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I.

Introduction

Background
In April 2019, the Wildscape Engineering, Inc. Team (Team) that includes Northwest Hydraulics Consultants
(NHC), Nevada Tahoe Conservation District (NTCD), and Catalyst Environmental Solutions with support from
Insite Land Surveys was contracted by the City of South Lake Tahoe to provide engineering design and
planning services for the Bijou Park Creek Restoration Project. This is the second phase of a three phase effort
(Figure 1) by the City of South Lake Tahoe to address water quality and flooding issues in the Bijou Park
Creek Watershed. The first phase, Bijou Park Creek Stream Environment Zone (SEZ) Restoration included
water quality and flood mitigation efforts in the commercial zone adjacent to Lake Tahoe and Ski Run
Boulevards and was completed in 2018.

Figure 1. Bijou Park Creek Watershed Phased Improvement Efforts
(Source: Catalyst Environmental 2020)
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Funding for this Phase 2 effort was made available through Proposition 1 from the State Water Resources
Control Board Stormwater Grant Program to conduct preliminary planning and environmental review of a
multi-benefit stormwater improvement project. In accordance with the Proposition 1 grant agreement, the
project is to include:
●

Stabilization of road shoulders that are vulnerable to erosion;

●

Replacement of undersized stormdrain pipe with appropriately sized pipes (perforated where
technically feasible);

●

Retention basin(s) that can store and treat storm water through sedimentation and infiltration; and

●

Restoration of floodplain, while prioritizing the use of existing public land or easements.

Use of public land and collaboration with the City of South Lake Tahoe (CSLT), California Tahoe Conservancy
(Conservancy), and USDA Forest Service Lake Tahoe Basin Management Unit (Forest Service) is a critical part
of this project.
The approximately 850-acre drainage area for the Bijou Park Creek Restoration Project [Figures 2 and 3]
ranges from forested ski slopes at the uppermost portion of the watershed including the Heavenly Ski Resort
(California Lodge) parking lot transitioning to residential and commercial areas through the mid to lower
portions of the watershed, with arterial and neighborhood roads and interspersed public lands and open space.
The adjacent Keller Canyon watershed is connected to this watershed via the city storm drainage network at
Markoffer Way and Keller Road adding 365 acres of drainage area to the project where Keller Canyon
watershed terminates. As a result of past development a sizeable portion of the Keller Canyon watershed is
diverted to Bijou Park Creek in the upper portion of the watershed as described in Section II Existing
Conditions. The Bijou Park Creek watershed ultimately discharges to Lake Tahoe at Ski Run Marina via an
underground network of often undersized and degraded conveyance pipes.
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Figure 2. Bijou Park Creek Watershed opportunities. (WS Map Source: Lumos and Associates, 2005)
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Figure 3. Bijou Park Creek Watershed Catchment Areas.
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Water quality improvement and flooding alleviation are being addressed as part of this project. Flooding
problem areas include the following.
●

Pioneer Trail at Charlesworth Court

●

Blackwood Road - Heavenly Valley Mobile Home Park

●

Below Blackwood Road including at Werner Salas, Vanda Lee Way, Shirley and Bill Avenues

Relevant past studies and concurrent projects include the 2005 E Pioneer Trail Watershed Hydrology Study
(Lumos & Associates), 1987 Bijou Wildwood Erosion Control Project (Brown and Caldwell), the Conservancy’s
ongoing development of the South Tahoe Greenway Shared Use Trail and TRPA’s recently started Ski Run
Mountain to Marina Green Infrastructure planning project focused on stormwater pollution prevention and
small scale green infrastructure opportunities within developed parcels of the watershed.
While there have been studies and Environmental Assessments for individual stormwater improvement
projects in the Bijou Park Creek watershed, this project takes a broader perspective in selecting stormwater
quality and flooding improvement projects and carrying them to the 30 percent design milestone. The existing
conditions foundation for this project relies heavily on the work completed as part of the 2005 East Pioneer
Trail Watershed Hydrology Study by Lumos and Associates Inc. with support from Toby Hanes who led the
hydrology analysis at the time and continues to lead the hydrology and hydraulic analysis under this effort.

2005 E. Pioneer Trail Watershed Hydrology Study
The 2005 E. Pioneer Trail Watershed Hydrology Study (Study) provided the existing conditions setting and
understanding as the basis for investigation of project opportunities and alternatives development. While
some of the information provided in the study required field verification, due to the time gap since report
completion, its comprehensive background and analysis afforded the team the ability to start immediately
with more focused investigations and analysis. The Study covered three drainage areas Keller Canyon, Bijou
Park Creek, and Bijou Meadow and used the HEC-HMS model (U.S. Army Corps of Engineers Hydrologic
Modeling System https://www.hec.usace.army.mil/ ) to estimate peak flows at various points in the
watershed. The study characterized the quality of stormwater and identified opportunities and constraints
relative to reducing flood peaks and improving the quality of stormwater. In addition, it identified potential
projects and private parcels that, through their acquisition would provide opportunities to restore Stream
Environment Zones (SEZs) and improve stormwater quality. The data provided on drainage, hydrology, SEZ
condition, impervious areas, utilities, and pollutant and sediment sources fed directly into the projects
considered and proposed here.

1984 Bijou Wildwood Erosion Control Project
The 1984 Bijou Wildwood Erosion Control Project was the initial erosion control project tackled by the CLST
in response to the Lahontan Regional Water Quality Control Board’s prohibitions on discharges of silt and
sediment in 1971 (Brown and Caldwell 1984). The project targeted the reduction of flooding and transport of
fine sediment to Lake Tahoe via source control and treatment of restored SEZ. This resulted in the installation
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of culverts, check dams, cross valley berms, and numerous other measures within the project area. Many of
the aging and non-functioning infrastructure elements installed by this project are now being replaced,
upgraded, or removed by the current proposed projects.

Purpose: Goals and Objectives
The purpose of this preliminary design report is to explain the reasoning, data and analysis that went into the
chosen projects. In addition, it specifically addresses the Preferred Design Approach (PDA) including Source
Control, Hydrologic Design, and Treatment. Hydrologic and hydraulic modeling on a watershed scale guided
the design and enabled projects to be evaluated using a watershed approach. The Existing Conditions
background from the 2005 E Pioneer Trail Hydrology Study afforded this project to begin with a watershed
wide perspective and proceed with the next step of Formulating and Evaluating Alternatives (FEA) as required
by the Storm Water Quality Improvement Committee (SWQIC) guidelines.

Technical Advisory Committee and Public Engagement
Gathering insight and input from agencies and the community is an important element of alternatives analysis.
For this reason, informal and formal meetings were conducted in the field and remotely (due to Covid-19
distancing requirements) with representative agencies, landowners and the public. A Technical Advisory
Committee (TAC) was formed and a meeting was held on April 17th, 2020 to introduce the project and engage
with public landowners and regulatory agencies early in the design process. A diverse group of stakeholders
from the following agencies comprise the TAC: CSLT, Tahoe Regional Planning Agency (TRPA), California
State Water Resources Board, Lahontan Regional Water Quality Control Board, Conservancy, Forest Service,
Tahoe Resource Conservation District (TRCD), South Tahoe Public Utility District (STPUD), Heavenly Ski
Resort, and US Environmental Protection Agency (EPA). A two week comment period followed the April TAC
meeting. The discussion and comments resulting from the meeting are attached in Appendix 11. Additional
informal meetings were conducted in the field and by phone with CSLT, Forest Service, Conservancy, TRPA
and Heavenly Ski resort representatives to examine and discuss specific areas of interest including existing
treatment facilities, SEZ condition, and future project collaboration and assimilation. A second TAC meeting
will be held in late summer 2020 to review and collect feedback on the Preliminary Design Report and 30%
concept plans.
CEQA is being completed concurrently with the preliminary design process and consequently a public scoping
meeting was conducted to introduce the project and solicit feedback from community members. The public
scoping meeting was held virtually on June 24th, 2020 with assistance from CSLT staff who provided several
channels to provide public comment including phone calls, live chat, email and written comment. Public
comments brought attention to a number of concerns that are addressed further in the CEQA document and
in individual project design descriptions.

II.

Existing Conditions

The following section summarizes the existing physical and biological conditions of the Bijou Park Creek
watershed based on past and current studies and provides an overview of the hydrology and hydraulic analysis
and results that were done in support of alternatives development.
6

Topography and Sub Drainage/ Watershed Conditions
The Bijou Park Creek Watershed as shown in Figure 3 extends from the steep rocky terrain of the slopes of
Heavenly Ski Resort down to the outfall into Lake Tahoe at Ski Run Marina. As shown in Figures 2 and 4 east
of the Bijou Park Creek watershed is Keller Canyon watershed of which roughly 260 acres of its upper
watershed are redirected to Bijou Park Creek as a result of the Heavenly Valley parking lot construction more
than forty years ago (Lumos 2005). This artificial increase in drainage area has led to increased conveyance
demand and flooding issues.

Figure 4. Current and historical drainage patterns in the Bijou Park Creek Watershed. Red line indicates
portion of Keller Canyon drainage that has been redirected to the Bijou Park Creek watershed as a result of
development.
(Source: Catalyst Environmental 2020).
Just below Heavenly Ski Resort, Bijou Park Creek descends via a mix of open channel and piped flow through
low density residential areas where it encounters numerous restrictions at road crossings and a confined
floodplain as it approaches higher density development in the lower portion of the watershed. Eventually the
creek outfalls into the recently restored stream corridor at the Bijou Marketplace (Whole Foods) development.
The lower portion of the watershed encompasses medium to high density residential and commercial
development with a mix of curb and gutter and unpaved road shoulders. The storm drainage network collects
and conveys stormwater to a storm drain main along Ski Run Blvd that outfalls into Osgood Basin.
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Figure 5. Existing Stormwater Infrastructure

Land Use
A large portion of land use in the watershed is open space, especially higher in the watershed. Lower down
there is a mixture of low and medium density residential followed by commercial development along Highway
50 and Ski Run Blvd north of Pioneer Trail. Heavenly Ski Resort California Base Area is located near the top
of the watershed. While the slopes and parking lot are significant contributors of sediment the resort installed
and manages a series of StormFilter treatment vaults to treat the resulting runoff. A comprehensive study
was done to quantify the pollutants coming from the resort and can be found in Appendix 1 (Heavenly
Discharge Report). In addition, a Pollutant Load Reduction Model (PLRM) was run to identify sources of
sediment, the associated land use map and model output can be found in Appendices 2 and 3 (PLRM Land
Use Map, PLRM Output).

Public Lands
A significant portion of the lands interspersed throughout the watershed are owned by the Conservancy and
the Forest Service. The majority of the land that the Bijou Park Creek channel flows through is publicly owned,
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the exception being a residential area the creek passes through before daylighting into the Bijou Marketplace
(i.e. Whole Foods) SEZ Restoration area adjacent to Highway 50. Osgood and Wildwood basins in the lower
watershed are owned by the City of South Lake Tahoe. A map of public lands is attached as Appendix 4 (Public
Lands).

Soils and Vegetation
Soils in the project area are primarily Cagwin Rock Outcrop Complex (5-15% slope) (CaD) and Elmira Loamy
Course Sand, Wet Variant (Ev) (Web Soil Survey, 2005 Lumos). A geotechnical investigation was conducted
in October 2019 at three sites to evaluate infiltration capacity and ground water levels. Borings were taken at
Osgood basin, Elva Court and along Herbert Ave. These results are discussed in the proposed project
descriptions and details can be found in the Boring Logs (Appendix 5)
The proposed project sites are primarily located on forested public lands owned by the Conservancy and
Forest Service. Field surveys of plant communities and of dominant vegetation communities in support of
CEQA were performed in October 2019. Vegetation communities on these lands that included Bijou Meadow,
which was part of a considered and rejected diversion project discussed in Section V, consist of Jeffrey Pine
forest (~28 acres), Aspen groves (~3.8 acres), willow thickets (~4.1 acres), and wet meadow (~2.8 acres).
Details on dominant species can be found in the Biological Resources Report (Appendix 6) prepared by Catalyst
Environmental Solutions.
A more in-depth investigation of vegetation types specific to the SEZ areas to be enhanced was conducted to
inform salvage and reuse, revegetation and biotechnical treatment opportunities for project designs including
a species list can be found in Appendix 7 (Existing Conditions Vegetation).

Sources of Pollutants
Fine sediment is the primary pollutant of concern as identified in the Lake Tahoe TMDL adopted in 2011. It is
defined as particles less than 20 microns in size.

Introduced
The major contributor of fine sediment includes the
dispersal of sand and other material for traction along the
highly traveled route to and from Heavenly Ski Resort. In
general, stormwater pollution associated with the use of
road abrasives can be considered a chronic problem
because of their routine use during the winter and the
propensity for the applied abrasives to generate fine
sediment through crushing by vehicles.
The City of South Lake Tahoe's Snow and Ice Removal
Plan guides deicing operations which occur when
conditions require. Typically sanding occurs first in priority
9

Figure 6. Heavily sanded routes on the way to
Heavenly Ski Resort.

areas when a light snow falls to prevent dangerous conditions. Deicing consists of applying a mixture of two
parts sand to one part salt to priority areas as shown in Appendix 12 (City Sanding Patterns Heavenly Valley).
In addition to deicing, the City applies anti-icing, a mixture of water and salt brine, to the roads prior to a
storm when proper conditions occur. Changing sanding frequency is challenging as weather is difficult to
predict and sanding is a key component of protecting public safety during storm events.

Existing
During large precipitation events and high flows, sediment can be mobilized through scour on unpaved road
shoulders, steep slopes, and natural channels. Steep, sparsely vegetated slopes, and cut banks are often
sources of sediment. Earthen disturbed road shoulders from vehicle traffic and snow removal equipment can
allow for mobilization of sediment.
Erosion from road cut slopes and unpaved roads remains a problem in many areas within the upper watershed.
These areas are problematic because of the coarse soils and minimal precipitation during the short growing
season limiting revegetation efforts. The East Pioneer Trail Watershed Hydrology Study (Lumos 2005) details
erosion problems in the watershed. Erosion from unpaved road shoulders can be considered a chronic
problem because of continued disturbance from roadside parking. Erosion from slopes with little vegetative
cover is more episodic in nature, due to the generally high infiltration rates and low melt rates, in comparison
to intense winter frontal storms or less frequent summer thunderstorms.

