










4.2.2 Driveway Runoff 
Driveway runoff will be addressed in one of two manners depending on the drainage 
characteristics of the driveway.  For upslope driveways that drain towards the road (roughly 80% 
of the homes), runoff will be allowed to enter the roadway conveyance and will be treated 
collectively with road runoff.  For downslope driveways that drain away from the road (roughly 
20% of the homes), runoff will be diverted via a swale in the driveway to individual storm water 
treatment units.  Figure 7 displays an example of a housing and unit (Storm Filter® Catch Basin) 
that has been applied to other sites in the Tahoe Basin.  Treated runoff from the individual units 
will be routed to the infiltration channels constructed for roof runoff.  The unit shown in Figure 7 
will be sufficient to treat runoff from up to two driveways, as discussed in Section 6.3.2.  With 
the current site plan, a total of seven individual treatment units will be required (Buildings 5, 12, 
13, 18, 21, 25, and 29).  Maintenance of the individual treatment units will be part of the 
maintenance program funded by the Sierra Colina HOA. 
 
 

 
Figure 7. Example of an Individual Driveway Treatment Unit 

 
The use of radiant heat technology is currently proposed for all driveways.  Radiant heat will 
provide consistent conveyance of melt water from driveways to the storm water facilities and 
will reduce the total area needed for snow storage.  Without radiant heat, driveway snow removal 
would be the responsibility of individual homeowners, which could create inconsistent snow 
management practices and pollutant loadings.  Given that radiant heat technology will also be 
used as the indoor heating system for all homes in Sierra Colina, the responsibility for 
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maintenance and system replacement of the driveway radiant heat system will rest with the 
individual homeowner.   

4.2.3 Roadway Treatment System 
As mentioned in the previous section, runoff from upslope driveways that drain towards the road 
(roughly 80% of the homes) will be allowed to enter the road drainage system.  Co-mingled 
driveway and road runoff will be routed to a treatment system via the roadside curb and gutter 
described in Section 4.2.1.  The proposed treatment system is a two-stage process designed to 
reduce pollutants of concern for Lake Tahoe.  The first stage will utilize underground vaults to 
settle coarse sediment and remove fine sediment from the runoff.  The second stage will utilize 
detention basins for storage and infiltration of collected runoff, as well as biological uptake of 
nutrients (i.e. nitrogen and phosphorous).   
 
The treatment component of the sediment vaults will be a relatively unique aspect of the 
approach.  Filtration of runoff, or a functionally equivalent treatment process, targeting removal 
of fine sediment is recommended.  Filtration of storm water is a relatively maintenance intensive 
practice, and thus is typically not used on public roads in the Tahoe Basin.  However, this 
approach will reduce the total load of fine sediment from the Sierra Colina Village, a primary 
pollutant of concern for Lake Tahoe.    
 
The proposed two-stage process is somewhat unique because of the proposed order of the 
treatment components (i.e. vaults with advanced treatment followed by detention).  Placing the 
treatment vaults prior to the detention basins will significantly increase the maintenance burden 
on the treatment vaults.  This approach was selected because of the following advantages that are 
linked to the objectives of this storm water management approach (Section 1.1). 

• Storm water runoff is treated prior to infiltration in pervious detention basins, thus 
reducing potential pollutant loads infiltrated to ground water. 

• Reducing the load of fine sediment to the detention basins will help to maintain the 
design infiltration rates and the performance of the detention basins. 

• Storm water facilities with the largest maintenance burdens are located at highly 
accessible points for maintenance personnel and equipment. 

• Routine maintenance of the treatment vaults will remove collected pollutants from the 
roadway treatment system and ensure pollutants are not resuspended and flushed from 
the system in subsequent storm events. 

• Maintenance of the roadway treatment system will be part of the maintenance program 
funded by the Sierra Colina HOA. 

4.2.3.1 Treatment Vaults 
Two treatment vaults are proposed to separately target runoff from the West drainage catchment 
and the East drainage catchment, as shown on Figure 6.  The vaults are located at low-points in 
each catchment to maximize the amount of runoff that will drain to the vaults and subsequently 
be treated.  The vaults have also been positioned to avoid utility conflicts while allowing for 
maintenance access without obstructing traffic.  Runoff exiting the vaults will be routed to a 
detention basin, as described in Section 4.2.3.3. 
 



The treatment vaults will be designed to collect and detain coarse sediments, remove fine 
sediment through filtration or another treatment process, and bypass runoff exceeding the design 
capacities.  Pre-fabricated storm water treatment devices may be used to meet project 
specifications and can be delivered to a project site ready for installation.  The schematic for an 
example of this type of unit (StormFilter®) is shown in Figure 8.  The actual unit designed and 
installed may differ from that shown in Figure 8, but will perform in a conceptually similar 
manner.  
 
Storm water runoff will first enter a settling chamber to remove coarse sediment through gravity 
settling.  Runoff will then enter the vault containing the treatment cartridges.  When the storm 
water reaches the required elevation in the treatment vault, a float in the cartridges opens a valve 
to allow storm water to filter through the cartridges.  The medium in the cartridges varies 
dependent upon target pollutants.  The particular StormFilter® device shown in Figure 8 offers 
medium for fine sediment removal.  After filtering through the cartridges, runoff exits the system 
through the underdrain manifold.  During runoff events that exceed the design capacity of the 
facility, excess runoff is bypassed into the outlet bay.  The replacement frequency of medium in 
the cartridges is a function of the pollutant loading of the influent storm water, but initial 
manufacturer recommendations are for replacement every 2 years.  A description of the 
recommended maintenance activities and intervals for the treatment vaults, performed by the 
Sierra Colina HOA, is provided in Section 5. 
 

 
Figure 8. Example of Treatment Vault (Schematic from Contech StormFilter® Brochure) 

4.2.3.2 Snow Storage  
The accumulation of roadway and atmospheric pollutants in stored snow, with subsequent 
discharge of pollutants during snowmelt is a water quality concern.  Snow storage on an 
impervious surface that routes melt water to the treatment system is the preferred approach.  
Figure 6 identifies primary and secondary snow storage locations for snow collected from the 
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proposed road.  During snow management operations, the primary snow storage locations should 
be filled to capacity prior to utilizing the secondary snow storage locations.  Secondary snow 
storage locations are identified on Figure 6 as overflow storage locations for snow that 
accumulates during large winter storm events. 
 
The primary snow storage locations will be impervious surfaces connected to the roadway 
conveyance and thus the roadway treatment system.  Three primary snow storage locations are 
identified on Figure 6.  Curb and gutter will extend from the road to the back of the primary 
snow storage locations to facilitate drainage of snowmelt to the treatment system.  Two of the 
primary snow storage locations will also function as maintenance access points.  The treatment 
vaults and snow storage locations have been situated to allow equipment (e.g., vactor trucks) 
maintenance access while avoiding impediments to traffic during maintenance operations.  
Storing snow on the impervious surface will also allow for collection of debris and sediment that 
remains after the snow has melted through street sweeping. 

