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 BALANCE HYDROLOGICS, Inc. 
 
Memo 
To: Matt Freitas, Truckee River Watershed Council  
From: Teresa Garrison, P.E. and Peter Kulchawik, P.E. 
Date: December 7, 2018 
Cc:  Lisa Wallace, Truckee River Watershed Council 
  
Subject: 100% Design Basis for McIver Dairy Meadow Restoration, Truckee, California 
 
 

PURPOSE OF THIS MEMO 

This memo accompanies the restoration designs for McIver Dairy Meadow Restoration Project (‘McIver’) 
in Town of Truckee, California. 
 
This memo is organized to provide the following information: 

Outline the project goals and objectives; 

• Provide a summary of background information; 

• Characterize existing conditions as they pertain to the restoration opportunities; 

• Present the restoration design; 

• Present the design methods and calculations used for the design; and 

• Discuss additional analyses to be completed to support the final design. 

PROJECT GOALS AND OBJECTIVES 

Goals 
 

• Enhance hydrologic function; 

• Reestablish historic wetland habitat; 

• Improve water quality and mitigate the impacts of adjacent roadway and urbanization; and 

• Slow and/or halt erosional process. 

 
Objectives 
 

• Enhance wetland habitat and their hydrologic function; 

• Expand wetland habitats to the extent possible; 

• Alleviate bank erosion, excessive sedimentation, and water quality impairment; 

• Retain road sand from I-80 and Donner Pass Road and prevent road sand runoff to Truckee River; 

• Maintain stormwater treatment facilities and conveyance; 
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• Attenuate peak flows; and 

• Preserve historic buildings. 

AVAILABLE DATA/REPORTS REVIEWED 

The following data, reports, and information were reviewed as part of the McIver design process: 

• Topographic information: LiDAR-based Digital Elevation Model (DEM) of the watershed (Town 
of Truckee, 2016); 

• NRCS Soil survey (NRCS, 2018); 

• Geologic mapping completed by Saucedo (2005); 

• Total Maximum Daily Load for Sediment, Middle Truckee River Watershed, prepared by the 
Lahontan Regional Water Quality Control Board (Amorfini and Holden, 2006); 

• Wetland Delineation for the 7-acre McIver Dairy Parcel, Town of Truckee, Nevada County, 
California (Salix Consulting, 2017); 

• McIver Dairy Restoration and Truckee River Revitalization Projects, A Contextual Overview of 
Human Land Use and Environmental Conditions (Lindstrom, 2018); 

• Caltrans Highway Design Manual, Chapter 810, Hydrology (2015); 

• Town of Truckee Public Improvement and Engineering Standards (2003); 

• US Forest Service historical aerial photography (1939, 1952, 1966, 1972, 1977, 1983, 1987, 
1992, 1997, 2000); and 

• Town of Truckee Stormwater Management Program (CDM Smith, 2007). 

COMPLETED TECHNICAL STUDIES 

In addition to the existing data/reports reviewed, Balance conducted supplemental technical studies to 
better understand the site characteristics. The following is a list of supplemental research and ongoing 
studies:  

• Channel and site reconnaissance under a range of hydrologic conditions in Water Year 2018;  

• Subsurface investigation of the historical barn area in July 2018; 

• Field-based soils investigations;  

• Hydrologic modeling; and 

• Pre-project groundwater monitoring and streamflow gaging. 

The pre-project monitoring program follows procedures outlined in the McIver Dairy Pre-Project 
Monitoring Plan, prepared by Balance in November 2017 with sampling site locations shown in Figure 1. 
The monitoring plan includes three primary elements: 1) a streamflow and sediment transport gaging 
station installed in the lower portion of the meadow (McIver Dairy Downstream), 2) four shallow 
groundwater monitoring wells or piezometers installed throughout the meadow (Piezometers 18-1, 18-2, 
18-3 and 18-4), and 3) a stage (water level) monitoring station installed in the stormwater detention basin 
at the head of the meadow (McIver Dairy Upstream). Pre-project monitoring was conducted for water 
year 2018, with the results presented in McIver Dairy Meadow Restoration Pre-Project Monitoring 
Report, Water Year 2018. The pre-project monitoring data was used to inform the design. 
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Figure 1. Pre-project monitoring plan sample site locations. 

EXISTING CONDITIONS 

Historical Context 
The McIver site is located in the Town of Truckee, California. The McIver site is bounded on the north by 
Donner Pass Road, the west by the Tahoe Forest Hospital, and to the south by open space and the I-80 on-
ramp and over-pass. The majority (approximately three quarters) is owned by the Town of Truckee while 
the bottom (eastern) corner is owned by Caltrans. See Sheet 1.1 of the Engineering Plans. 
 
The McIver site is of historical significance to the Town of Truckee because of former land use practices. 
The McIver Family bought the land in 1905 and resided there until 1950. The McIver Dairy was one of 
the largest dairies and suppliers of milk to Town of Truckee. Historical reports indicate that at least three 
large buildings (milk house, horse barn, and cow barn) were on site with several miscellaneous 
outbuildings. A two-story family home remains today on the opposite (north) side of Donner Pass Road 
and to the west of the Villager Nursery. 
 
Portions of the property were sold in 1950 for the expansion of Donner Pass Road and later for the I-80 
right of way. The Town of Truckee acquired the McIver Dairy property in 1998, recognizing its value as 
open space. The two remaining dairy structures were given a “facelift” in 1999; buildings were painted 
and repaired, and areas around the buildings were landscaped and cleared of weeds. 
Archeology for site has been evaluated, however we recommend the TRWC work with an archeologist to 
determine the significance of the McIver Dairy historical buildings and that the archeologist provides 
recommendations on the level of preservation desired. We anticipate an archeologist will be required to 
be on site during the construction of the project. 
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Geomorphology 
The landscape of the McIver site is driven by the geologic and glacial history in the region. Prior to 
development of the Town of Truckee, the transcontinental railroad, U.S. Route 40 (Donner Pass Road), 
and Interstate 80, most of the area surrounding the McIver site was covered by glacial deposits associated 
with at least three distinct glacial advances and retreats (from oldest to youngest): the Donner Lake, the 
Tahoe, and Tioga Glaciations. Geologic mapping by Sylvester and others (2012, Figure 2) indicates that 
the McIver site is underlain by bouldery glacial drift deposits, likely associated with the Donner Lake 
Glaciation. Boulder and cobble deposits, or ‘glacial till,’ along the Truckee River appear to have created 
an elevation control at the downstream end of the meadow. 
 
With each glacial retreat, outwash emanating from Donner Lake and Coldstream Canyons was deposited 
to the west of the McIver site. At times, it is probable that Donner Creek flowed through the McIver area 
until successive outwash episodes eroded into the deposits, leaving the isolated hollow where McIver 
Dairy and Donner Pass Road could eventually be established. Glacial outwash deposits are likely 
hydrologically connected to those, west of the site and may be a source of groundwater upwelling at the 
site. 

Figure 2. Geologic map of the McIver Dairy Meadow Restoration Project area (Sylvester and others, 
2012). Qa-Recent Alluvium, Qd-Drift, Qta-Till, QTtah-Alder Hill basalt, QTtob- Olivine basalt, 
Qtio-Outwash deposits, and Tspa-pyroxene andesite.  

Hydrologic Features 
At the west end of the site is an existing stormwater detention basin, referred to as the existing pond, that 
is a controlled release point for stormwater runoff from the Tahoe Forest Hospital complex and the 
Gateway neighborhood. Water exits the basin into the upper wetland area—classified by Salix Consulting 
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(2017) as a wetland swale—where the flow is conveyed in a shallow (approximately 1 to 3 feet deep) 
incised channel. The wetland has seasonally high groundwater which is significant to the hydrologic 
function of the wetland. Surface runoff from Donner Pass Road enters onto the upper wetland generally 
through sheet flow, but with some rails being observed along the edge of road. Additionally, Donner Pass 
Road is scheduled for a capital improvement project with in the next 10-year. The improvement project 
proposes to widen the road, add sidewalks and install drainage curbs with catch basins. 
 
A small historical well house is located in the central portion of the site. There is constant seepage from 
the base of the house generating continuous flows. The flow is estimated at 0.01 to 0.02 cfs (4 to 8 gallons 
per minute) during base-flow conditions and is indicative of artesian conditions in the underlying 
aquifer(s). Although the baseflow is continuous, the flow has been observed to infiltrate before reaching 
the historical barns.  
 