Existing Stormwater Conveyance and Transport Processes
Keller Canyon Watershed
Water draining from Keller Canyon is redirected into a storm drain pipe which originates near the intersection
of Keller Road and Markoffer Way. It is conveyed down Markoffer Way, crossing Pioneer Trail and then
eastward along Tamarack Avenue to a junction with the Ski Run Boulevard storm drain. That drain originates
on the south side of Pioneer Trail and runs along the east side of Ski Run Boulevard to Paradise Avenue,
where it discharges into the Osgood Basin.

Bijou Park Creek Watershed
Surface Runoff
The majority of the watershed does not have developed stormwater infrastructure. In general, runoff is
typically conveyed along road shoulders and then into stream corridors. Some of the road shoulders have
low asphalt berms, but in many locations, particularly in the lower portions of the watershed, the road
shoulders remain undeveloped and are subject to disturbance and compaction associated with on-street
parking where it occurs.

Bijou Park Creek
Bijou Park Creek originates from runoff coming from the Heavenly Ski Resort Parking lot and adjacent surface
runoff. The creek flows through low density fairly steep residential areas below the Heavenly Valley base
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facilities and crosses Ski Run Boulevard via a pipe just below Needle Peak Drive where it flows freely through
Conservancy and Forest Service lands before entering swales on either side of Charlesworth Court. It crosses
Pioneer Trail in a silted in and undersized culvert that outlets into a broad, wet meadow or Stream Environment
Zone (SEZ). After crossing Pioneer Trail there has been some obvious manipulation of the creek and SEZ,
including intermittent earthen berms set perpendicular to the flow path and redirection of the main channel.
The alteration of this meadow is described in more detail in the section below. The stream continues northward
along the meadow in an open channel until it enters a pipe that flows under an apartment complex parking
lot before crossing Tamarack Ave via a culvert, and back into the open meadow and across Werner Salas Dr
via another culvert. A tributary joins the main channel in the open meadow at this point originating from the
southwestern watershed. The channel is redirected and straightened to skirt private residences before it enters
a 24-inch pipe at Shirley Ave. From the Shirley Avenue crossing it flows along a lot line on the north side of
the road and enters into a 24-inch diameter culvert in the backyard of a residence. From there, it is conveyed
between lots on the south side of Bill Avenue, continues under Bill Avenue and through a residential lot on
the north side of Bill Avenue and discharges into a large recently restored stream corridor which flows around
the east side of the Whole Foods market. The stream corridor discharges into a 24-inch stormdrain that is
conveyed across Highway 50 and combines with runoff generated in the lower eastern portion of the
watershed. Higher flood flows within the stream corridor enter a 24-inch overflow pipe that flows eastward
and ties into a 24-ft. x 36-ft. box culvert under Ski Run Boulevard.

Bijou Park Creek SEZ and Meadow
Bijou Park Creek was modified during a joint U.S. Forest Service/Soil Conservation Service conducted in 1985
(Figures 7 and 8). The project resulted in the construction of some low cross-valley berms in the meadow
and stream channel construction likely intended to prevent channel incision and achieve greater opportunity
for floodplain deposition. One of the cross-valley berms occurs within 30 feet upstream of the trailer park
outfall, at which point there is a small drop structure to convey the creek over the berm the other earthen
berms are capped with asphalt at the spillways.
The LiDAR-based topography used in the HECRAS hydraulic model simulations does not indicate the current
location of the channel in the area of the trailer park outfall likely due to the small channel dimensions. The
simulation shows most initial flow occupying the east side of the valley and then spreading toward the west
as the discharge increases. Reconnaissance of the area does indicate remnant flow paths on the east side of
the valley.
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Figure 7. 1940 Aerial Image Bijou Park Creek pre-direct modification.

Figure 8. Bijou/Wildwood ECP Elements in SEZ along Blackwood
(Brown and Caldwell 1985)
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Inspection of the 1940 aerial photograph (Figure 7), which was prior to the development of Heavenly Valley
Ski Resort, does not clearly indicate a channel in the vicinity of the trailer park outfall, although a single-thread
channel is clearly apparent beginning approximately 200 feet upslope of Spruce Avenue. Above that point,
there appear to be multiple weakly defined channels occupying primarily the east side of the valley although
there is evidence of a channel trace extending upstream westward to the approximate location of the trailer
park outfall. These channel traces become progressively weaker in an upstream direction.

Bijou Marketplace
Figure 9 shows the arterial stormdrains within the project area covered in the hydrology and hydraulic analysis
performed by NHC and introduced in the following sections. As introduced above, lower Bijou Park Creek
outfalls into the Bijou Marketplace restored stream corridor in the northwest portion of the project area where
it is conveyed across Highway 50 to its confluence with the Ski Run storm drain at the vault in Ski Run
Boulevard on the north side of Highway 50. A high flow bypass at Bijou Marketplace routes excess flows
directly to Ski Run where Osgood outfalls. Drop inlets and laterals within the Bijou Marketplace commercial
center drain to onsite stormwater infiltration basins that overflow into the recently restored stream corridor
described above.

Figure 9. Bijou Park
Creek conveyance
network (right) and
storm drain pipe from
Shirley Ave to Bijou
Marketplace SEZ.
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Osgood Basin to the Lake
The bulk of the lower watershed to the east of the Bijou Park Creek Meadow drains into a storm drain system
along Ski Run Boulevard which enters a small treatment basin, the Osgood Basin. Bijou Park Creek and the
water exiting the Osgood Basin then combine and enter into twin 48-inch diameter concrete pipes that extend
to a large vault on the east side of the Ski Run Marina itself. That vault also serves as the terminus of the
Wildwood Basin watershed. Three 48-inch diameter pipes extend from the vault to the marina bulkhead
where all of the runoff from the Bijou Park and Wildwood watersheds is discharged into Lake Tahoe.

Wildwood Watershed
Although the Wildwood watershed (Figure 3) is not part of the formal study area, hydraulic analysis of the
high flow bypass was performed to assess the feasibility of expanding Osgood Basin, one of the water quality
improvement projects described in Section V. Figure 10 shows the Wildwood Basin stormdrain high flow
bypass. Runoff from the Wildwood subwatershed, which adjoins the Bijou Park Creek watershed on the east,
flows into three stormwater treatment basins on the south side of Highway 50 treating a drainage area of
approximately 111 acres. Water from the basins flows down Wildwood Avenue and across Highway 50 where
it enters a vault. In general, lower flows are discharged into a series of three shallow wetland treatment
basins located along the back side of the Lake Tahoe Vacation Resort. Discharge from the final basin enters
the large vault next to the Ski Run marina. Flows in excess of the capacity of the treatment basins enters a
36-inch diameter bypass culvert, which also discharges into the marina vault. There are several crossconnections between this pipe and the basins which can allow for additional inflow into the basins or discharge
back into the bypass stormdrain.

Figure 10. Wildwood Basin storm drain high flow bypass.

III.

Hydrologic Design

In order to evaluate the hydraulic capacity of existing infrastructure and to design for the 10- and 100- year
recurrence events as required by the CSLT design standards hydrologic modeling was completed to determine
potential peak flows at key points in the watershed. While the conventional HEC-HMS was used to compute
peak flows in past studies of this watershed (i.e. E. Pioneer Study) a calibration error was discovered to have
caused unreliable results and so an alternative method was pursued using analog basins. See Appendix 8 for
14

the full hydrology technical memo discussing the calibration error and how it skewed the prior peak flow
results as well as the Analog Basin method used to achieve the peak flow results for 30% designs presented
in Table 1 below.
Table 1. Estimated Recurrence Interval Peak Flows Using the Analog Basin Method with correction factor
applied to account for urbanization effects.
Peak Flow (cfs)
Analysis Point
2-yr
5-yr
10-yr
25-yr
50-yr
100-yr
Keller Canyon @ Markoffer
3.2
6.7
9.9
13.7
20.1
27.1
Needle Peak @ Ski Run
2.9
6.1
9.0
12.5
18.7
25.2
Osgood Basin
4.9
10.1
14.3
19.2
28.3
37.8
Osgood Basin w/o Keller Canyon
2.2
4.3
6.2
8.4
12.6
16.8
Trailer Park Outfall
1.5
3.4
5.1
7.1
10.7
14.5
Bijou Park Creek @ HWY 50
6.1
11.8
16.9
23.0
33.7
44.4
Bijou Meadow at Lake Tahoe
12.2
22.3
31.5
42.4
61.8
80.8
Wildwood Basin ABV HWY 50
2.2
4.5
6.2
8.5
12.5
16.6

The estimates provided in the table may be subject to some revision during the next stage of the design
process, either to revise the chosen set of analogs, or to provide for a “safety factor” in recognition of the
uncertainty inherent in any method used to derive flood flow estimates.

IV. Hydraulic Modeling
NHC used various computer models to evaluate existing peak flow, conveyance conditions and flood potential
in the watershed. The modeling software PC Storm Water Management Model (PCSWMM) and HY-8 Culvert
Hydraulic Analysis Program were used to evaluate existing pipe and culvert capacities in order to identify
where upsizing or upgrades are needed and to evaluate the hydraulic capacity of proposed improvements.
The Hydraulic Engineering Center – River Analysis System (HEC-RAS) 2-Dimensional model was used to
document the extent and depth of inundation on the Bijou Park Creek meadow at various flows, although it
had its limitations due to the Lidar topographic surface not displaying some of the modified channel features
due to their small size.

PCSWMM Analysis
Model Description
PCSWMM 2019 Professional 2D (Version 7.2) model developed by CHI, Inc. is used to evaluate stormdrain
networks. For this project, it was used to determine the capacity of the existing stormdrains at various
locations. PCSWMM is a fairly sophisticated model that handles unsteady flow through stormdrains, ponds
and weirs. In a stormdrain network, each lateral or inflow point, is assigned its own input hydrograph. The
program computes the water surface elevation and energy grade line within the stormdrain continuously at
all points through the entire storm period represented by the input hydrograph.
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Input
The program input requires information on the size, dimensions and roughness of each pipe segment along
with its slope. NHC gathered pipe information and surveyed the rim elevation at all manholes for the entire
Markoffer/Tamarack/Ski Run stormdrain network. The invert elevations for the pipes were determined by
measuring the distance from the manhole rim to the invert, and subtracting that distance from the surveyed
rim elevation. Culvert inlet and outlet elevations were surveyed directly for the culvert extending from
downstream of Shirley Avenue to the Bijou Marketplace stream restoration corridor. For the storm drain
system on the lakeside (northwest) of Highway 50, we relied primarily on invert information gathered for the
previous NHC report investigating the capacity of the stormdrains there (Bijou Park Creek Watershed
Hydrologic and Hydraulic Analysis, NHC Inc. 2017). However, NHC resurveyed most of the rim elevations,
verified the entrance and exit elevations of the pipes in the Ski Run vault where the flow from Bijou Park
Creek and Osgood basin join and measured the invert elevation of one of the outfall pipes into the marina.
We were unable to re-measure the invert elevations inside the Ski Run marina vault due to backwater
inundation from high lake levels. Given routing of water to the Wildwood Basin is being considered under
alternatives analysis, data was collected to assess the capacity of the high flow bypass pipe from Wildwood
Basin out to Ski Run Marina. NHC surveyed the rim elevations of the vaults and manholes, took tape down
measurements to the bypass pipe invert, and took elevation and dimension measurements of the weir within
the vault on the north side of Highway 50.

Output
During the model run, if at any time or location (i.e. manhole) the energy grade line exceeds the manhole rim
elevation, the model flags that manhole and caps the discharge flowing past that point. Therefore it is
assumed that any incident of the water surface reaching the manhole rim elevation results in flows in excess
of the pipe capacity and stormwater flowing out of the manhole and not re-entering the stormdrain at a point
downstream. Figure 11 shows a snapshot of the SWMM output for the Ski Run Blvd stormdrain.
Unfortunately, the model does not have the capability to perform this same “flagging” function at elevations
below the manhole rim, which is desirable from the standpoint of determining the flow which matches the
City’s criterion of passing the 10-year recurrence interval flow with the hydraulic grade line at 0.5 feet below
the elevation of drop inlets and manholes (City of South Lake Tahoe Public Improvement and Engineering
Standards, 2009).
NHC performed some sensitivity analysis by altering manhole elevations which generally resulted in flows of
5% to 10% less than those at which the grade line equaled the manhole rim elevation. But that approach
sometime produced spurious results.
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Figure 11. Example of PCSWMM Analysis Results for Ski Run Boulevard

HY8 Analysis
In some cases involving individual pipe segments, existing or proposed, a simplified analysis was appropriate
wherein the capacity of the pipe was computed using the Federal Highway Administration’s HY8 Version 7.60
based on the culvert’s dimensions, roughness, and gradient, along with specifying the headwater and tailwater
elevations. HY8 was used to compute the capacity of the Bijou Park Creek culvert crossing Ski Run Boulevard
just below Needle Peak Road, the culvert extending from the downslope side of Shirley Avenue to the Bijou
Marketplace stream restoration corridor, and a proposed new outfall into Bijou Park Creek Meadow.