4.2.3.3 Detention Basins  
Two detention basins will receive runoff from the treatment vaults (Figure 6).   The detention 
basins will provide storage of runoff and attenuation of peak flows for West and East drainage 
catchments.  The detention basins will also provide infiltration to reduce the total runoff volume 
from Sierra Colina, and biological uptake of nutrients to reduce loads of nitrogen and 
phosphorous.  The West detention basin will outlet via storm drain to an improved rock-lined 
channel on the Sierra Colina property.  This rock-lined channel connects to an existing drainage 
easement on the Lake Village Professional Building’s property located to the north.  The East 
detention basin will outlet via storm drain to the existing storm drain located in Lake Village 
Drive, identified as a 24” pipe by NCE during design of the Lake Village Water Quality 
Improvement Project (EIP #679) for the Lake Village HOA.  The available capacity of the 
existing 24” pipe will be evaluated as part of the drainage study for the proposed project. 

4.3 Echo Drive Runoff  
Separate from the approach provided in Sections 4.1 and 4.2 above, which address storm water 
runoff generated from the proposed Sierra Colina Village, this section addresses storm water 
runoff generated off-site.  The Sierra Colina property is impacted by storm water runoff 
generated upstream from impervious surfaces associated with the Kingsbury Middle School and 
Echo Drive.  The runoff is currently collected in drop inlets located on Echo Drive and piped to 
an outfall on Sierra Colina.  There is no recorded drainage easement associated with this 
redirection of storm water runoff according to the Sierra Colina title policy, and this outfall will 
have to be relocated to construct the Sierra Colina Village. 

4.3.1 Approach for Storm Water Facilities 
Figure 9 displays an overview of the approach recommended for implementation by Sierra 
Colina.  In summary, the existing encroaching outfall on the Sierra Colina property will be 
removed and new storm water facilities will be constructed that return runoff to Echo Drive in an 
improved and controlled manner relative to the existing condition.   The general strategy for the 
approach described herein is to provide improved conveyance facilities and a structure to remove 
coarse sediment prior to directing the runoff into the existing storm drain under Lake Village 
Drive.  This approach corresponds to the intent of the existing storm drain system under Lake 
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Village Drive, which currently does not function as designed due to clogging of the storm drain 
inlets from excessive sediment deposition and bypassing of storm water runoff around storm 
drain inlets from channel avulsion.  A more detailed description of the approach is provided 
below and corresponds to the storm water facilities identified on Figure 9. 
 

1. Abandon existing encroaching outfall (pipe) 
Abandon the existing outfall located on the north east portion of Sierra Colina and 
remove the section of the pipe necessary for construction of Sierra Colina.   

 
2. Construct new pipe in Echo Drive right-of way 

Connect a new pipe from the drop inlets located on Echo Drive that runs underneath 
Echo Drive, or south of Echo Drive in the right-of-way, extending to the eastern entrance 
of Sierra Colina within the southern portion of the right-of-way. 
 

3. Clean drainage channel and pipe on northern side of Echo Drive 
The existing drainage channel and pipe that convey storm water runoff from the northern 
side of Echo Drive to the southern side are clogged with debris and sediment.  Remove 
the debris and sediment from the channel and pipe to restore the conveyance capacity.  
Continue to use the existing pipe for conveyance of storm water runoff to the southern 
side of Echo Drive. 

    
4. Install a sediment retention vault adjacent to the eastern entrance of Sierra Colina 

Install a sediment retention vault adjacent to the eastern entrance of Sierra Colina 
designed to capture coarse sediment and debris.  Note that the sediment retention vault is 
a different design relative to the treatment vaults described in Section 4.2.3.1.  The 
sediment retention vault will be designed to capture coarse sediment through either 
gravity settling or hydrodynamic separation prior to runoff exiting the vault.   
 
Install two drop inlets for the sediment retention vault on the southern side of Echo Drive 
in series to improve the capture of runoff during large debris events and for snow 
conditions that may bypass the drop inlet upstream.  Connect the existing storm drain 
from the northern side of Echo Drive to the vault.  Connect the proposed storm drain on 
the southern side of Echo Drive to the vault.  The sediment vault will be maintained by 
the Sierra Colina HOA in the near-term as part of the maintenance program identified in 
Section 5.  Upon completion of construction for the Lake Village Drive Cooperative 
Project (nhc, November 2006), the maintenance responsibility of the vault should be 
transferred to Douglas County because the proposed vault will only treat runoff generated 
off-site from Echo Drive. 

 
5. Extend storm drain from sediment retention vault to existing pipe 

Extend storm drain from the outlet of the sediment retention vault and underneath the 
eastern entrance of Sierra Colina to the existing storm drain underneath Lake Village 
Drive.  Remove debris and sediment from the existing storm drain to restore the 
conveyance capacity at the connection point. 
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4.3.2 Considerations of Approach and Next Steps 
The approach described above is a localized solution to address the existing storm water runoff 
problems generated off-site on Echo Drive in the vicinity of Sierra Colina.  The facilities 
identified in Section 4.3.1 would be constructed by Sierra Colina (with the necessary approval 
from Douglas County for encroachment permits), and maintained in the near-term by the Sierra 
Colina HOA.  Relative to the existing runoff condition, the approach will improve the quality of 
runoff generated from Echo Drive by reducing existing erosion and sediment transport while 
providing facilities for collection and retention of coarse sediment.    
 
In the longer term, a more comprehensive solution to storm water runoff problems associated 
with Lake Village Drive, Echo Drive, and the surrounding drainage catchment is required, but 
this will require collaboration between multiple affected parties as EIP Project #679.  In 1994, 
Douglas County assumed maintenance responsibility for Rabe Boulevard (former name of Echo 
Drive and Lake Village Drive) and has agreed to pursue the cooperative project as the lead 
implementer.  To the extent feasible, the construction of storm water facilities on Echo Drive by 
Sierra Colina will be designed as a first phase of the more comprehensive improvements to Echo 
Drive.  For further discussion of this collaborative approach, see the Lake Village Drive 
Cooperative Storm Water Project (nhc, November 2006), which describes in more detail the 
existing water quality and runoff problems associated with Lake Village Drive and the potential 
for water quality improvement.   
 
The following additional considerations and next steps are noted: 
 

• The approach described is assumed feasible based on a limited amount of study and site 
evaluation.  However, multiple underground utilities exist within the Douglas County 
right-of-way for Echo Drive.  The ultimate feasibility of the recommended approach will 
require more detailed study and evaluation by the Sierra Colina’s civil engineer (NCE) to 
assess the viability of construction as proposed. 

