
 

The primary purpose of this BMP Handbook is to provide guidance for 

selecting and implementing water quality Best Management Practices (BMPs) 

that reduce or prevent the pollutants of concern identified in the Lake Tahoe 

Total Maximum Daily Load (TMDL) and other pollutants from entering 

surface and ground waters. It is also provided to assist property owners with 

planning and implementing proper inspection, maintenance, and monitoring of 

their BMP drainage improvements.  

The intended users of the manual include developers, planners, design 

engineers, contractors, subcontractors, construction staff, and agency staff 

involved in BMP retrofits, new development, redevelopment, and public 

projects within the Lake Tahoe Region. 

Implementation of the design guidance provided in this manual will  help to 

reduce stormwater runoff volumes and pollutants, decrease erosion and 

sedimentation in rivers, creeks, and streams, improve the water quality of 

receiving waters, increase groundwater recharge, assist with water conservation 

efforts, and reduce the potential for flooding. 

During the design of water quality improvements, the designer should cross-

reference the appropriate jurisdictions drainage design manuals to ensure 

consistency with local government technical requirements and related policies 

and procedures, based on the jurisdiction where the project is located.  

Small residential property owners and residents may want to reference the 

Home Landscaping Guide for Lake Tahoe and Vicinity, published by the 

University of Nevada Cooperative Extension (UNCE). It contains a broad 

spectrum of information covering BMPs, invasive weeds, native and adapted 

landscaping, and other related conservation topics. Contractors installing BMPs 

on small residential sites may also reference another UNCE publication titled 

How to Install BMPs on Small Sites in the Lake Tahoe Region. 

This BMP Handbook is organized into eight chapters:  

Á Chapter 1 Urban Hydrology 

Á Chapter 2 Site Analysis 

Á Chapter 3 BMP Planning and Selection 



Á Chapter 4 BMP Toolkit  

Á Chapter 5 Soil and Vegetation Management 

Á Chapter 6 Inspection, Maintenance, and Monitoring 

Á Chapter 7 Permitting 

Á Chapter 8 Shorezone BMPs and Protective Structures 

Chapter 1 provides an overview of hydrologic and associated stormwater 

quality analysis methods and includes summaries of these methods commonly 

used for planning and implementing effective stormwater BMPs in the Lake 

Tahoe Region.  

Chapters 2 and 3 represent a systematic approach for analyzing a site and 

selecting BMPs for a project. 

Chapter 4 is a toolkit of distinct BMPs representing four categories including 

hydrologic source controls, pollutant source controls, treatment BMPs, and 

temporary construction BMPs. 

Chapter 5 gives general guidelines for revegetation projects, and includes plant 

species lists based on common site conditions and an overall list of approved 

species for the Lake Tahoe Region. 

Chapter 6 provides information for developing an inspection, maintenance, 

and monitoring plan for stormwater BMPs, including example templates.  

Chapter 7 covers common permits that may be necessary when planning and 

implementing a stormwater quality improvement project.  

Chapter 8 includes shorezone protective structure planning and selection, and 

covers various temporary and permanent BMPs used in the shorezone to 

prevent or minimize shoreline erosion. 

K`jd S`gndƍr u`rs cdosg `nd small ratio of watershed to lake area, combined 

with mostly granitic geology produces a lake of very low fertility.  Known as 

ultra-oligotrophic, these conditions help create sgd k`jdƍr qdmnvmdchigh 

transparency.  

Although 85 percent of the land in the Lake Tahoe Region is undeveloped 

National Forest, urbanization has been concentrated much along the perimeter 

of Lake Tahoe. An interconnected set of roadways and stormwater pipes carry 

pollutant runoff from the urbanized uplands into tributary creeks and 

ultimately the lake. 



 

 

 



 



 

Urbanization in the Lake Tahoe watershed has eliminated and damaged 

wetlands, wet meadows, and riparian habitat, all crucial for natural water 

quality treatment. Aquatic biodiversity has been altered due to changes in 

environmental conditions and the introduction of exotic species. Air quality 

degradation is visible and atmospheric deposition directly to the lake surface 

has fundamentally changed the nutrient balance in the lake.
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Md`rtqdldmsr ne K`jd S`gndƍr bk`qhsx g`ud addm nmfnhmf rhmbd 0857- The 

deterioration of K`jd S`gndƍrworld-renowned clarity and cobalt-blue color 

has prompted regional, state, and federal agencies to adopt a large collection of 

regulations. California designated Lake Tahoe as an Outstanding National 

Resource Water under the Federal Clean Water Act and considers noncontact 

qdbqd`shnm '`drsgdshb dminxldms ne sgd K`jdƍr bk`qhsx( `r ` oqhl`qx admdehbh`k

use. Similarly, the Nevada Division of Environmental Protection (NDEP) has 

cdrhfm`sdc K`jd S`gnd `r ` Əv`sdq ne dwsq`nqchm`qx dbnknfhb`k nq `drsgdshb

u`ktd-Ɛ 

Despite stringent water quality goals and associated watershed regulations, 

Lake Tahoe has continued to lose its famed clarity at a rate of nearly nine 

hmbgdr odq xd`q rhmbd sgd k`sd 085/ƍr `mc g`r e`hkdc sn ldds sq`mro`qdmbx `mc

clarity standards.
2
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As a result of not meeting specific numeric transparency and clarity standards, 

K`jd S`gnd hr bnmrhcdqdc Əhlo`hqdcƐ vhsg qdrodbs sn sgd `drsgdshb-recreation 

beneficial use. Impaired water bodies are placed on the Federal Clean Water 

Act Section 303(d) list, which also identifies the pollutant(s) that cause the 

impairment. Lake Tahoe is impaired from an input of too much nutrients 

(nitrogen and phosphorus) and fine (less than 16 microns) sediment. 

