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USGS Modesto Study 

Background:  Modesto began using dry wells to manage stormwater more than 50 years ago.  Currently 

there are more than 11,000 dry wells in operation.  They are primarily simple pits filled with rocks with little 

or no pre-treatment.  This design requires high maintenance due to clogging with fine material, requiring 

regular vacuuming and/or rock replacement. 

Study Design:  Twenty-three monitoring wells were installed at various depths.  Groundwater was sampled 

for general parameters, inorganics, pesticides, BTEX, VOCs, refrigerants, and naturally occurring toxicants 

such as arsenic and radionucleides.  Samples were collected at various depths and age of the samples were  

determined.  Samples from a single public supply well were also collected.  

Results:  The shallow aquifer, primarily influenced by agriculture and more recently urban land uses, had el-

evated concentrations of nitrate and uranium. Samples collected from deeper units contained older water 

and had little if any contamination of any type. No contaminants were detected in the public supply well 

completed in multiple aquifer units.  After decades of use, no contaminants above MCL were detected in 

the monitoring wells. 

Conclusion:  Although the purpose of this study was not to assess the risks of using dry well, the analysis 

demonstrated that none of the common urban contaminants were detected at levels of concern, suggesting 

that dry wells did not introduce pollutants into the aquifer. 

 

Water Augmentation Study—Los Angeles 

Background:  Los Angeles is heavily dependent on imported water.  The focus of this 10-year study was to 

determine if stormwater infiltration could supply the L.A. area with a modest supply of drinking water.  Prior 

to addressing this issue, the risk of groundwater contamination using LID practices, including dry wells, was 

assessed. 

Study Design:  Various LID practices were installed at 8 sites; 2 of these, a residential and a commercial site, 

contained dry wells.  Groundwater quality was sampled to determine concentrations of general parameters, 

metals, oil and grease, VOCs, semi-VOCs, organic compounds, and bacteria.   

Results:  At both sites, contaminants that were detected at high concentrations in stormwater were detect-

ed at low concentrations in vadose zone/groundwater, suggesting that stormwater did not contaminate the 

aquifer.   Conversely, contaminants detected at low levels in stormwater were detected at higher levels in 

groundwater, suggesting that the contaminants were introduce from other sources.  

Conclusion: Dry wells do not appear to contaminate groundwater. 

 

  Install 1 dry well and 4 monitoring wells (1 vadose downgradient, 2 water table downgradient, 1 

water table upgradient) at 2 sites representing residential and commercial/light industrial  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. 

  Groundwater 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. 3 times during wet season. 

  Coordinated groundwater and stormwater quality sampling events. 

  Water quality sampling for general parameters, TSS, metals,  VOCs, semi-VOCs, pyrogenic PAHs, 

chlorophenoxy herbicides, pyrethroid pesticides, TPH (gas & diesel), and coliform bacteria.  

  Perform 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. 

Conclusions 

Results of this study should fill in existing data gaps and provide information to decision makers regarding 

the risks associated with using dry wells as a stormwater management, flood control, and climate change 

adaptation tool.  Results will be published in peer-reviewed journals as well as in a Lessons Learned report, 

available on the project website (http://www.egpublicworks.org. Click the Dry Well Project tab) .  We wel-

come feedback and suggestions.   

Table 1.   List of contami-

nants and general constit-

uents that will be moni-

tored in stormwater and 

groundwater samples.    

Stormwater samples will be 

collected at 2 locations:  

the beginning of the vege-

tated pre-treatment and 

just prior to water entering 

the pipe into the dry well.  

Three sampling events will 

occur during the wet sea-

son after significant rain 

events.  The groundwater 

samples will be collected 4 

times a year: 3 wet and 1 

dry season.  In addition to 

the analysis of these classes of constituents/contaminants, field measurements will be taken that 

include flow, pH, temperature, electric conductivity, dissolved oxygen, and turbidity (NTU). 