 
• The storm water facilities proposed within this approach are located within the right-of-

way of a Douglas County maintained road (Echo Drive).  Initial conversations with 
Douglas County regarding the approach have been positive.  Sierra Colina will need to 
continue to work closely with the County during development of design and the drainage 
study prior to County approval. 
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5.0 Maintenance Program 
Lack of adequate storm water maintenance is a common problem in the Lake Tahoe Basin that 
adversely impacts the performance of storm water facilities.  The Sierra Colina Village will be a 
relatively unique entity in the Basin because it will implement a private storm water maintenance 
program to ensure the proposed storm water facilities perform consistently over the long-term.  
The Sierra Colina Home Owners Association (HOA) will include a storm water maintenance 
program within the HOA agreement, adequately and specifically funded through homeowner 
fees.  Based upon the objectives stated, the following provisions are recommended for inclusion 
in the HOA agreement to guide responsibilities for the storm water maintenance program 
component of the HOA: 
 

• Storm water maintenance is a funded priority in the HOA budget. 
• All storm water facilities are commonly owned and maintained per the maintenance 

schedule included in Tables 3 and 4 below. 
• Membership in the HOA is mandatory for all owners. 
• The HOA has lien authority to ensure collection of dues per the HOA budget, including 

dues for storm water maintenance. 
• Funds for storm water maintenance are maintained in capital reserve accounts and kept 

separate from operating funds. 
• To the extent permitted by law, the HOA cannot dissolve without passing storm water 

maintenance responsibility to another entity. 
 
Maintenance of storm water facilities will be funded by the Sierra Colina HOA and conducted by 
a private contractor or set of contractors as determined by the HOA.  Maintenance of storm water 
facilities is defined in this document as: 1) routine maintenance, and 2) non-routine maintenance.   
 
Routine maintenance includes visual inspection of BMPs, clean-out of collection facilities, and 
sweeping of impervious surfaces associated with the road, snow storage locations, and the 
pedestrian path.  Routine maintenance will occur at regular seasonal intervals and after 
significant runoff events.  Proposed seasonal intervals are: 1) prior to summer thunderstorm 
activity (May); and 2) prior to the winter snowstorm activity (October).  A significant runoff 
event is defined as any runoff event that exceeds the design capacity of storage facilities (e.g., 
detention basins) and induces overflow.  Table 3 lists routine maintenance activities and the 
recommended maintenance intervals for storm water facilities described within this document. 
 
In addition to the intervals described above, street sweeping is recommended at bi-monthly 
intervals and after winter storm events when road traction abrasives are applied.  Frequent street 
sweeping has been shown to be one of the most cost effective storm water maintenance practices.  
If performed at the recommended intervals, this practice will likely reduce the frequency of 
routine maintenance intervals for other practices shown in Table 3, such as sediment removal 
using vactor trucks. 
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Table 3. Estimated Routine Maintenance Intervals 

Storm Water Facility  
Routine Maintenance 

Description Recommended Interval 

Sediment Traps and Drop Inlets   
Vactor collected sediment and 
debris Twice per year at seasonal intervals 

Sediment Treatment Vaults 
Vactor collected sediment and 
debris Twice per year at seasonal intervals 

Sediment Retention Vault 
Vactor collected sediment and 
debris Twice per year at seasonal intervals  

Road and Primary Snow Storage 
Locations Street sweep  

Six times per year (bi-monthly 
interval) 

Debris Traps on Downspouts  Clean and remove debris  Twice per year at seasonal intervals 

Detention Basins   
Inspect and remove large 
debris  Twice per year at seasonal intervals 

Infiltration Gallery Inspect  Twice per year at seasonal intervals 
Drip line and infiltration channels Inspect  Twice per year at seasonal intervals 
Storm Drain Pipes   Inspect  Twice per year at seasonal intervals 
Individual Driveway Treatment 
Units Inspect and remove debris Twice per year at seasonal intervals 
Porous Pavement Vacuum swept Twice per year at seasonal intervals 

 
Non-routine maintenance includes infrequent activities required to renew capacity or repair the 
functional condition of storm water facilities (e.g., detention pond dredging, drip line trenches 
and infiltration channel regeneration, storm water cartridge replacement, etc.).  Non-routine 
maintenance is performed on an as-needed basis from information gathered during routine 
maintenance inspections.  The frequency for non-routine maintenance varies dependent upon the 
storm water facility.   
 
Table 4 lists non-routine maintenance activities and estimates maintenance intervals.  However, 
the frequency of non-routine maintenance is difficult to adequately estimate over long periods of 
time and should be updated based on information gathered during routine inspections.  
Maintenance intervals in Table 4 should be used initially and revised by the HOA as more 
information about the long-term performance of the system is gathered.   
 

Table 4. Estimated Non-Routine Maintenance Intervals 

Storm Water Facility  
Non-Routine Maintenance 

Description Estimate of Interval 
Sediment Treatment Vaults Cartridge replacement  Every 2-5 years 
Detention Basins   Sediment removal  Every 10-15 years 
Detention Basins   Vegetation management Every 5 years 

Infiltration Gallery 
Backflush and vactor sediment 
from infiltration medium Every 10-15 years 

Drip line and infiltration channels 
Clean and replace infiltration 
medium Every 10-15 years 

Individual Driveway Treatment 
Units Cartridge replacement  Every 2-5 years 
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6.0 Evaluation of Project Components 
This section provides an analysis of the storm water facilities proposed in the approach relative 
to regulatory requirements for runoff volumes and storm water facility storage capacities.  This 
analysis is consistent with typical Tahoe Basin practice that uses runoff volume-based 
regulations and criteria in lieu of estimates of discharge concentrations.  This approach 
recognizes that storm water runoff concentrations are highly variable and difficult to accurately 
predict, especially over the entire range of potential hydrologic conditions.  Following Lake 
Tahoe Basin practice, this evaluation assumes that meeting or exceeding established volume-
based criteria will result in project performance that achieves discharge targets shown in Tables 1 
and 2 for a large range of hydrologic conditions.  Therefore, much of the analysis below is 
presented in terms of the ratio of proposed project BMP volumes to regulatory and design 
criteria volumes. 
 
The measured percolation rates from the site specific geotechnical investigation are higher than 
the rates used in the current evaluation based on the soil classification.  Revising the analysis to 
use measured percolation rates will markedly increase the overall performance of project 
components relative to storage and infiltration capacities currently estimated.  After TRPA 
approval of site specific design percolation rates, the capacity and infiltration analysis will be 
revised within this section. 

6.1 Roof Runoff 
The proposed drip line trenches and sinuous infiltration channels (roof runoff BMP) will 
dissipate and infiltrate runoff from roofs and the driveways that drain away from the road (Figure 
3).  The drip line trenches and infiltration channels are proposed at standard depths and widths of 
12 inches and 24 inches, respectively.  The primary variable for evaluating the capacity of the 
proposed roof runoff BMP is soil permeability.  Based upon the soil classification of the site, the 
majority of the project area is located in soils classified to have rapid permeability (13 
inches/hour).  The exception is an area located in the East drainage catchment encompassing 
Buildings 1-5 and Buildings 26-28, which has soils classified to have slow permeability (1 
inch/hour).  The analysis below is separated into two sections based on soil permeability.  
Calculations of storage and infiltration capacities for roof runoff were estimated using the 
Infiltration and Storage System Sizing and Capability Spreadsheet, available for download at 
http://www.tahoebmp.org/documents.aspx. 