Downstream of the well house, a culvert discharges stormwater collected from Donner Pass Road and 
commercial parking complexes to a small (approximately 400 square feet) detention basin on the northern 
side of the McIver site. This basin was classified as a seasonal wetland by Salix Consulting (2017). 
Stormwater leaves the basin and flows south through a vegetated channel to the main channel and wetland 
swale.  
 
Downstream of the detention basin the flow is generally channelized (2-4 feet deep) as it passes through a 
24” diameter corrugated metal culvert to the north side of the two remaining historical barns. The culvert 
is significantly blocked by willow brush with areas of rusted out holes; the capacity of the culvert is 
interpreted to be limited by these features. At this location, the channel appears to have been directed 
toward the north side of the historical barns, with the foundation of the upstream barn forming the right 
bank of the channel. Coarse boulders and cobble dominate the channel bed and banks. As such, the 
channel appears to be generally stable in a rock-controlled step-pool channel form. 
 
The lowest portion of the site is located on Caltrans property, a triangular parcel between Donner Pass 
Road, the I-80 on-ramp, and the forested hillslope to the west. Two stormwater drainage culverts (18-inch 
HDPE Pipes) discharge to the lower portion of the site and contribute flows to the lower channel. The 
channel is incised into meadow soils through this section, which appears to be overlain by significant (3- 
to 6-feet deep) accumulations of road traction sand. A headcut (approximately 2 feet) is present near the 
Town of Truckee-Caltrans property boundary.  
 
Stormwater runoff from the I-80 on-ramp and a portion of I-80 (roughly 0.8 miles of road) is collected at 
the downstream end of the McIver site. Road sand applied by Caltrans is collected along the banks of the 
channels or is transported to the base of the project and out through a Caltrans-owned 36-inch diameter 
CMP culvert. From sand application rate data provided by Caltrans (DeIcing Report, March 2018) for 
five years (2012 to 2016), the Caltrans portion (Sub-drainage #5, see below,) of the site is estimated to 
receive up to 55 tons per year of road sand which equates to a volume of roughly 30 to 46 cubic yards per 
year1. The culvert (36-inch CMP) is located approximately 12 feet below the top of the road and conveys 
flows under I-80 to a stormwater treatment basin that discharges to additional culverts and eventually the 
Truckee River. The 36-inch CMP culvert is currently failing with the bottom of the culvert being eaten 
away. Caltrans been notified of the failing state of the culvert and Caltrans intends to do a repair prior to 
this Project. 
  

                                                      
1 Variation in volume due to variation of weight of road sand material, estimate based on 1.2 to 1.6 tons per cubic 
yard of material.  
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Hydrology 
Average annual precipitation in the watershed is 36 inches as estimated by the Town of Truckee Public 
Improvement and Engineering Standards (2003) Precipitation Map (SD#63) (referred to as Truckee 
Standards) (Attachment 1). Much of the precipitation is in the form of snowfall between November and 
March. However, large rain events typically drive peak flows and can occur throughout the winter. Spring 
snowmelt events typically drive moderate peak flow rates for sustained periods in April and May. A high 
flow of roughly 6.2 cfs was recorded at the gaging station on April 7, 2018 (a rain-on-snow event).  
 
The drainage area for the McIver project was evaluated in ArcGIS using a flow accumulation analysis 
with a point of concentration at the existing I-80 culvert inlet and is calculated to be approximately 0.26 
square miles. To further define the drainage patterns of the McIver site the watershed was sub-divided 
into five sub-watersheds, numbered 1 through 5 from upstream to downstream (Figure 3). 
 

 

Figure 3. McIver Dairy Meadow Restoration sub-drainage basin delineation. Basemap source: Esri 
ArcGIS Online and the user community.  

Flow rates at the project site were estimated by three different methods: the SCS curve number method, 
the rational method, and the regional regression equations. The peak flow rate observed in Water Year 
2018 at the McIver streamflow gaging station (MDDS) was used to select a modeling method that best 
predicted flow rates. The recurrence interval of the April 7, 2018 event was approximated as a 2.3-year 
event based on comparison to a nearby USGS gaging station (USGS 10343500 Sagehen Creek) with a 
long-term streamflow record. The regional regression equation was the closest to the observed value (6.2 
cfs) and estimated the 2-year event at the 24-inch diameter culvert as 8.5 cfs. This analysis suggests that 
the regional regression equations are the best predictor for flow rates at the project site. However, we do 
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note that the regional regression equations do not account for impervious cover and peak flow rate from 
heavy rain events may not be realistically captured by using the regression equations. Based on the 
information available at this time the regional regression method was selected to estimate peak flow rates 
for all recurrence intervals. 

 
The Regional Regression Equations 
The regional regression equations (Gotvald and others, 2012) were applied to each of the sub-watersheds 
using the equations for the Lahontan Region (Region 2). The regression equations are based on a regional 
analysis of streamflow data from USGS to generate a set of equations that can be used to estimate flows 
in ungaged watersheds. The regression equations were generally developed from mostly undeveloped 
watersheds, most of which are larger than the McIver site. The worksheet for the regional regression 
equations is presented in Attachment 2, and a summary of the results is presented below in Table 1. 
 
Table 1. Regional regression equation peak flow rates for the McIver Dairy Meadow Restoration. 

 
 

Soils 
Two soil units were mapped within the McIver site, Aquolls and Borolls and Waca-Windy complex 
(NRCS, 2018). The NRCS soils report can be found in Attachment 3. The soils generally consist of 
gently-sloping Aquolls and Borolls, surrounded by steeper Waca Complex soils. Aquolls and Borolls are 
found in areas where shallow groundwater meets the hydric criteria to retain moisture. 
 
Soils were logged during the installation of shallow monitoring wells at the locations shown in Figure 1. 
Subsurface conditions encountered during this process are summarized in Attachment 4; soil log 
numbering is based on the pre-project monitoring plan sample locations and done during the installation 
of the piezometers (see Figure 1 above). Based on the subsurface investigation, the meadow appears to 
consist of clays with gravels to a depth of at least 5 feet in much of the upper meadow, with sandy grey 
clays at between 3 and 5 ft at some locations. The boring near the historical barns encountered loamy 
gravels with fines, sands, and clay present from 2 to 5 feet. As is consistent with interpretations made 
from geologic maps, abundant boulders and coarse cobbles were encountered at the downstream end of 
the site. 
 
A soils investigation was conducted on June 19, 2018 to evaluate the soils around the historical barns in 
more detail. A memo summarizing the finding is included in Attachment 5. The results from the soils 
testing indicate that while small wetlands may have been present along the axis of the valley, many 
upland areas associated with glacial deposits probably existed. 

2-year 5-year 10-year 25-year 50-year 100-year
1-Northwest 3.7 7.7 11.3 16.6 22.4 28.1
2-Hospital 4.8 9.7 14.4 21.1 28.5 35.7
3-Middle 1.0 2.1 3.1 4.6 6.2 7.8
4-Northeast 3.4 7.0 10.3 15.1 20.4 25.6
5-Interstate 0.9 1.9 2.8 4.2 5.6 7.1

POC 1 (24" Culvert) 7.1 14.5 21.4 31.4 42.4 53.1
POC 2 (36" Culvert) 9.6 19.6 28.9 42.4 57.2 71.6

Peak Discharge 
(cfs)

Reach 
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RESTORATION DESIGN 

In this section, we describe the restoration design elements that are used to improve the existing meadow 
and restore areas of the historical meadow where applicable. The McIver site has been impacted through 
urbanization, such that the historical extent of the meadow appears (from historical imagery) to be 
reduced and the flows that would naturally spread out to saturate the meadow have begun to channelize. 
The development of the McIver Dairy and Donner Pass Road has also encroached on the meadow, with 
areas of fill being placed within the meadow footprint.  
 
