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Introduction 
Watershed urbanization can result in degraded water quality and increased flood 

risk due to hydromodification (larger peak runoff volume and shorter watershed 

residence time). Low Impact Development (LID) can reduce these effects by 

infiltrating and retaining, filtering, or slowly releasing stormwater from a given 

site or sites. Shallow, low-permeability (clay) soils limit infiltration rates  

throughout California. Dry wells, constructed above the water table and 

bypassing these low-permeability zones provide enhanced infiltration, and 

connection to groundwater storage, benefiting both groundwater and surface 

water systems. However, there is concern that dry wells could allow stormwater 

to bypass the natural filtration provided by the uppermost soil units and 

ultimately impact underlying groundwater quality.  

 

Project Objective: Evaluate the potential for using dry wells, in combination 

with other LID practices, to infiltrate stormwater runoff, alleviate localized 

flooding, and recharge groundwater without negatively impacting groundwater 

quality.     

 

 

 

      

 

 

USGS Modesto Study 

Background 

• Modesto began using dry wells to manage stormwater more than 50 

years ago. 

• Currently more than 11,000 dry wells in operation. 

Study Design 

• Installed 23 monitoring wells to various depths. 

• Groundwater quality sampled for general parameters, inorganics, 

pesticides, BTEX, VOC’s, and refrigerants. Did not measure metals, 

pyrethroid pesticides, or PAHs. 

Results: 

• The shallow aquifer showed elevated concentrations of nitrate and 

uranium attributed to agricultural and natural sources, respectively. 

• No contaminants were detected in a monitored public supply well 

completed in multiple aquifer units. 

• After 50 years of dry well use, no contaminants were detected in 

monitoring wells exceeding MCLs. 

Los Angeles Basin Water Augmentation Study 

Background 

• Study to evaluate feasibility of promoting stormwater infiltration using 

LID practices without impacting groundwater quality. 

Study Design 

• Dry wells and monitoring wells at 1 residential and 1 commercial site. 

• Groundwater quality sampled for general parameters, metals, oil and 

grease, VOCs, Semi-VOCs, organic compounds, and bacteria. Omitted 

pyrethroids and other pesticides. 

Results 

• At both sites, contaminants detected at high concentrations in 

stormwater were detected at low concentrations near the dry well, 

suggesting effectiveness of pre-treatment and aquifer attenuation. 

 

 

 

 
• Install 1 dry well and 4 monitoring wells at each of the 3 sites representing 

residential, commercial/light industrial, and roadway land uses. 

• Enhance or modify existing surficial pre-treatment using vegetated swales and 

bioretention. 

• Continuously monitor flow volumes to the dry wells and groundwater levels in 

all project wells. 

• Water quality sampling 4 times per year for 2 years (following 3 storm events 

in the rainy season and 1 round of sampling at the end of the dry season). 

• Stormwater quality sampled before and after pre-treatment. 

• Coordinated groundwater and stormwater quality sampling events. 

• Water quality sampling for general parameters, TSS, metals,  VOCs, 

semi-VOCs, PAHs, pyrethroid pesticides, TPH (gas & diesel), and 

coliform bacteria.  

• Perform a tracer test at each 

     site following the first year  

     of sampling to quantify  

     uncertainty relating to the  

     monitoring network design. 

• Use appropriate methods to 

     analyze results (contouring,  

     trend analysis and stats). 

• Propose monitoring beyond  

     the life of the project. 

   

 

 

 

 

• Determine effectiveness of eco-engineered structures as pre-treatment 

strategy. 

• Develop dry well designs that minimize potential impacts and maintenance. 

• Evaluate the efficacy of using dry wells for enhancing groundwater recharge 

in areas with shallow, low permeability soils/geologic units. 

• Quantify potential impacts to groundwater quality resulting from dry well 

use. 

• Develop and provide useful data to cities/counties, health and water agencies, 

the State Water Resources Control Board, and the U.S. EPA to inform 

decisions relating to the appropriate use of dry wells in urban watersheds. 
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Design Strategies 

• Use vegetation to increase surface roughness. 

• Provide water quality treatment through filtration. 

• Use soil amendment to increase infiltration. 

• Reduce peak discharge rates and total runoff. 

Benefits 

• Control peak discharges by reducing runoff velocity, 

lengthening flow paths, and increasing time of conc. 

• Trap, filter, and infiltrate particulates and associated 

pollutants. 

Limitations 

• Effectiveness reduced by compacted soils, steep 

slopes, short flow paths, and large storm/flow events. 

• Less effective at removing soluble nutrients like 

phosphorous. 

• Potential vector concerns due to standing water. 

• Vegetation may require irrigation/maintenance. 

Effectiveness 

 

 
Pollutant  

Total 

Suspended 

Solids 

Total 

Phosphorous 

Total 

Nitrogen Nitrate  Metals  Organics  Bacteria  

% Removal  60-95  15-45 16-65  25-65 20-90  75-90  75-90  

Images adapted from Low Impact Development Approaches Handbook, Clean Water Services, 2009. 

Safety and Treatment 

“7 Steps to Safety” 

 

 

Conceptual Design 

 

 

Dry Well Design and Operation 

Design Strategies 

• Reduce runoff and enhance 

groundwater recharge. 

• Provide simple, low-cost, 

broadly applicable design. 

• Construct dry well with 

treatment zone sufficiently 

above groundwater table. 

• Protect groundwater quality 

through filtration, treatment, 

and flow control. 

• Enhance long-term infiltration 

through sediment control.  

• Reduce maintenance costs. 

Limitations/Concerns 

• Long-term effectiveness. 

• Point-source contamination. 

• Natural/anthropogenic 

groundwater level/quality 

fluctuations. 

• Monitoring network 

effectiveness. 

• Ongoing maintenance costs. 

 

 

Surficial Pre-Treatment (Vegetated Swales) 

Low Perm. 

Zone 


