 
and the rate of infiltration of the in situ soils is a factor in determining suitable basin locations. 

CSP Inlets 

As a conveyance structure, the CSP inlet meets the criteria for hydrologic design and is a 
proven means of treatment through infiltration.  Reduction of suspended sediment, the 
reduction of runoff volume and peak flow, and the treatment of runoff is dependent on the 
infiltration rate of the in situ soils, the runoff volume, and the volume of infiltration storage.  
The distance from the bottom of the infiltrating facility to groundwater and the rate of infiltration 
of the in situ soils is a factor in determining suitable CSP inlet locations. 

Gunite Walls 

The use of gunite as an erosion control measure meets the criteria for source control and is 
an economic technique for stabilizing eroding soil adjacent to a paved road.  This type of 
improvement was originally installed in the subdivision in the 1970’s.  Based on current 
condition, the useful lifespan of this product varies.  Though this alternative provides for a 
means to stabilize near vertical slopes for the purposes of erosion control, it is not seen as a 
visually pleasing BMP in its current configuration. 

Mechanically Stabilized Earth (MSE) Walls 

The use of MSE wall as an erosion control measure meets the criteria for source control and 
can be an economic technique for stabilizing eroding soil adjacent to a paved road depending 
on the height of the wall.  In order for this method to be cost effective on a project of this type, 
a short MSE wall with a benched slope limits increased construction and engineering costs 
associated with walls greater than 15’ in overall height. 

 

7.3 Alternatives 

The proposed project alternatives are a compilation of design ideas for each street within the 
Project area which meets the goals and objectives of the EIP and the Project.  All proposed 
measures will be in compliance with applicable laws and TRPA and the Lahontan Regional 
Water Quality Control Board (RWCQB) regulations.  The Project area contains existing storm 
drain systems which collects and conveys storm water through a series of corrugated metal 
pipe (CMP) risers, pipes, drainage inlets, roadside channels to existing outfalls which 
ultimately drain to the Upper Truckee River and Trout Creek.  The outfalls occur primarily into 
an existing conveyance system that parallels Pioneer Trail. This Project will be focused on 
reducing the peak flows and volumes as well as increasing the water quality of the runoff prior 
to reaching these outfalls. 

The two formulated alternatives to address the erosion, hydrologic, and treatment deficiencies 
within the Project area are described below. 

Alternative 1 

The proposed project alternative 1 (Alternative 1) will implement source control, hydrologic 
control, and treatment options to meet the Project goals and objectives (Figure 15).  The 
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source control will be to provide erosion control measures on targeted eroding roadside 
slopes and shoulders as well as stabilizing roadside drainages.  Hydrologic controls will be 
met through construction of roadside conveyance systems, replacement of ineffective 
culverts, CSP inlets, and construction of offline/inline infiltration systems which will work 
towards reductions in peak flows and volumes.  Treatment measures will consist of 
subsurface infiltration systems which will be designed to capture and infiltrate the first flush of 
storm water runoff.  

The locations requiring source control improvements include isolated areas of bare eroding 
slopes and shoulders on Meadowvale Drive, Crystal Air Drive, Oflyng Drive, Coto Street, 
Tionontatti Street, Elks Club Drive, and Pioneer Trail. The BMPs proposed for stabilization in 
these areas include rock slope protection primarily at the toe of slope with revegetation above.    
All locations to receive this treatment are within County ROW or within existing slope 
easements.  It is anticipated that this work will involve the use of a backhoe and loader to 
remove material and bring in rock.  

On Oflyng Drive there is a section of the existing gunite wall that has failed completey.  In-kind 
replacement using gunite material is being proposed to stabilize the slope. The work area will 
be in the County ROW and existing slope easements within areas that have been previously 
disturbed.  It is anticipated that this work will involve the use of backhoe and a loader for both 
the removal of material and the supply and placement of rock material. 