An overview of the McIver restoration element is outlined Sheet 1.1 of the engineering plans and 
provided in Figure 4. The restoration design elements from upstream to downstream from west to east 
across the site include: 
 

• Existing pond improvements 
• Stormwater vegetated swale  
• Sod plugs in existing channel 
• Inset floodplain and culvert replacement  
• Stormwater detention basin 
• Stormwater conveyance channel  
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Figure 4. Project Overview sheet.
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Existing Detention Basin Improvements 
The existing detention basin will be expanded by removing fill along the north side and grading a wetland 
bench. The wetland bench will increase the wetted area for emergent wetland plant species. When the 
basin is full (typically for a period of months in the winter and spring), the bench will be between 6 inches 
to 1 foot deep. Additionally, a secondary outlet will be created on the east side of the existing basin. This 
secondary exit will be placed at the same elevation as the existing outlet in order to disperse outflows 
from the basin across the meadow. Final design elevations will be established in the field and will be 
based on a field survey of the existing outlet invert elevation. The secondary outlet is anticipated to 
increase wetted area downstream of the basin, thereby enhancing meadow function. 
 
Removal of fill from the northwest corner of the site will allow for expansion of the basin. Based on 
historical aerial photography, the fill appears to have been placed in this area in the mid-1900s and likely 
buried historical wetland soils (mapped as Aquolls and Borolls). The fill will be removed to re-expose the 
inferred meadow soils to the maximum extent possible. The slope from the road to the historical meadow 
surface will be graded to a 3H:1V slope, with the final depth of excavation based on the elevation of 
historical meadow soils encountered during construction. 
 

Stormwater Vegetated Swale 
Stormwater runoff from Donner Pass Road discharges into the meadow on the northwestern aspect of the 
McIver site. A vegetated swale will be constructed in order to improve water quality pollutants by treating 
road runoff and contaminants such as oils, grease, and road sands before they enter the meadow. The 
vegetated swale will be located parallel to Donner Pass Road and extend for approximately 175 feet 
before conforming to the meadow elevation. The swale is designed according to the CASQA Stormwater 
BMP Handbook (2003) design guidelines. The contributing sub-watershed was delineated under the 
assumption that improvements and widening of Donner Pass Road will take place in the near future and 
the entirety of the Donner Pass Road right-of-way will be occupied by impervious surfaces. The swale 
will have a 2 percent slope and provide roughly 10 minutes of contact time for the 85th percentile 24-hour 
storm (Attachment 6). 
 
Donner Pass Road was calculated to have a 10-year flow rate of 1.1 cfs and a 100-year flow rate of 1.5 
cfs, so the swale has been designed with a width of 8 feet and an average depth of 1 foot. Both the 10-year 
and 100-years flows can be contained within the swale. From Hydraflow, an AutoCAD modeling 
program, the swale will have a 10-year depth and velocity of 0.33 feet and 0.37 ft/sec, respectively (also 
in Attachment 6). The 100-year depth and velocity were modeled to be 0.4 feet and 0.41 ft/sec, 
respectively.
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Sod Blocks  
A series of six sod blocks will be placed into the existing channel at locations where the channel is 
starting to become incised. The sod blocks will be harvested from on site, from other areas that have 
appropriate sod for harvesting. The sod blocks will allow water and sediment to back up and be dispersed 
across the meadow. 
 

Culvert Replacement  
The existing 24-inch CMP culvert by the historical barns will be replaced with a 24-inch HDPE culvert 
with flared end sections. The pipe was sized to accommodate the 10-year flow (estimated as 21.4 cfs) 
without overtopping the bank. The downstream end of the culvert will have rip-rap placed at the outlet for 
energy dissipation and protection. The rip-rap will transition to channel bed material continuing along the 
foundation of the existing building as a 3-foot wide strip to provide scour protection.  
 
An overflow point was graded above the culvert inlet on the south side of the building to provide a spill 
point for flows higher than the capacity of the pipe. Once flow reaches the overflow point it will be 
directed to the south of the buildings back to the existing flow path.  
 
The area upstream of the culvert will be graded to include an inset floodplain. A stormwater channel will 
be installed to convey flow from an existing Donner Pass Road culvert and detention basin to the inset 
floodplain area. The stormwater channel will be armored ending in a flow dispersal log located to slow 
down and spread out flows onto the newly created floodplain. Additional log flow spreaders will be 
placed within the floodplain to provide habitat and roughness for the floodplain. 
 

Stormwater Detention Basin 
A stormwater detention basin is proposed on Caltrans property at the corner of Donner Pass Road and the 
I-80 west on-ramp. The detention basin is designed to provide one last area of treatment for sediment 
before leaving the McIver Site. An existing 36-inch CMP culvert is the current release point from the 
detention basin with an invert approximately 12 feet below the road surface. Although the existing 
capacity of the culvert is calculated to be approximately 66 cfs, less than the calculated peak flow rate of 
72 cfs for the 100-year event, replacement of this culvert would be costly and is outside the scope of the 
restoration effort. Caltrans has been notified of the failing culvert and is planning a repair prior to the 
construction of this Project. The modifications to the culvert described below were designed to maintain 
the overall capacity by not creating a bottleneck at the inlet. 
 
The Highway Design Manual requires applying a 33% clogging factor to the design of all culverts. In this 
application the clogging factor would be applied to both pre and post conditions. Resulting in a reduced 
existing design flow rate of 43.6 cfs. 
 
The bottom of the culvert is flush with the existing channel (approximate invert elevation 5852.7 feet) and 
therefore provides limited detention under most flow conditions. The proposed design extends the 
existing culvert and installs a standpipe to a rim elevation of 5859.0 feet. The bottom of the stormwater 
detention basin is designed with a bottom elevation of 5857.0 providing two feet of active storage for 
sediment settling before stormwater enters the top of the standpipe, and one foot of storage before 
entering the two 8-inch high by 18-inch wide side openings. The two openings in the standpipe will help 
to release flows at a rate equal to or less than the current estimated flows leaving the existing culvert. The 
discharge calculations estimate the flow rate through the proposed standpipe to be approximately 70 cfs 
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(46.2 cfs with the clogging factor). Based on the soil type sufficient infiltration is expected so that water 
returns to the base elevation within 24-hours of the end of the storm per the Truckee Standards. The 
calculated stage-storage-discharge relationship is provided as Attachment 7. 
 
The bottom elevation of the stormwater detention basin was set to minimize impacts to the meadow in the 
lower third of the McIver site. The design will reduce channel slope of the lower portion, and the rock 
grade control weir will alleviate some of the headcutting in the existing channel. The stormwater 
detention basin is expected to require maintenance when sediment accumulates to the invert of the riser 
side cut openings; based on the sand application rates from the Caltrans Deicing Report we anticipate that 
this will occur on average every three to five years over the long term. 
 

Stormwater Conveyance Channels and Basins  
The lower portion of the McIver site collects stormwater runoff from I-80 and the westbound on-ramp. 
Runoff from these roadways tends to have a fair amount of road sand due to the Caltrans winter safety 
practices. The two stormwater sedimentbasins are intended to retain road sand and prevent the sediment 
from reaching the Truckee River. 
 
The sediment basins were designed to maximize the available space on the hillside for sediment retention. 
The basins are 2-feet in depth and are oriented with the long axis perpendicular to flow and relatively 
narrow in the downstream direction. The downstream side of each basin will have a berm with boulder 
weirs to control the outlet elevation. Boulders used in the weir will be between 2- and 3-feet in diameter. 
Each basin will have one or two outlet weirs to convey flow to the next basin downstream. The weirs will 
be 2-feet lower in elevation from the top of the berms, such that the berm will provide 1-foot of freeboard 
at each basin as required under the CASQA guideline for Extended Detention Basins. Similar to the 
stormwater detention basin described above, the basins will require maintenance every 3 to 5 years to 
remove built-up sands. 
 
Each outlet weir was designed to accommodate the 100-year flow without overtopping. Hydraflow 
AutoCAD Express was used to calculate the water depth and velocities in the channel for the 100-year 
event. The Hydraflow modeling results are provided in Attachment 8. Rock rip-rap will be used to armor 
the channels. The rip-rap was sized per the stability threshold calculations from Fischenich (2001) based 
on allowable velocity and shear stress. The stability threshold calculations are provided in Attachment 9. 

LIMITATIONS 

This report was prepared in general accordance with the accepted standard of practice in surface-water 
and groundwater hydrology existing in the Sierra Nevada for projects of similar scale at the time the 
investigations were performed. No other warranties, expressed or implied, are made. 
 
As is customary, we note that readers should recognize that interpretation and evaluation of subsurface 
conditions and physical factors affecting the hydrologic context of any site is a difficult and inexact art. 
Judgments leading to conclusions and recommendations are generally made with incomplete knowledge 
of the conditions present. More extensive or extended studies are anticipated to reduce inherent 
uncertainties. 
 
