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BALANCE HYDROLOGICS, Inc. 

MEMO 

To: Michele Prestowitz, Truckee River Watershed Council 

From: Peter Kulchawik, PE 

 David Shaw, PG 

Date: February 1, 2021 

 

Subject: DRAFT - Design Basis for the Snow Crest Tributary Restoration,  
 Placer County, California 

 

 

 

Purpose 

This memo accompanies the 65% design drawings for the Snow Crest Tributary Restoration 
Project (“Project”).  The purpose of this memo is to outline the project goals and objectives, 
provide contextual background information, describe the restoration design, and present the 
analyses that our team has completed to support the proposed design. 

Project Description 

The Project is located on an unnamed, spring-fed tributary (referred to as “Snow Crest 
Tributary” herein) to Bear Creek.  Bear Creek is one of the primary watercourses that drains the 
Alpine Meadows unincorporated residential community and Alpine Meadows Ski Area in Placer 
County, California.  The Snow Crest Tributary enters Bear Creek roughly 2.3 miles downstream 
of the base of the ski area and 0.8 miles upstream of the confluence of Bear Creek with the 
Truckee River. 

The Project proposes to restore a meadow that has been impacted by fill placement, roadway 
construction, and changes to natural drainage patterns.  The majority of design elements are on a 
parcel owned by the Alpine Springs County Water District (ASCWD), with the remainder on 
private property and USFS land.  An abandoned road grade currently captures flow from Snow 
Crest Tributary and directs it to a single channel which is incised, likely due to the flow 
concentration.  The Project would level the road grade to uncover the original meadow surface.  
Log structures, debris jams, and sod strips would be placed along the road grade to promote 
diffuse flow over the impacted meadow area on the downstream side of the abandoned road 
grade.  Flow would eventually reenter the existing Snow Crest Tributary downstream of the 
abandoned road grade, so log structures would be built across the channel to raise groundwater 
levels and decrease erosive forces in the channel.  An existing culvert under Alpine Meadows 
Road forces flow to concentrate near the lower end of the Project, so additional design elements 
are proposed on the downstream side of the culvert to promote diffuse flow as it exits the culvert 
and runs toward Bear Creek.  This would be achieved with a log flow split structure that would 
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direct approximately 50 percent of the total Snow Crest Tributary flow into a pilot swale which 
would spill onto the meadow at a point where water is expected to sheet flow until reaching Bear 
Creek.  

Goals 

The 65% design is targeted toward the following goals: 

 Support the recently completed Bear Creek Lower Meadow Restoration Project; 
 Re-establish floodplain connectivity and wet meadow conditions; 
 Improve stormwater retention, water quality, and aquatic and terrestrial habitat in a 

montane meadow; and 
 Do not adversely affect—or improve, if practicable—stormwater facilities managed by 

Placer County. 

Work Completed 

The following work was completed to support the preparation of 65% design drawings and this 
design basis memo: 

 Field reconnaissance on November 4, 2020 and December 9, 2020; 
 Review of historical aerial photographs and maps, 1892 to present; 
 Ground-based survey of subtle topographic features that are not well-represented in the 

LiDAR mapping; 
 Property boundary survey of the ASCWD parcel; and 
 Unmanned Aerial Vehicle (UAV) photography of the Project site. 

Contextual Summary of Existing Conditions 

Readers should refer to the Bear Creek Watershed Assessment (Hastings and others, 2018) for a 
comprehensive summary of the Bear Creek watershed.  The following sections build on the work 
by Hastings and others (2018) with site-specific information that pertains directly to the 
restoration design for the Project. 

Hydrology 

The primary source of surface water to the Project site is the Snow Crest Tributary, a perennial 
channel that originates from springs located on the steep hillside to the south.  Snow Crest 
Tributary crosses through two culverts at Snow Crest Road and Mineral Springs Trail before 
entering the ASCWD parcel and Project site.  There are a number of other nearby spring-fed 
channels that flow northerly toward Bear Creek, but only one traverses the ASCWD parcel.  
Additional surface water is directed to the Project site by two culverts along Snow Crest Road; 
these culverts capture road runoff and additional to hillside runoff and only flow in response to 
storm events and snowmelt.  All flow concentrates at a 40-inch diameter culvert at the northeast 
corner of the project side that runs beneath Alpine Meadows Road.  The watershed area 
measured at the inlet of the 40-inch diameter culvert is approximately 82 acres, but this figure 
accounts for changes to flow patterns caused by roadways and culverts (Figure 1).  It is possible 
that the watershed area measured at the same point prior to community development was more 
than 100 acres.   
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Figure 1. Contributing watershed area for the Project site. Data/basemap sources: USGS, USFS, and Placer County.  Spring 
locations are approximate. 