The other identified source control issues is with eroding and incised channels.  Stabilization 
of the eroding and incised channels will be addressed with the addition of turf reinforcement 
fabric and rock and rock bowls or dissipators at the pipe inlets/outlets.  The rock will offer 
better protection against erosion than blanket alone.  The area with the incised channel below 
both Southern Pines and Oflyng are steep and difficult to get equipment down to.  It is 
anticipated that the work will be completed with hand crews using wheel barrows to remove 
deposited material and to re-establish the channel with rock.  For the channel to the west of 
Southern Pines and Pioneer Trail, hand crews will be used in order to limit disturbance to the 
existing channel system. 

Multiple hydrologic conveyance issues, including opportunities for treatment of runoff, will be 
addressed by Alternative 1, including problematic road side conveyance systems throughout 
the Project area.  Elks Club Drive, identified as a major collector, provides a connection 
between Highway 50 and Pioneer Trail.  The road is relatively steep from the ridge of Skyline 
Drive to the intersection with Pioneer Trail.  With the steepness of the road, current County 
maintenance practices include the application of abrasives to the road during the winter.  
Current inlets along this section of Elks Club Drive have no sumps providing no capacity to 
capture sand from winter abrasive application.  To address this problem the County is 
proposing installing treatment facilities at the outlet of the storm system, on the southern side 
of Pioneer Trail, below the intersection with Elks Club Drive.  Alternative 1 will include the 
construction of an offline infiltration gallery at the outlet of the stormdrain system before it 
discharges onto USFS owned land. The gallery would be installed within the road shoulder 
(County right of way), with initial flows entering the systemt capture the first flush of storm 
water runoff.  Once the system reaches capacity, all remaining flows would be conveyed into 
the existing channel system.  It is anticipated the gallery would be constructed using a 
backhoe and loader to remove material. 

A similar style of below ground gallery system is proposed to be installed along Oflyng Drive 
(2 locations), Crystal Air Drive (one location), and Tionontatti Street (2 locations), In each 
location the systems would be adjacent to an existing junction structure, with the gallery 
constructed 1) in the County right of way and 2) in front of a publicly owned parcels (ie. 
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California Tahoe Conservancy owned).  As with the Pionner Trail system, these systems will 
take the first flush of storm water runoff allowing for both volume reduction and capture of fine 
sediments. 

Additional treatment of flows from Watershed D will be gained through installation of a raised 
inlet for the cuvlert crossing Oflyng, with installation of rock bern around the inlet, allowing for 
water to back-up and pond before being conveyed under Oflyng.  These treated flows 
continute down a gunite lined channel to Pioneer Trail where a new 18” HDPE culvert will be 
installed to cross Pioneer Trail.  Currently flows from this channel discharge into the curb 
flowline on Pioneer Trail, where in the Spring the flows will continually wash debris and fine 
sediment to the drainage inlet west of this location.  This inlet collects and conveys flow 
across Pioneer Trail to the existing conveyance channel system which has been identified as 
possible Waters of the United States (WOUS).  Installation of the new culvert will allow treated 
flows to be conveyed under Pioneer Trail without comingling with more turbid water on 
Pioneer Trail.  The outlet will be protected with rock rip rap and located to be above the 
highwater mark of the Pioneer Trail channel so as to minimize any impacts to potential 
WOUS.  

For additional treatment of stormwater runoff a select number of existing CSP inlets will be 
replaced throughout the project area.  These inlets have no sump for retaining of runoff or fine 
sediment.  The new inlets will have a minimum sumps of 3 feet with open bottoms allowing for 
better infiltration of stormwater runoff.  These inlets proposed for replacemetn are located on 
Southern Pines Drive, Meadowvale Drive, Crystal Air Drive, Oflyng Drive, and Tionontatti 
Street. 

 

Alternative 2 

The proposed project alternative 2 (Alternative 2) is identical with Alternative 1 with the 
exception of the approach to treatment of stormwater runoff and addressing the failed gunite 
slope on Oflyng Drive (Fgiure 16).    