HEC-RAS 2D Hydraulic Analysis
Model Description
NHC applied the HEC-RAS 2D hydraulic model to assess the hydraulic characteristics of the Bijou Park Creek
Meadow (US Army Corps of Engineers Hydrologic Engineering Center, HEC-RAS River Analysis System, 2D
Modeling User’s Manual, Version 5.0, 2016). Rather than compute water surface elevations as select crosssections as is done in the 1-Dimensional HEC-RAS model, the 2D version performs calculations using a
computational mesh that fully represents the topography of the study area. HEC-RAS 2D then determines a
cross-section along the edge of each cell within the domain based on the underlying terrain. A hydrograph
may then be specified at some point internally or along the boundary of the mesh for routing across the
surface. This approach allows for the handling of unsteady flow. The model output is a video which shows
the extent and depth of inundation as the hydrograph is routed down the floodplain.
17

Input
In our application of the model, the 1-foot contour mapping derived from the available 2010 LiDAR data was
used as the basis for the meadow topography. The discharge point into the meadow was the existing stream
crossing point on Pioneer Trail. Tributary inputs were not simulated. A 20-ft x20-ft grid was used for the
model except for a small area upstream of Shirley Avenue. At Shirley Ave a 5-ft x 5-ft grid was used to better
represent the flow confinement within the narrow channel that extends from upstream of Shirley Avenue to
the inlet of the Shirley/Bill culvert that passes flow from the backyard of the lot on the north side of Shirley
Avenue and discharges into the SEZ restoration area at the Bijou Marketplace commercial development. The
model simulates the flow through the 24-inch diameter culvert under Shirley Avenue.
The downstream terminus is at the inlet to the Shirley/Bill culvert where the surface flow terminates. This
abrupt boundary condition fails to accurately simulate the depth and lateral extent of the flow there and for
that reason the model results should not be used for the area downstream of Shirley Avenue. Flow through
the culverts on Tamarack, Werner Salas and Vanda Lee were also not represented. These pipes have a
negligible influence on the meadow inundation during large flood events due to their minimal capacity (i.e.
small diameter, minimal depth below the meadow surface and often very gentle grade) relative to the peak
discharges simulated. It is worth noting the pipes crossing the east side of Werner Salas were recently replaced
so conveyance has been improved however without modeling it is uncertain to what degree at this time.

Output
The model output is a “video” of the routing of the input hydrograph through the modeled area over time that
displays the changes in the depth and extent of flooding as a function of the changing inflow at the discharge
point. This approach allows for the handling of unsteady flow. However, since floodplain mapping indicates
the maximum lateral extent of the peak flow, a plan view “snapshot” from an unsteady flow model video does
not produce equivalent results since the discharge varies over the reach. In order to overcome this difficulty,
we inserted a “flat top” hydrograph with a steady peak for the flows of interest extending over several hours,
such that the snapshot does indeed show the maximum lateral extent of flooding over the entire Bijou Park
Creek meadow at the given flow. Another consideration is that the contour mapping used as the basis for
the modeling does not display the elevations of structures such that figures showing the extent of flooding
will not specifically exclude structures. The multi-family structures between the trailer park and Spruce Avenue
along Blackwood Avenue are flood prone however the model was revised to specifically exclude them from
the floodplain in order to better represent the expected depth and extent of flooding there. The preliminary
model results should be used with caution since it is only a representation of hydraulics of the floodplain.
Subtle but important differences in topography may not be represented by the topographic data used, the
model grid size, and variations in hydraulic roughness due to differences in vegetation type and density are
not yet fully represented.
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Hydraulic Modeling Results
Computed Storm Drain Capacities
Table 2 presents the capacity of the existing stormdrains as computed using PCSWMM at various locations
described and shown in Figure 12. The PCSWMM model information and results were provided to the CSLT
and could be made available upon request.
Table 2. Capacities of Existing Bijou Park Creek Stormdrains
Location

Bijou Park Creek
Ski Run @ Needle Peak

Capacity (cfs)

30.9

Shirley/Bill

14.4

Bypass to Ski Run Blvd

N/A

At/Below Hwy 50
(Knight’s Inn Arm)

23.5
19.3
22.7
18.8

Keller Canyon
Markoffer and Keller
Pioneer and Markoffer
Tamarack @ Ski Run
Ski Run to Lake
@ Pioneer
@ Willow
@ Spruce
@ Paradise 2
North of Hwy 50
BLW Bijou/Ski Run
Vault
Wildwood High Flow
Bypass

Notes

24” RCP
Headwater El. @ 1’ BLW top of bank in open channel
downstream of Shirley Ave.
Discharge and direction varies depending on flows in Ski
Run and Bijou Ck
w/o flow in Ski Run arm. Headwater depth = El. of Hwy
50 gutter flow line
w/o flow in Ski Run arm. Headwater depth = exit invert
El. of Shirley/Bill culvert
Flow in Ski Run arm = 53.7 cfs, High Lake stand,
headwater depth = to El. of Hwy 50 gutter flow line
Flow in Ski Run arm = 52.4 cfs, High Lake stand,
headwater depth = exit invert El. of Shirley/Bill culvert

72.6
37.0
24.8
57.1
47.4
42.7
65.3
126

High lake stand
High lake stand

123

High lake stand

29.2
30.1
36.9
43.9

at Manhole #5 (closest to Marina), high Lake stand, and
flow in Ski Run arm
@ Hwy 50 vault, high lake stand, flows in Ski Run
@ Wildwood Ave vault, high lake stand, flows in Ski Run
at Wildwood Ave vault, with Lake at legal low water,
independent, w/o flows in Ski Run arm
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Figure 12 Existing Bijou Park Creek stormdrain pipe capacities.
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Bijou Park Creek Meadow Floodplain
Figures 13 and 14 are views of the Bijou Park Creek Meadow at flows of 25 and 50 cfs, which are roughly
equivalent to the estimated 25- and 100-year recurrence interval flood peaks. As introduced earlier, these
initial results don’t include tributary inputs from the west drainages and there is some channel detail not yet
captured by the 2010 LiDAR topography used in the model. Plan views, and selected cross-sections at the
peak flows have been provided to the CSLT for flow peaks of 25, 50, 75, 100, and 200 cfs and can be made
available upon request.

Figure 13. Bijou Park Creek Meadow 25-year flood inundation.
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Figure 14. Bijou Park Creek Meadow 100-year flood inundation.

Existing Treatment Infrastructure
Once stormwater runoff is generated within Bijou Park Creek watershed, there are some existing treatment
facilities and several new or enhanced treatment opportunities.

Curb and Gutter + Drain Inlet Sediment Traps
Given the low density of curb-and-gutter with existing storm drains in this watershed, opportunities to remove
sediment in drop inlet traps are limited, however there are some specific areas where sediment traps or
sediment cans can be installed in-line with existing rolled curb or rocked swales. Additionally, there are a few
areas where new curb and gutter paired with drain inlets or can type sediment traps would provide stormwater
improvement value. Areas where additional sediment trap treatment would be of value include the upper
watershed neighborhood streets above Needle Peak, Pioneer Crossing at Charlesworth, and Spruce Avenue.
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The City has installed roadside curbs in a number of locations, and there have been more recent projects to
install curb-and-gutter treatments along Herbert Avenue and in the area of Paradise and Maple avenues.
With regard to control of road abrasives, Heavenly Valley Ski Resort has installed an array of facilities to
remove sediment from runoff generated on its parking facilities and base area. The City also undertakes
measures to reduce the use of road abrasives and to utilize street sweeping to recover abrasives.
Currently, once runoff leaves Heavenly Valley property, there is little treatment prior to its discharge into the
Ski Run Marina with the exception of the Bijou Park Creek SEZ areas above and below Pioneer Trail discussed
under Natural treatment and the recently restored SEZ behind Whole Foods at the new Bijou Marketplace.

Treatment Basins
Outside of the SEZ areas, the only constructed stormwater treatment facility within Bijou Park Creek watershed
is the Osgood Basin. Osgood Basin receives runoff from 503 acres, consisting of the Keller Canyon watershed
and the majority of the denser residential development in the Bijou Park watershed. All the runoff in the
project area except for the Bijou Park Creek watershed itself and the area between the lake shore and Osgood
basin, flows into and through the Osgood Basin. Water exits the basin through twin 48-inch x 20-inch concrete
box culverts to a junction vault on the north side of Highway 50 at the entrance to the Ski Run Marina. The
basin is 0.49 acres and far undersized relative to various sizing rules for stormwater treatment basins. While
it certainly traps some sediment, the hydraulic residence time is too short to provide any significant level of
treatment. The pollutant removal efficiencies for fine sediment and nutrients are believed to be nearly
negligible. The low treatment efficiency is further exacerbated by the delivery of typically high-quality runoff
from the Keller Canyon watershed, which is relatively undeveloped and has a high base flow component. The
mixing of stormwater from the Tamarack/Ski Run corridor with Keller Canyon reduces the pollutant influent
concentrations and, because of the higher inflow rates into the basin, lowers the hydraulic residence time,
and, therefore, the pollutant removal efficiency.

Natural Treatment: SEZ and Meadows
The upper portion of Bijou Park Creek that extends from the outlet at upper Ski Run Boulevard to where it
enters a culverted crossing at Pioneer Trail provides a small amount of treatment opportunity. This upper
portion (i.e. between Ski Run and Pioneer Trail) is mostly too steep to provide any significant overbanking or
sediment deposition opportunities however if maintained as a stable channel and well vegetated riparian
corridor it can provide some treatment during low flows and wildlife habitat benefits. The lower Bijou Park
Creek SEZ and meadow (i.e. between Pioneer Trail and Shirley Avenue) has significant treatment potential
capacity to trap fine sediment, adsorb phosphorous and perform denitrification when the meadow lacks snow
cover and flow rates exceed the channel capacity resulting in overbanking. The percent of time when this
treatment “window” exists as a result of overbanking and sediment deposition onto the meadow surface, in
comparison to episodes during which the creek carries substantial pollutant loads, requires further
investigation.
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Existing Flooding Problems
The following discussion is limited to the principal flooding problems investigated as part of this scope of work.
See Figure 15 for most problematic flooding locations in the watershed further described below. The increased
frequency and magnitude of flooding is largely attributed to when Heavenly Ski Resort California Base parking
lot was constructed, which, as previously mentioned, resulted in an approximate 45 percent increase in the
Bijou Park Creek watershed area.

Figure 15. Flood prone areas shown in blue.

Upper Bijou Park Creek
One of the principal hydraulic features of the Bijou Park Creek watershed is the capacity of the 24-inch
diameter culvert crossing Ski Run Boulevard below Needle Peak Road. This culvert conveys all the runoff in
Bijou Park Creek generated upstream. Using HY-8 with a headwater depth of three feet above the pipe
entrance, the computed capacity is 30.9 cubic feet per second (cfs). This high capacity, (and very high
velocity) is attributable to the existing pipe’s steep gradient and assumption of the headwater depth. Its
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outlet connects to a 36-inch diameter pipe. The hydraulic gradient exceeds the ground surface at the exit
such that overflows from the pipe exit are a possibility. As an interim flood alleviation measure, the pipe
entrance was recently covered with a steel plate with a smaller opening used to restrict the flow crossing Ski
Run Boulevard, and thence into Bijou Park Creek meadow. In combination with this interim measure,
depending on the amount of flow area blocked and the rate of flow approaching the culvert, flows can overtop
the culvert entrance and flow down the rolled curb and gutter along the east side of Ski Run Boulevard. This
runoff would then enter the entrance to the Ski Run Boulevard storm drain, a 30-inch diameter pipe located
just upslope of the Ski Run/Pioneer Trail intersection. Thus, any flow diverted from Bijou Park Creek meadow
adds to the stormwater entering the Osgood Basin.
Specific major flooding issues along Bijou Park Creek include the Pioneer Trail crossing itself, which consists
of a 24-inch diameter pipe prone to overflowing, leading to icing on the road. After crossing Pioneer Trail the
creek enters a wooded SEZ area bordered by Blackwood Ave to the west and continues into Bijou Park Creek
meadow which is described below.

The Heavenly Valley Mobile Home Park
A mobile home park on the west side of Blackwood Avenue is one of the most flood-prone areas (Figure 16).
An unnamed tributary to Bijou Park Creek, consisting principally of a vegetated swale that flows northward
across Woodbine Road and Rockwood Drive and enters an 18-inch pipe at the south end of the trailer park.
The culvert has several drop inlets within the trailer park. It ties into a 24-inch diameter pipe which passes
under Blackwood Avenue and daylights to Bijou Park Creek where it runs along the western side of the
meadow. The outfall is completely submerged, even when there is no flow entering the trailer park. As a
result, water from Bijou Park Creek during dry periods flows backward across the road to some unknown
distance within the trailer park. The area extending from Woodbine Road to Blackwood Avenue is essentially
flat, such that during floods, backwater effects from Bijou Park Creek are believed to greatly exacerbate, and
perhaps are the principal cause, of flooding within that area. The 100-yr flood inundation map (Figure 14)
shows that in the absence of that outfall, flows from Bijou Park Creek would fail to flow over the crown of the
road at Blackwood Avenue, which would thereby prevent backwater flooding in the trailer park.