The baseflow rate in Snow Crest Tributary is typically between 0.5 and 1.0 cfs.  No gaging data 
or other field observations were available to characterize moderate and high flow rates, however, 
field observations during the spring 2021 snowmelt will be made to support the final restoration 
design.  The peak flow rate for the 100-year flood is on the order of 50 cfs, as estimated from 
scaling of nearby USGS streamflow gages.  If surface water from adjacent watersheds is directed 
toward the Project site—either by culvert clogging, ice/snow berms, or other processes—it is 
plausible that the peak flow rate could be higher.   

Disturbance History 

The primary impairments to hydrologic processes at the Project site are: (1) placement of fill 
from existing and legacy roads, and (2) concentration and redirection of drainageways as a result 
of fill placement.  Evidence of an abandoned road grade was noted during field reconnaissance 
and analysis of historical aerial photos showed the abandoned road grade to be the original 
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access road to Alpine Meadows.  The 1939 aerial photos (Figure 2a) show the original road 
diverging from the present-day alignment near the intersection of Snow Crest Road and Alpine 
Meadows Road and crossing Snow Crest Tributary about 200 feet to the south.  Contrasting 
colors of meadow vegetation in the 1939 aerial photograph suggest that the Snow Crest Tributary 
followed a more direct course toward Bear Creek at that time and may not have yet been 
rerouted.   

 
Figure 2a-d. Historical aerial photos of the Project site. Black lines are present-day alignment of roads.  Present-day alignments 
of the Snow Crest Tributary and Bear Creek are shown in blue and the ASCWD parcel is outlined in red. Source: USGS. 
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By 1969 the present-day alignment of Alpine Meadows Road was built, along with most of the 
residential side streets (Figure 2b).  The original road grade appears to be wider in the 1969 
aerial and it may have been improved to serve as a driveway for one or two homes at that time.  
The road grade appears to have been completely abandoned by 1975 (Figure 2c) after an 
alternate driveway to the homes was constructed from Mineral Springs Trail.  Vegetation 
gradually overtook the abandoned road grade over the ensuing decades, but it still can be seen as 
a feature in the landscape in the most recent aerial photos (Figure 2d).  The abandoned road 
grade has had a lasting effect on the Snow Crest Tributary as it still captures and concentrates 
flow into a single channel under current conditions. 

Geomorphology 

The Project site is located at the transition from steep hillsides to valley floor (Figure 3).  
Regional geologic mapping for the site (Sylvester and others, 2012) indicates the Project site is 
predominately glacial till, though mass wasting, debris avalanches, and downslope transport of 
material from the hillsides may have also contributed to the formation of the meadow at the 
transition from the steep hillsides to the valley floor. 

 
Figure 3. Oblique aerial image shows the geomorphic position and desiccated condition of the Project site. Snow Crest Tributary 
is traced in blue.  The red line indicates the location of the abandoned road grade, which creates a distinct break in vegetation 
types. Bear Creek is in the foreground. Image source: Google Earth. 
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Regional faulting and underlying fractured bedrock geology has contributed to the development 
of perennial springs and streams which emanate from the north-facing slopes in the Bear Creek 
watershed to create steep groundwater discharge wetlands, including the Snow Crest Tributary 
and its watershed.  Culverts, roadways, and fill have now simplified and concentrated flow 
patterns.  This change from the pre-disturbance condition—which is interpreted to have been 
diffuse flow in multiple channels like the wetlands just above the abandoned road grade—is 
likely the main cause of channel incision.  Upstream of the abandoned road, Snow Crest 
Tributary is poorly defined and flow is generally wide and shallow.  Downstream of the road 
grade the channel is well defined and channel width is narrower. 

Constraints and Opportunities 

This section defines constraints as factors that limit the Project site from being completely 
restored to the pre-disturbance condition. Opportunities are defined as characteristics of the 
Project site that can be leveraged to promote meadow restoration success. 

Constraints 

 Sewer line: An existing sewer line runs parallel to the west property line of the ASCWD 
parcel and coincides with a linear hump in the topography.  The hump is located on 
private property and limits flow dispersion to the west.  Wet meadow hydrology can be 
partially restored without lowering the hump, however, surface water could be dispersed 
across a larger area if the hump were manipulated.  Since the hump follows a sewer 
alignment, excavation depths will be limited by cover depth requirements for the sewer 
line.   