For the failed gunite on Oflyng Drive, the County would propose the use of a Mechanically 
Stabilized Earth wall (MSE) (ie Redi-Rock wall product or Tensar Sierrascape Product) and 
construction of a benched slope above.  The work area will be in the County ROW and 
existing slope easements within areas that have been previously disturbed.  It is anticipated 
that this work will involve the use of backhoe and a loader for the removal of material and the 
supply and placement of rock material. 

The focus on treatment through below ground infiltration galleries would change to above 
ground infiltration basins for three publicly owned parcels where construction of the basins are 
feasible.  This would include 1) the construction of an offline infiltratation basin on the USFS 
parcel (APN 08-103-09) below the intersection of Elks Club Drive and Pionner Trail, 2) the 
construction of an offline infiltration basin on the CTC owned parcels between Tionontatti 
Street and Pioneer Trail (APN 08-109-209 and APN 08-109-210). For area 1) the initial flows 
will be directed into the basin through a new channel until it reaches the design capacity, at 
which point flows would continue on in the existing channel.  An overflow channel would also 
be constructed to safely deliver flows into the existing channel for redundancy.  The basin 
would have an overall footprint of approximately 2500 square feet with the inlet and outlet 
channels adding another approximately 300 feet of disturbance.  There would be 
approximately 500 feet of temporary disturbance for access to construct the proposed 
improvements.  To It is anticipated that the basin would be constructed using an excavator  
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and a loader to remove material and shape the basin.  Access to the work zone would be from 
the garbage dump road limiting any traffic impacts to Pioneer Trail.  No trees would be 
removed for construction.  For area 2) flows would be conveyed out of the existing storm drain 
system to the an infiltration basin built on the southern end of both parcels.  The capacity of 
the basin would be set to infiltrate the first flush of stormwater runoff, with remaining flows 
conveyed through the existing system.  It is anticipated that 775 square feet of temporary 
disturbance would be necessary for a contractor to construct the proposed improvements.  

Alternative Unit Costs for Meeting Goals 

The costs to satisfy the goals of the Project were calculated on a unit cost basis for each 
alternative in order to evaluate and compare each alternative's relative benefit and are 
presented in Appendix C.  For this analysis the capital costs for each facility were based on 
bid summaries from Transportation’s erosion control and air quality projects within the Lake 
Tahoe Basin constructed between 2010 and 2018.  Maintenance costs were not considered 
within this Report, however, the maintenance costs will be a factor during the evaluations.  
The unit costs of each alternative were calculated for the cost to provide source control, the 
cost to reduce and treat runoff volume and peak flow, and the cost to reduce sediment. 

The unit cost to reduce runoff volume, peak flow, and sediment was calculated by assuming 
that treatment will be provided by each alternative at an annual frequency of 22 storm events 
per year for the design life of the alternative.  The basis for this treatment frequency is the 
mean annual precipitation at the Project site divided by the 1-inch per hour design storm 
event.  The effectiveness of each BMP was determined by estimating the storage volume, 
determining the infiltration volume for a 1-hour duration based on an assumed 1.25 feet per 
hour infiltration rate, and estimating the runoff total suspended sediment concentration based 
on an assumed 150 mg/L. 

The estimate of the cost to reduce runoff volume and peak flow assumes that runoff is 
directed to each BMP throughout the design storm event.  The calculation of the cost to 
reduce sediment assumes that each treatment alternative is maintained throughout the design 
life and operated in a first flush configuration which results in complete reduction of 
suspended sediment from the runoff.  These conditions will not be satisfied for most storm 
events experienced during the design life of each BMP; however, since the purpose of this 
analysis is to evaluate the relative effectiveness of each BMP, these assumptions are 
accepted for this alternatives comparison. 

Calculation of BMP Unit Costs 

Source control unit cost was calculated using equation 7: 
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U
C bmp

C                                                          (7) 

Where CC is the unit cost of source control in $/square feet, Ubmp is the unit construction cost 
of the BMP in $/square feet, and D is the design life in years. 