We have used standard environmental information such as precipitation, hydrology, topographic 
mapping, and soil mapping, and work by previous investigators, in conformance with local custom. New 
information or changes in regulatory guidance could influence the plans or recommendations, perhaps 
fundamentally. As updated information becomes available, the interpretations and recommendations 
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contained in this report may warrant a change. To aid in revisions, we ask that reviewers advise us of new 
plans, conditions, or data of which they are aware. 
 
Concepts, findings, and interpretations contained in this report are intended for the exclusive use of the 
Truckee River Watershed Council under the regulations and guidance presently prevailing except where 
noted otherwise. Their use beyond the boundaries of the site could lead to environmental or structural 
damage, and/or to noncompliance with water-quality policies, regulations or permits. 
 
 

ATTACHMENTS:  

Attachment 1: Precipitation Map  

Attachment 2: Worksheet: Regional Flood Frequency Equations 

Attachment 3: NRCS Soils Report 

Attachment 4: Soil Bore Logs 

Attachment 5: Soils Investigation Memo 

Attachment 6: Hydraflow Vegetated Swale Modeling Reports 

Attachment 7: Stormwater Detention Basin Stage Storage Discharge Calculations  

Attachment 8: Stormwater Conveyance Channel Hydraflow Modeling Results 

Attachment 9: Stability Threshold Calculations  
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MCIVER DAIRY MEADOW RESTORATION 

Worksheet: Region Flood Frequency Equation
McIver Dairy Meadow Restoration Calc'd by: T. Garrison Date: 1/20/2018

update: 8/22/18

Region: Lahontan (Region 2) 

Precipitation (inches): 36

Table 819.2C- Caltrans Highway Design Manual 

Values updated based on Gotvald, 2012

Elevation 

2-year 5-year 10-year 25-year 50-year 100-year (sq miles) (sq ft) (ft) 

1-Northwest 3.7 7.7 11.3 16.6 22.4 28.1 0.0728 2,029,321         6,081                

2-Hospital 4.8 9.7 14.4 21.1 28.5 35.7 0.1008 2,810,091         6,076                

3-Middle 1.0 2.1 3.1 4.6 6.2 7.8 0.0126 351,033             6,053                

4-Northeast 3.4 7.0 10.3 15.1 20.4 25.6 0.0639 1,780,562         6,040                

5-Interstate 0.9 1.9 2.8 4.2 5.6 7.1 0.0111 308,074             5,909                

POC 1 (24" Culvert) 7.1 14.5 21.4 31.4 42.4 53.1 0.1736 4,839,412         6,079                

POC 2 (36" Culvert) 9.6 19.6 28.9 42.4 57.2 71.6 0.2611 7,279,081         6,032                

Peak Discharge 

(cfs) Area

Reach 

Town of Truckee Engineering 

Standards, SD#63 

217149-Regional Regression CalcsV2, 12/4/2018 ©2018 Balance Hydrologics, Inc.
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MAP LEGEND MAP INFORMATION

Area of Interest (AOI)
Area of Interest (AOI)

Soils
Soil Map Unit Polygons

Soil Map Unit Lines

Soil Map Unit Points

Special Point Features
Blowout

Borrow Pit

Clay Spot

Closed Depression

Gravel Pit

Gravelly Spot

Landfill

Lava Flow

Marsh or swamp

Mine or Quarry

Miscellaneous Water

Perennial Water

Rock Outcrop

Saline Spot

Sandy Spot

Severely Eroded Spot

Sinkhole

Slide or Slip

Sodic Spot

Spoil Area

Stony Spot

Very Stony Spot

Wet Spot

Other

Special Line Features

Water Features
Streams and Canals

Transportation
Rails

Interstate Highways

US Routes

Major Roads

Local Roads

Background
Aerial Photography

The soil surveys that comprise your AOI were mapped at 
1:24,000.

Warning: Soil Map may not be valid at this scale.

Enlargement of maps beyond the scale of mapping can cause 
misunderstanding of the detail of mapping and accuracy of soil 
line placement. The maps do not show the small areas of 
contrasting soils that could have been shown at a more detailed 
scale.

Please rely on the bar scale on each map sheet for map 
measurements.

Source of Map: Natural Resources Conservation Service
Web Soil Survey URL: 
Coordinate System: Web Mercator (EPSG:3857)

Maps from the Web Soil Survey are based on the Web Mercator 
projection, which preserves direction and shape but distorts 
distance and area. A projection that preserves area, such as the 
Albers equal-area conic projection, should be used if more 
accurate calculations of distance or area are required.

This product is generated from the USDA-NRCS certified data as 
of the version date(s) listed below.

Soil Survey Area: Tahoe National Forest Area, California
Survey Area Data: Version 11, Sep 12, 2017

Soil map units are labeled (as space allows) for map scales 
1:50,000 or larger.

Date(s) aerial images were photographed: Jul 28, 2012—Dec 6, 
2016

The orthophoto or other base map on which the soil lines were 
compiled and digitized probably differs from the background 
imagery displayed on these maps. As a result, some minor 
shifting of map unit boundaries may be evident.
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Map Unit Legend

Map Unit Symbol Map Unit Name Acres in AOI Percent of AOI

AQB Aquolls and Borolls, 0 to 5 
percent slopes

15.8 38.5%

MEB Martis-Euer variant complex, 2 
to 5 percent slopes

10.2 24.8%

WAF Waca-Windy complex, 30 to 50 
percent slopes

14.8 35.9%

WDF Waca-Meiss complex, 30 to 50 
percent slopes

0.3 0.7%

Totals for Area of Interest 41.1 100.0%

Map Unit Descriptions
The map units delineated on the detailed soil maps in a soil survey represent the 
soils or miscellaneous areas in the survey area. The map unit descriptions, along 
with the maps, can be used to determine the composition and properties of a unit.

A map unit delineation on a soil map represents an area dominated by one or more 
major kinds of soil or miscellaneous areas. A map unit is identified and named 
according to the taxonomic classification of the dominant soils. Within a taxonomic 
class there are precisely defined limits for the properties of the soils. On the 
landscape, however, the soils are natural phenomena, and they have the 
characteristic variability of all natural phenomena. Thus, the range of some 
observed properties may extend beyond the limits defined for a taxonomic class. 
Areas of soils of a single taxonomic class rarely, if ever, can be mapped without 
including areas of other taxonomic classes. Consequently, every map unit is made 
up of the soils or miscellaneous areas for which it is named and some minor 
components that belong to taxonomic classes other than those of the major soils.

Most minor soils have properties similar to those of the dominant soil or soils in the 
map unit, and thus they do not affect use and management. These are called 
noncontrasting, or similar, components. They may or may not be mentioned in a 
particular map unit description. Other minor components, however, have properties 
and behavioral characteristics divergent enough to affect use or to require different 
management. These are called contrasting, or dissimilar, components. They 
generally are in small areas and could not be mapped separately because of the 
scale used. Some small areas of strongly contrasting soils or miscellaneous areas 
are identified by a special symbol on the maps. If included in the database for a 
given area, the contrasting minor components are identified in the map unit 
descriptions along with some characteristics of each. A few areas of minor 
components may not have been observed, and consequently they are not 
mentioned in the descriptions, especially where the pattern was so complex that it 
was impractical to make enough observations to identify all the soils and 
miscellaneous areas on the landscape.

Custom Soil Resource Report
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The presence of minor components in a map unit in no way diminishes the 
usefulness or accuracy of the data. The objective of mapping is not to delineate 
pure taxonomic classes but rather to separate the landscape into landforms or 
landform segments that have similar use and management requirements. The 
delineation of such segments on the map provides sufficient information for the 
development of resource plans. If intensive use of small areas is planned, however, 
onsite investigation is needed to define and locate the soils and miscellaneous 
areas.

An identifying symbol precedes the map unit name in the map unit descriptions. 
Each description includes general facts about the unit and gives important soil 
properties and qualities.

Soils that have profiles that are almost alike make up a soil series. Except for 
differences in texture of the surface layer, all the soils of a series have major 
horizons that are similar in composition, thickness, and arrangement.

Soils of one series can differ in texture of the surface layer, slope, stoniness, 
salinity, degree of erosion, and other characteristics that affect their use. On the 
basis of such differences, a soil series is divided into soil phases. Most of the areas 
shown on the detailed soil maps are phases of soil series. The name of a soil phase 
commonly indicates a feature that affects use or management. For example, Alpha 
silt loam, 0 to 2 percent slopes, is a phase of the Alpha series.