Figure 16. (Left) flooding on Rockwood up drainage of the Mobile Home Park. (Right) Backwatering at
culvert outlet on Blackwood.
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Bijou Park Creek Meadow
Most of the Bijou Park Creek meadow, from Pioneer Trail to Shirley Avenue, is prone to flooding, albeit a
natural and important part in sustaining a meadow ecosystem in can be detrimental to development that has
encroached into these areas. The Bijou Park Creek channel within the meadow has a small capacity and is
sometimes ill-defined or somewhat braided. Approximate channel dimensions are typically 4 to 8 feet wide
and less than one foot deep. The meadow itself is nearly level in some areas and the earthen berms installed
in the late 80s likely encouraged increased sediment deposition and aggradation over time. The creek tends
to have a significant base flow component which keeps the water table in the meadow near the surface and
is generally at the surface during the snowmelt runoff period. All of these factors contribute to a relatively
high frequency of overbank flooding, and floodwaters tend to extend across the entire width of the meadow.
From a water quality perspective, however, these same attributes approach the ideal stream environment
zone for the removal of pollutants in stormwater runoff. Figures 13 and 14 show general inundation of the
Bijou Park Creek meadow. Because of the high flooding potential associated with development within and
adjacent to this wet meadow, any measures which would reduce flow entering the meadow system would be
of some benefit in lowering the magnitude and frequency of flooding there.
Downstream of the trailer park, a number of single and multi-family structures exist on and adjacent to the
meadow and were typically constructed on or just slightly above the existing meadow surface. These
structures are subject to flooding. Below Tamarack Avenue, Werner Salas Drive crosses the meadow and
Vanda Lee Way encroaches into it. Structures within the meadow on those streets are directly within the
floodplain, however given there isn’t a Special Flood Hazard Area designation by the Federal Emergency
Management Agency (FEMA) for Bijou Park Creek at this time homeowners aren’t necessarily aware of the
implications. The meadow terminates at Shirley Avenue where medium density residential development
begins

Bijou Park Creek below Meadow
The 24-inch diameter culvert at Shirley Avenue and the 24-inch culvert extending downstream of Shirley
Avenue, under Bill Avenue to the Bijou Marketplace stream restoration corridor restrict flows. Using SWMM,
the capacity of the Shirley/Bill culvert was computed to be 14.4 cfs, with a headwater depth approximately
one foot below the top of bank in the open channel on the north side of Shirley Avenue. Flows in excess of
that amount will create backwater into the meadow upstream of Shirley Avenue and, depending on the
discharge, create flooding along Shirley Avenue. It can also create flooding on Bill Avenue since, at that point
the headwater depth is higher than the drop inlets on both sides of Bill Avenue such that water will exit the
culvert and flow out onto Bill Avenue.
The stormdrains between Bijou Marketplace and the Ski Run Marina vault also present a hydraulic constraint.
The SWMM analysis indicates the stormdrain capacity below Highway 50 to be 18.8 cfs. Since there is the
potential for backwater effects within the Ski Run Marina vault due to high flows discharging from the Osgood
basin, the analysis was performed with high flows there and it was also assumed that Lake Tahoe was at its
legal maximum elevation. The computed capacity is based on a headwater depth equal to the exit invert
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elevation of the Bill/Shirley culvert. At flow rates higher than 18.8 cfs, tailwater effects on the Bill/Shirley
culvert would begin to further restrict its capacity. In the scenario where the HWY-50 stormdrain has reached
its capacity at 0.5 feet below the manhole/ gutter flow line, the tailwater effects on the Bill/Shirley culvert
would result in a capacity reduced to 12.8 cfs.
Part of the Bijou Marketplace project consisted of the installation of a 24-inch diameter bypass pipe that would
convey stormwater from Bijou Park Creek restored SEZ prior to re-entering the storm drain system at Highway
50 and convey it to the west outlet pipe from the Osgood Basin. Based on a survey of the invert of the pipe
entrance at Bijou Marketplace and the assumed tie-in elevation used in the original SWMM analysis performed
as part of the 2017 Bijou Park Creek Watershed Hydrologic and Hydraulic Analysis (NHC Inc. 2017) the pipe
has a very flat slope. While water would drain to the Ski Run Boulevard stormdrain if there were no flow from
the Osgood Basin, the actual flow rate and direction is a function of the headwater and tailwater depths,
which are controlled by the flow rates in Bijou Park Creek and the discharge exiting the Osgood Basin. The
SWMM analysis indicates a probable maximum discharge toward the Ski Run pipe of less than 2 cfs.

V. Design Development: Formulating & Evaluating
Alternatives
The primary goals of this project are to improve water quality via source control, hydraulic design, and
treatment, and secondarily to mitigate flooding issues where possible. Approaches to achieve these goals
include stabilization of road shoulders (source control), replacement of undersized conveyance pipes using
perforated pipes when feasible (hydraulic design), expanding or creating stormwater infiltration basins and
restoring or enhancing floodplain on existing public lands and CSLT easements (treatment). The individual
project areas being carried forward in Section VI highlight the goals achieved and approaches used.

Watershed Approach
The 2005 E Pioneer Trail Watershed Hydrology Study provided an in-depth understanding of existing
watershed conditions in addition to opportunities and constraints for water quality improvement. The results
of this study informed the initial identification of potential projects. In addition, this project began with a field
tour of treatment opportunity areas and areas that are commonly flooded and cause issues during high flows.
The field tour was attended by representatives from the CSLT, Heavenly Valley Ski Resort, Conservancy,
Catalyst (helping prepare CEQA), and the design development firms, Northwest Hydraulic Consultants (NHC),
Wildscape Engineering (WEI) and Nevada Tahoe Conservation District (NTCD).
Per the CSLT request, the formulating and evaluating alternatives process as guided by SWQIC began with
the hydrologic and hydraulic analysis of the watershed. Although the existing watershed study provided useful
data and conclusions, given that the study was completed 15 years ago it was important to revisit and
reevaluate the content of the study. NHC in collaboration with Wildscape Engineering, identified data gaps
and areas of uncertainty and spent additional time and effort to field truth and survey areas where needed to
support the hydraulic analysis and design development. As mentioned above in the hydraulic modeling results,
the supplemental field topographic survey focused largely on channel and pipe inverts provided the necessary
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data to estimate existing pipe capacities, pinpoint problem areas and quantitatively determine and assess the
feasibility of proposed projects.
Additionally, input was collected outside of the core design team through participation with the TAC and public
and continued collaboration with key public landowners and leads on overlapping project efforts.

Preferred Design Approach

Source Control
The initial consideration in design is preventing the mobilization of pollutants. As discussed in the Pollutant
Sources section the primary contributors are soft road shoulders, scour during high flows, and the application
of road abrasives. To address these issues consideration is given to limiting exposed earthen shoulders
through various blockade elements or resurfacing, and stream restoration in areas where the channel is
actively incising or eroding.
Because of the extensive needs in this particular watershed the list of potential projects to develop to 30
percent grew quite large rather quickly. As a result, the bigger opportunity project areas were carried forward
to 30 percent design and addressing soft road shoulders or channel scour source control measures became
an element within them. By the same token, significant source control opportunities remain for exposed road
shoulders and therefore target locations for measures to prevent erosion should be mapped and design
elements added in at the next (65%) design phase.
While road abrasives significantly add to the sediment load in runoff it is not feasible to completely eliminate
their application as their safety and commercial benefits take priority. However, it is possible for the City’s
maintenance operation plan to aim towards minimizing the use of abrasives to what is necessary and avoid
applying materials that more easily break down into fine sediments.

Hydraulic Design
In addition to modeling existing stormwater pipe capacities the same hydraulic design tools were used to
predict the capacity of proposed projects. Table 3 gives the interpolated level of flood conveyance and
therefore flood protection associated with each at the nearest downstream point where a design flow has
been estimated. For existing stormdrains, the value is reflective of the most restrictive pipe segment. The
recurrence interval flows are calculated by using the recurrence interval estimates from Table 1 (Analog Basin
Method), applying a log transformation to linearize the data, and then using the resulting regression equation
to find the recurrence interval associated with the pipe capacity. Table 3 reinforces what was introduced
earlier that the existing Shirley/Bill and Highway 50 to Ski Run Vault stormdrain pipes are significantly
undersized. Replacement of the latter is beyond the scope of this effort however still key to the design
understanding.
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Table 3. Levels of Flood Conveyance/Protection for Existing and Proposed Facilities.
Facility
Existing
Size
Capacity Recurrence
Notes
(E) or
(cfs)
Interval
Proposed
Flow
(P)
Equivalent
to Capacity
(years)
Ski Run Blvd.
E
24”
30.9
>100
culvert @ Needle
Peak
Shirley/Bill culvert E
24”
14.4
9
Headwater El. @ 1’ BLW top
of bank in open channel
downstream of Shirley Ave.
Bijou Park Ck
E
varies 18.8
16
Computed with flow in Ski Run
HWY 50 to Ski
arm = 52.4 cfs, High Lake
Run vault
stand, headwater depth = exit
invert El. of Shirley/Bill culvert
Markoffer to Ski
E
varies 24.8
72
Run
Ski Run Blvd to
E
65.3
>100
Osgood
at Manhole #5 (closest to
Wildwood Basins
E
36”
29.2
>100
Marina), high Lake stand, and
High Flow Bypass
flow in Ski Run arm
@ Wildwood Ave vault, with
Wildwood Basins
E
36”
43.9
>100
Lake at legal low water,
High Flow Bypass
independent, w/o flows in Ski
Run arm
Computed for reinforced
Keller Canyon
P
24”
24.2
69
concrete pipe
Bypass
Blackwood Ave.
P
24”
17.4
>100
Trailer Park
outfall
realignment

Treatment
Due to the required addition of road abrasives in the watershed, treatment is a necessary component of this
project despite it being the last option per the Preferred Design Approach. The Bijou Park Creek watershed
has existing treatment basins that can be enhanced to increase their efficiency to remove the resulting fine
sediment from the crushed road abrasives and a potential new basin location to treat more localized runoff.
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Opportunities and Constraints
The first iteration of evaluating alternatives was organized via a matrix to weigh the benefits and constraints
of each project with regards to water quality, flooding, engineering feasibility, cost, and impacts. The matrix
is included in Appendix 9. As the design process moved forward a few additional alternatives were added,
some alternatives were expanded in size, and some were considered and ultimately rejected. Continued field
assessments and further evaluation of the objectives and feasibility of the proposed projects in the matrix
caused changes in approach. For example, relocating lower Bijou Park Creek eastward was changed to Bijou
Park Creek Meadow Restoration with a stronger focus on enhancing the whole meadow and wetland on the
available Forest Service parcel. The overarching ideas that guided the design process are listed below:
1. Public Land: The team focused on areas where projects could be implemented on public, i.e. CSLT, Forest
Service or Conservancy land. While there are many private properties in flood prone areas that would
ideally be restored to active floodplain, the process of acquiring those properties is time and resource
intensive without guaranteed results.
2. Flow Reduction down Bijou Park Creek: The diversion of the Keller Canyon headwaters into the Bijou Park
Creek watershed exacerbates flooding within the Bijou Park Creek Meadow. Bijou Park Creek conveys flow
from the top of the watershed at Needle Peak Road all the way down to the restored stream corridor at
Bijou Marketplace. Reducing flow in the creek has the potential to significantly reduce flooding along its
route particularly in areas of existing stormwater capacity constraints such as Shirley/Bill Avenues and
from Highway 50 to the Ski Run Marina stormwater vault. This would also reduce the accompanying
problems associated with any attempts to increase the capacity in the creek’s highly restricted route
through developed areas. However even if flow reduction measures are implemented, the Bijou Park Creek
meadow corridor will likely still remain flood prone due to the low gradient, high water table setting with
existing adjacent structures and roads at or near the existing meadow elevation.
3. Water Quality Improvement through Retention and Infiltration: The primary pollutant of concern, fine
sediment, can be removed to varying degrees through sedimentation, depending on the approach and
design. Projects were identified that could slow the flow of water and provide sufficient time for
sedimentation to occur. The optimum scenario is flow through a flat meadow where flow spreads out
(slows down) and infiltrates, taking advantage of the natural filtration of the soil matrix. Under the Lake
Tahoe TMDL, the Pollutant Load Reduction Model (PLRM) was developed to quantify annual average
loading, load reductions and volumes of water infiltrated (see Appendix 3).

Projects Considered and Rejected
Hydrology
The second iteration of the hydrology assessment showed that peak flows for the 100-year storm using the
Analog Basin method were much lower than those originally estimated based on the HEC-HMS. This allowed
active system options to be dropped from consideration as they were only needed to prevent flooding during
the modeled extremely high flows. Active systems are those that regulate the amount of flow diverted or
passed downstream using mechanized gates and water level sensors. They typically employ programmable
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mechanisms that can utilize a variety of parameters to regulate the flow, such as existing flow rate, total
volume, available downstream capacity, etc. Projects considered but rejected include:
•

Osgood Expansion (active)

•

Diversion to Bijou Meadow (active)

•

Upper Ski Run Basin (active)

Site Constraints
Upper Ski Run Basin
A stormwater treatment basin was initially proposed to be constructed on the public parcel west and
downstream of the Ski Run outlet below Needle Peak. After a more thorough field investigation it was
determined and agreed by the design team that the steepness of the site made construction and operation of
a basin difficult and didn’t warrant the disturbance and costs necessary to ensure it could be built in a manner
that would be stable and functional over the long term.
In lieu of a basin, pre-treatment sediment traps would be easier to install and maintain at the intersection of
Needle Peak and Ski Run and additional sediment traps could be added along the road drainage above Needle
Peak and so this bore out the Upper Needle Peak Localized Treatment project.
In addition, a significant head cut was observed along a steep section of the creek just below the area where
a basin had been proposed and where rock check dams had been installed in the 1980s. It was determined
stabilizing the channel bed in this reach was warranted to prevent further erosion and sediment transport and
so the Upper Bijou Park Creek project area also came out of rejecting the Upper Ski Run Basin.

Bijou Meadow Diversion
Bijou Meadow watershed (west of Bijou Park Creek watershed) has one of the largest meadows in the Tahoe
Basin and a high SEZ to Contributing Area ratio indicating a large potential treatment capacity. A significant
portion of the Bijou Meadow upslope of the golf course tends to be relatively dry and would be highly efficient
in treating imported stormwater. Because of the potential to provide a significant amount of stormwater
treatment a diversion pipeline from Ski Run Blvd to Bijou Meadow to convey flow during flood events was
seriously considered and evaluated during alternatives development. Design analysis included sizing the pipe,
mapping out an alignment and profile, determining trench depths, configuring intake weir/vault and identifying
whether to tie into existing CSLT stormdrain infrastructure or daylight at the meadow.
Despite the significant treatment potential the Bijou Meadow Diversion was ultimately rejected for the
following reasons:
•

Bijou Meadow resides within the regulatory FEMA 100-year floodplain with residential properties lining
the entire east margin. The increase in discharge to the meadow associated with the diversion would
need to be thoroughly examined and clearly demonstrated to the regulators and the public that there
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would be no net increase to flood risk. There would be added costs to develop a FEMA Effective Model
and submit a Conditional Letter of Map Revision (CLOMR) to acquire permission to construct the
diversion. Public perception of the potential flood risk, even if it is shown there is none, may continue
to be a sizeable hurdle.
•

The diversion requires over 4600 linear feet of pipe to reach Bijou Meadow necessitating subsurface
investigations to determine the likelihood of encountering large subsurface boulders that could require
several alignment redesigns or possibly blasting through them.

•

A rough construction cost estimate was developed and showed that to construct this project element
alone would be around $4.7 million.

VI. Proposed Projects
This section introduces the projects carried forward, describing them in terms of goals, opportunities, and
design, construction and maintenance considerations. After these considerations were evaluated the projects
were developed further into 30% designs described in Section VII. Therefore the images included here
highlight the project features during the development process and do not represent the final 30% design
details described in the next section and shown on the 30% plans that accompany this report.