 Topography: Early iterations of the 
restoration design considered installing a 
new culvert under Alpine Meadows Road 
to better disperse surface water across the 
meadow north of the road.  The ideal 
location for a new culvert would leverage 
the existing topography downstream of the 
road to maximize flow spreading (Figure 
4), however, this would place the culvert 
inlet near a topographic high point.  
Without additional work on private 
property, there is no practical way (barring 
extensive grading and disturbance to the 
meadow) to encourage water to drain 
toward the inlet. A new culvert could be 
installed slightly to the east (just inside the 
ASCWD property), but the meadow 
wetting benefit greatly decreases at this 
location.  Anecdotally, there are no reports 
of drainage issues in this area so a new culvert would not be needed for public or 
infrastructure protection reasons.  

 Alpine Meadows Road: The existing Alpine Meadows Road bisects the ASCWD parcel 
and likely impacts wet meadow hydrology in a similar manner as the abandoned road 

Figure 4. Ideal culvert location shown in green, ASCWD 
parcel is outlined in red. The culvert is not proposed as 
design element. 
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grade.  The road is the main access to a number of homes and the Alpine Meadows Ski 
Area and cannot be removed or rerouted. 

 Existing habitat: There are sections of high-quality habitat along Snow Crest Tributary 
that should be avoided by design elements and construction access routes.  The 
hydrologic support for these areas should not be adversely affected. 

 Willow: The private property owners to the west of the ASCWD parcel have expressed 
that they do not wish for meadow vegetation on their property to be further converted to 
willows as a result of the Project.  The revegetation strategy on the south side of Alpine 
Meadows Road should prescribe willow-based design elements sparingly, if at all.  

 Roadway infrastructure: Alpine Meadows Road is managed by Placer County.  County 
staff have expressed that the Project should take measures to avoid erosion of the toe of 
the road prism, if flow is expected concentrate in a manner that could do so.  The Project 
must also not affect hydraulic performance of existing culverts. 

Opportunities 

 Springs: The Snow Crest Tributary is spring-fed so there is a persistent and reliable 
hydrologic source for meadow enhancement. 

 Native materials: There are existing boulders, pines, willows, and sod within the 
ASCWD parcel that could be reused in restoration design elements.  Import of additional 
materials may be needed, however, the native materials should be leveraged to reduce 
construction costs and emissions. 

Design Elements 

The following sections describe the individual elements of the restoration design, with emphasis 
on how the features are expected to meet the Project goals.  The sections are organized in the 
upstream to downstream direction, and project elements are shown in the attached Intermediate 
65% Plans. 

Abandoned Road Grade 

Leveling the abandoned road grade to uncover historical meadow soils is the primary means of 
restoring wet meadow hydrology to the Project site.  The road will be leveled by grading from 
the Snow Crest Tributary on the south side to the toe of the fill prism on the north side, matching 
the slope of the meadow surface.  The grading extends over the sewer line to breach a segment of 
the overlying hump1.  Snow Crest Tributary arrives at the road grade near the west side of the 
ASCWD parcel, and the objective of the restoration design is to spill the majority of flow across 
the meadow at this location since it will maximize the length of the flow path since the meadow 
slopes northeasterly.  A number of trees (ranging from 1 to 12 inches DBH) will need to be 
removed to complete the grading, and will be used either in log structures or as slash.  Several 
design elements are proposed within the abandoned road grade area and are summarized as 
follows: 

 Debris jams: Two debris jams are proposed upstream of the abandoned road grade to 
maximize flow spreading toward the west of the hump overlying the sewer line.  The 

 
1 Grading over the sewer line would be on private property and discussions between TRWC and the property owners 
are ongoing as of the date of this memo.  If grading over the sewer line is carried forward to future design phases, 
the depth of the sewer line will need to be verified to assess the amount of cover for the sewer line. 
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debris jams will be constructed by hand crews and without machinery.  These features 
may be removed from the design if grading on the private property to the west of the 
ASCWD property is not allowed.  Two additional debris jams are proposed along Snow 
Crest Tributary along the south side of the road grade.  These debris jams will encourage 
remaining water in the channel to spill toward the meadow. 