6.1.1 Rapid Permeability Soils (13 inches/hour) 
Table 5 presents a calculation of the design runoff volume vs. the estimated capacity of the 
proposed roof runoff BMP for rapid permeability soils.  The area between Units #24 and #25 
was used for the analysis.  While both driveways connected to the homes will physically drain to 
the road, for this analysis it is assumed that the driveway runoff will be routed to the infiltration 
channel.  This assumption was made to evaluate the maximum design runoff scenario for the drip 
line trench and infiltration channel design.  A total impervious area for Units #24 and #25 was 
calculated at roughly 3,000 ft2 which yielded roughly 250 ft3 of runoff for the 20-year 1-hour 
design storm.  The overall BMP length installed level was assumed at 150 feet.  The actual BMP 
length for the design is 200 feet.  A reduced BMP length was used when calculating capacity to 
provide a conservative estimate and account for the potential that a portion of the infiltration 
channel cannot be installed level due to site topography.  Note that a more detailed capacity 
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analysis for each roof runoff BMP will be produced by nhc and NCE after the completion of 
individual design for each roof runoff BMP.  This work cannot be completed until after 
development of site specific grading plans by NCE.  
 

Table 5. Evaluation of Roof Runoff BMP Capacity for Rapid Permeability Soils 
Total Impervious Area Draining to Area 
Between Units #24 and #25 3,000 (ft2) 
Design Volume of Runoff 250 (ft3) 
      
BMP Width  24 (in) 
BMP Depth 12 (in) 
Overall BMP Length  150 (ft) 
BMP % voids 0.33 (%) 
Soil Permeability 13 (in/hr) 
BMP Capacity 530 (ft3) 
      
Ratio of BMP Capacity to Design Volume 
of Runoff 2.1   

 
Table 5 presents a calculation of the design runoff volume vs. the estimated capacity of the 
proposed roof runoff infiltration BMP based upon the stated assumptions for rapid permeability 
soils.  As shown in Table 5, the roof runoff BMP has a capacity for storage and infiltration more 
than twice the design runoff volume (i.e. 20-year 1-hour) for the rapid permeability soils. 

6.1.2 Slow Permeability Soils (1 inch/hour) 
Buildings 1-5 and Buildings 26-28 are located in soils classified to have slow permeability (1 
inch/hour).  Soils with slow permeability require additional storage relative to rapid permeability 
soils to contain equal runoff volumes.  The area between Units #2 and #3 was used for the 
analysis.  All assumptions regarding BMP geometry for the rapid permeability soil analysis were 
assumed for this analysis except soil permeability was decreased from 13 inches/hour to 1 
inch/hour.  Table 6 presents a calculation of the design runoff volume vs. the estimated capacity 
of the proposed roof runoff BMP for slow permeability soils. 
 

Table 6. Evaluation of Roof Runoff BMP Capacity for Slow Permeability Soils 
Total Impervious Area Draining to Area 
Between Units #2 and #3 3,000 (ft2) 
Design Volume of Runoff 250 (ft3) 
      
BMP Width  24 (in) 
BMP Depth 12 (in) 
Overall BMP Length  150 (ft) 
BMP % voids 0.33 (%) 
Soil Permeability 1 (in/hr) 
BMP Capability 130 (ft3) 
      
Ratio of BMP Capacity to Design Volume 
of Runoff 0.5   
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As shown in Table 6, the roof runoff BMP does not have the storage capacity to meet the design 
runoff volume using the soil permeability rate of 1 inch/hour.  The roof runoff BMP will need 
additional storage to meet the objective to store and infiltrate runoff volumes beyond regulatory 
requirements in slow permeability soils.  At a minimum, an additional 120 ft3 of storage is 
needed for every two homes located in the slow permeability soils.  A total of 16 homes are 
located in slow permeability soils.  Thus at a minimum, 960 ft3 of additional storage is needed. 
 
The approach described in Section 4.1.1 can passively provide additional storage for the majority 
of buildings in the slow permeability soils because this area ultimately drains to the East 
detention basin.  As described in Section 6.3.3, the East detention basin has significant surplus 
storage that can be used to meet the design runoff volume requirements for roof runoff.  The 
following describes an approach for each building to meet the design storage volume based on 
drainage directions: 
 

• Buildings 1-4 - runoff in the infiltration channels will drain to the road conveyance 
system and route to the East detention basin through the East treatment vault (Figure 6).   

• Buildings 26-28 - runoff in the infiltration channel will drain towards the East detention 
basin.  A rock lined channel connecting the outlet of each infiltration channel to the East 
detention basin should be constructed.   

• Building 5 - the approach shown in Figure 4 will need modification to accommodate the 
necessary design storage volume.  Drip lines trenches and infiltration channels will need 
to be sized deeper and wider than the standard dimensions recommended. 

 
Based upon the approach described above, combining the use of the infiltration channels and the 
East detention basin for storage of runoff generated from roofs in the slow permeability soils, the 
approach will store more than twice the design runoff volume (i.e. 20-year 1-hour) for the slow 
permeability soils.  Table 8 in Section 6.3.3 further illustrates this result. 

6.2 Pedestrian Path  
The pedestrian path identified as Easement #4 on the Sierra Colina plan set is 540 feet in length 
and 8 feet in width.  The pedestrian path (Figure 3) is located in Elmira Gravelly Loamy Coarse 
Sand (EbE) - classified to have rapid permeability soils (13 inches/hour).  As discussed in 
Section 4.1.3, porous pavement is proposed to overlay the path constructed on a layer of drain 
rock.  Percolation rates for properly maintained porous pavement are on the order of hundreds of 
inches per hour.  Therefore, the infiltration capacity of the proposed pathway is a function of the 
permeability of the underlying soils.  Given the high permeability rates of the underlying soils 
and the increased storage capacity from the drain rock, the proposed approach will infiltrate well 
in excess of the 20-year 1-hour design storm (i.e. above the project objective of twice the runoff 
volume for the 20-year 1-hour design storm). 
 
Relative to the existing conditions (described in Section 4.1.2) the approach will reduce runoff, 
erosion, and the transport of sediment to the NDOT right-of-way and the Burke Creek SEZ. 

6.3 Road and Driveway Runoff 
Road and driveway runoff is calculated for the two drainage catchments (Figure 6) based on the 
directly connected impervious area in each drainage catchment that enters the road conveyance 
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system.  This includes the entire road, the primary snow storage locations, and the driveways that 
drain to the road.  
 
Table 7 provides a summary of runoff volumes and design flow rates for the West and East 
drainage catchments based on a 20-year 1-hour design storm.  Driveway impervious area was 
tabulated from the current Sierra Colina plan set for every driveway that drains to the road within 
a particular drainage catchment.   
 
Design flow rates were calculated for the directly connected impervious area (i.e. road, 
driveways draining to the road, and snow storage locations) for each catchment using HEC-HMS 
version 2.2.2 (Table 7).  Transformation of excess precipitation to runoff was simulated using the 
kinematic-wave method.  A single flow plane was defined in the model for each drainage 
catchment as directly connected impervious area.  The computational time-step was one-minute. 
 