A TMDL  is a water quality restoration plan required by the U.S. Federal Clean 

Water Act to achieve water quality standards in impaired surface water bodies. 

A TMDL identifies the maximum pollutant load a water body is able to 

assimilate while maintaining its water quality standards and supporting its 

designated beneficial uses. The Lake Tahoe TMDL is managed jointly by the 

California Lahontan Regional Water Quality Control Board and the Nevada 

Division of Environmental Protection. The Lake Tahoe TMDL quantifies the 

source and amount of fine sediment and nutrient loading from various land-

uses and outlines an implementation plan to achieve an annual average Secchi 

depth of 29.7 meters as required by existing water quality standards.
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Dr. Ted Swift, of UC Davis, determined that very fine particles of inorganic 

matter are the most important factor in Lake S`gndƍr bk`qhsx knrr- These silt 

and clay-sized particles are only 0.5 to 10 microns in diameter and are 

extremely difficult to remove from runoff migrating toward the lake. Rvhesƍr

research reports that suspended fine inorganic particulates cause approximately 
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50 percent of the light scattering that deteriorates clarity in Lake Tahoe, 30 

percent of clarity loss is caused by algae particles, and 20 percent is caused by 

light absorption by pure water and dissolved organic matter.
4
  

Ultra -fine particles can remain suspended in the lake for months and even years 

before settling to the bottom. Theoretical calculations show that a 10-micron 

soil particle of typical shape and density will take over 100 days to settle to the 

average depth of the lake floor (1,027 feet) under ideal conditions, while a 4-

micron particle will take almost 1,000 days to settle. However, winter storms 

often mix lake water to a depth of 300 meters, so particles are frequently 

brought back up hydrodynamically toward the lake surface before they resume 

settling to the bottom. Ni trogen and phosphorus stimulate algae growth, 

which in turn absorbs light and reduce how far light can penetrate the water.  

The Lake Tahoe TMDL Technical Report provides detailed discussion on the 

sources and amounts of these pollutants. Mitigating the urbanized uplands with 

BMPs is targeted in the Lake Tahoe TMDL Pollutant Load Reduction 

Opportunity Report as providing the highest potential pollutant load 

reductions
5
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While the Lake Tahoe Region has experienced human use for thousands of 

years, the period of rapid urban development following the winter Olympics at 

Rpt`v U`kkdx hm 085/ oqnlosdc sgd snc`xƍr v`sdq pt`khsx oqnsdbshnm

regulations BMPs.  

Impervious land coverage is a fundamental characteristic of urban and 

suburban landscapes. Rooftops, roadways, parking areas, and other impervious 

surfaces cover the soil that, before development, allowed rainwater and 

snowmelt to infiltrate. Infiltration is the process by which surface water enters 

the soil and is influenced by many factors including soil structure, porosity, 

texture, moisture content, and vegetation among other attributes. Impervious 

surfaces such as asphalt, concrete, and compacted soils, prevent or reduce 

infiltration of water into the soil.  

In a naturally functioning watershed, rain and snowmelt slowly infiltrates close 

to where it drops, or is captured through evapotranspiration. In contrast, 

impervious surfaces cause rainfall to run off quickly, taking with it pollutants 

that have collected over time on the surface. While roads and rooftops are the 

most prevalent types of impervious surface, other types include sidewalks, 

patios, bedrock outcrops, and compacted soil. As development increases and 

alters a natural landscape, the percentage of the land covered by impervious 

surfaces also increases. 



 

 

Even the smallest rainstorms can generate runoff from impervious surfaces, 

collecting pollutants and sediment that has accumulated over time, and 

concentrates into gutters, channels and pipes. This rapid, concentrated water 

flow can affect the hydrologic cycle in the following ways:  

Á Increase total runoff volume from a storm event 

Á Increase runoff flows, usually expressed in cubic feet per second (cfs)  

Á Increase the concentration and quantity of pollutants  

Á Reduce groundwater recharge  

A hydrograph (Figure 1-d) shows the rate and volume of runoff for a particular 

watershed or site. The area beneath the hydrograph is the total volume of 

runoff discharged from the site. Under natural (pre-development) conditions, 

runoff from a site does not begin immediately because of infiltration. Once the 

soil becomes saturated, (when the rate of precipitation exceeds the rate of 

permeability of the soils) surface runoff increases rapidly. As precipitation rates 



decline, runoff rates decline as well. Even in forests and other natural areas, a 

lot of surface runoff can result during larger storms and snowmelt events.
 