Needle Peak Localized Treatment
Goal: Water Quality Improvement
Opportunity: Heavenly Ski Resort
sanding route along Needle Peak Rd,
Wildwood Ave, and Ski Run Blvd
experiences high application of road
abrasives. Identify collection points
and
install
pre-treatment
vaults/sediment traps to capture the
larger sediment material before it’s
carried down Bijou Park Creek.
Considerations: Requires annual
maintenance by CSLT staff.
Description: Install sediment vaults/traps (cans) within CSLT ROW at curb cuts, drain inlets and culvert
outfalls along sanding route.
Construction Activity: Localized excavation and sediment trap installation, two to three weeks for
construction.
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Ski Run Blvd Diversion
Goal: Flood Alleviation
Opportunity: Limit the capacity of the Bijou Park Creek
watershed culvert across Ski Run Boulevard to reduce
flooding within the lower Bijou Park Creek meadow. The
added flow down Ski Run will likely lower the treatment
efficiencies of the Osgood Basin. Since it is expected that
only during flood events would some flow be diverted down
Ski Run Blvd, the actual effect on the annual treatment
efficiency of the existing and proposed expanded Osgood
basin could be marginal, given the short duration and
limited occurrence of such events.
Considerations: Adding water to the Ski Run Blvd storm
drain system requires building a new stormdrain pipe within
City ROW. It also adds flow to Osgood basin which is
currently undersized. A vegetated swale isn’t feasible given
the cut bank and large conifers that border the east side of Ski Run and a perforated pipe would compromise
the integrity of the roadway.
Description: Limit flow in Ski Run Blvd culvert and divert down Ski Run Blvd to subsequently limit flow in
Bijou Park Creek.
Construction Activity: Install new underground 24-inch pipe or asphalt swale along east side Ski Run
Boulevard. Construct new vault at inlet to configure split flow. Upgrade pipe or install culvert at David Lane
crossing. Tie into existing 30-inch storm drain pipe at Pioneer Trail. Requires trenching, pipe installation,
backfilling and paving within the ROW. Up to 6 weeks of construction.

Upper Bijou Park Creek
Goal: SEZ enhancement and water quality
improvement
Opportunity: Restore creek function and
prevent further incision and limit excessive
sediment transport along a steep reach of the
creek
Considerations: Sensitive habitat with
challenging access.
Description: Remove remnants of gabion
structures and install cascade boulder step pools
to restore stream gradient.
Construction Activity: Localized excavation and boulder placement. Biotechnical bank stabilization
treatments. Two to three weeks for construction.
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Goal: Flooding Alleviation and Water Quality Improvement
Opportunity: Flooding occurs at intersection between
Charlesworth Court and Pioneer Trail due to an undersized and
silted in culvert installed in 1987.
Considerations: Gas lines and a sewage gravity main are buried
near and perpendicular to the culvert crossing alignment.
Conveyance needs to be maintained along a private Charlesworth
Ct residence.
Description: Replace culvert crossing Pioneer Trail at
Charlesworth Court with appropriately sized pipe and incorporate
pre-treatment. Raise the road in the vicinity of the crossing to
eliminate ponding and road surface degradation.
Construction Activity: Requires trenching, pipe placement and backfilling in ROW, grading and paving and
traffic control with 2 to 3 weeks of construction.

Rockwood to Blackwood Drainage Improvements
Goal: Flood Alleviation
Opportunity: Frequent flooding occurs near
Woodbine Rd and Rockwood Dr. The flow is then
directed North eastward under the trailer park
and subsequently under Blackwood Rd where it
outfalls into a USFS parcel joining Bijou Park
Creek. Backwater effects occur at the submerged
outfall causing flooding in the trailer park. Reduce
flooding on Rockwood Drive and in the Heavenly
Valley Mobile Home Park. Improve water quality
by reducing flooding in the Heavenly Valley
Mobile Home Park, which will also reduce
stormwater capture of urban pollutants.
Considerations: The existing trailer park at the
intersection of Blackwood Avenue and Pioneer
Trail and along Woodbine Avenue and Rockwood
Drive is on nearly level ground and is especially prone to flooding since the outfall of the local storm drain
serving that area is submerged well below Bijou Park Creek, allowing water from Bijou Park Creek to flow
backward within the existing culvert under the trailer park. Construction of a new trailer park outfall will
prevent the backwater effects associated with the currently submerged outfall and will greatly reduce flooding
within the trailer park. It may not eliminate flooding in the vicinity of Woodbine Avenue and Rockwood Drive
given the slightly higher elevations in that area which will have a greater influence on the extent of flooding
there. Pipe alignment along Blackwood may require avoidance of or relocation of some sewer main laterals.
Description: Decommission portion of Rockwood Drive and install vegetated swale to convey 100-year flow
to new concrete vault/drop structure. Install subsurface 18 to 24 inch RCP along roadway within Mobile Home
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Park. Cap and abandon existing pipe within Mobile Home Park. Extend new pipe (or convey via roadside ditch)
down Blackwood to daylight onto SEZ at Spruce Avenue or potentially at a closer vacant parcel.
Construction: Requires swale excavation, grading and revegetation, trenching, pipe placement, backfilling
and paving. Approximate 6 week construction period

Bijou Park Creek SEZ Enhancement
Goal: SEZ Floodplain Enhancement and Water Quality
Improvement
Opportunity: Bijou Park Creek Meadow is a
functioning SEZ with floodplain areas that provide
effective water quality treatment. However, channel
alterations and cross-valley berms installed many years
ago alter flow and redirect in areas where the berm has
degraded. Eliminating the artificial reaches and
restoring an appropriately sized central channel
hydraulically connected to its floodplain will allow for
continued sediment deposition.
Considerations: The Bijou Park Creek meadow,
which has a persistently high water table and is a highfunctioning SEZ is not an appropriate location for
stormwater treatment facilities such as treatment
basins. The outlet from the trailer park is below creek level and the creek’s presence causes backwater and
flooding into the trailer park and all the way to Rockwood Dr. Implementation of restoration measures will
require temporary disturbance in an SEZ. Removal or partial breaching of the earthen berms and replacing
with more natural features could result in localized erosion where new flow paths form. Eliminating the ninety
degree bends along the main channel will shorten its length and increase its slope which could also lead to
increased channel erosion potential if adequate grade control measures aren’t incorporated.
Description: Restore natural function of stream and meadow by removing man made barriers to flow and
perform minor regrading, revegetation and install biotechnical floodplain roughness features where beneficial
to hydraulically reconnect the main channel to floodplain, activate secondary channels and avoid private
property.
Construction: Decommission west channel section. Construct new central channel section. Install log/willow
floodplain roughness features. Breach or remove cross-valley berms and replace with buried rock/log and
willow installations to hold grade. Replace road crossing culverts. Requires excavation, backfilling and site
grading and some hauling of material. Trenching, pipe installation and backfilling in ROW. Approximately 6 to
10 week construction period
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Bijou School Frontage Drainage Improvements
Goal: Water Quality Improvement and Flooding Alleviation
Opportunity: Shoulder ponding during storm events creates
unsafe conditions in the neighborhood and around the school.
Improve drainage by retrofitting an existing infiltration basin at
SE corner of Spruce Avenue and Peninsula Road and
incorporating curb and gutter to improve conveyance.
Considerations: Multiuse paths are desired by the
community along Spruce, connecting to various neighborhoods
so stormwater improvements are designed to be compatible
with 10 to 12-ft wide paved paths. There are many utilities in
the soft shoulder on the NW side of Spruce where these paths
will likely be placed.
Description: The preferred design will retrofit an existing
basin on Conservancy property to create an infiltration basin
with a shallow ponding area. The swale entering the basin will
also be regraded and resurfaced using rock, vegetation, or open cell pavers. The basin will overflow via a new
sediment can/riser to the existing storm drain pipe that flows under the soccer field to a branch of Bijou Park
Creek. Curb and gutter will be extended along Spruce northeast to the intersection with Blackwood. New curb
and gutter on the south side of Spruce may have curb cuts with rock armoring to access the proposed basin.
6 to 8 drop inlets will be added within the road prism – the pavement of the road will be reconstructed and
crowned per City standards and to send runoff into the gutter pans and associated drain inlets. Associated
pipes will be added between the drainage inlets and along the south side of Spruce to send water to the basin.
The pipe and outfall to the existing Bijou Park Creek tributary drainage will remain as is. The north side of
Spruce will receive shoulder stabilization treatments in up to 4 areas. The shoulders are currently a sediment
source and rock or vegetation could be used to stabilize the shoulders. School District personnel will be
consulted to achieve the goals of maintaining the street width and amount of existing overflow parking.
Construction: Requires pipe trenching, installation and backfill, asphalt and concrete work for roadway,
curb, gutter and drain inlets, and swale and basin excavation, grading and revegetation.
2 to 3 weeks construction period.
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Shirley to Whole Foods
Goal: Alleviate Flooding
Opportunity: Upsize storm drain capacity from
Shirley Ave to where it outfalls in the SEZ behind
Whole Foods. The current 24” diameter pipe is
undersized and the principal cause of flooding on Bill
Ave, Shirley Ave, and upstream where homes are
affected by backwater associated with the undersized
culverts.
Considerations: The existing stormdrain is on
private property and trenching and installation of a
new larger culvert would result in temporary
disturbance and disruption to owners/residents.
Existing channel may need to be modified in a way to
prevent excessive willow growth. Work would have to
be done in a highly confined setting, including
between two residences where working space is less
than 10 feet making this a very challenging project as it requires the cooperation of landowners and preferably
the acquisition of adjacent properties. Project would only marginally improve flooding since the next
downstream culvert under Highway 50 is only operating at a slightly larger capacity (Table 3).
Description: Possibly expand conveyance of open channel starting at Shirley to where it enters pipe. Replace
undersized 24-inch pipe with appropriately sized pipe from this location to daylight at new SEZ at Bijou Park
Marketplace.
Construction: Requires possible utility relocation, trenching, pipe placement and backfill, paving and
concrete work 4 to 5 weeks for construction.

Osgood Expansion
Goal: Improve Water Quality
Opportunity: Construction of a new stormwater
treatment basin to the east of the existing Osgood
Basin will benefit stormwater quality, especially in
conjunction with construction of the Keller Canyon
bypass.
Considerations: The undeveloped parcel to the
east of Osgood Basin is approximately two feet
lower than the existing Osgood Basin outlet,
therefore flows routed into a new basin cannot be
drained out of the existing basin but must instead
be routed further east to the Wildwood basins. As
a result, there would be an increased flooding potential at the Wildwood basins. A high groundwater table
that is likely influenced to some degree by lake level means only shallow depths can be excavated to construct
more of a wetland feature than a basin.
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Description: Expand the size and treatment capacity of Osgood Basin by installing a shallow wetland
treatment area within the parcel to the east and connect to neighboring Wildwood Basin allowing it to
accommodate increased flows from the Ski Run Diversion.
Construction: Install low flow bypass to east side of Osgood Basin and expand wetland area.
Install a new piped overflow to tie into Wildwood Basin inlet. Requires shallow excavation, grading and
revegetation, pipe trenching, placement and backfill, and paving. Approximate 8 week construction period

Aloha Basin
Goal: Improve Water Quality
Opportunity: The goal of this basin is to achieve
water quality improvement for Lake Tahoe by
capturing fine sediment particles as dictated by the
Lake Tahoe TMDL. Preference is for offline
infiltration basin due to focus on Lake Clarity
Credits and flat topography.
Considerations: The proposed Tahoe Greenway
Bike Path alignment crosses the existing drainage
path.
Description: The preferred location for the basin
is uphill of the proposed Tahoe Greenway Bike
Path. Basins will be shallow to maximize Lake
Clarity Credits in PLRM (up to 6 credits available).
Basins will be vegetated to match surrounding vegetation. If basin cannot be offline and flow back to the
existing drainage inlet, the basin will outlet to the existing channel. The existing channel will be used as an
emergency overflow if the basin is offline. Some rock will be needed in the existing channel for energy
dissipation.
Construction: Construct new shallow basin. Install new 18-inch pipe. Requires excavation, grading, pipe
installation, backfilling and revegetation. Approximate 2 week construction period
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Keller Canyon Bypass

Goal: Improve Water Quality
Opportunity: Runoff from Keller Canyon is largely free from stormwater pollutants. The delivery of Keller
Canyon runoff into the Osgood Basin reduces the pollutant removal efficiency there. The only stormwater
treatment facility serving most of the urban area in the watershed is Osgood Basin, which is vastly undersized.
Installing a new storm drain to convey Keller Canyon flows past the Osgood Basin would effectively reduce
the contributing area to the basin by 28 percent. The objective of the bypass is not primarily to prevent the
comingling of clean and polluted stormwater being discharged to the lake, but to reduce the influent flow
rates into the Osgood Basin, which will increase the pollutant removal efficiency there. With a bypass in place,
the pollutant loading rates into Osgood Basin will increase, which should also increase the basin’s pollutant
removal efficiency.
Considerations: Construction of a new underground pipe will require coordination with existing utilities.
Description: The preferred design will separate clean water originating from the upper watershed from
untreated stormwater originating from residential and multifamily neighborhoods with a proposed 24-inch
reinforced concrete stormwater pipe. This design will allow for more efficient removal of pollutants by the
existing Osgood stormwater basin. The proposed pipe will begin in a proposed vault at the corner of Keller
Rd and Markoffer Rd at the outlet of an existing rock lined channel. The proposed pipe will be installed
adjacent to the existing pipe, which varies in size from 24 to 36 inches, in an alignment that minimizes
potential utility main and lateral conflicts. The proposed pipe will end in a vault proposed to be placed on
the existing westernmost outlet pipe of the existing Osgood basin.
Construction: Install new underground 36-inch pipe following existing SD pipe alignment. Requires potential
utility relocation, trenching, pipe and manhole installation and backfill, and paving. Approximately 8 week
construction period
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VII. 30% Conceptual Designs by Project
The individual project elements introduced above were developed into 30% detail level concepts as described
here and presented in the Bijou Park Creek Watershed Restoration 30% plan set that accompanies this report.
Additional information on calculations supporting the design is provided in Appendix 10. The underlying base
map for the 30% plan set incorporated the following elements:
•

2010 Lidar topographic contours.

•

Aerial images.

•

GIS files provided by the CSLT of the stormdrain infrastructure and roadway network, parcel
boundaries, and drainage catchment areas.

•

APN parcel labels.

•

GIS files provided by STPUD of potable water and sanitary sewer utilities.