Location of Dry Well Systems  Study Design:  Overview Abstract 

Watershed urbanization can result in degraded water quality and increased flood risk due to hydromod-

ification (larger peak runoff volume and shorter watershed residence time). Low impact development 

(LID) techniques can help reduce these effects by infiltrating and retaining, filtering, or slowly releasing 

stormwater from a given site.  In many areas throughout California, the use of LID practices is challeng-

ing due to poor infiltrative capabilities associated with clay soils.   Dry wells constructed above the wa-

ter table and bypassing these low-permeability zones, provide enhanced infiltration and connection to 

groundwater storage thus benefiting both surface water and groundwater water systems. However, in 

California, dry wells are used infrequently and with caution due to the concern that they could poten-

tially allow stormwater to bypass the natural filtration provided by the uppermost soil units and ulti-

mately impact underlying groundwater quality. Studies conducted in Los Angeles, Modesto, and Port-

land suggest that the use of dry wells introduces few, if any, contaminants to the groundwater. To help 

fill in some data gaps the City of Elk Grove and its partners are conducting a study to  evaluate the risk 

of groundwater contamination by monitoring water collected from dry wells, pre-treatment features 

and a series of shallow and deep monitoring wells over 2 water years. A wide range of contaminants, 

including volatile and semi-volatile organics, pyrogenic PAHs, metals, and pesticides will be analyzed in 

samples collected 3-4 times each year during dry and wet seasons.  Estimates of recharge capacity will 

also be made to determine percent of stormwater captured.  Results of this study should provide addi-

tional information for decision makers on the safety and efficacy of using dry wells  to manage storm-

water runoff and recharge the aquifer to mitigate for potential impacts of climate change. 
Project Objective: Evaluate the potential for using dry wells, in combination with other LID 
practices, to infiltrate stormwater runoff, alleviate localized flooding, and maximize aquifer 
recharge. 

 

Summary of Previous Work 

Dry Well System Design 

Figure 2.   Design of the dry well system.  The dry well system is composed of 3 parts: 

  A vegetated pre-treatment designed to capture sediment and contaminants adsorbed to particles. 

  A structural pre-treatment or sedimentation basin designed to capture additional sediment. The sedi-

mentation basin is approximately 4 feet deep and will be vacuumed periodically to maintain capacity.  A 

sampler will be placed just below the pipe leading to the dry well to facilitate analysis of the effectiveness 

of contaminant removal using the 2 pre-treatment features. 

  The dry well.  It is designed with sand and gravel near the top to facilitate trapping of any remaining par-

ticles.  The dry well will be filled with crushed rocks.  It will be completed in a pervious layer of material 

which is underlain by a clay layer, which will serve as an additional contaminant attenuation and dispersal 

zone.   

Design Considerations 

  Capture particulates to the maximum degree possible to avoid contaminating groundwater. 

  Minimize clogging of the dry well. 

  Minimize long term maintenance costs. 

Limitations/Concerns 

   Soluble pollutants (N and P) will pass through the dry well system. 

   Groundwater monitoring network might not be effective. 

   High specific conductivity of stormwater could mobilize naturally occurring metals (arsenic, etc.). 

 

Figure 3.  The two sites where dry 

well systems are being constructed in 

Elk Grove.  The northern site falls 

within the Strawberry Creek (a tribu-

tary of Morrison Creek) sub-

watershed.  The dry well and moni-

toring network will be located in a 

large water quality basin that drains a 

residential neighborhood. 

The location to the south falls within 

the Grantline Channel drainage shed, 

ultimately draining to the Stone Lakes 

National Wildlife Refuge.  The dry well 

and associated monitoring network 

will be constructed in the parking lot 

of the City’s Corporation Yard. 

 

b a 

Figures 4a and b.  Aerial photographs of the two study sites.  The left panel is the Strawberry Creek site; 

the right panel is the City’s  Corporation Yard.  Location of monitoring wells, dry well, and the vegetated pre

-treatment features are shown. 