Table 7. Estimate of Runoff for Directly Connected Impervious Area 
Impervious Area West Catchment East Catchment 
  (ft2) (ft2) 
Road  14,000 8,000 
Driveways Draining to Road 6,500 3,500 
Snow Storage 1,150 550 
Impervious Total 21,650 12,050 
      
Volume (cf) 1,800 1,000 
Design Flow Rate (cfs)  0.50 0.30 

 

6.3.1 Capacity of Treatment Vaults 
The capacity of the treatment vaults is a flow-based measure because the rate of treatment is 
dependent upon the maximum flow rate through the treatment cartridges.  Note that there are 
currently no flow-based treatment regulations for storm water in the Tahoe Basin.  To evaluate 
the capacity of the treatment vaults the design flow rates for the directly connected impervious 
area within each drainage catchment were used (Table 7).  Meeting the design flow rate 
computed for the 20-year 1-hour design storm will ensure runoff from the road, connected 
driveways, and snow storage locations (i.e. directly connected impervious area) is treated prior to 
discharge to the detention basins for the design storm.  As shown in Table 7, design flow rates 
are 0.50 cfs for the West drainage catchment and 0.30 cfs for the East drainage catchment.  
These flow rates are relatively low and the treatment vaults discussed in Section 4.2.3.1 can be 
sized with adequate capacity to meet or exceed these flow rates.  Both treatment vaults will be 
specified for a design flow rate of 0.50 cfs.  A similar system with design flow rates of roughly 1 
cfs has been in operation at the Ski Run Marina in South Lake Tahoe since 2001.   Monitoring 
data from the Ski Run facility has shown an 80% reduction in total suspended solids (fine 
sediment was not analyzed during the monitoring study).     

6.3.2 Capacity of Individual Driveway Treatment Units 
The capacity of the individual driveway treatment units is a flow-based measure similar to the 
treatment vaults.  Storage of runoff from driveways draining away from the road has already 
been accounted for in the roof runoff BMP.  However, pretreatment of driveway runoff is 
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recommended prior to infiltration in the roof runoff BMP.  Therefore, a capacity analysis was 
done to ensure driveway runoff would receive treatment for peak flows generated from the 20-
year 1-hour storm prior to infiltration. 
 
The typical driveway size for Sierra Colina is roughly 320 ft2.  Two driveways for attached 
homes will therefore equate to roughly 640 ft2 of impervious area.  Design flow rates from two 
driveways for the 20-year 1-hour storm will be minimal - 0.02 cfs calculated from the rational 
method.   Treatment units, similar to the design shown in Figure 7, have a capacity of roughly 
0.10 cfs.   Recognizing that peak flows from driveways will be higher than the design flow rate, 
and sensitive to short-interval precipitation intensities, the approach as specified will be 
sufficient to treat, at a minimum, runoff from two driveways for attached homes.  During high 
intensity precipitation events (i.e. summer thunderstorms) some ponding may occur at the 
individual treatment units and the grading in the vicinity of each unit should consider this factor.  
However, ponding will occur infrequently and last for minimal durations of time (i.e. order of 
minutes) given the treatment capacity of a functional unit relative to the anticipated total volume 
of runoff from driveways during high intensity events.   

6.3.3 Capacity of Detention Basins 
The capacity of each detention basin identified on Figure 6 was calculated from the surface area 
determined in AutoCAD and an estimate of average depth.  Table 8 displays the estimate of 
available storage vs. the minimum storage required to meet a 20-year 1-hour storm for the 
directly connected impervious surfaces (i.e. road, connected driveways, and snow storage 
locations) in both the West and East drainage catchments.  Note that runoff was added to the 
capacity analysis for the East detention basin to account for overflow of roof runoff in the slow 
permeability soils, as described in Section 6.1.2.  As shown in Table 8, the ratio of available 
storage to the minimum storage required is roughly 2.5 for both the West and East detention 
basins.  
 
A more detailed analysis of detention basin storage, including accounting for factors such as 
freeboard and maximum detention time, will be conducted once the detention basins are 
designed beyond the conceptual stage.  However, it is not anticipated that the total available 
storage of each detention basin will significantly decrease during detailed design. 
 

Table 8. Comparison of Available Detention Basin Storage to Minimum Required 

  
West Detention 

Basin 
East Detention 

Basin 
Estimate of Basin Surface Area (ft2) 3,000 3,100 
Average Depth 1.5 1.5 
Estimate of Available Storage (ft3) 4,500 4,650 
  
Design Volume for Directly Connected 
Impervious Area (ft3) 1,800 1,000 
Design Volume for Overflow of Roof Runoff (ft3) 0 960 
Total Design Volume (ft3) 1,800 1,960 
  
Ratio of Available Storage to Total Design 
Volume 2.5 2.4 
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6.4 Snow Storage  
Snow storage locations in Figure 6 are identified as two categories: 1) primary snow storage, and 
2) secondary snow storage.  Primary snow storage locations are impervious surfaces that drain 
via the roadway conveyance to the treatment system.  During snow management operations, the 
primary snow storage locations should be filled to capacity prior to utilization of the secondary 
snow storage locations.  Secondary snow storage locations are identified as overflow storage 
locations for snow storage during large winter events. 
  
Table 9 displays a capacity analysis of snow storage for the proposed road, which will be the 
only surface for the proposed Sierra Colina Village that will require physical snow removal.  
While there is no set standard for the storage area required by current regulations, in practice it is 
generally assumed that a surface area equating to 20% of the area plowed during snow removal 
operations should be made available.  As shown in Table 10, the proposed road for Sierra Colina 
is 23,500 ft2.  The primary snow storage areas total roughly 1,650 ft2 and the secondary snow 
storage areas total roughly 3,000 ft2.  The total available snow storage area is therefore 20% of 
the road.    

 
Table 9. Snow Storage 

Snow Storage Calculation 
Area 
(ft2) 

Impervious surfaces requiring snow storage (road)  23,500 
Primary snow storage  1,650 
Secondary snow storage  3,000 
Total snow storage area  4,650 

Percent snow storage provided relative to impervious surfaces   20% 
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7.0 Conclusions and Recommended Next Steps 
The strategy proposed in the storm water management approach promotes distribution of higher 
quality runoff to surface soils for infiltration, and collection and more intensive treatment of 
lower quality runoff prior to detention and infiltration.  The approach will contain runoff from 
lower quality sources from the proposed project area in excess of volume requirements for the 
design event, with consequent reductions in pollutant loads.  The storm water treatment 
component combined with the funded maintenance program will make the storm water facilities 
for Sierra Colina a relatively unique privately managed water quality system with provisions to 
maintain its functional performance in perpetuity. 
 
The following points summarize the storm water management approach: 
 

• All storm water storage facilities will contain roughly twice the necessary runoff volume 
required by the 20-year 1-hour design storm. 

• Runoff associated with higher pollutant sources (i.e. roads, driveways, and snow storage) 
will be treated up to the design flow generated from the 20-year 1-hour design storm 
prior to storage in detention basins. 

• Primary snow storage locations will route snow melt and associated pollutants to the 
treatment system prior to detention and infiltration. 