 Log flow split structure: Two logs are proposed inline with the Snow Crest Tributary to 
spread flow in multiple directions.  The logs will be arranged in an L-shape with the tops 
of the logs at a level elevation.  The goal of the logs is to direct most of the flow toward 
the meadow.  The logs will be partially embedded and include wooden friction post piles 
to provide supplemental anchoring.  The post pile concept is to avoid other more 
intrusive mechanical anchoring methods (e.g. duckbill anchors or cabling), while still 
preventing buoyancy.  The post piles still require lag bolts, but they have been designed 
so the hardware will not be visible.   

 Sod strips: Rows of sod strips are proposed to stabilize the abandoned road grade because 
the area will experience surface water immediately after construction.  Sod strips will 
include live herbaceous vegetation and the rootmass, harvested from within the grading 
limits; the total depth will be about 8 to 10 inches.  The structural qualities of the 
rootmass will not only help to buttress the disturbed soils but will also be installed 
slightly higher (about 1 to 2 inches) than the adjacent grade to slow and spread water.  A 
double-wide sod strip (also installed a few inches higher than the adjacent grade) is 
proposed near the upstream end of the abandoned road grade to encourage flow toward 
the west of the hump overlying the sewer line. 

 Revegetation: The highest-quality sod will be reserved for the sod strips, however, 
additional sod will be salvaged during grading operations and replaced on the road grade 
to the extent that suitable sod is encountered.  Areas that cannot planted with sod will be 
seeded and mulched; salvaged topsoil and organic material will be used for seeding areas, 
if possible, depending on the absence of undesirable plant species which will be 
evaluated during future vegetation surveys.  The entire abandoned road grade area will be 
covered with biodegradable coir netting. 

 Swale: A short swale is proposed near the east end of the abandoned road grade to 
convey ephemeral flow from the culvert near the intersection of Snow Crest Road and 
Mineral Springs Trail.  This swale will replace an existing and dysfunctional 14-inch 
diameter CMP culvert near the proposed swale location that will be removed.  

The abandoned road grade features will produce excess soil that will need to be off-hauled from 
the Project site.  We considered using the excess material to fill the entire incised channel, but 
this would require expanding the access routes and impacting segments of existing functional 
habitat in the channel. 

Flow Dispersal Logs 

Rows of flow dispersal logs are proposed in the meadow area downstream of the abandoned road 
grade (ASCWD property).  The logs were selected in lieu of willow-based design elements to 
limit the spread of willow thickets from ASCWD property onto on private property.  The logs 
will be mostly embedded in the meadow with the tops at a level elevation to slow and spread 
flow.  Limbs will be left intact to rack debris and to provide habitat.  Friction post piles will be 
used to help secure the logs, as described above.   
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Incised Channel 

The incised channel refers to Snow Crest Tributary between the abandoned road grade and 
Alpine Meadows Road.  Most flow will be directed away from the incised channel by features 
within the abandoned road grade area, however, return flow—as well as runoff from the Mineral 
Springs Trail culvert—is anticipated to enter the channel.  The incised channel is proposed to be 
partially filled with a combination of 3-log stacks and slash, described as follows: 

 3-log stacks: A series of “log pyramids” are proposed along the incised channel to 
increase floodplain connectivity, raise groundwater levels, and improve stormwater 
retention.  The 3-log stacks will be oriented perpendicular to flow with their ends buried 
in the channel banks.  Rebars pieces are proposed to help anchor the features, but they 
have been designed so the rebar is not visible.  The stacks are strategically located just 
downstream of steep drops and where they can be constructed with minimal disturbance 
to adjacent channel segments with existing habitat features. 

 Bank log: One log is proposed to be embedded in the left bank of the incised channel, just 
upstream of the Alpine Meadows Road culvert.  This is the point where most return flow 
from the abandoned road area is expected to reenter the channel and the bank log is to 
prevent erosion of the bank as water pours back into the channel. 

 Slash: Slash (small limbs with leaves or needles intact) is proposed adjacent to 3-log 
stacks to help slow water and promote aggradation.  Slash will be sourced from local 
small trees and packed into the channel by hand in locations where machinery cannot 
access (without impacting existing habitat features at the same time).  Using the slash in 
this manner also helps to reduce additional off-haul and emissions from the Project. 