The volume reduction unit cost was calculated by equation 8: 
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Where CV is the unit cost of the reduction in runoff volume in $/cubic feet, F is the annual 
frequency of storm events, VI is the volume of infiltration in one hour per unit in cubic feet, and 
VS is the volume of storage per unit in cubic feet.  

The peak flow reduction unit cost was calculated by equation 9: 
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Where CP is the unit cost of the reduction in peak flow in $/cfs. 

The total suspended sediment concentration reduction unit cost was calculated by equation 
10: 
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Where CS is the unit cost of the reduction of sediment in runoff in $/pounds and Ci is the 
concentration of total suspended sediment in mg/L. 

BMP Unit Costs 

The relative unit costs for source control and the reduction in runoff volume, peak flow, and 
sediment is presented in Table 10.  These relative unit costs are presented as one tool for 
evaluating the relative cost efficiency of the alternatives considered in this analysis and does 
not represent a complete evaluation of each alternative's overall effectiveness.  In addition, 
depending on site conditions, some BMPs are more appropriate than others for source 
control, hydrologic design, and treatment of runoff, irrespective of the unit costs.  This variable 
is not represented in the unit cost analysis. 

Table 10 – BMP Unit Costs 

BMP 

U
n

it
 

Unit Costs 

Reduce 
Volume    
(per ft3) 

Reduce Peak 
(per cfs) 

Reduce 
Sediment 

(per lb) 

Source 
Control    
(per ft2) 

CSP Inlet EA $0.24 $4,941.13 $25.27 NA 

Sediment Basin EA $0.02 $218.18 $2.49 NA 

AC Swale/Dike  R&R LF  NA   NA   NA  $1.16 

AC Pavement SF NA NA NA $1.00 

Rock-Lined Channel LF $0.07 $261.82 $7.77 $2.00 

Rock Dissipator/Bowl SF $0.04 $130.91 $3.88 $1.00 

Seed and Blanket Chnl1 LF $0.03 $116.36 $3.45 $0.89 

Revegetation SF NA NA NA $0.10 
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Rock Slope Protection SF NA NA NA $1.00 

Sweeping --- NA NA $0.05 NA 

1. Seed and blanket channel is the assumed improvement for the proposed “stabilize channel” shown on Figures 15 and 16. 

CMP Inlets, sediment basins, rock-lined channels, seed and blanket channels, and rock 
dissipators or bowls all perform satisfactorily in volume and peak flow reduction and treatment 
of runoff.  The most cost efficient means of satisfying the reduction in volume, peak flow, and 
suspended sediment goals of the Project are with the sediment basin, seed and blanket 
channel, and rock dissipators or bowls.  However, a sediment basin is limited in that it requires 
a fairly large footprint and is not suitable for all site conditions.  The seed and blanket channel 
is limited in that it is not suitable for all site conditions and is not suitable for detention. 

Revegetation is practical and inexpensive means of source control but is not suitable for all 
site conditions.  Rock-lined channels and seed and blanket channels provide source control at 
a higher cost but also provide multiple benefits which offset the unit cost increase. 

For the collection of sediment, sweeping costs per pound recovered are significantly less 
expensive than all other BMPs, though it’s overall effectiveness at removing fines (<125 
microns) is in question.35 

8.0 Evaluating Alternatives 

If designed and maintained properly, Alternatives 1 and 2 should meet the objectives of this 
Project.  Alternative 3, the “do nothing” alternative, will not meet the Project objectives and 
therefore is not included in this evaluation.  However, ongoing sweeping of the impervious 
surfaces within the County ROW will continue to reduce the amount of sediment which is 
available for suspension in runoff thereby reducing the sediment load.  The Preferred Alternative 
will be outlined in the Preferred Alternative Memorandum and will be selected based on the 
evaluation of the two mitigating alternatives and the degree to which each meets the objectives of 
the Project. 

