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Water Runoff Management

• Loren

– Why we need to manage  
residential runoff

– Research project

• Darren

– Landscape demonstrations

– Features that mitigate water 
quality issues



Runoff From Urban Landscapes
Study Sites

Characterizing the runoff from 

residential areas.

What are some issues?



Runoff From Urban Landscapes
Study Sites

•Single family homes

•4-20 years old

•Access to outfall

•Lot size

•Demographic



Runoff From Urban Landscapes
Study Sites

• Monitoring from 8 
residential neighborhoods

• 4 in Sacramento County
4 in Orange County

• 150-460 homes



Runoff From Urban Landscapes

• Continuous Data Collection
– Flows (depth & velocity)

– Temperature

– pH

– Electrical conductivity

– Rainfall

• Automated Stormwater

Sampling

• Remote Communication

Photos: L.Oki



Water Sample Collection
Sampling Schedule

Q1 Q2 Q3 Q4

2006 Weekly* Weekly* Weekly

2007 Biweekly Weekly Weekly Weekly

2008 Biweekly Biweekly Biweekly Weekly

2009 Monthly Monthly* None None

2010 None None Monthly Monthly

• Sampling by UC Master Gardeners in Sac Co through 2008

• Up to 5 early storms of each season



Runoff From Urban Landscapes
Water Sample Collection

Photo: L.Oki

Photo: L.Oki



Water Sample Analyses
UC Riverside

Gan Lab

Nutrients

Nitrate, TKN,

Phosphate, Total P

Pesticides

diazinon, chlorpyrifos,

pyrethroids (9), fipronil

Drinking Water COCs

TOC, DOC, Brˉ, Clˉ, 

TDS, TSS, turbidity

Yates Lab

Pathogen indicators

E. coli

Total coliforms

Somatic coliphages

Male-specific coliphages

Enterococci

Clostridium perfringens

Pathogens

Giardia

Cryptosporidium



Pesticide Detection Frequency

Sacramento County
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Bifenthrin Concentration- S Cal
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Bifenthrin Concentration- S Cal
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Bifenthrin Concentration- N Cal
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Fipronil Concentration- S Cal
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Fipronil Concentration- N Cal
Sacramento County
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Residential Landscape Studies
Intensive Dry Weather Sampling

• Dry weather grab sampling

– N. California- Tuesdays, 11:00-2:00 

– S. California- Wednesdays, 7:00-11:00

• Hourly sampling for 7 days

• S. California Site

– June 16– 23, 2008

• N. California Site

– July 23-30, 2008



Sample Collection & Analyses 
Intensive Dry Weather Sampling

Time
0:00
1:00
2:00
3:00
4:00
5:00
6:00
7:00
8:00
9:00
10:00
11:00
12:00

3 sample composite

TOC
TSS
Nitrate
Orthophosphate
pH
EC
Turbidity

12 sample composite
Diazinon
Chlorpyrifos

Fipronil

Bifenthrin
Fenpropathrin
L-Cyhalothrin
cis-Permethrin
trans-Permethrin
Cyfluthrin
Esfenvalerate
Deltamethrin

1 grab sample every 24 hrs for biologicals



Sacramento County 
Location

Photos: L.Oki



Orange County 
Location

Photos: T. Majcherek



Fipronil

Intensive Dry Weather Sampling

Southern California Neighborhood SiteNorthern California Neighborhood Site
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Dry season runoff patterns
Daily Periodicity
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General Loading 
Equation (lbs/acre)
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Pollutant Load Modeling
Low & Very Low Density Residential Zones

Graphics: A. Manfree



Storm and Non-storm Runoff
Low and Very Low Density Residential Land Use

Sacramento County
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Water Runoff Management

• Loren

– Why we need to manage  
residential runoff

– Research project

• Darren

– Landscape demonstrations

– Features that mitigate water 
quality issues



Landscape Demonstration Sites
South Coast Research & Extension Center



Landscape Demonstration Sites
South Coast Research & Extension Center

“Typical” Urban Residential Landscape

• Exotic species requiring regular irrigation 

•Tall Fescue lawn in front and back

•Trees planted in turf

•Concrete drive, walkways, patio

•Solid wall drain line connected to street 

•Standard spray heads (1.5” to 2” per hour)

•Automatic irrigation timer 

-Controls 4 irrigation zones

Graphics: Clark & Green













Landscape Demonstration Sites
South Coast Research & Extension Center

Low Impact Landscape (Type 1)

•Mediterranean species

•Warm season turfgrass species

•„UC Verde‟ buffalograss

•„Sea Spray‟ seashore paspalum

•Slot drains added to driveway

•Flagstone walkways and patio in DG

•Rain harvesting from roof

•Low flow spray heads in turf

•Soil moisture-based irrigation controllers

•10 hydrozones

Graphics: Clark & Green



Solution for Driveway Runoff

• Install driveway interceptor or slotted drains to 

channel runoff into surrounding vegetation.