•

Digitized utility locations based on PDF files provided by Liberty Utilities, Southwest Gas, Charter
Communications and AT&T.

•

TRPA land capability designations.

Needle Peak Localized Treatment
Description
In order to capture the larger sediment particles before they make their way down to Bijou Park Creek, this
project provides localized pre-treatment opportunities in the form of sediment traps or what is commonly
referred to as “sed cans”. The sediment trap installations provide localized infiltration and deposition
opportunities in and amongst existing conveyance channels and curb and gutter networks. These were
selected in lieu of perforated pipes which aren’t a workable design for the majority of Bijou Park Creek project
areas given they can promote road degradation in paved conveyance areas and in the less dense areas open
water surface channels were a better choice.
Eight sediment traps set within rocked depressions for collection and increased infiltration opportunity are
proposed at key locations along the main sanding route to Heavenly Ski Resort at and above Needle Peak.
One critical installation is at the corner of Needle Peak and Ski Run that will be installed to intercept and
pretreat runoff from the flowline on Ski Run above by positioning at the end of a rock-lined swale and inlet to
the culvert crossing Needle Peak.

40

Water Quality
This project will provide effective localized pretreatment opportunities that should be easy to
maintain.

Flooding
This project doesn’t have any significant impact on
flooding alleviation.

65% Design Tasks
•

•
•
•

Field survey proposed sediment trap
locations with a focus on adjacent gutter
and pipe inverts in order to identify the
Figure 17. Typical Sediment Trap (can)
correct tie in elevations
(Source: TRPA BMP Handbook)
Survey/map utilities in vicinity of proposed
sediment traps and pothole if necessary
Consider double sediment trap configurations and more sizeable rocked depressions for increased
infiltration and pretreatment opportunity where there is available area.
Confirm installation configurations will allow for easy maintenance access.

Ski Run Diversion
Description
As stated earlier, the goal in this location is to limit the flows from Bijou Park Creek from passing under Ski
Run Boulevard and continuing down the main drainage to the lower problematic flooding areas by diverting
a portion of the higher flows down Ski Run Blvd east. The diversion will reduce the frequency and extent of
flooding throughout the Bijou Park Creek meadow including down to Bill and Shirley avenues. Expansion of
Osgood Basin is needed in combination with the Ski Run Diversion given the increased flows and likely
increased loading to the basin that is already undersized for adequate treatment albeit inclusion of the Keller
Canyon clean water bypass offsets this demand to some extent.
Initial design options considered to achieve flow redirection in this location included the following:
•

Constrict the existing culvert entrance, similar to what was recently done under an emergency
situation and allow the water to rise and enter a new stormdrain pipe set at a slightly higher invert
elevation to convey flow down Ski Run Boulevard.

•

Replace and downsize the existing culvert from 24-inches to the minimum City standard size of 18inches and configure in a vault with a new storm drain pipe invert set at a slightly higher elevation
to convey flow down Ski Run Boulevard.
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Field investigations of the open channel that drains from Needle Peak to the existing 24-inch pipe inlet at Ski
Run revealed a high degree of incision with several head cuts resulting in upwards of a 16 foot drop over 90
feet (Figure 18). As evidence of this, the inlet of the existing pipe is roughly nine feet below the road shoulder
on Ski Run Blvd. As a result of this field assessment an additional project element was developed to restore
and regrade the open channel between the Needle Peak and Ski Run culverts to a more natural grade and
thereby raise the culvert inlet at Ski Run approximately 2.5 feet. With this design approach there is the option
to redirect the overflow down Ski Run Blvd east by either a subsurface pipe (Option 1) or surface flow via
curb and gutter (Option 2).

Figure 18. Drainage between Needle Peak and Ski Run Blvd: (Left photo) Needle Peak
outlet and channel headcut. (Center) another channel headcut, (Right photo) Looking down
from Ski Run Blvd at bottom of channel plunge pool and modified/reduced inlet to 24-inch
CMP.

The estimated 10-yr peak flow is 9.0 cfs and 100-yr is 25cfs. So to split flow for concept designs the
assumption was made that flows up to the 10-year event would still be conveyed across Ski Run Boulevard
to remain within Bijou Park Creek and any flows in exceedance of the 10-yr event would be redirected down
Ski Run Blvd east where there are far fewer utility conflicts. Calculations showed a 24-inch diameter pipe
would be sufficient to convey the additional overflow (Option 1). Option 1 would require roughly 124 linear
feet of 18-inch HDPE pipe across Ski Run Blvd and 1380 linear feet of 24-inch HDPE pipe down the east side
of Ski Run Blvd to connect via a new vault to the existing 30-inch storm drain pipe at Pioneer Trail.
Option 2 would allow the overflow from a 10-year event or greater to spill over into the existing rolled curb
and gutter along the east side of Ski Run given the road itself is wide and steep (~ 4 percent) and could
potentially convey the less recurrent overflows. As a quick check to determine if the road and gutter could
convey the 100-year 16 cfs flow, the road and gutter conveyance was considered at half full (1/4 of the road)
and full flow (1/2 of the road). Under a half full scenario assuming a 3 inch depth at the curb there is 12 cfs
of flow at 5 feet per second (fps). Under a full flow scenario assuming a 6 inch depth at the curb the flow is
58 cfs at 12 fps velocity, therefore a 16 cfs flow would be conveyed along an area slightly wider and deeper
than the half full (or ¼ of the road) scenario demonstrating that the road and gutter have capacity to convey
the flow. However, there could be implications at the intersections with David Lane and Pioneer Trail given
how fast the water will be moving. Currently both options are shown on the 30% plans for consideration.
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Both options would reduce the capacity of the storm drain system along Ski Run Boulevard below Pioneer
Trail during large floods. Currently the most restricted stormdrain segment is near the intersection with Spruce
Ave. which has a computed capacity of 42.7 cfs. As currently designed, flows in excess of 9 cfs at Needle Peak
will begin to be diverted down Ski Run Boulevard. So there could be upwards of 16 cfs diverted down Ski Run
Boulevard under a 100-year event. Since the estimated 100-year flood into Osgood is 37.8 cfs, the addition
of 16 cfs would total 53.8 cfs which would exceed the capacity of the most restrictive segment of the Ski Run
storm drain. Therefore in order to redirect and adequately convey a portion of the flood flows down Ski Run
Boulevard one of three things would need to happen; 1) the Keller Canyon Bypass described below would
need to be implemented in conjunction with the Ski Run Diversion, 2) a reduced portion of the higher flows
would need to be redirected down Ski Run, or 3) the stormdrain system below Pioneer Trail would also need
to be upgraded. Given the significant effort and cost associated with the third accommodation, moving to
65% combining Ski Run Diversion with Keller Canyon diversion and/or fine-tuning the discharges that can be
redirected down Ski Run Blvd east without exceeding the capacity of the lower storm drain system must be
further evaluated.

Water Quality
Decreases treatment efficiency at Osgood Basin by increasing inflows there during storm events
However, this can be offset by the decrease in flows to Osgood Basin via Keller Canyon clean water
bypass project element. Provides some water quality improvement by reducing the erosive stress
within the incised channel between Needle Peak and Ski Run.

Flooding
Decreases flooding along Bijou Park Creek downstream of Ski Run Boulevard by diverting flows over the 10
year event.

65% Design Tasks
Dependent upon whether Option 1 or 2 is carried forward, the following items need further consideration or
action during the next stage of design.
•

The current alignment across Ski Run Boulevard terminates within private property and the pipe slope
is quite steep. Given this a new cross-street alignment for the 18-inch pipe should also be considered
further down Ski Run to enable a gentler pipe slope and have the terminus tie more directly into the
open channel within public property and avoid the private parcels all together. This would require the
east vault to be relocated further down (northward) Ski Run Blvd to accommodate the split flow in
the vicinity of the public owned parcels combined with upsizing the pipe segment up drainage. This
alignment is currently shown as a dashed optional alignment in the plans.

•

Further hydraulic analysis of the diversion pipe down Ski Run Boulevard is needed to assess whether
a hydraulic jump could result due to the steep slope in that location.
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•

A field topographic survey should be done of the open channel section between Needle Peak and Ski
Run Boulevard to develop a more accurate profile and cross-sections on which to overlay the 65%
designs.

•

Once Option 1 or 2 is chosen, a pipe or curb and gutter profile and downstream vault detail can be
added to the plans.

•

The adequacy of the 30-inch pipe at Pioneer to convey the additional flow should be checked moving
forward to 65% design development. The pipe sizes above Pioneer should be further refined as a
check to see if they could be further downsized and still meet the conveyance requirements.

•

The portioning of split flows and resultant discharge down Ski Run Boulevard needs further
consideration to ensure stormdrain capacity below Pioneer Trail isn’t exceeded.

•

If Option 2 is moved forward, the shoulder and gutter conveyance capacity should be analyzed in
more detail. The rolled curb and gutter may need to be replaced with a standard vertical curb and
gutter to provide for increased depth and capacity.

Upper Bijou Park Creek
Description
Gabion structures and rock checks constructed over thirty years ago within this steep reach of Bijou Park
Creek between Ski Run Boulevard and Charlesworth Court are largely gone or no longer functional and the
reach has since undergone significant incision and widening in this area (Figure 19) that likely led to some of
the sediment deposition visible in the swales and at the culvert crossing at Charlesworth and Pioneer Trail
below.
To restore and stabilize this reach, large boulders and possibly logs would be configured and keyed in to
function as cascade boulder step pools allowing high energy flows to pass through without eroding the
streambed or banks.

Water Quality
Interrupts channel degradation and resultant erosion and sediment transport, thereby improving water
quality.

Flooding
Has no negative impact on flooding potential and provides a more stable channel.

65% Design Tasks
•
•

Survey channel reach to develop more accurate profile and cross sections for designs
Determine construction access location that will be the least impactful
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•

Develop optimum channel slope and size and space boulder weirs accordingly
Figure 19. (Photo left) incised and widened channel
section (photo below) scanned plan of rock checks
and gabions installed in the late 1980s (Source:
Brown and Caldwell).

Pioneer Crossing Culvert
Description
The existing 24-inch pipe that crosses Pioneer Trail at the Charlesworth Court intersection is undersized and
silted in causing nuisance flooding of Pioneer Trail. Upper Bijou Park Creek flows into the terminus of
Charlesworth Court at the southeast end. Here the flow splits primarily into a channel along a heavily
vegetated swale/ditch on the east side of Charlesworth Court and secondarily along the west side of
Charlesworth Court where it enters a more distinct rock-lined and vegetated swale/ditch roughly 40 feet before
the intersection with Pioneer. The swale on the east side of Charlesworth Court connects to an 18-inch
corrugated metal pipe (CMP) that crosses Charlesworth Court westward where it flows into a 24-inch CMP
that crosses Pioneer Trail. The west swale drainage along Charlesworth Court enters the 24-inch pipe just
upstream of where the pipe is secured by a small asphalt-capped berm. Just downstream of this berm, the
24-inch pipe has an opening cut into it to receive flows via the 18-inch CMP underneath Charlesworth Court
and from the vegetated swale along the south side of Pioneer Trail. The degree of siltation is most noticeable
in this location. The 24-inch pipe outlet on the north side of Pioneer Trail is also silted in with flows re-entering
a channel in the Bijou Park Creek SEZ. Neither pipe appears to have sufficient cover per City standards.
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Figure 20. Pioneer
Crossing Photos:
(Upper left) Inlet to 24inch pipe at berm on
west side of Charlesworth
Ct. (Upper right) Opening
in 24-inch pipe between
berm and Pioneer Trail
Rd crossing, confluence
of flows. (Lower left)
~18-inch culvert inlet on
east side Charlesworth
Ct. (Lower right) Looking
south across Pioneer Trail
towards Charlesworth Ct
along 24-inch pipe
alignment, note
vegetated swales
conveyed to 24-inch pipe
from three locations.

Per calculations summarized below the existing culvert needs to be upsized to the equivalent of a 30-inch
pipe. Pipe arch culverts and low wide box culverts were first considered to minimize the extent the road would
need to be raised and reduce conflicts with the high density of utilities in the area. The road is proposed to
be raised one to two vertical feet in the vicinity to further alleviate ponding and road degradation. The new
pipe(s) designs will need to be compatible with the proposed Conservancy’s SLT Greenway Bike Trail alignment
that runs along the north side of Pioneer Trail which will require a bridge or culverted crossing in this location.
The land in this location is private however it is understood that an easement has been negotiated with the
landowner to construct and maintain the bike path.
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Taking the conservative approach for 30% and assuming this to be a standalone project, not dependent upon
the Ski Run Diversion flow split, peak flows at this location were determined to be 10 cfs and 30 cfs for a 10year and 100-year recurrence event respectively requiring a 30-inch pipe to convey a 10-year peak flow with
no head.
Following further team discussion and field investigation in summer 2020 which revealed the degree to which
the east Charlesworth swale channel is the primary channel the design was modified to split the conveyance
into two locations across Pioneer Trail. An 18-inch pipe will remain across Charlesworth Court in order to
divide the high flows that primarily come down the east side and provide for continued late season flow into
the existing SEZ channel north of Pioneer. In order to sufficiently convey the anticipated peak flows and
account for future siltation and preferential flow, two-24- inch pipes are proposed to be installed across
Pioneer, one in a similar location as the current 24-inch culvert and the other in direct alignment with the east
Charlesworth swale channel. The 18-inch cross culvert invert will be set slightly lower than the east Pioneer
Trail 24-inch culvert invert so that the current channel and SEZ will continue to receive a portion of the late
season low flow. The new east 24-inch culvert across Pioneer Trail will daylight into a heavily vegetated SEZ
which should be able to accommodate the new discharge and will benefit from watering during late season
flows. The length of both new 24-inch pipes on the north side of Pioneer will be extended as appropriate
through the design development process in order to accommodate the proposed Conservancy bike path and
the outlets will have appropriately sized rock armoring to prevent any erosion or channel incision.
Given the amount of sedimentation observed in the vicinity of the existing 24-inch culvert on the west side,
double sediment traps inset within a rock-lined depression or sump are proposed. A slot opening on the west
trap will convey the south Pioneer swale drainage and a slot opening on the east trap will convey the west
Charlesworth swale drainage. The 18-inch cross Charlesworth pipe inlet and the 24-inch west Pioneer culvert
pipe outlet would tie into the east sediment trap.
Pioneer Trail Road is proposed to be raised 12 to 24 inches in the vicinity of the culvert crossings to provide
for the required 8” of Class 2 AB and 18” of cover above the new culverts while eliminating the chance of
disturbing existing utilities. Road raising and resurfacing will extend over an approximate 400 foot section to
tie into existing grades to the east and west.
Construction Activities: Construction equipment could include pavement saws, dump trucks, excavators,
backhoes, rollers, and similar equipment. Specialized equipment with low pressure tracks would be used off
pavement to limit soil and vegetation disturbance. Lane closures with detours are possible. Construction
activities will take up to 6 weeks.
Staging Area: The main staging area would be located at the end of Charlesworth Ct on 4,000 square feet
within the paved surface. This portion of the road does not provide access to any residential property and is
owned by the Conservancy, parcel (028-141-046).