However, this occurs more frequently in developed impervious conditions, and 

a host of human generated pollutants such as sediment and oil can be washed 

into a receiving water body. 

Developed areas without any stormwater management controls (e.g. without 

BMPs) present a hydrograph much different from a natural area. Several 

observations relating to the Post Development hydrograph can be made: 

Á Stormwater runoff begins earlier than pre-development. 

Á Runoff rapidly increases and peaks at a rate considerably higher than the 

peak rate for pre-development.  

Á The area under the curve is considerably larger (meaning total runoff 

discharge is greater) than the area under the pre-development curve. 

 

Impervious surfaces can be described as connected or disconnected. Connected 

impervious areas drain to stormwater conveyance systems via a hydraulic 

connection. Connected impervious areas can include driveways or vehicle 

parking lots that drain into a roadway, or a rooftop that drains directly on 

asphalt. Connected impervious areas create higher runoff volumes and 

pollutant loading potential downstream. 
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Disconnected impervious areas 

drain to pervious surfaces that 

promote infiltration, 

distribution, energy dissipation, 

or storage before overflowing 

to a conveyance system. 

Disconnected impervious areas 

can include roadways draining 

to grass or forested lands, or a 

parking lot sheet flowing to a 

natural area or a stormwater 

infiltration basin.  

In BMP planning, finding ways 

to disconnect impervious areas 

and infiltrate stormwater helps 

slow and soften the aggravated 

hydrographs typical of 

developed urban areas.  

Although fine sediments and nutrients cause lake clarity decline and are 

targeted by water quality projects in the Lake Tahoe Region, other non-point 

source pollutants can damage the overall health of the Lake Tahoe watershed. 

Controlling these pollutants and restoring native ecosystems are still important 

elements in a holistic watershed plan. 

Unlike pollution from industrial and sewage treatment plants, nonpoint source 

(NPS) pollution comes from many diffuse sources. NPS pollution is caused by 

rainfall or snowmelt moving over and through the ground. As the runoff 

moves, it picks up and carries away natural and human-made pollutants, finally 

depositing them into lakes, rivers, wetlands, and ground waters.
 
 

The following table shows various pollutants, environmental effects, typical 

sources, and the BMPs contained in this BMP Handbook that can be used to 

reduce or eliminate the pollution. 





 



 



 

Historically, stormwater systems were designed to convey (or transport) runoff 

as quickly and efficiently as possible away from the developed area. To this day 

nationwide and at Lake Tahoe, stormwater conveyance without BMPs 

continues to cause downstream flooding, nonpoint source pollution , Lake 

Tahoe clarity decline, and stream degradation.  

All landowners are required at Lake Tahoe to integrate permanent BMPs into 

stormwater drainage systems for their developed sites in order to prevent and 

minimize stormwater impacts and to help preserve and restore the natural 

hydrologic cycle.  

An infiltration approach to stormwater management seeks to preserve and 

restore the natural hydrologic cycle. Infiltrating runoff  allows rain or 

snowmelt to flow into permeable areas and enter the soil profile. Infiltration 

allows much of the runoff to return to the soil, which reduces runoff volumes, 

treats light pollutant concentrations, and replenishes groundwater. Infiltration  

allows light pollutants to settle into the soil where they are naturally mitigated. 

Even when runoff continues after infiltration  of a design storm, the overall 

pollutant load into the nearest water body is still reduced. 

 

Reasonable steps should also be taken to prevent the illegal discharge of 

pollution and wastes to jurisdiction drainage systems. BMPs manage waste and 

hazardous material and are effective at preventing oil, fertilizers, and other 

hazardous wastes from entering public storm drains, native soil, surface water, 

and groundwater. 

 



The importance of the private sector implementing BMPs cannot be 

overstated. Private BMP implementation contributes to the upkeep of public 

jurisdictional stormwater facilities. When private properties do not have BMPs 

in place, public stormwater treatment facilities can be rendered less effective, be 

overwhelmed, or create the need for more frequent maintenance. 

Public BMP design and implementation follows a standard protocol developed 

by the Storm Water Quality Improvement Committee (SWQIC) and deal 

primarily with the public rights-of-ways including roads and highways. 

Planning and implementing effective BMPs at both the private and public 

scales is a comprehensive strategy and a watershed based approach that will 

assist Lake Tahoe Region communities in meeting the goals and objectives of 

the Lake Tahoe TMDL. 

Stormwater BMP retrofits help restore watersheds by providing stormwater 

sqd`sldms hm knb`shnmr vgdqd ALOƍr oqduhntrkx chc mns dwhrs nq vdqd

ineffective. Designers need to simultaneously envision stormwater 

opportunities and anticipate potential problems within the existing built 

environment. The design, permitting, and construction of retrofits are almost 

always more complex, expensive, and time consuming than planning and 

implementing BMPs for new or redevelopment
7

. 

New and redevelopment projects provide significant opportunities to design 

stormwater BMPs that fit seamlessly into the proposed project. While 

opportunities for incorporating Low Impact Development (LID) concepts 

increase greatly with new and redevelopment projects, LID concepts can still 

be applied to BMP retrofitting projects.  
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