Some map units are made up of two or more major soils or miscellaneous areas. 
These map units are complexes, associations, or undifferentiated groups.

A complex consists of two or more soils or miscellaneous areas in such an intricate 
pattern or in such small areas that they cannot be shown separately on the maps. 
The pattern and proportion of the soils or miscellaneous areas are somewhat similar 
in all areas. Alpha-Beta complex, 0 to 6 percent slopes, is an example.

An association is made up of two or more geographically associated soils or 
miscellaneous areas that are shown as one unit on the maps. Because of present 
or anticipated uses of the map units in the survey area, it was not considered 
practical or necessary to map the soils or miscellaneous areas separately. The 
pattern and relative proportion of the soils or miscellaneous areas are somewhat 
similar. Alpha-Beta association, 0 to 2 percent slopes, is an example.

An undifferentiated group is made up of two or more soils or miscellaneous areas 
that could be mapped individually but are mapped as one unit because similar 
interpretations can be made for use and management. The pattern and proportion 
of the soils or miscellaneous areas in a mapped area are not uniform. An area can 
be made up of only one of the major soils or miscellaneous areas, or it can be made 
up of all of them. Alpha and Beta soils, 0 to 2 percent slopes, is an example.

Some surveys include miscellaneous areas. Such areas have little or no soil 
material and support little or no vegetation. Rock outcrop is an example.

Custom Soil Resource Report
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Tahoe National Forest Area, California

AQB—Aquolls and Borolls, 0 to 5 percent slopes

Map Unit Setting
National map unit symbol: hlg2
Elevation: 5,000 to 8,500 feet
Mean annual precipitation: 30 to 60 inches
Mean annual air temperature: 39 to 52 degrees F
Frost-free period: 25 to 200 days
Farmland classification: Not prime farmland

Map Unit Composition
Aquolls and similar soils: 45 percent
Borolls: 45 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Aquolls

Setting
Landform: Marshes
Landform position (two-dimensional): Toeslope
Landform position (three-dimensional): Flat
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Alluvium derived from igneous, metamorphic and sedimentary 

rock

Properties and qualities
Slope: 0 to 5 percent
Depth to restrictive feature: More than 80 inches
Natural drainage class: Very poorly drained
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None

Description of Borolls

Setting
Landform: Swales
Landform position (two-dimensional): Toeslope
Landform position (three-dimensional): Flat
Down-slope shape: Concave
Across-slope shape: Linear
Parent material: Alluvium derived from igneous, metamorphic and sedimentary 

rock

Custom Soil Resource Report
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MEB—Martis-Euer variant complex, 2 to 5 percent slopes

Map Unit Setting
National map unit symbol: hllq
Elevation: 5,500 to 6,000 feet
Mean annual precipitation: 25 to 35 inches
Mean annual air temperature: 39 to 45 degrees F
Frost-free period: 20 to 40 days
Farmland classification: Not prime farmland

Map Unit Composition
Martis and similar soils: 60 percent
Euer variant and similar soils: 25 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Martis

Setting
Landform: Outwash plains
Landform position (two-dimensional): Backslope
Landform position (three-dimensional): Riser
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Glacial outwash derived from volcanic rock

Typical profile
H1 - 0 to 17 inches: sandy loam
H2 - 17 to 33 inches: gravelly sandy clay loam
H3 - 33 to 46 inches: very gravelly sandy clay loam
H4 - 46 to 67 inches: sandy loam

Properties and qualities
Slope: 2 to 5 percent
Depth to restrictive feature: More than 80 inches
Natural drainage class: Well drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately high (0.20 

to 0.57 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Available water storage in profile: Moderate (about 6.5 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 6e
Hydrologic Soil Group: C
Hydric soil rating: No

Custom Soil Resource Report

11



Description of Euer Variant

Setting
Landform: Outwash plains
Landform position (two-dimensional): Backslope
Landform position (three-dimensional): Riser
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Glaciofluvial deposits derived from volcanic rock

Typical profile
H1 - 0 to 12 inches: gravelly sandy loam
H2 - 12 to 24 inches: gravelly clay loam
H3 - 24 to 60 inches: very gravelly clay loam

Properties and qualities
Slope: 2 to 5 percent
Depth to restrictive feature: More than 80 inches
Natural drainage class: Well drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately high (0.20 

to 0.57 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Available water storage in profile: Moderate (about 6.1 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 4e
Hydrologic Soil Group: C
Hydric soil rating: No

WAF—Waca-Windy complex, 30 to 50 percent slopes

Map Unit Setting
National map unit symbol: hlph
Elevation: 6,000 to 9,000 feet
Mean annual precipitation: 60 to 80 inches
Mean annual air temperature: 36 to 43 degrees F
Frost-free period: 25 to 125 days
Farmland classification: Not prime farmland

Map Unit Composition
Waca and similar soils: 65 percent
Windy and similar soils: 30 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Custom Soil Resource Report
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Description of Waca

Setting
Landform: Mountain slopes
Landform position (two-dimensional): Backslope
Landform position (three-dimensional): Mountainflank
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Mudflow deposits derived from andesite; residuum weathered 

from acidic tuff

Typical profile
H1 - 0 to 12 inches: gravelly sandy loam
H2 - 12 to 32 inches: very gravelly sandy loam
H3 - 32 to 60 inches: weathered bedrock

Properties and qualities
Slope: 30 to 50 percent
Depth to restrictive feature: 32 to 36 inches to paralithic bedrock
Natural drainage class: Well drained
Capacity of the most limiting layer to transmit water (Ksat): High (1.98 to 5.95 

in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Available water storage in profile: Very low (about 2.8 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 7e
Hydrologic Soil Group: B
Hydric soil rating: No

Description of Windy

Setting
Landform: Mountain slopes
Landform position (two-dimensional): Backslope
Landform position (three-dimensional): Mountainflank
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Mudflow deposits derived from andesite

Typical profile
H1 - 0 to 17 inches: gravelly sandy loam
H2 - 17 to 46 inches: very gravelly sandy loam
H3 - 46 to 50 inches: weathered bedrock

Properties and qualities
Slope: 30 to 50 percent
Depth to restrictive feature: 46 to 50 inches to paralithic bedrock
Natural drainage class: Well drained
Capacity of the most limiting layer to transmit water (Ksat): High (1.98 to 5.95 

in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None

Custom Soil Resource Report
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Available water storage in profile: Low (about 3.9 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 7e
Hydrologic Soil Group: A
Hydric soil rating: No

WDF—Waca-Meiss complex, 30 to 50 percent slopes

Map Unit Setting
National map unit symbol: hlpn
Elevation: 6,000 to 9,000 feet
Mean annual precipitation: 60 to 80 inches
Mean annual air temperature: 36 to 43 degrees F
Frost-free period: 25 to 125 days
Farmland classification: Not prime farmland

Map Unit Composition
Waca and similar soils: 65 percent
Meiss and similar soils: 25 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Waca

Setting
Landform: Mountain slopes
Landform position (two-dimensional): Backslope
Landform position (three-dimensional): Mountainflank
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Residuum weathered from acidic tuff; mudflow deposits derived 

from andesite

Typical profile
H1 - 0 to 12 inches: gravelly sandy loam
H2 - 12 to 32 inches: very gravelly sandy loam
H3 - 32 to 60 inches: weathered bedrock

Properties and qualities
Slope: 30 to 50 percent
Depth to restrictive feature: 32 to 36 inches to paralithic bedrock
Natural drainage class: Well drained
Capacity of the most limiting layer to transmit water (Ksat): High (1.98 to 5.95 

in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Available water storage in profile: Very low (about 2.8 inches)
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Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 6e
Hydrologic Soil Group: B
Hydric soil rating: No

Description of Meiss

Setting
Landform: Mountain slopes
Landform position (two-dimensional): Backslope
Landform position (three-dimensional): Mountainflank
Down-slope shape: Convex
Across-slope shape: Convex
Parent material: Residuum weathered from andesite

Typical profile
H1 - 0 to 9 inches: sandy loam
H2 - 9 to 19 inches: gravelly sandy loam
H3 - 19 to 23 inches: unweathered bedrock

Properties and qualities
Slope: 30 to 50 percent
Depth to restrictive feature: 19 to 23 inches to lithic bedrock
Natural drainage class: Somewhat excessively drained
Capacity of the most limiting layer to transmit water (Ksat): High (1.98 to 5.95 

in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Available water storage in profile: Very low (about 2.3 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 7e
Hydrologic Soil Group: D
Hydric soil rating: No

Custom Soil Resource Report
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BALANCE HYDROLOGICS, Inc. 
 