Source: LandscapeNetwork.com









Solutions for Rooftop Runoff

• Rain collection devices

• Cisterns (underground or aboveground)

• Availability has improved considerably.

• Utilize captured water for irrigation during dry 

periods.

Source: Experiments in Sustainable Urban Living



Example: Roof Square Footage 

= 500 square feet

1” of rain * (0.6) * 500 square feet 

= 300 gallons

Average Sacramento rainfall is approx. 20”

= 6,000 gallons= 6,000 gallons

Source: Experiments in Sustainable Urban Living



Solutions for Patio Runoff

• Utilize bricks, pavers, or flagstone stabilized 

with decomposed granite.

• Slope patio toward vegetative areas to allow 

infiltration of runoff if impervious materials are 

used.

Flagstone set in concrete does not allow infiltration.

Flagstone set in decomposed granite allows for some infiltration to occur.



Landscape Demonstration Sites 
South Coast Research & Extension Center

Low Impact Landscape Type 2

•Predominantly native species

•Meadow (Carex species in front and back)

•Interlocking pavers

•Flagstone walkway in DG

•Dry well to capture and infiltrate roof 

runoff

•Drip irrigation

•ET-based irrigation controller

•24 hydrozones

Graphics: Clark & Green





Solutions for Rooftop Runoff

• Diversion to mulched or 

planted areas

• Integration of downspouts 

with dry stream bed or 

plastic manufactured 

underground tank systems

−Rain chains

−Infiltration devices
− Example: FLO-WELL Storm Water 

Leaching System







Pop-up drain for overflow





Solutions for Driveway Runoff

• Utilize brick, pavers, pervious concrete, or other 

materials that allow for some infiltration.

• Slope driveway so runoff drains to vegetated areas 

of the landscape.





Solutions for Walkway Runoff

• Avoid impervious walkways directly connected 

to driveways and sidewalks.

• Stabilize flagstone using decomposed granite 

impervious concrete.

Flagstone pathway set in decomposed granite with binder



Additional Sources of Runoff



Solutions for Slope Runoff

• If possible, eliminate 

mounding of soil that 

creates downward slopes 

toward impervious 

surfaces.

• Steep slopes are difficult 

to irrigate without runoff 

occurring. 



Solutions for Slope Runoff

• At base of slope utilize 

infiltration trenches or 

bioswales to collect 

runoff.

• Select appropriate plant 

materials for slopes.

• If bare soil is present, 

mulch to reduce 

erosion. 



Drainage Solutions to Reduce 

Water Runoff  

• Utilize perforated pipe as much as possible.

• Cover pipe with fabric sock to prevent 
sedimentation inside.

• Direct runoff from impervious surfaces into 
vegetative areas of the landscape.

• Incorporate drainage as a design element

• Vegetated swales

• Drywells

• Detention ponds

• Rain gardens

drainage as a design element



Are These Solutions Effective 

at Reducing Runoff?



Water Use & Surface Runoff

Landscape Type Daily Average Water 

Use in Gallons

(Feb 07-April 08)

Daily Average Surface 

Runoff in Gallons

(Feb 07-April 08)

Typical 879 21

LID Type 1 287 6

LID Type 2 372 8

Landscape Type Daily Average Water 

Use in Gallons

(Feb 07-Sept 10)

Daily Average Surface 

Runoff in Gallons

(Feb 07-Sept 10)

Typical 497 48

LID Type 1 202 9

LID Type 2 220 18



Methods

• Pre-Treatment Wash

– Background levels of pesticides (previous studies)

• Perimeter Pesticide Treatment

– 1 foot out, 1 foot up fan spray around perimeter 

using fipronil at a rate of .06%  (0.9654 g a.i. to each 

landscape).

• Lawn and Garden Treatment

– Spray applied to each landscape using 0.3% 

bifenthrin from a RTU hose-end product or ≈ (0.9449 

g a.i. to each landscape)

• Hardscapes washed off at defined intervals 

following pesticide application



Fipronil in Wash Water



Bifenthrin Loading 

from Hardscape Washing
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A Few Things to Think About…  

• Infiltration may cause more harm than 

good!

• Shallow groundwater

• Expansive soils

• Poor maintenance of water retention 

design features.

• Stagnant water in rain barrels and cisterns

• Possible breeding environment for mosquitoes

• Plant selection and irrigation are key 

components to success of a landscape 

designed to reduce runoff.



Thank youThank youThank you
dlhaver@ucdavis.edu

lroki@ucdavis.edu