 
In the property’s existing condition, which was inherited by Sierra Colina at the time of 
purchase, storm water runoff and associated pollutant loads are exported from existing disturbed 
areas on the property during significant storm events (e.g., 20-year 1-hour) to the Burke Creek 
SEZ and the NDOT right-of-way.  Relative to the existing condition, the approach will reduce 
runoff and pollutant loads exported from the property.  For the 20-year 1-hour design event, 
storm water facilities proposed in the approach that are functioning properly, achieved through 
consistent maintenance, will contain the runoff event and therefore minimize associated pollutant 
loads. 
 
As described at various points in this document, certain aspects of the approach will require 
further and more detailed study to ensure the water quality objectives are achieved.  For 
example, a detailed grading plan is needed to develop slope stabilization recommendations and 
to refine the approach for roof runoff BMPs.  This analysis will proceed as more detailed civil 
design is completed for the project.  nhc will continue to consult with NCE and Sierra Colina as 
civil design progresses. 
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Appendix A 
nhc Company Description and Relevant Project Experience 
 
northwest hydraulic consultants, inc. (nhc) is an international firm of consulting engineers and 
scientists providing professional services for the development, management, and protection of 
water resources.   In northern California, nhc’s West Sacramento office focuses in the fields of 
watershed analysis, sediment transport, hydrology, hydraulic analysis, erosion control, storm 
water management, and river engineering.  In addition to its West Sacramento office, nhc has 
recently opened a project office in South Lake Tahoe. 
 
nhc has 14 years of civil engineering, watershed restoration, and water quality experience in the 
Lake Tahoe Basin.  Most of nhc’s Lake Tahoe projects have been led by Ed Wallace, P.E., a 
principal based in West Sacramento with over 20 years experience in the Basin.  nhc’s 
experience includes planning and design of erosion control and water quality improvement 
projects, stream restoration planning and design, preparation of feasibility studies to assist public 
agencies in defining grant funded projects, and preparation of construction documents for 
municipal agencies.  
 
nhc Principal - Ed Wallace  
 
Ed Wallace, P.E., has over 25 years of engineering experience in water resources planning, 
analysis, design, and construction.  Mr. Wallace has extensive experience with Lake Tahoe Basin 
projects, completing various assignments for the Tahoe Regional Planning Agency, US Forest 
Service, California Tahoe Conservancy, Lahontan RWQCB, City of South Lake Tahoe, US 
Army Corps of Engineers, and county governments.  Mr. Wallace has participated in project 
planning and feasibility analysis, designed and reviewed erosion control and water quality 
improvement projects, conducted hydrologic and hydraulic analysis, conducted water quality 
analysis, participated in project permitting, and conducted construction management.  As part of 
his experience he has completed over 40 assignments for the California Tahoe Conservancy, 
including development of guidance for the soil erosion control and streamzone restoration 
programs.   
 
nhc Relevant Project Experience
 
Mr. Wallace is nhc’s principal-in-charge for the following completed and ongoing projects in 
the Lake Tahoe Basin, where nhc has either a lead role or key supporting role.  
 

• TMDL Phase 1 – Pollutant Load Reduction Methodology – Led development of a 
methodology that can be used to estimate or quantify pollutant load reductions associated 
with storm water quality improvement projects in the Lake Tahoe Basin.  The 
methodology will directly support Phase II of the TMDL program, which will involve 
alternatives and allocations for pollutant load reductions. 
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• TMDL Phase 2 – Upland Source Category Lead – Currently providing the lead role 
investigating and identifying pollutant control options (PCOs) for the upland source 
category of the recently initiated Phase 2 of the Lake Tahoe Basin TMDL. 

 
• TRPA Update of the Environmental Improvement Program (EIP) – Currently providing 

technical support to update the existing EIP capital and science projects and identify new 
projects over the next five years.  Also providing support to update program costs over a 
twenty year planning horizon for TRPA’s Environmental and Threshold Program 
Objectives. 

 
• TRPA Thresholds Update – Currently providing technical support for Water Quality, 

Soils, and SEZ impact analyses associated with adoption of proposed new environmental 
thresholds for the Lake Tahoe Basin by TRPA, and similar analyses for interim building 
allocations for 2006-2008. 

 
• California Tahoe Conservancy Erosion Control Program Retainer – Currently providing 

technical support to the Conservancy Soil Erosion Control Program through review and 
evaluation of planning, hydrologic design, and engineering of grant-funded projects for 
water quality improvement. 

 
• Blackwood Creek Stream Habitat Restoration Project – Currently providing civil 

engineering services to the California Tahoe Conservancy to develop and design 
construction documents for implementation of improvements to the Blackwood Creek 
that will result in improved stream habitat, water quality, and channel stability. 

 
• Storm Water Quality Improvement Committee (SWQIC) Technical Support – Prepared a 

guidance document for formulating and evaluating alternatives (FEA) for storm water 
quality improvement projects in the Lake Tahoe Basin. The intention of the document is 
to assist implementing agencies in designing storm water quality improvement projects.  
The document was incorporated by reference (July 2004) into the California Tahoe 
Conservancy’s Soil Erosion Control Program Guidelines. 
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Purpose of Supplement
The Storm Water Management Approach (nhc, November 22, 2006) was developed for Sierra
Colina to provide an approach for protection of storm water quality for the proposed Sierra
Colina Village and to serve as a basis for future design of storm water facilities. The November
22, 2006 version of the Storm Water Management Approach used permeability rates based upon
the NRCS Soil Survey (USDA, 1974) to evaluate the performance of drip line trenches and
infiltration trenches for storage of roof runoff. nhc initially applied the permeability rates from
the 1974 Soil Survey in the performance evaluation in lieu of and pending TRPA approval for
recommended permeability rates from the project’s geotechnical engineer (Kleinfelder), based
on site specific data.

Since submittal to TRPA of the November 22, 2006 Storm Water Management Approach, the
engineering project team for Sierra Colina met with TRPA (Tim Hagan & Ellery Foster) and
reached consensus on appropriate permeability rates for use in the design of infiltration based
storm water facilities on the Sierra Colina parcel and the evaluation of their performance. The
purpose of this supplement is to 1) document the agreed upon permeability rates, and to 2)
update the analysis within the Storm Water Management Approach to apply the agreed upon
permeability rates.

Background Information
The soil characteristics of the site were evaluated by the project’s geotechnical engineer 
(Kleinfelder, 2006) during field investigations conducted the week of October 9th, 2006. The
field investigations included excavation of test pits and percolation tests to assess permeability
rates. Based upon the data collected during the field investigation, Kleinfelder provided
recommendations regarding soil permeability rates for use in design of storm water facilities for
the proposed Sierra Colina Village (Kleinfelder, November 8, 2006).

Kleinfelder’s recommendations are summarized as follows:

 A portion of the footprint for the proposed Sierra Colina Village is within an area
classified as Jabu coarse sandy loam (JaC) according to the 1974 Soil Survey. These
soils in the 1974 Soil Survey are classified to have a slow permeability (1 inch/hour).
Kleinfelder found that this permeability rate did not adequately represent the
permeability rates determined from their field investigation and recommended increasing
the design permeability for the JaC soils to 8.7 inches/hour, which represents the lowest
measured value from the field investigation.