MEMO 
 
To: Matt Freitas, Truckee River Watershed Council 
From: Brian Hastings, P.G. and David Shaw, P.G. 
Date: July 5, 2018 
 
Subject: Subsurface Investigation, McIver Dairy, Town of Truckee, California 
 
 
 
 
 
Introduction 
 
A site investigation was carried out on June 19, 2018 to provide more accurate detail about soil 
types, presence or absence of fill, and general subsurface conditions that may support proposed 
channel re-alignment in proximity of the historic barns of the former McIver Dairy, part of the 
McIver Diary Restoration Project in Truckee, California. The currently proposed 60 percent 
design removes fill and relocates the intermittent stream channel away from the foundation of the 
barns and into the adjacent meadow surface to the south.   
 
Although previous efforts considered surface and sub-surface soil types, they did not provide 
sufficient detail of the subsurface deposits within the project area.  Test pits were excavated in 
areas previously interpreted as fill and along the proposed channel corridor.  Results from this 
investigation will be used to a) establish the depth and extent of fill for removal and meadow 
restoration and b) aid in the design of channel re-alignment and restoration, as based on the 
suitability of soils as streambed and bank material.  
 
Methods 
 
Soils Investigation 
 
Earthworks operated a Takeuchi TB-145 rubber-tracked mini-excavator to excavate nine test pits 
(TP-01 through TP-09) in locations of suspected fill and the proposed channel.  Trench locations 
were selected by Balance staff where shown in Figure 1 and based on 60 percent design 
documents.  Test Pits were dug to depths ranging from 2.0 to 5.5 feet, as dictated by maximum 
proposed grading depths, ease of digging, and refusal.  Soils in all test pits were logged in detail 
using ASTM soil logging standards.  Field classification of soils was conducted according to 
grain size as defined by the Unified Soil Classification System (USCS).  At each change in soil 
type (if observed) is a complete soil description, the components of which follow: 
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MAJOR CONSTITUENT, minor constituents with adjectives such as “with,” “few” or “trace”, 
sand and gravel grain sizes color, moisture content, density/consistency and where appropriate 
other associated textural or constituent descriptors. 
 
Where the constituents or appearance of a soil changed, without changing the USCS, only the 
pertinent changes are described. Within the soil descriptions, soil color is occasionally described 
using the Munsell Soil Color convention (i.e.: Hue Value/Chroma).  Groundwater occurrence at 
the time of excavation is also noted.   
 
Results 
 
The McIver Dairy area is mapped by Birkeland (1964) as glacial till or unstratified sediments 
deposited directly by a glacier without reworking by meltwater and consisting of a mixture of 
silt, sand, gravel, and boulder.  In general, test pits encountered mostly glacial till, characterized 
by unstratified sand, silt, gravel, and some boulders. In some instances, buried boulders or large 
rock prevented excavation below some depth. Soils were characteristic of soil formation on 
glacial till, limited in organic matter, loamy and well-drained. Groundwater, when encountered, 
was between 3.5 feet to 5.0 feet below ground surface.   
 
Presence of Fill 
 
Two test pits (TP-1 and TP-2) were excavated adjacent to Donner Pass Road and northwest of 
the historical barn structures. These pits were to evaluate the extent of placed fill on the north 
bank of the channel.  The initial 1.0 feet of soil in TP-01 and TP-02 consisted of stratified silt, 
sand, and gravel. The gravels are assumed to be road traction sand deposited by stormwater 
runoff originating from Donner Pass Road.  Vegetation was limited in this area.  Distinguishing 
placed artificial fill from unstratified glacial deposits can be difficult.  However, historical trash 
consisting of rusty metal and glass was encountered in TP-2 (see Appendix A) at a depth of 3.0 
feet, indicating that artificial fill has been placed in this area.    
 
Proposed Re-alignment of Old Channel 
 
Historical photographs of the former McIver Dairy suggest that the area immediately adjacent 
(south) to the existing historical structures was heavily disturbed by farm operations, including 
relocation of the existing intermittent channel. The proposed re-alignment would move the 
channel south of the structures and away from influences of stormwater runoff originating from 
Donner Pass Road. Proposed channel depths range between 1 and 2.5 feet below existing surface 
to establish a channel bed lower than the existing surface to encourage dispersed flow and 
protect the historical barns from flow inundation. 
 
Five of the seven excavated test pits (TP-3, TP-4, TP-6, TP-7 and TP-8) were used to develop a 
conceptual subsurface profile along the proposed channel re-alignment (Figure 1).  As illustrated 
in the profile, soils were generally found to be non-cohesive with limited indications of buried 
wetland soils.   However, in TP-6 and TP-7 wet fine-grained soils were encountered near 3 feet 
below ground surface with some clays and chroma indicative of hydric soils. These soils were 
limited in thickness (less than 1.0 foot) and their lateral extents are unknown; however, their 
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presence provides some evidence that the area could support meadow and channel habitat.  TP-6 
was excavated within a visible depression or swale indicative of a former channel location. 
 
The non-cohesive soils which were encountered included many cobbles and boulders, as well as 
extensive zones of non-cohesive sand and silt.  The non-cohesive finer soils present a risk of 
erosion and downcutting, which is addressed with grade control structures in the 60% plans.  
Boulder and cobble excavated on site can be used, in combination with imported or salvaged 
trees to construct the grade control sills.   
 
Conclusions 
 
Removal of fill as shown in the plans is likely to restore historical conditions, but it is not clear to 
what extent the area previously supported wetland and wet meadow habitat prior to disturbance.  
While small wetlands may have been present along the axis of the valley, many upland areas 
associated with glacial deposits probably existed.  Regardless of the exact alignment of historical 
wetlands, a design which spreads flows and limits the amount of road runoff and sediment 
conveyed to the channel is expected to benefit wetland, water quality, and aquatic habitat at the 
site.    
 
 
Reference 

Birkeland, P.W., 1964, Glaciation of the Northern Sierra Nevada, North of Lake Tahoe, California, J. of Geology, v. 
72, no. 6, pp. 810-825 
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BIOSWALE  DESIGN CALCULATIONS Calc'd by: T. Garrison Date: 1/30/2018

DESIGN CRITERIA California Stormwater BMP Handbook, 2003

Design Storm 85th 24 hour

Max velocity  1 ft/sec

WSL < 2/3 height or 4 inches

Slopes Range 0.5 % to 2.50%

Contact time 10 min

Manning n 0.25 -

Min Length 100 ft

Elevation 6040 ft

85th  24-hour Storm Rainfall Depth 1.2 inches East Placer County Storm Water Quality Design Manual, May 2017

85th  24-hour Storm Rainfall Depth 0.9 inches Town of Truckee Engineering Standards East of highway 89

SWALE SIZING CALCULATIONS

Runoff 

Coefficient 

Rainfall 

Depth 

Runoff 

Volume 

85th Flow 

Rate 

2-yr Flow 

Rate **

Rainfall 

intensity 

10 year

10-yr Flow 

Rate 

Rainfall 

intensity 

100 year

100-yr 

Flow Rate 

Drainage Area (ft2) (ac) (-) (inches) (ft3) (cfs) (cfs) (in/hr) (cfs) (in/hr) (cfs) 

2-a Donner Pass Road Runoff *19700 0.45 0.95 0.9 1,404 0.39 0.1 2.48 1.1 3.52 1.5

* Assumes the road improvements will be with a crowned road and impervious surface will extend to the ROW or existing fence line

** 2-year flow calculated from regional regression equation. 

SWALE DESIGN PARAMETERS

Side Slope 

Bottom 

Width Slope  Length 

Estimate 

Depth 

Total 

Swale 

Volume 

10-yr 

Depth* 

10-yr 

Velocity*

10-yr  

Volume HRT

100-yr 

Max 

Depth

(H:1) (ft) (%) (ft) (ft) (cu. ft) (ft) (cfs) (cu. ft) (min) (ft)