Water Quality
A small improvement to water quality will be made by incorporating a sediment trap (can) within a rocked
depression at the west Pioneer culvert inlet.
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Flooding
Eliminates flooding on Pioneer Trail roadway by replacing the undersized and silted in 24-inch culvert at the
intersection between Pioneer Trail and Charlesworth Court with two 24-inch culverts aligned with the
drainages along Charlesworth Court and raising the roadway.

65% Design Tasks
•

•
•

•
•
•
•
•
•

An existing culvert pipe on Ski Run that is believed to outlet to a small drainage northwest of the
Bijou Park Creek channel and tie into Charlesworth Ct east swale needs to be further explored,
mapped and integrated into the design.
Field survey the channel above Charlesworth, the swales along Charlesworth and the culvert outfalls
to the SEZ and model to validate flow volumes and routing.
Conduct additional field reconnaissance of the new east culvert outlet drainage path to ensure this
SEZ area has stable substrate and sufficient rooted vegetation to receive redirected flows without
eroding or whether additional biotechnical treatments may be needed to prevent erosion.
Survey/map utilities in vicinity of proposed culvert crossings.
Develop grading plan for roadway.
Produce profiles for culvert crossings and roadway section
Size/dimension rocked basin/sumps at culvert inlets.
Pothole utilities in close proximity to culvert crossings.
Continue to collaborate with Conservancy in order to adjust culvert outfall designs to be compatible
with future bike path.

Rockwood to Blackwood Drainage Improvements
Description
The City is in the process of acquiring a parcel at the terminal end of Rockwood Drive. Since driveways and
home access is only necessary for the first 100 feet of Rockwood Drive, the preferred alternative would remove
approximately 150 feet of pavement and the existing culvert that travels beneath Rockwood Drive and install
a turnaround for emergency vehicles and restore the remainder of the area to a native landscape with a wide
swale to convey the existing drainage. Within the City right-of-way and the Conservancy parcel adjacent to
Rockwood Drive, a 10 to 15 foot wide swale will be constructed to replace the existing channel and take a
longer path that allows flow spreading. The channel would flow into a 24-inch HDPE storm drain near the
boundary of the Conservancy parcel and the Heavenly Valley Mobile Home Park. In addition to the swale,
grading will occur up to and around the existing residence that will be removed to create positive drainage
towards the storm drain. Total disturbance from the grading will be approximately 18,600 square feet (SF)
with a net cut of approximately 410 cubic yards. This area will be vegetated with native vegetation and some
existing trees and stumps will be removed. The existing channel on the Conservancy parcel will be
decommissioned during the channel construction. Unused pipes will be capped with concrete within the Mobile
Home Park and removed if under a City street.
Approximately 610 linear feet (LF) of 24-inch dual-wall HDPE will be installed from the southern parcel
boundary of the mobile home park to the northern boundary at Blackwood Road. The existing stormwater
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collection system within the mobile home park will be tied into the proposed 24-inch HDPE using a manhole
near the entrance to the mobile home park. Upon reaching Blackwood Road, the storm drain will then head
north for 650 LF on the western edge of Blackwood Road to the intersection of Blackwood Road and Spruce
Avenue where it will then cross the road and outlet on a parcel owned by the US Forest Service. The storm
drain on Blackwood will be 24” HDPE for 394 LF and then be 24” RCP for the last two segments of pipe where
coverage over the pipe will be less. Five 48” minimum diameter stormwater manholes will be necessary for
turns throughout the entire line.
At the pipe outlet a 225 LF vegetated drainage channel will be constructed out to the Bijou Park Creek channel
on the parcel to the east. The new channel outlet into Bijou Park Creek’s riparian area will be armored with
rock and vegetation as needed.
A secondary outlet option has been identified at a privately-owned, undeveloped parcel on Blackwood Road
located at APN 027-331-015. If a public entity can acquire the parcel or a drainage easement at this location,
a shorter storm drain alignment could outlet to this parcel or run a storm drain to the Bijou Park Creek riparian
area. Due to topography and the shorter storm drain alignment, this parcel would likely provide a superior
location to route stormwater through than the US Forest Service parcel.

Water Quality
This project will improve water quality by reducing flooding in the Heavenly Valley Mobile Home Park, which
will thereby also reduce the collection of urban pollutants and sediments by stormwater.

Flooding
This project is designed to reduce flooding on Rockwood Drive and in the Heavenly Valley Mobile Home
Park. As well, local flooding upstream of the project on Woodbine Road may be reduced by better
conveyance of storm water through that area.

65% Design Tasks
•
•
•
•
•
•
•
•
•
•

Survey/map utilities
Find and map all utilities in mobile home park
Pothole utilities at connections and crossings
Complete additional survey at potential outfalls into the meadow
Approach Conservancy/property owner about acquisition/easement
Finalize feedback from Conservancy/City Fire and Police on turnaround at Rockwood
Parcel boundary confirmation at Blackwood and for Mobile home park
Special use permit for USFS
Consider contribution of runoff on Blackwood and tying into system/shoulder stabilization
Reexamine backwater/tailwater boundaries in conjunction with changes to Bijou Park Creek
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Bijou Park Creek SEZ Enhancement
Description
Bijou Park Creek SEZ and meadow has likely aggraded since the 1987
Wildwood Erosion Control Project elements were installed to promote
deposition along the valley profile resulting in higher groundwater and
more frequent overbank flooding than existed prior to that project.
Generally these results are a positive in regards to water quality,
however the artificial nature and age of these installations (>30 years
old) have introduced issues that are beginning to outweigh the benefits.
For example the redirection of Bijou Park Creek to the west towards
Blackwood Avenue has resulted in a straightened and narrowed channel
(Figure 21) with unnatural ninety degree bends in the vicinity of
Blackwood Avenue and the apartment complex downstream from the
Heavenly Valley Mobile Home Park. This is a far cry from the likely
braided channel condition that existed prior to development and is only
exacerbating the flooding issues along Blackwood Avenue.
Figure 21. Straightened channel
section along Blackwood Rd looking
N/W.

•
•
•
•

•

In order to maintain high groundwater levels and promote continued
channel overbank and deposition opportunities in the floodplain further
from developed areas and within a more geomorphically functional
landscape this design would do the following:

Backfill to eliminate the channelized section that veers towards Blackwood and restore a more
centralized and appropriately sized channel section as needed.
Regrade the areas along the backfilled channelized section to raise the areas immediately adjacent to
the roadway and apartment complex one to two feet.
Breach in target locations or eliminate the cross-valley berms and remove and dispose of the degraded
asphalt spillway caps.
Install large log and willow trenching/fencing within the footprint of any removed cross-valley berms
and also intersperse these within the meadow surface to provide floodplain roughness and prevent
new channel formation.
Incorporate willow stakes, wetland sod, salvaged willow root balls and native topsoil material in the
designs.

The proposed new east culvert at Pioneer Crossing provides an opportunity to have a second easterly flow
path that can tie into the centralized channel providing more overbank opportunities away from the Blackwood
Rd area. It appears the east side of the valley conveyed the majority of the flow in the past however restoration
of these flow paths may not be possible due to their location within private property. Given the LiDAR surface
run in the hydraulic model described earlier didn’t have representation of the primary channel and flow paths
that currently exist due to their small size, this design remains more conceptual until a more comprehensive
topographic survey of the meadow and channel can be performed and the hydraulic model rerun. The Existing
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Conditions Vegetation (Appendix 7) makes note of the quaking Aspen stand and obligate wetland species
dominating the SEZ.
As a result of concerns expressed during public comment, this project area was recently expanded further to
the northwest in order to include the undersized culverts that convey Bijou Park Creek across Werner Salas
and Vanda Lee Way. As mentioned earlier these particular culvert inverts were not surveyed or modeled as
part of this phase and so very conceptual designs are still being considered and those options are illustrated
in the plans. These road sections and culverts reside within the low gradient floodplain resulting in the culverts
becoming obsolete and flows spilling over the road sections during higher flow events. Increasing their
capacity will require raising the road which will require a more porous opening of several pipes in parallel in
order for the road not to function as a dam and further exacerbate flooding. Retrofitting the roads to function
as a seasonal low water crossing is another option being explored at this time.

Water Quality
This project would maintain and likely improve water quality opportunities by maintaining a channel
hydraulically connected to its floodplain and increasing floodplain overbank opportunities that stay in the
floodplain and therefore don’t mix with pollutants from the residential corridor.

Flooding
This project is designed to reduce flooding on Blackwood Drive in conjunction with the Rockwood to Blackwood
project efforts.

65% Design Tasks
•

•

•
•

•
•
•
•
•

Conduct field topographic survey of the channel, floodplain,
secondary channels and culvert inverts from Pioneer culvert
outlet to the north side of Vanda Lee Way to support
updated modeling and design development
Map extent of aspen growth (Figure 22) and fine tune plant
community mapping to determine areas of avoidance and
protection measures.
Rerun hydraulic model with updated channel and floodplain
cross-sections.
Examine flow input from new east culvert at Pioneer
Crossing and incorporate into designs in a manner to allow
the creek to find its own path on the USFS parcel and on
Figure 22. Aspen grove along a
the private parcel on the east side of the valley
portion of BPC channel before its
Continue to check compatibility with Rockwood to
redirected westward.
Blackwood designs.
Install groundwater monitoring wells to inform design and
evaluate pre-and post-project conditions.
Apply for Special Use Permit with Forest Service.
Determine breach locations of cross-valley berms or full removal.
Determine material, placement, size and orientation of floodplain roughness features.
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•

Examine pathway to acquire the necessary permits/permissions to place fill in SEZ immediately
adjacent to roadway and buildings.

Bijou School Frontage Drainage Improvements
Description
The preferred design will retrofit and expand an existing basin on a Forest Service owned property across the
street from the Bijou School. The design will also include drainage improvements to the Spruce Avenue rightof-way for approximately 670 LF from the Bijou School to the Spruce Avenue-Blackwood Road intersection.
Drainage improvements will include the construction of approximately 1,150 LF of concrete rolled curb and
gutter, the repaving of Spruce Avenue with the crowning of the roadway per CSLT standards and the
installation of a new storm drain system. Five new drainage inlets will be installed in the curb and gutter
system, and one existing drainage inlet at the intersection of Heather Lake Road and Spruce Avenue will be
retrofitted and connected to the proposed storm drain system. Approximately 575 LF of 18-inch RCP will be
installed to connect the drainage inlets to the proposed basin. Storm drain pipes were designed using the
rational method based on time of concentration to handle a 100 year storm.
The design of the basin is based on the goal of creating adequate capacity while minimizing the basin’s impact
area and excavation depths. A primary design constraint is the need to provide inlet and outlet elevations in
the basin that allow for stormwater to be conveyed through the proposed upstream storm drain system in
pipes with slopes that are designed to handle a 100-year storm and elevations that allow pipes to cross below
the existing roadway. The basin, designed using the TRPA BMP Calculator will have a ponding volume of 125
CY and will be shallow and vegetated with maximum grading of 3:1. It will have a maximum ponding depth
of 18 inches with a total disturbance area of 4,500 SF and a total excavation of 400 CY. The maximum cut of
the grading will be 58 inches and the maximum vertical height from the bottom of the basin to existing grade
will be 63 inches. The minimum freeboard height will be 20 inches. Future analysis may consider PLRM in the
design volume and surface area of the basin.
A sediment can outlet structure will be installed in the basin to provide overflow when conditions exceed the
18-inch proposed ponding depth. This outlet structure will drain to a proposed 18-inch RCP that will connect
to an existing storm drain manhole in the middle of Spruce Avenue. This manhole drains the existing storm
drain system to a tributary to Bijou Park Creek located in a ditch adjacent to the school’s baseball field
approximately 400 feet to the north.
As a part of the proposed project, the north side of Spruce will also receive shoulder stabilization treatments
in up to four areas for a total length of 700 feet. The shoulders are currently a sediment source and rock,
vegetation, or pavers could be used to stabilize the shoulders. School District personnel will be coordinated
with to maintain street width and overflow parking/drop-off parking as necessary on stabilized shoulders
where parking currently occurs. Open cell pavers may be used for shoulder stabilization in these areas and
coordination with any future sidewalk or trail projects should be done prior to finalizing the treatments.
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Water Quality
Increases water quality by providing localized treatment for stormwater on Spruce Avenue. Shoulder
stabilization will reduce fine particle sediments in runoff.

Flooding
This project would alleviate the frequent flooding and shoulder ponding that occurs on Spruce Avenue.

65% Design Tasks
•
•
•
•
•

Survey utilities and dip all SDMH in street
Coordinate with school to finalize shoulder stabilization treatment
Coordinate on potential multi-use paths
Look into access for outlet drainage behind Bijou Fields – look into potential easements/acquisitions.
Determine depth to water table and soil indicators of seasonal high water table elevation.