 All remaining soil types in the footprint of the proposed Sierra Colina Village are
classified as high permeability soils (13 inches/hour) by the 1974 Soil Survey.
Kleinfelder recommended using the rapid permeability rate of 13 inches/hour for these
soils based on a conservative statistical analysis of measured values from the field
investigation.
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November 30th TRPA Meeting Outcomes
On November 30th, 2006 the engineering project team for Sierra Colina met with TRPA to
discuss the percolation tests and results. Table 1 lists meeting attendees and their affiliation.

Table 1. November 30th, 2006 Meeting Attendees
Meeting Attendee Affiliation
Tim Hagan TRPA
Ellery Foster TRPA
Jason Drew Nichols Consulting Engineers
Brent Wolfe northwest hydraulic consultants
David Herzog Kleinfelder
Mark Doehring Kleinfelder

At the conclusion of the meeting, it was agreed upon by TRPA and the Sierra Colina engineering
project team to use the following permeability rates for design of infiltration based storm water
facilities on the Sierra Colina parcel and for evaluation of their performance:

 For soils classified as rapid permeability in the 1974 Soil Survey, the project will use 13
inches/hour.

 For soils classified Jabu Coarse sandy loam (JaC) in the 1974 Soil Survey, the project
will use 7 inches/hour. Note that the field investigation found these soils do not exhibit
the properties of a JaC soil, as assumed in the 1974 Soil Survey.

The following additional points were noted and agreed upon at that the November 30th, 2006
meeting:

 Constant head permeameter tests, which measure saturated hydraulic conductivity, are
proving to be a more appropriate technique than the traditional percolation tests for
estimating permeability rates.

 Future projects in the Tahoe Basin should perform both the percolation test and
permeameter test to begin building a sufficient data set to relate the two techniques and
ensure measurements of saturated hydraulic conductivity are taken.

 Based onTim Hagan’s personal communications with Woody Loftis (NRCS Soil
Scientist for the Lake Tahoe Basin), field data collected for saturated hydraulic
conductivity (unpublished) has shown maximum permeability rates for urban Cagwin
soils to be roughly 7 inches/hour. Soils on the Sierra Colina property, within the vicinity
of the proposed project site, are considered most similar to the properties of a Cagwin
soil.

Revisions to Storm Water Management Approach
Based upon the November 30th, 2006 meeting outcomes noted above, the following specific
sections and subsections of the November 22nd, 2006 version of the Sierra Colina Storm Water
Management Approach have been deleted and hereby replaced in their entirety by the following
amended sections and subsections to reflect the agreed upon permeability rates and the meeting
discussion.
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The specific sections and subsections deleted in the Storm Water Management Approach
(November 22, 2006) and replaced in their entirety by the following amended sections and
subsections included in this Supplement are as follows:

 Subsection 6 - Soil Permeability - of Section 3.1 - Water Quality Considerations
 Section 6.0 - Evaluation of Project Components, including subsections for Section 6.1 -

Roof Runoff; Section 6.1.1 - Rapid Permeability Soils (13 inches/hour); and Section 6.1.2
–Slow Permeability Soils (1 inch/hour)

 Section 6.3.3 - Capacity of Detention Basins

Except as specifically deleted and replaced in their entirety by the sections and subsections
contained within this Supplement, the Storm Water Management Approach (November 22,
2006) for Sierra Colina remains unchanged.

Revision 1
3.1 Water Quality Considerations
Subsection 6 - Soil Permeability- of Section 3.1 - Water Quality Considerations - of the Storm
Water Management Approach (November 22, 2006) is hereby deleted and replaced in its entirety
by the following new Subsection 6 - Soil Permeability - of Section 3.1 - Water Quality
Considerations:

6. Soil Permeability
In general, the characteristics of soils on the site indicate a high potential for infiltration
of runoff, provided it is suitable in quality. The soil characteristics of the site were
evaluated by the project’s geotechnical engineer (Kleinfelder) during field investigations 
conducted the week of October 9th, 2006. The field investigations included excavation
of test pits and percolation tests to assess permeability rates. Based upon the data
collected during the field investigation, Kleinfelder provided recommendations regarding
soil permeability rates for use in design of storm water facilities for the proposed Sierra
Colina Village (Kleinfelder, November 8, 2006).

On November 30th, 2006 the engineering project team for Sierra Colina (nhc, NCE, and
Kleinfelder) met with TRPA (Tim Hagan and Ellery Foster) to discuss the percolation
tests and Kleinfelder’s recommendations from the November 8th, 2006 letter. Based
upon discussion at that meeting, the following permeability rates were agreed upon by
TRPA and the Sierra Colina engineering project team for use in design of infiltration
based storm water facilities (drip line and infiltration trenches for roof runoff) on the
Sierra Colina parcel and for evaluation of their performance.

 For soils classified as rapid permeability in the 1974 Soil Survey, the project will
use 13 inches/hour.

 For soils classified Jabu Coarse sandy loam (JaC) in the 1974 Soil Survey, the
project will use 7 inches/hour. Note that the field investigation found these soils
do not exhibit the properties of a JaC soil, as assumed in the 1974 Soil Survey.
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Revision 2
Section 6.0 - Evaluation of Project Components, including subsections for Section 6.1 - Roof
Runoff; Section 6.1.1–Rapid Permeability Soils (13 inches/hour); and Section 6.1.2–Slow
Permeability Soils (1 inch/hour) of the Storm Water Management Approach (November 22,
2006) are hereby deleted and replaced in their entirety by the following new Section 6.0 -
Evaluation of Project Components, including subsections for Section 6.1 - Roof Runoff; Section
6.1.1 - Permeability Rate (13 inches/hour); and Section 6.1.2 - Permeability Rate (7 inches/hour):

6.0 Evaluation of Project Components
This section provides an analysis of the storm water facilities proposed in the approach relative
to regulatory requirements for runoff volumes and storm water facility storage capacities. This
analysis is consistent with typical Tahoe Basin practice that uses runoff volume-based
regulations and criteria in lieu of estimates of discharge concentrations. This approach
recognizes that storm water runoff concentrations are highly variable and difficult to accurately
predict, especially over the entire range of potential hydrologic conditions. Following Lake
Tahoe Basin practice, this evaluation assumes that meeting or exceeding established volume-
based criteria will result in project performance that achieves discharge targets shown in Tables 1
and 2 for a large range of hydrologic conditions. Therefore, much of the analysis below is
presented in terms of the ratio of proposed project BMP volumes to regulatory and design
criteria volumes.

6.1 Roof Runoff
The proposed drip line trenches and sinuous infiltration channels (roof runoff BMP) will
dissipate and infiltrate runoff from roofs and the driveways that drain away from the road (Figure
3). The drip line trenches and infiltration channels are proposed at standard depths and widths of
12 inches and 24 inches, respectively. The primary variable for evaluating the capacity of the
proposed roof runoff BMP is soil permeability. Based upon the soil classification of the site, the
majority of the project area is located in soils with a permeability rate of 13 inches/hour. The
exception is an area located in the East drainage catchment encompassing Buildings 1-5 and
Buildings 26-28, which has soils with a permeability rate of 7 inches/hour. The analysis below is
separated into two sections based on soil permeability. Calculations of storage and infiltration
capacities for roof runoff were estimated using the Infiltration and Storage System Sizing and
Capability Spreadsheet, available for download at http://www.tahoebmp.org/documents.aspx.