Sample Collection and Analytical Chemistry 

Analyte Method Detection Limit 

  Total suspended solids EPA 160.2 300 µg/L 

 Pyrethroid pesticides WPCL PYR_WATER 0.001—0.003µg/L 

 Chlorinated herbicides EPA 8151A 0.0005-1.0 µg/L 

 Total petroleum hydrocarbons EPA 8015 
Gas: 50 µg/L 

Diesel: 50  µg/L 

 Pyrogenic polycyclic aromatic         

hydrocarbons 
EPA 8310 10 µg/L 

 Semi-volatile organics EPA 625 10 µg/L 

 Volatile organics EPA 8260B 0.056-2.2 µg/L 

 Drinking water metals EPA 200 series 
Varies per metal 

(0.17-1.35 µg/L) 

 General physical EPA STDM varies 

 General mineral EPA STDM varies 

 Total coliform SM 9221 1.1 MPN/100 ml 

 

Future Results:  Questions We Will Address  

 Research Question Data that will be used to address this issue 

Are the vegetated and structural pre-treatment 

features effective at removing contaminants and 

sediment from stormwater? 

Differences in turbidity and pyrethroid concentrations 

of stormwater samples collected at the beginning of 

the vegetated pre-treatment and just prior to entry in-

to the dry well. 

Does the dry well introduce contaminants into 

the groundwater or vadose zone? 

Differences in contaminant concentration between 

stormwater samples collected just prior to entering the 

dry well and water collected from the vadose zone and 

downgradient groundwater monitoring wells. 

Differences in contaminant concentrations between 

the upgradient and downgradient water table wells. 

Does passage through the vadose zone attenuate 

contaminant concentration in water infiltrated 

through the dry well? 

Differences in contaminant concentration in samples 

collected from the downgradient vadose zone well and 

2 groundwater monitoring wells. 

Does the sedimentation well help to reduce pol-

lutant concentrations in stormwater? 

Differences in contaminant concentration in sediment 

samples collected from the sedimentation well and wa-

ter that enters the dry well. 

Modeling of Possible Long Term Effects and Mobilization of Naturally Occurring Toxic Metals  

Working with faculty and students in the Department of Land, Air, & Water Resources, a new task was re-

cently added to this project that will address 2 important issues: 

1.  Increases in the conductivity of stormwater is among the most well documented stormwater quality 

changes associated with urban land uses (www.epa.gov/caddis/ssr_urb_wsq2.html).  In the Sacramento 

region, this is often linked to industrial effluent and concrete weathering.  High concentrations of these 

salts can lead to alkaline desorption of arsenic from mineral oxides (Rodriguez-Lado, et al.,2013. Science, 

341: 866).  It is currently unknown if the concentration of salts in stormwater at the 2 Elk Grove sites is 

sufficiently high to solubilize these metals.   

2.  While it is possible contaminants will not reach the water table over the course of 2 years of sampling, it 

is possible that over 5, 10, or more years, these pollutants might work their way through the vadose zone 

and reach groundwater.  Using contaminant and local stratigraphy data, estimates will be made of  the pe-

riod of time toxicants will need to migrate to the water table.  Analysis from the Portland Underground In-

jection Control Program (https://www.portlandoregon.gov/bes/48213) suggests that there will be only 

very small migration of chemicals (< 10 feet), data reflecting local soils, geologic formations, and precipita-

tion pattern vary considerably and could produce different results. 

ADDITIONAL BENEFITS OF DRY WELLS 

Urbanization has caused dramatic changes in the hydrologic cycle of urban creeks, increasing the volume 

and timing of stormwater runoff.  The effects on the aquatic 

ecosystem are numerous, including scouring of the bed and 

banks of creeks and introducing pollutants into the waterways. 

Another consequence is the smothering of redds with fine sed-

iment. A suite of LID tools have been developed to minimize 

these changes in the water cycle by infiltrating stormwater 

where it is created.  The clay soils found throughout California 

pose a challenge to achieving even modest infiltration rates.  

Dry well are one solution to this problem.      

If you would like to receive updates on the project, please leave your business card (or just your name 

and email) in the envelope below.  Or take a business card of project staff.  We welcome your input. Figure 1.  Salmon yolk sac fry in a redd. 

Figure 5. Tracking indicators of climate change. Every 

2 years, OEHHA summarizes key literature addressing 

environmental conditions and effects of climate 

change.  The Executive Summary (left) and full report 

can be downloaded at: 

http://www.oehha.org/multimedia/

epic/2013EnvIndicatorReport.html.   