Shirley to Whole Foods
Description
The current 24-inch diameter pipe is undersized and only able to convey around a 9-year recurrence event
(Table 3) making it the principal cause of flooding on Bill Ave, Shirley Ave, and upstream where homes are
directly adjacent to the creek. In order to reduce flooding, increasing the stormdrain capacity from Shirley
Avenue to its outfall in the newly constructed SEZ at the Bijou Marketplace commercial center is a good start.
Unfortunately, there are several challenges to this, including; 1) the majority of the alignment with the
exception of the road crossings is located on private land, 2) much of the existing pipe is located between
two residences making construction access and installation extremely difficult, and 3) a flow restriction down
drainage at Highway 50, outside the scope of this project curtails any improvements done in this area. The
most challenging pipe section to replace is where it enters the backyard of parcel 027-113-033 and goes north
and under the house on parcel 027-113-038.
Without the Ski Run Diversion project described earlier to reduce flows and flooding in this location the 10-yr
peak flow is estimated to be 20 cfs and the 100-yr to be 50 cfs requiring upsizing to a 30-inch pipe.
Given the complications with accessing and working within the two private parcels between Shirley and Bill
Avenues, literally in backyards and below structures, the 30% pipe upgrades are proposed in incremental
phases with the first phase currently excluding this section in order to provide for more time to work through
the easement and constructability challenges. Phase 1 would expand the stormdrain capacity in the more
accessible locations between Shirley Ave to where it outfalls behind Bijou Marketplace on either side of the
two private parcels by replacing the 24-inch CMP with a 30-inch diameter HDPE pipe with the invert lowered
to maintain sufficient cover. Calculations supporting the pipe design are provided in Appendix 10. Due to the
location of the project on private property a new pipe installation throughout this area remains a very
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challenging endeavor as it requires the cooperation of landowners and acquisition or easements of adjacent
properties.
In order to provide some immediate flood relief recognizing that
installing a new pipe could take additional effort and time to
work through the land ownership issues even for Phase 1, the
project boundary was recently expanded to the south to include
additional enhancements to the surface water channel and
floodplain south of Shirley. As can be seen in Figure 23 this area
is heavily vegetated with willows resulting in severely reduced
flow conveyance and overflow into the street. To help alleviate
some of the flooding, an improved channel with more wetland
sod to prevent significant willow growth is proposed. If done
without the pipe upgrades however this may only provide minor
temporary relief given the hydraulic control of the undersized
culvert.

Water Quality

Figure 23. Channel where high flows
avulse (to the right in photo) and add to
flooding on Shirley.

May provide for small amount of water quality benefit via open channel improvements.

Flooding
This would alleviate flooding on Bill Ave, Shirley Ave and upstream.

65% Design Tasks
•
•
•
•

Survey/map utilities in vicinity of crossing, pothole as needed
Survey channel and floodplain further upstream (south of Shirley) to update the hydraulic model and
develop designs
Install two groundwater monitoring wells to inform design and evaluate pre-and post-project
conditions.
Develop revegetation specification to direct willow removal and wetland sod planting that will ensure
adequate sod growth to outpace and prevent willow growth.

Osgood Expansion
In order to take advantage of existing infrastructure, the project will expand the wetland treatment area within
the eastern publicly owned parcels (i.e. Osgood East) to receive approximately 8 cfs of low flow via dual 8inch or a single 15-inch pipe(s) installed within the existing berm near the north end of the existing basin.
This will further increase detention time and opportunity for adsorption and denitrification after flowing
through the existing concrete forebay and wetland. Because the topography to the east is two feet lower than
the outlet to Osgood West a new overflow spillway will be positioned on the northeast corner of Osgood East
and connect to overflow pipes routed eastward to Wildwood Basin. Due to a high groundwater table,
excavation depths will only be one to two feet and an elongated meandering low flow channel is being
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considered between the intake pipes and the overflow weir on the northeast end to increase residence time.
A subsurface boring collected in this area and presence of obligate wetland species as provided in Appendices
5 and 7 give evidence to the presence of the high water table which will support an enhanced wetland feature.
When reviewing some of the prior documents, there was mention that Osgood East was part of Osgood West
at one time and so it may have infilled since then. This aspect should be further investigated in the field to
inform 65% design development.

Water Quality
Increases water quality at Osgood since it increases the capacity of the basin. May reduce water quality
at Wildwood since it increases loading of that basin.

Flooding
Initial hydraulic analysis of the Wildwood Basin high flow bypass indicates there is sufficient capacity to convey
imported flows from the new basin. The estimated 100-year flood from the Wildwood watershed is 16.6 cfs.
The hydraulic capacity of the existing high flow bypass from the Wildwood basins south of Highway 50 is 29.2
cfs under the worst case condition of the legal high lake stand, indicating that additional flows up to
approximately 12 cfs could be diverted there. Some additional analysis is recommended at 65% design
development in order to verify this finding.

65% Design Tasks
•
•
•

Survey Osgood East and area over to Wildwood Basin to inform the model and designs.
Develop and run a more detailed hydraulic model to examine whether proposed overflow into
Wildwood Basin won’t result in any increase to flood potential.
Install one to two groundwater monitoring wells to inform design and evaluate pre-and post-project
conditions.

Keller Canyon Bypass
Description
The Keller Canyon drainage area has very low development and consequently high water quality. This project
would divert water to a separate storm drain system that bypasses Osgood basin and rejoins the existing
storm drainage system at the outlet of Osgood Basin.
The preferred design proposes a new storm drain that will collect clean water originating in the upper
watershed. This water is currently routed through the existing storm drain system that also collects untreated
stormwater from urban and residential areas further down the watershed. The clean water will be conveyed
through a storm drain approximately parallel to the existing system and then connect back into the existing
system in an existing box culvert in Ski Run Way just downstream of the Osgood Basin. The clean water will
be collected from an existing CMP that it is routed beneath the driveway of the Whispering Pines Apartments
on Keller Road. A vault will be placed in the shoulder near the intersection of Keller Road and Markoffer Road
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intercepting the existing pipe. The vault will mark the beginning of the new storm drain system and will also
have a weir that will allow overflow into the existing system during large storm events exceeding the 100
year, 24 hour event.
The proposed storm drain was designed using a Q100 of 27.1 CFS and will run in an alignment of
approximately 4,040 feet in length. The system will need approximately fifteen 60-inch diameter manholes
located at bends and along straightaways where manholes will be placed at appropriate distances to ensure
a maximum of 400 LF placement of pipe. The proposed pipes will primarily consist of dual-wall HDPE pipes of
24-inch diameter but may also consist of reinforced concrete pipes in areas where the depth of the pipe
exceeds maximum allowable cover for HDPE pipes. Due to the significant number of underground utility lines
located throughout the project alignment, as well as the relatively shallow depth of the existing storm drain
system, the proposed storm drain will generally run below existing utilities and storm drains. Depths of pipes
will vary throughout the alignment with depths to the top of the pipe varying from 4 feet to nearly 19 feet.
From the proposed vault, the storm drain will continue in the shoulder to Markoffer Road, where it will cross
below the existing storm drain while continuing along in northern portion of the paved road in a southwesterly
direction toward Pioneer Trail. The storm drain will briefly head southwesterly on Pioneer Trail, where it will
again drop below the existing storm drain. It will then continue along Tamarack Avenue in a southwestern
direction in the southern portion of the paved roadway, as it heads towards Ski Run Blvd. Between Sonora
Avenue and Ski Run Blvd, the alignment will be briefly routed in the northwestern direction, crossing below
an existing water main, before then continuing to head southwest near below the center of Tamarack Avenue.
At Ski Run Blvd, the storm drain will then head northwest below the center of the southeastern travel lane
until reaching the existing box culvert located just downstream of the Osgood Basin. The proposed pipe will
then end in a junction box or manhole pipe connection proposed to be placed on the existing westernmost
outlet reinforced concrete box. At this location, treated water from the Osgood Basin will comingle with the
bypassed water from Keller Canyon and continue to Lake Tahoe.

Water Quality
Increases treatment efficiency at Osgood by reducing loading of the basin.

Flooding
Does not directly address flooding.

65% Design Tasks
•
•
•
•
•

Survey/Map utilities
Pothole for utilities where proposed pipe will cross (10-12 locations)
Find vault near Markoffer/Whispering Pines Apartments – perhaps use underground scanning
Create detail for new vault near Markoffer/Keller and for tie in at Osgood outfall (30” pipe to RCB)
HGL/EGL for pipe
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Aloha Basin
Description
This project proposes a new infiltration basin on a Conservancy owned parcel located at the corner of Herbert
Avenue and Aloha Road. The Existing Conditions Vegetation (Appendix 7) notes the presence of predominately
mesic and upland vegetation with some species indicating a high water table. Presently, a drainage inlet on
the northeast side of Herbert Avenue across from this parcel collects stormwater from the existing curb and
gutter and storm drain system on the northeast side of the road. This system has a large catchment area that
extends up to and across Pioneer Trail to Pony Express Road. As well, this inlet also collects stormwater from
a portion of Aloha Road, which sheet flows down the roadway until it reaches the curb and gutter at the south
side of the Aloha/Herbert intersection. Stormwater from the curb and gutter is then conveyed to the shoulder
where it then drains into a 12-inch CMP that crosses below Herbert Avenue to the inlet. The drainage inlet
outlets the collected stormwater directly to the parcel northeast of Herbert Avenue. Field observations noted
this drainage inlet presently appears to be under capacity with backwatering in the inlet and in the 12-inch
CMP across Herbert Avenue.
The proposed basin is designed to substantially decrease stormwater conveyance to the existing inlet and to
the parcel to the northeast of Herbert Avenue by providing local treatment and infiltration for a large portion
of the existing catchment area. The design of the basin is based on the goal of creating an adequate design
capacity while minimizing the basin’s impact area and excavation depths to maximize Lake Clarity Credits in
PLRM (up to 6 credits available). A primary design constraint is the need to provide inlet and outlet elevations
in the basin that allow for 18-inch RCP storm drains to cross below Herbert Avenue. As well, the basin grading
will need to daylight at least 5 feet from the existing bike path on the parcel. The basin will have a design
capacity of 800 SF, and be shallow and vegetated with maximum grading of 3:1. It will have a maximum
ponding depth of 11 inches with a total disturbance area of 2,700 SF and a total excavation of 183 CY. The
maximum cut of the grading will be 39 inches and the maximum vertical height from the bottom of the basin
to existing grade will be 45 inches. The minimum freeboard height will be 18 inches.
The existing 12” storm drain below Herbert Avenue will be decommissioned and stormwater flows to that pipe
will now be routed to the proposed basin for treatment. A new storm drain inlet will be installed in the curb
and gutter on the northeast side of Herbert Avenue approximate 80 LF southeast of the existing inlet. The
existing storm drain on the northeast side of Herbert Avenue will be connected to this inlet, and the portion
of storm drain between the new inlet and old inlet will be decommissioned. The new inlet will outlet to a
proposed 50 LF 18” RCP that will cross below Herbert to the basin.
A sediment can will be installed in the basin to provide overflow when conditions exceed the 11” proposed
ponding depth. This sediment can will outlet to an 80 LF 18” RCP that crosses back below Herbert and into
the parcel on the northeast side of the roadway. Approximately 100 LF of channel grading will be needed on
the outlet parcel. This channel will extend approximately 50 LF downstream from the proposed outlet, and
approximate 50 LF upstream to the existing drainage inlet, which will continue to outlet directly to this parcel,
albeit with significantly reduced flows than under existing conditions. The channel will primarily be vegetated,
however some rock will be needed for energy dissipation. A future project for consideration may route water
further down Herbert to the storm drain system along Spruce and under the Bijou School field or consider
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some off-line infiltration at the drain inlet downstream of the Aloha Basin DI, just north of the intersection of
Herbert and Woodland Rd.

Water Quality
This project will improve water quality by providing treatment to stormwater in the basin.

Flooding
This project does not directly address flooding. However, it may have a positive impact on flooding in other
downstream areas of the watershed by infiltrating stormwater in the basin. For example, the Rockwood to
Blackwood project is located on the opposite end of meadow on the parcel across of Herbert from the basin,
and the treatment of stormwater by the basin may reduce flooding in that project area.

65% Design Tasks
•
•
•

Perform a survey and dip DIs
Confirm utility locations and pipe sizes
Revegetation mix for basin and channel

Summary and Recommendations for 65% Design
This phase took a watershed wide approach to identify and evaluate alternatives that would achieve water
quality benefits, alleviate flooding and enhance SEZ and floodplain habitat. The end result was several distinct
and sometimes interdependent projects in locations scattered throughout the 850-acre watershed. Based on
the pollutant loading from the land uses in the project area (See Appendix 2), the PLRM modelling for the
cumulative proposed projects would provide reductions in fine sediment particles, Total Nitrogen and Total
Phosphorus. The PLRM estimated the average annual project benefits include the capture, treatment and
infiltration of up to 91 acre-feet of runoff per year within the 850-acre watershed (see Appendix 3).
Now that the project areas and specific elements within them have been refined additional field data collection
and analysis is recommended for the next phase, 65% designs.
In general, 65% design development will require additional field survey data to be collected in several of the
project areas as described above to supplement the LiDAR data, with a particular focus on open channel
profiles and cross sections to provide input to additional hydraulic modeling efforts. A more detailed 2-D
hydraulic model should be set up and run with the updated topography and a higher resolution cell grid, to
be more representative of the existing conditions along the SEZ.
The next phase will also need to identify exact utility locations and depths and continue close coordination
with public landowners, regulatory agencies and community members. These efforts will include total station
surveying, potholing for utilities or requesting as-builts, continuing TAC meetings and community meetings
and outreach to collaborate on specific concurrent projects. Additional locations to prevent erosion along
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heavily impacted road shoulders should be identified and mapped throughout the project area and
incorporated into the 65% design plans in order to further address source control concerns.
Decisions also need to be made on some of the projects moving forward based on further investigation,
analysis or discussion with the TAC including the following:
•

Ski Run Diversion
o Pipe or Curb & Gutter for redirected flow down east side of Ski Run Boulevard
o Proportion of flows to split
o Existing pipe crossing alignment or move northward to daylight at open channel within public
property

•

Pioneer Crossing
o Before keeping the 2nd East Culvert Crossing confirm via field investigations that it will not
impact the SEZ or private property below outfall

•

Rockwood to Blackwood Drainage Improvements
o Determine whether additional local runoff along Blackwood Road should be treated via addition
of curb and drain inlets to connect to the system that is currently proposed.
o Confirm whether pipe cover or lack of positive slope requires consideration of a revised pipe
alignment from the end of the new proposed channel at Rockwood through the corner of the
mobile home park and out Peninsula Avenue to Bijou School outlet. Additional analysis will be
needed on the outlet and channel beyond Bijou School.
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