6.1.1 Permeability Rate (13 inches/hour)
Table 5 presents a calculation of the design runoff volume vs. the estimated capacity of the
proposed roof runoff BMP for soils with a permeability rate of 13 inches/hour. The area
between Units #24 and #25 was used for the analysis. While both driveways connected to the
homes will physically drain to the road, for this analysis it is assumed that the driveway runoff
will be routed to the infiltration channel. This assumption was made to evaluate the maximum
design runoff scenario for the drip line trench and infiltration channel design. A total impervious
area for Units #24 and #25 was calculated at roughly 3,000 ft2 which yielded roughly 250 ft3 of
runoff for the 20-year 1-hour design storm. The overall BMP length installed level was assumed
at 150 feet. The actual BMP length for the design is 200 feet. A reduced BMP length was used
when calculating capacity to provide a conservative estimate and account for the potential that a
portion of the infiltration channel cannot be installed level due to site topography. Note that a
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more detailed capacity analysis for each roof runoff BMP will be produced by nhc and NCE
after the completion of individual design for each roof runoff BMP. This work cannot be
completed until after development of site specific grading plans by NCE.

Table 5. Evaluation of Roof Runoff BMP Capacity for Permeability of 13 inches/hour
Total Impervious Area Draining to Area
Between Units #24 and #25 3,000 (ft2)
Design Volume of Runoff 250 (ft3)

BMP Width 24 (in)
BMP Depth 12 (in)
Overall BMP Length 150 (ft)
BMP % voids 0.33 (%)
Soil Permeability 13 (in/hr)
BMP Capacity 530 (ft3)

Ratio of BMP Capacity to Design Volume
of Runoff 2.1

Table 5 presents a calculation of the design runoff volume vs. the estimated capacity of the
proposed roof runoff infiltration BMP based upon the stated assumptions. As shown in Table 5,
the roof runoff BMP has a capacity for storage and infiltration more than twice the design runoff
volume (i.e. 20-year 1-hour).

6.1.2 Permeability Rate (7 inches/hour)
Table 6 presents a calculation of the design runoff volume vs. the estimated capacity of the
proposed roof runoff BMP for soils with a permeability rate of 7 inches/hour. Buildings 1-5 and
Buildings 26-28 are located in these soils. Soils with slower permeability rates require additional
storage relative to soils with more rapid permeability rates to contain equal runoff volumes. The
area between Units #2 and #3 was used for the analysis. All assumptions regarding BMP
geometry in Section 6.1.1 were used for this analysis, except for the soil permeability, which was
decreased from 13 inches/hour to 7 inches/hour. Table 6 presents a calculation of the design
runoff volume vs. the estimated capacity of the proposed roof runoff BMP.

Table 6. Evaluation of Roof Runoff BMP Capacity for Permeability of 7 inches/hour
Total Impervious Area Draining to Area
Between Units #2 and #3 3,000 (ft2)
Design Volume of Runoff 250 (ft3)

BMP Width 24 (in)
BMP Depth 12 (in)
Overall BMP Length 150 (ft)
BMP % voids 0.33 (%)
Soil Permeability 7 (in/hr)
BMP Capability 330 (ft3)

Ratio of BMP Capacity to Design Volume
of Runoff 1.3
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As shown in Table 6, the roof runoff BMP has enough capacity to store the design runoff volume
for soils with a permeability rate of 7 inches/hour. However, the roof runoff BMP will need
additional capacity to meet theproject’s objective to store and infiltrate twice the design runoff
volume (i.e. 20-year 1-hour). At a minimum, an additional 170 ft3 of storage is needed for every
two homes located in soils with a permeability rate of 7 inches/hour to meet this objective. A
total of 16 homes are located in soils with a permeability of 7 inches/hour. Thus a total of 1,360
ft3 of additional storage is needed to achieve the project objective.

The approach described in Section 4.1.1 can passively provide additional storage for the majority
of buildings located in soils with a permeability rate of 7 inches/hour, because this area
ultimately drains to the East detention basin. As described in Section 6.3.3, the East detention
basin has significant surplus storage that can be used to meet the objective to store twice the
design runoff volume for roof runoff. The following describes an approach for each building
based on drainage directions:

 Buildings 1-4 - runoff in the infiltration channels will drain to the road conveyance
system and route to the East detention basin through the East treatment vault (Figure 6).

 Buildings 26-28 - runoff in the infiltration channel will drain towards the East detention
basin. A rock lined channel connecting the outlet of each infiltration channel to the East
detention basin should be constructed.

 Building 5 - the approach shown in Figure 4 will need modification to accommodate
more storage volume. Drip lines trenches and infiltration channels will need to be sized
deeper and wider than the standard dimensions recommended.

Combining the use of the infiltration channels and the East detention basin for storage of runoff
generated from roofs in the soils classified with a permeability of 7 inches/hour will meet the
project objective to store twice the design runoff volume (i.e. 20-year 1-hour) from impervious
surfaces. Table 8 in Section 6.3.3 further illustrates this result.

Revision 3
Section 6.3.3 - Capacity of Detention Basins of the Storm Water Management Approach
(November 22, 2006) is hereby deleted and replaced in its entirety by the following new Section
6.3.3 - Capacity of Detention Basins:

6.3.3 Capacity of Detention Basins
The capacity of each detention basin identified on Figure 6 was calculated from the surface area
determined in AutoCAD and an estimate of average depth. Table 8 displays the estimate of
available storage vs. the minimum storage required to meet a 20-year 1-hour storm for the
directly connected impervious surfaces (i.e. road, connected driveways, and snow storage
locations) in both the West and East drainage catchments. Note that runoff was added to the
capacity analysis for the East detention basin to account for overflow of roof runoff, as described
in Section 6.1.2. As shown in Table 8, the ratio of available storage to the minimum storage
required is roughly 2.5 and 2.0 for the West and East detention basins, respectively.

A more detailed analysis of detention basin storage, including accounting for factors such as
freeboard and maximum detention time, will be conducted once the detention basins are
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designed beyond the conceptual stage. However, it is not anticipated that the total available
storage of each detention basin will significantly decrease during detailed design.

Table 8. Comparison of Available Detention Basin Storage to Minimum Required
West

Detention
Basin

East
Detention

Basin
Estimate of Basin Surface Area (ft2) 3,000 3,100
Average Depth 1.5 1.5
Estimate of Available Storage (ft3) 4,500 4,650

Design Volume for Directly Connected Impervious
Area (ft3) 1,800 1,000

Design Volume for Overflow of Roof Runoff (ft3) 0 1,360
Total Design Volume (ft3) 1,800 2,360

Ratio of Available Storage to Total Design Volume 2.5 2.0
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