8.1 Alternatives Summary 

Alternative 1 reflects a complete, comprehensive plan and provides mitigation measures for 
those areas within the Project area currently without adequate source control, hydrologic 
design, and treatment. 

Alternative 2 proposes a change in scope from that shown in Alternative 1 to use alternative 
methods to achieve treatment and source control objectives. 

Both alternatives propose slope and road shoulder stabilization, infiltrating CSP inlets, pipe 
replacement, rock dissipators, rock lined channels, and treatment of stormwater runoff through 
infiltration.  Implementing this combination of source control, hydrologic design, and treatment 
elements are necessary components of the Project. 

 

Reduction of Coarse, Fine, and Very Fine Sediments 

The reduction of coarse, fine, and very fine sediments by 33%, 25%, and 12%, respectively, is 
one of the goals of the Project.  Table 11 reflects the anticipated reduction in sediment from 
each facility.  The reduced sediment was calculated by assuming that reduction will be 
provided by each facility at an annual frequency of 22 storm events per year for the design life 
of the facility.  The basis for this treatment frequency is the mean annual precipitation at the 
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Project site divided by the 1-inch per hour design storm event.  The effectiveness of each 
BMP was determined by estimating the storage volume and estimating the runoff total 
suspended sediment concentration based on an assumed 150 mg/L. 

 

Table 11 – Anticipated Load Reduction Per Storm Event 

BMP Unit Reduced Sediment Load (lbs) 

CSP Inlet EA 0.2812 

Sediment Basin SF 0.0304 

Aggregate Base SF 0.0117 

AC Swale R&R LF N/A 

AC Pavement SF N/A 

Rock-Lined Channel LF 0.0351 

Rock Dissipator/Bowl SF 0.0117 

Seed and Blanket Channel1 LF 0.0351 

Revegetation SF 0.0008 

Rock Slope Protection SF 0.0008 

1. Seed and blanket channel is the assumed improvement for the proposed “stabilize channel” shown on Figures 14 and 15. 

 

Reduction in Runoff Volume and Peak Flow 

Reduction in total runoff volume and peak discharge leaving the site from a 1-inch/hour storm 
by a “first flush” volume is a goal of the Project.  Table 13 reflects the anticipated reduction in 
volume and peak flow from each facility.  The reduced runoff volume and peak flow was 
calculated by assuming that treatment will be provided by each facility at an annual frequency 
of 22 storm events per year for the design life of the facility.  The basis for this treatment 
frequency is the mean annual precipitation at the Project site divided by the 1-inch per hour 
design storm event.  The effectiveness of each BMP was determined by estimating the 
storage volume and determining the infiltration volume for a 1-hour duration based on 1.25 
feet per hour infiltration rate. 
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Table 12 – Anticipated Volume and Peak Reduction Per Storm Event 

BMP Unit Reduced Volume (ft3) Reduced Peak (cfs) 

CSP Inlet EA 30.03 0.0025 

Sediment Basin SF 3.25 0.0003 

AC Swale R&R LF N/A N/A 

AC Pavement SF N/A N/A 

Rock-Lined Channel LF 3.75 0.0010 

Rock Dissipator/Bowl SF 1.25 0.0003 

Seed and Blanket Chnl1 LF 3.75 0.0010 

Revegetation SF 0.08 0.0000 

Rock Slope Protection SF 0.08 0.0000 

1. Seed and blanket channel is the assumed improvement for the proposed “stabilize channel” shown on Figures 14 and 15. 

Capital Costs 

Rough Order of Magnitude (ROM) cost estimates, prepared for each of the Project 
Alternatives, can be found in Appendix D.  The quantities for each alternative were tabulated 
based on the proposed improvements shown on Figures 15 and 16.  The unit costs for each 
facility were based on bid summaries from Transportation’s erosion control and air quality 
projects within the Lake Tahoe Basin constructed between 2010 and 2018.  Table 14 presents 
a summary of the ROM construction cost estimates for each of the alternatives. 