Bear Creek Middle Meadow (downstream of Alpine Meadows Road) 

As mentioned in the constraints section, early design concepts considered installing a new 
culvert under Alpine Meadows Road as a means to wet the meadow to the north, however, the 
existing topography and property boundaries make this impractical.  To achieve the same 
objective, the restoration design includes a log flow split structure at the existing culvert outlet 
leading to a pilot swale that is anticipated to enhance flow spreading over the Bear Creek Middle 
Meadow, and does not require installing a new culvert.  These elements are anticipated to 
support the recently completed Bear Creek Lower Meadow Restoration Project by enhancing 
hydrologic support for meadow and riparian vegetation and providing additional opportunities 
for sediment retention.  The individual design elements are described as follows: 

 Log flow split structure: Two logs are proposed along Snow Crest Tributary just 
downstream of the Alpine Meadows Road culvert.  The first log will be embedded 
perpendicular to the thalweg and will protrude a few inches above the thalweg elevation.  
The second log will be oriented parallel to the thalweg and will be embedded in the left 
bank.  The second log includes a rectangular notch with slats to accept flashboards.  The 
notch leads to the pilot swale directed toward the meadow to the west.  The flashboard 
concept allows adaptation of the amount of flow going to either the Snow Crest Tributary 
or pilot swale; the flashboards would initially target a roughly 50-50 split.  The invert of 
the notch will be set several inches lower than the crest of the first log, and one 
flashboard will be installed such that the elevation of the flashboard and first log are 
equal.  The main purpose of the first log is to control the grade of Snow Crest Tributary 
since the relative elevation between the two logs is essential to the long-term 
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effectiveness of the structure.  The decision to set the first log near the existing thalweg 
elevation of Snow Crest Tributary is also prevent backwatering of the County-maintained 
culvert just upstream.  Unlike other log structures in the restoration design, the log flow 
split does not include friction post piles for ballast because the amount of soil on top of 
both logs is expected to prevent flotation.  

 Pilot swale: The purpose of the pilot swale is to overcome a high point in the left bank in 
order to convey water for approximately 75 feet away from Snow Crest Tributary.  Once 
the pilot swale releases onto the meadow surface, it is anticipated to sheet flow toward 
Bear Creek; willow fascines (described below) and existing downed trees on the meadow 
are anticipated to further promote diffuse flow.  Since the pilot swale will experience 
flow shortly after construction, a combination of sod and coir netting are proposed to 
stabilize the new channel.  One flow dispersal log is proposed perpendicular to the pilot 
swale to create a 6-inch high step so that the slope is no greater than one percent. 

 Willow fascines: Several rows of willow fascines are proposed to promote diffuse flow 
on the north side of Alpine Meadows Road.  These are the only design elements located 
on USFS property.  The willow fascines will be bundles of live willow cuttings 
embedded into the meadow surface.  The fascines will be installed perpendicular to flow 
to slow surface water are force it to spread out.  The willow cuttings in the fascines are 
anticipated to grow into willow stands to promote diffuse flow in perpetuity.  The 
fascines will be constructed by hand crews and without machinery. 

Additional Work to be Completed 

The following work has not been completed at the 65-percent design phase, but is planned prior 
to development of 100 percent design plans: 

 Vegetation surveys, including mapping of salvageable sod and potholing to evaluate soil 
characteristics. 

 Topographic survey of Alpine Meadows Road culvert outlet area.  The log flow split 
structure was not conceived until after the fall 2020 field season, and the detailed survey 
is needed to resolve a questionable portion of the LiDAR-based topographic mapping.   

 Coordination with private property owners to finalize whether design elements on their 
land will be allowed (to be completed by TRWC).  

 Observation and visual estimation of moderate to high flow rates in Snow Crest Tributary 
during the spring snowmelt period. 

We note that some of these tasks cannot be completed until snow or other winter conditions no 
longer affect ground visibility and/or site access.  The 90 percent design plans are currently 
scheduled for mid-March 2021. 

Limitations 

The 65% restoration design and this Design Basis Memo was prepared in general accordance 
with the accepted standard of practice in hydrology, civil engineering, and meadow and stream 
restoration design existing in Northern California for projects of similar scale at the time the 
investigations were performed. No other warranties, expressed or implied, are made. We note 
that interpretation of the pre-disturbance landscape a difficult and inexact art, and a variety of 
physical factors can affect the results from what has been presented herein. Concepts and 
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findings contained in this memo are intended for characterizing the Project site only and should 
not be used for other purposes without great care, updating, review of analytical methods used, 
and consultation with the authors.  Finally, we ask that readers who have additional pertinent 
information, who observed changed conditions, or who may note material errors should contact 
us with their findings at the earliest possible date, so that timely changes may be made. 

 

Enclosures: 65% Intermediate Design Drawings 
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