SWALE 1 3.0 8.0 2.00% 175 1.0 1925 0.33 0.37 635 28.6 0.40

Q 85th 

85th 

Depth* 

85th 

Velocity* 85th  Volume HRT

(cfs) (ft) (ft/sec) (cu. ft) (min)

0.39 0.18 0.25 347 11.7

*From AutoCAD Hydroflow Manning's calculations

Area

Name 



Channel Report

Hydraflow Express Extension for Autodesk® AutoCAD® Civil 3D® by Autodesk, Inc. Tuesday, Jan 30 2018

BioSwale 2-a Donner Pass Road- 10 year

Trapezoidal
Bottom Width (ft) =  8.00
Side Slopes (z:1) =  3.00, 3.00
Total Depth (ft) =  1.00
Invert Elev (ft) =  5900.00
Slope (%) =  2.00
N-Value =  0.250

Calculations
Compute by: Known Q
Known Q (cfs) =  1.10

Highlighted
Depth (ft) =  0.33
Q (cfs) =  1.100
Area (sqft) =  2.97
Velocity (ft/s) =  0.37
Wetted Perim (ft) =  10.09
Crit Depth, Yc (ft) =  0.09
Top Width (ft) =  9.98
EGL (ft) =  0.33

0 2 4 6 8 10 12 14 16 18

Elev (ft) Depth (ft)
Section

5899.50 -0.50

5900.00 0.00

5900.50 0.50

5901.00 1.00

5901.50 1.50

5902.00 2.00

Reach (ft)



Channel Report

Hydraflow Express Extension for Autodesk® AutoCAD® Civil 3D® by Autodesk, Inc. Tuesday, Jan 30 2018

BioSwale 2-a Donner Pass Road- 100 year

Trapezoidal
Bottom Width (ft) =  8.00
Side Slopes (z:1) =  3.00, 3.00
Total Depth (ft) =  1.00
Invert Elev (ft) =  5900.00
Slope (%) =  2.00
N-Value =  0.250

Calculations
Compute by: Known Q
Known Q (cfs) =  1.50

Highlighted
Depth (ft) =  0.40
Q (cfs) =  1.500
Area (sqft) =  3.68
Velocity (ft/s) =  0.41
Wetted Perim (ft) =  10.53
Crit Depth, Yc (ft) =  0.11
Top Width (ft) =  10.40
EGL (ft) =  0.40

0 2 4 6 8 10 12 14 16 18

Elev (ft) Depth (ft)
Section

5899.50 -0.50

5900.00 0.00

5900.50 0.50

5901.00 1.00

5901.50 1.50

5902.00 2.00

Reach (ft)



 

 

 
 
 
 
 
 
 
 
 

ATTACHMENT 7 
 

Stormwater Detention Basin Stage Storage Discharge 
Calculations   



Stormwater Detention Basin on Caltrans Right-of-Way
Calc'd by: T. Garrison Date: 12/6/2018 Project No. 217149

          Base Elevation 5854.50 ft Infiltration Rate
Basin floor Area 50 pl Notes:

          Lower Orifice Parameters* L 2.5 ft - Assumes Side slope of basin begin at top of amended soil. 
            Orifice width 0.000 feet 0.0 in W 20.0 ft - Assumes a sharp edged orifice plate with a coefficient of discharge (Cd) or 0.6
            Orifice height 0.000 feet 0.00 area Slopes 3 Horiz : 1 Vert - Percolation Rate assumed to be zero
            Orifice flowline 5855.00 feet 0.00 check - Overflow Riser calculated from the Reference Source 1, equation for Drop Inlets

Perc rate 0 in/hr - Basin areas provided from CAD drawing
          Media Depths * Lower orifice flow rate includes infiltration as the bio soil percolation rate is the limiting criteria
            Gravel 1.00 feet Max rate 0.00 cfs ** Upper Orifice are 10inch slots 89 inches wide around the pipe. 2 slots have been assumed one on each side. Town of Truckee Standard SD#49
            Amended Soil 1.50 feet 2.50 total ft

Top Elevation 5857.00 ft
Underdrain

          Upper Orifice Parameters 6" PVC 0.20 ft2  flow area

            Orifice width 3.000 feet 2-  8hx 18l in **
            Orifice height 0.667 feet 0.67 area Sources:  
            Orifice flowline 5858.00 feet 2.00 check Controlling outlet pipe 1) United Stated Department of the Interior, 1960, Design of Small Dams, 1st Edition, 

6-inch 0.20 ft2  flow area

          Overflow Riser Parameters
            Radius 1.50 feet 36 in

Circumference 9.42 feet
            Riser flowline 5859.00 feet 9.42 area Storage 

Top of berm Elevation 5864.00 ft Calced Storage 2,000     cf From CASQA Water Quality Volume Sizing 
          Overflow Weir Parameters Total Depth 9.50 ft Storage for Donner Pass Road direct drainage. 
            Weir width 0.00 feet Total Surface Depth 7.00 ft
            Weir flowline 5863.00 feet ROAD

Elevation Area Storage Area Head Q * Area Head Q Head C Q Head Q Q (total) Stage Storage Q (total) - Infil

ft ft 2 ft 3 ft 2 ft ft 3 /s ft 2 ft ft 3 /s ft - ft 3 /s ft ft 3 /s ft 3 /s ft ac-ft ft 3 /s

5857.00 815 0 0.00 2.00 0.00 0.00 0.00 0.00 0.00 3.93 0.0 0.00 0.0 0.00 2.50 0.000000 0.00

5857.50 2,135 738 0.00 2.50 0.00 0.00 0.00 0.00 0.00 3.93 0.0 0.00 0.0 0.00 3.00 0.016931 0.00

5858.00 1,736 1,705 0.00 3.00 0.00 0.00 0.00 0.00 0.00 3.93 0.0 0.00 0.0 0.00 3.50 0.039147 0.00

5858.50 2,316 2,718 0.00 3.50 0.00 1.50 0.50 3.53 0.00 3.93 0.0 0.00 0.0 3.53 4.00 0.062402 3.53

5859.00 2,958 4,037 0.00 4.00 0.00 2.00 1.00 9.63 0.00 3.93 0.0 0.00 0.0 9.63 4.50 0.092671 9.63

5859.50 3,685 5,698 0.00 4.50 0.00 2.00 1.50 11.79 0.50 3.70 8.0 0.00 0.0 19.80 5.00 0.130797 19.80

5860.00 4,393 7,717 0.00 5.00 0.00 2.00 2.00 13.62 1.00 2.88 17.6 0.00 0.0 31.25 5.50 0.177158 31.25

McIver Dairy Meadow Restoration 

Lower Orifice Upper Orifice Overflow Riser Overflow Weir SSD Table 



 

 

 
 
 
 
 
 
 
 
 

ATTACHMENT 8 
 

Stormwater Conveyance Channel Hydraflow Modeling Results 
  



Channel Report
Hydraflow Express Extension for Autodesk® AutoCAD® Civil 3D® by Autodesk, Inc. Thursday, Dec 6 2018

SW Convayance Channel 1 - Q100

Trapezoidal
Bottom Width (ft) =  2.00
Side Slopes (z:1) =  3.00, 3.00
Total Depth (ft) =  1.00
Invert Elev (ft) =  5865.00
Slope (%) =  16.60
N-Value =  0.040

Calculations
Compute by: Known Q
Known Q (cfs) =  7.10

Highlighted
Depth (ft) =  0.37
Q (cfs) =  7.100
Area (sqft) =  1.15
Velocity (ft/s) =  6.17
Wetted Perim (ft) =  4.34
Crit Depth, Yc (ft) =  0.56
Top Width (ft) =  4.22
EGL (ft) =  0.96

0 1 2 3 4 5 6 7 8 9 10

Elev (ft) Depth (ft)
Section

5864.50 -0.50

5865.00 0.00

5865.50 0.50

5866.00 1.00

5866.50 1.50

5867.00 2.00

Reach (ft)



Channel Report
Hydraflow Express Extension for Autodesk® AutoCAD® Civil 3D® by Autodesk, Inc. Thursday, Dec 6 2018

SW Convayance Channel 2A - Q100

Trapezoidal
Bottom Width (ft) =  2.00
Side Slopes (z:1) =  3.00, 3.00
Total Depth (ft) =  1.00
Invert Elev (ft) =  5865.00
Slope (%) =  12.50
N-Value =  0.040