Table 13 – Alternative ROM Construction Cost Estimate Summary 

  Alt-1 Alt-2 

Mobilization  $       68,000.00  $       64,000.00 

Traffic Control  $       20,000.00  $       20,000.00 

Sweeping  $       15,000.00  $       15,000.00 

Trench and Excavation Safety  $       10,000.00  $         7,000.00 

Install & Maintain Temporary BMPs  $       20,000.00  $       20,000.00 

Remove and Dispose of CMP Inlets  $       11,000.00  $       11,000.00 

Remove and Dispose of CMP  $         1,800.00  $         1,800.00 

CMP Inlet  $     115,000.00  $       85,500.00 

18" HDPE Pipe  $       13,500.00  $       13,500.00 

24" HDPE Perforated Pipe  $       76,000.00  $       64,000.00 

Sediment Basin  $                       -  $       40,000.00 

AC Swale/Dike R&R  $       83,725.00  

Rolled Concrete Curb and Gutter  $                       -  $     118,200.00 
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  Alt-1 Alt-2 

AC Pavement R&R  $       10,800.00  $       10,800.00 

Rock-Lined Channel  $         4,400.00  $       12,672.00 

Seed and Blanket  $                       -  $         4,794.00 

Gunite Slope Protection R&R  $     207,200.00  $         6,000.00 

MSE Wall with benched slope  $                       -  $     120,000.00 

Rock Slope Protection  $       58,310.00  $       58,310.00 

Rock Bowl/Dissipator  $            260.00  $            260.00 

Revegetation (Basin)  $                       -  $         3,000.00 

Revegetation (General)  $       18,000.00  $       12,000.00 

CCCs  $       10,000.00  $       10,000.00 

Project Sign  $         3,000.00  $         2,000.00 

Subtotal 745,995 $699,836 

Contingency Percentage 20% 20% 

Contingency $149,201 $139,971 

Total $895,196 $839,807 

Planning and Design Costs 

Planning and design costs include costs associated with the preparation of environmental 
documentation and plans and specifications up to the 100% stage.  The level of detail and 
effort necessary for the planning and design for Alternative 2 would be greater than that for 
Alternate 1; therefore, the planning and design costs for Alternative 2 would be greater. 

Operations and Maintenance Costs 

The new facilities and treatments for Alternative 1 are greater in number than that for Alternate 
2; therefore, the operations and maintenance costs for Alternative 1 would be greater. 

It is anticipated that each mitigating measure will be relatively inexpensive to operate and 
maintain. 

Design Life 

The design life is defined as the number of years the project is expected to function 
adequately without new construction.  The design life for the components of both alternatives 
is similar due to the nature of each alternative being functionally and structurally the same. 

ROW Acquisition 

It is anticipated that all work will be performed within the County ROW or publicly owned 
parcels.  A total of 2 public parcels are proposed for use with Alternate 1 and a total of 5 public 
parcels are proposed for use with Alternate 2.  License Agreements will be obtained from the 
CTC for the work in both Alternatives while in addition a Special Use Permit with the USFS will 
be obtained for work in Alternative 2.  The proposals for Alternatives 1 and 2 are such that the 
costs for preparation and processing of these documents for the CTC will be similar with either 
alternative.  The cost for preparing the documents with the USFS is still being determined. 
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Impacts to Existing Utilities 

Impacts to existing utilities include costs associated with removals or relocations.  Potential 
impacts to existing utilities are equal for both alternatives. 

Disturbance 

Disturbance is defined as new temporary and/or new permanent earth disturbance.  Work 
proposed in paved locations and areas exhibiting erosion or other forms of existing 
disturbance is not considered to be creating new disturbance.  Work proposed in areas 
previously disturbed but restored as well as undisturbed areas is considered new disturbance. 

