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Overview – USGS-SWRCB Domestic Wells Studies
USGS-SWRCB GAMA Priority 
Basin Project 2012 - ongoing

USGS National Water Quality 
Program 1990-ongoing

SWRCB GAMA Domestic 
Well Project (2002-2011)



USGS-SWRCB GAMA Priority Basin Project 
Domestic Well Studies 2012 - present

1) Where are people using domestic wells?

2) What part of the aquifer system is used by domestic wells?

3) What are the current water-quality conditions in domestic well aquifers?

4) What are the processes and inputs affecting those water-quality conditions?

5) How will those water-quality conditions change over time?



Locations of Households Using Domestic Wells

Johnson & Belitz (2015) Johnson & Belitz (2017)

Based on DWR WCRs 
and US Census data Based on roads and 

US Census data



Locations of Domestic Wells

Compile data from WCRs (including point location)
Augment and QC check DWR OSWCR
Coordinate data with local entities
Data from State Smalls



0

1000

2000

Median Well 
Depth (feet)

Domestic 
Well Depth

Public-Supply 
Well Depth

Voss & Jurgens (2018)

Aquifers Used by 
Domestic Wells



Water Quality –
Current Conditions
What are the most 
widespread water-quality 
issues in domestic wells?
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1) Nothing happens right away

2) Nothing is as simple as it seems

3) Everything is connected to everything else

4) Rules can change

5) Chemistry really does matter

6) Population grows

Six Stories about Domestic Wells



Nothing happens right away:

Groundwater age and prediction of nitrate concentrations
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[Nothing happens right away]



Calculated Mixture of Ages in Groundwater from a Well

From water-quality data 
from one well

From particle tracking in 
full groundwater flow 
model for entire basin

Jurgens et al (2012)

[Nothing happens right away]



Predicted Change in Nitrate Concentration
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Nothing is as simple as it seems:

Nitrate and agricultural land use
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Burton & Wright (2018)
[Nothing is as simple as it seems]
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Everything is connected to everything else:

Uranium in the San Joaquin Valley



SJV Kings Basin
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% of Basin with Concentration:
Above MCL (upper SMCL for TDS)
Above 0.5 x MCL (0.1 x MCL for fumigants)
Below 0.5 x MCL or not detected

[Everything is connected to everything else]

Modified from:
Burton et al (2012)
Fram & Shelton (2018)
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Uranium (µg/L)
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Modern
[Everything is connected to everything else]
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Rules can change:

1,2,3-Trichloropropane



123-TCP in
San Joaquin Valley

Domestic Wells

> 0.005 µg/L (MCL)

< 0.005 µg/L or
not detected

[Rules can change]
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Chemistry really does matter:

Trace metals





Ar
se

ni
c 

(p
pb

)

0

5

10

15

20

25

30
60
90

120
150

Oxic
Low pH

Oxic
High pH

Anoxic
High pH

Anoxic
Low pH

Geochemical 
Conditions

SE SJV Arsenic

[Chemistry really does matter]

A
rs

en
ic

 (u
g/

L)

MCL
Modified from:
Belitz et al (2003)
Data from NWIS



Napa-Sonoma

Tulare

Yuba-Bear

Mok-Cos-Amer

Fractured Bedrock 
Aquifers

Salinas50

40

30

20

10

0%
 o

f a
re

a 
w

ith
 

co
nc

en
tr

at
io

n 
>M

C
L 

or
 S

M
C

L
Nitrate
As, Ba, F, Se, U
Manganese
TDS

[Chemistry really does matter]

Modified from:
Fram & Shelton (2018)
Fram et al (2017)
Bennett (2018)
Burton & Wright (2018)



Bedrock Geology
Volcanic rocks
Metamorphic rocks 

and marine sediment
Alluvial sediments
Granitic rocks
Ultramafic rocks
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[Chemistry really does matter]
Map modified from:
Saucedo et al (2000)



Population grows:

Land use change and groundwater in the Foothills



Land Use Change and Well Depth in Yuba-Bear Bedrock Aquifers

[Population grows]
Fram & Taylor (2018)



1) Nothing happens right away

2) Nothing is as simple as it seems

3) Everything is connected to everything else

4) Rules can change

5) Chemistry really does matter

6) Population grows

Considerations for Domestic Well Needs Assessment
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