Calculations
Compute by: Known Q
Known Q (cfs) =  7.10

Highlighted
Depth (ft) =  0.40
Q (cfs) =  7.100
Area (sqft) =  1.28
Velocity (ft/s) =  5.55
Wetted Perim (ft) =  4.53
Crit Depth, Yc (ft) =  0.56
Top Width (ft) =  4.40
EGL (ft) =  0.88

0 1 2 3 4 5 6 7 8 9 10

Elev (ft) Depth (ft)
Section

5864.50 -0.50

5865.00 0.00

5865.50 0.50

5866.00 1.00

5866.50 1.50

5867.00 2.00

Reach (ft)



Channel Report
Hydraflow Express Extension for Autodesk® AutoCAD® Civil 3D® by Autodesk, Inc. Thursday, Dec 6 2018

SW Convayance Channel 2B - Q100

Trapezoidal
Bottom Width (ft) =  2.00
Side Slopes (z:1) =  3.00, 3.00
Total Depth (ft) =  1.00
Invert Elev (ft) =  5865.00
Slope (%) =  14.20
N-Value =  0.040

Calculations
Compute by: Known Q
Known Q (cfs) =  7.10

Highlighted
Depth (ft) =  0.39
Q (cfs) =  7.100
Area (sqft) =  1.24
Velocity (ft/s) =  5.74
Wetted Perim (ft) =  4.47
Crit Depth, Yc (ft) =  0.56
Top Width (ft) =  4.34
EGL (ft) =  0.90

0 1 2 3 4 5 6 7 8 9 10

Elev (ft) Depth (ft)
Section

5864.50 -0.50

5865.00 0.00

5865.50 0.50

5866.00 1.00

5866.50 1.50

5867.00 2.00

Reach (ft)



Channel Report
Hydraflow Express Extension for Autodesk® AutoCAD® Civil 3D® by Autodesk, Inc. Thursday, Dec 6 2018

SW Convayance Channel 2B - Q100

Trapezoidal
Bottom Width (ft) =  3.00
Side Slopes (z:1) =  3.00, 3.00
Total Depth (ft) =  1.00
Invert Elev (ft) =  5865.00
Slope (%) =  14.20
N-Value =  0.040

Calculations
Compute by: Known Q
Known Q (cfs) =  7.10

Highlighted
Depth (ft) =  0.33
Q (cfs) =  7.100
Area (sqft) =  1.32
Velocity (ft/s) =  5.39
Wetted Perim (ft) =  5.09
Crit Depth, Yc (ft) =  0.48
Top Width (ft) =  4.98
EGL (ft) =  0.78

0 1 2 3 4 5 6 7 8 9 10 11

Elev (ft) Depth (ft)
Section

5864.50 -0.50

5865.00 0.00

5865.50 0.50

5866.00 1.00

5866.50 1.50

5867.00 2.00

Reach (ft)



Channel Report
Hydraflow Express Extension for Autodesk® AutoCAD® Civil 3D® by Autodesk, Inc. Thursday, Dec 6 2018

SW Convayance Channel 2B - Q100

Trapezoidal
Bottom Width (ft) =  2.00
Side Slopes (z:1) =  3.00, 3.00
Total Depth (ft) =  1.00
Invert Elev (ft) =  5865.00
Slope (%) =  9.10
N-Value =  0.040

Calculations
Compute by: Known Q
Known Q (cfs) =  7.10

Highlighted
Depth (ft) =  0.44
Q (cfs) =  7.100
Area (sqft) =  1.46
Velocity (ft/s) =  4.86
Wetted Perim (ft) =  4.78
Crit Depth, Yc (ft) =  0.56
Top Width (ft) =  4.64
EGL (ft) =  0.81

0 1 2 3 4 5 6 7 8 9 10

Elev (ft) Depth (ft)
Section

5864.50 -0.50

5865.00 0.00

5865.50 0.50

5866.00 1.00

5866.50 1.50

5867.00 2.00

Reach (ft)



Weir Report
Hydraflow Express Extension for Autodesk® AutoCAD® Civil 3D® by Autodesk, Inc. Thursday, Dec 6 2018

SWCC WEIR 1 - Q100

Trapezoidal Weir
Crest =  Sharp
Bottom Length (ft) =  2.00
Total Depth (ft) =  2.00
Side Slope (z:1) =  3.00

Calculations
Weir Coeff. Cw =  3.10
Compute by: Known Q
Known Q (cfs) =  7.10

Highlighted
Depth (ft) =  0.73
Q (cfs) =  7.100
Area (sqft) =  3.06
Velocity (ft/s) =  2.32
Top Width (ft) =  6.38

0 2 4 6 8 10 12 14 16 18 20 22

Depth (ft) Depth (ft)SWCC WEIR 1 - Q100

-1.00 -1.00

0.00 0.00

1.00 1.00

2.00 2.00

3.00 3.00

Length (ft)Weir W.S.



Weir Report
Hydraflow Express Extension for Autodesk® AutoCAD® Civil 3D® by Autodesk, Inc. Thursday, Dec 6 2018

SWCC WEIR 2A  - 1/2 Q100

Trapezoidal Weir
Crest =  Sharp
Bottom Length (ft) =  2.00
Total Depth (ft) =  2.00
Side Slope (z:1) =  3.00

Calculations
Weir Coeff. Cw =  3.10
Compute by: Known Q
Known Q (cfs) =  3.60

Highlighted
Depth (ft) =  0.51
Q (cfs) =  3.600
Area (sqft) =  1.80
Velocity (ft/s) =  2.00
Top Width (ft) =  5.06

0 2 4 6 8 10 12 14 16 18 20 22

Depth (ft) Depth (ft)SWCC WEIR 2A  - 1/2 Q100

-1.00 -1.00

0.00 0.00

1.00 1.00

2.00 2.00

3.00 3.00

Length (ft)Weir W.S.



 

 

 
 
 
 
 
 
 
 
 

ATTACHMENT 9 
 

Stability Threshold Calculations 



Rock Stability Threshold Calculations Cal'd By: T. Garrison 

McIver Dairy Meadows Restoration Date: 01/31/2018

Updated:12-6-18

VEGETATED SWALE 

Design Parameter

Storm 80% of 100-year flows 

Flow 1.1 cfs *Rational Method 

Water depth at tail 0.4 ft *Calculated from Hydraflow Express

Slope of exit ramp 0.02 ft/ft *From Design

Specific weight of water 62.4 lb/ft3

Sheer Stress 0.5 lb/ft2

Velocity 0.41 ft/s *Calculated from Hydraflow Express

Rock Size Selection 

Gravel/Cobble 2 in

STORMWATER CONEYANCE CHANNEL #1

Design Parameter

Design Flow 100-year flows 

Flow 7.1 cfs *Regional Regression 

Hydraulic Radius 0.347 ft *Calculated from Hydraflow Express

Slope of exit ramp 0.016 ft/ft *From Design

Specific weight of water 62.4 lb/ft3 ɣ

Sheer Stress 0.3 lb/ft2 Ƭ=ɣRs

Velocity 6.17 ft/s *Calculated from Hydraflow Express

Rock Size Selection 

Gravel/Cobble 9 in

STORMWATER CONEYANCE CHANNEL #4

Design Parameter

Storm 100-year flows

Flow 7.1 cfs *Rational Method 

Hydraulic Radius 0.305 ft *Calculated from Hydraflow Express

Slope of exit ramp 0.111111 ft/ft *From Design

Specific weight of water 62.4 lb/ft3 ɣ

Sheer Stress 2.1 lb/ft2 Ƭ=ɣRs

Velocity 4.86 ft/s *Calculated from Hydraflow Express

Rock Size Selection 

d50 rip rap 12 in *Fischenich, Craig, 2001, Stablility Thresholds 

*Fischenich, Craig, 2001, Stablility Thresholds 

*Fischenich, Craig, 2001, Stablility Thresholds 



HISTORICAL BARN CULVERT REPLACEMENT 

Design Parameter

Storm 10-year flows

Flow 25.7 cfs Regioanl Regression 

Hydraulic Radius 0.65 ft *Calculated from Hydraflow Express

Slope of exit ramp 0.02 ft/ft *From Design

Specific weight of water 62.4 lb/ft3 ɣ

Sheer Stress 0.8 lb/ft2 Ƭ=ɣRs

Velocity 8.54 ft/s *Calculated from Hydraflow Express

Rock Size Selection 

d50 rip rap 6 in *Fischenich, Craig, 2001, Stablility Thresholds 
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