With the work proposed on the CTC parcels between Pioneer Trail and Tiontatti Drive and on 
the USFS parcel below Elks Club Drive both alternatives will  cause new disturbance.  
Alternative 2 includes the construction of infiltration basins on the subject public parcels which 
will require more overall disturbance, therefore, Alternative 2 will create more disturbance 
overall. 

Aesthetics 

Aesthetics represent the appearance of the completed Project.  Each alternative is comprised 
of similar erosion mitigation techniques which have equivalent aesthetic characteristics. 

Constructability 

Constructability reflects the ease of construction of each alternative.  The proposals for 
Alternatives 1 and 2 are such that constructability aspects are similar. 

Groundwater Impacts 

Groundwater impacts reflect the potential for positive or negative effects to existing 
groundwater flow patterns, or mixing polluted surface water with groundwater.  For the 
treatment of runoff, both alternatives rely on infiltrating structures, channels, and a sediment 
basin.  Any potential impact to groundwater quality will be similar with either alternative. 

Impervious Surfaces 

An impervious surface is a surface that does not allow infiltration of surface water.  There is no 
change in impervious surface area with either alternative. 

Road Sand/Cinders 

Road sand/cinders are introduced sediments from County operations.  The County’s Tahoe 
Maintenance and Operations routinely applies road sands/cinders within the Project area.  
The volume of road sand/cinder captured in the proposed facilities will be greater with 
Alternative 2. 

Manmade Nutrient Sources 

Manmade nutrient sources are from private lands and utilities such as lawn fertilizers and 
wastewater pipes.  The collection, conveyance, and treatment of manmade nutrients are not 
goals for this Project.  For this reason the alternatives were not formulated specifically to 
address manmade nutrients. 

Public Safety 

There will be no changes to public safety following implementation of either alternative. 
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Wildlife Habitat 

Impacts to wildlife habitat within uplands with thriving native vegetation are currently being 
studied.  However, it is anticipated there will be no changes to wildlife habitat as a result of the 
implementation of either alternative.  No trees greater than 8” are anticipated to be removed 
as result of this project. 

Vector Control 

During mosquito breeding season, water that is standing for 72 hours or longer could facilitate 
mosquito production.  Both alternatives will be designed and constructed in a manner that 
standing water will be present for less than 72 hours.36 

Permitability 

The length of time required to obtain the construction permits for Alternatives 1 and 2 will likely 
be the same considering that the proposed facilities for each alternative are similar. 

Fundability 

Fundability considers the number of agencies needed for funding each alternative and the 
requirements each alternative must meet to receive that funding. The County currently has no 
funds for the implementation of the project.  With the proposed improvements identified in 
both alternatives, the project would compete well for implementation funds from State and 
Federal sources. 

 

8.2 Alternatives Evaluation Summary and Recommendations 
 

The County has looked at the existing conditions in the Project area to identify problems and 
analyzed potential solutions to address the problems noted.  The alternatives selected by the 
County were those that the County determined will meet the Project goals and objectives. 

Implementing Alternative 1 ensures that the Project goals and objectives will be met to the 
maximum extent practicable.  This alternative will mitigate water quality issues not currently 
addressed with the existing drainage systems and will stabilize areas that are beginning to 
become a detriment to water quality.  The current estimated construction cost of Alterative 1 is 
$895,796. 

Implementing Alternative 2 will also meet the goals and objectives for the Project to the 
maximum extent practicable.  Although different in treatment scope than Alternative 1, this 
alternative will still mitigate water quality issues not currently addressed with the existing 
drainage systems and will stabilize areas that are beginning to become a detriment to water 
quality.  At an estimated cost of $839,807, Alternative 2 is less than Alternative 1. 

Implementation of Alternative 3 will not meet the goals and objectives for the Project as it does 
not provide any source control, hydrologic, or water quality benefits.  Without these benefits, 
sediment from eroding slopes and shoulders will continue to obstruct conveyance facilities, 
impede the ability of the infiltrating channel and basin systems to infiltrate and treat runoff, and 
impact the water quality of runoff to Trout Creek and the Upper Truckee River. 
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