
Groundwater Quality Groundwater Quality 
Monitoring and Assessment Monitoring and Assessment 

in Californiain California 

State Board Meeting State Board Meeting -- Item 11Item 11 
April 19, 2011April 19, 2011

John Borkovich, PGJohn Borkovich, PG
GAMA ProgramGAMA Program

State Water Resources Control BoardState Water Resources Control Board

Presenter
Presentation Notes
Good morning Chair Hoppin, members of the Board.  My name is John Borkovich, Division of Water Quality, GAMA Program Manager.  

This morning I will give a summary and status update of the GAMA Program.  

Following that, our invited speaker, Dr. Ken Belitz of the U S Geological Survey will present findings from the GAMA Priority Basin Project.  



GAMA is:GAMA is:

GGroundwaterroundwater
AAmbientmbient
MMonitoring andonitoring and
AAssessmentssessment
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Presentation Notes
GAMA means 

Groundwater Ambient Monitoring and Assessment.



Why GAMA?Why GAMA?
California Relies Heavily on GroundwaterCalifornia Relies Heavily on Groundwater

35%35% of water for irrigation and public use is of water for irrigation and public use is 
from groundwaterfrom groundwater
43%43% of Californians are served by groundwaterof Californians are served by groundwater
Many communities rely 100% on groundwaterMany communities rely 100% on groundwater
Contaminated groundwater results in treatment Contaminated groundwater results in treatment 
costs, well closures, and new well construction costs, well closures, and new well construction 
which increases costs for consumerswhich increases costs for consumers
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Presentation Notes
California is increasingly reliant on groundwater.  

Groundwater contamination cleanup is expensive.



Why GAMA?Why GAMA?

Water Quality Testing is Not CompleteWater Quality Testing is Not Complete
Water quality from 16,000 wells used for Water quality from 16,000 wells used for 
public supply is regulated by CDPH and public supply is regulated by CDPH and 
regularly tested (36M people)regularly tested (36M people)
Water quality from 600K private domestic Water quality from 600K private domestic 
wells is not regulated and is rarely tested wells is not regulated and is rarely tested 
(1.4M people)(1.4M people)
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Presentation Notes
Private domestic wells are rarely tested, 

whereas public supply wells are regularly tested to ensure that the water served is safe to drink.



Why GAMA?Why GAMA?
Budget Act of 2000Budget Act of 2000
Water Code Section 10780Water Code Section 10780
•• Groundwater Quality Monitoring Act of 2001Groundwater Quality Monitoring Act of 2001

(AB 599, Liu)(AB 599, Liu)
•• Groundwater Quality Monitoring Groundwater Quality Monitoring 

(2008. AB 2222, Caballero)(2008. AB 2222, Caballero)

Presenter
Presentation Notes
The Legislature understands these issues and created GAMA in 2000, 

added to it in 2001, and

in 2008 asked for funding options to continue the program through 2024.



GAMA Program Functions GAMA Program Functions 

• Coordinate with water agenciesCoordinate with water agencies

•• Collect new dataCollect new data

•• Combine new and existing data Combine new and existing data 

(water quality, water level, contaminant sources)(water quality, water level, contaminant sources)

•• Assess groundwater qualityAssess groundwater quality

•• Serve information to the publicServe information to the public

Presenter
Presentation Notes
The basic functions of GAMA are to:

Coordinate with water agencies

Collect new data

Combine new and existing data 

Assess groundwater quality

Serve information to the public





GAMA Program GAMA Program 
•• Projects staffed by State Board, USGS, LLNL to Projects staffed by State Board, USGS, LLNL to 

assess CA groundwater qualityassess CA groundwater quality

•• Well owners Well owners volunteervolunteer wells to be sampledwells to be sampled

•• Over 4,000 wells sampled since 2000Over 4,000 wells sampled since 2000

•• GAMA tests groundwater for:GAMA tests groundwater for:
•• Drinking water standard contaminantsDrinking water standard contaminants
•• Hundreds of contaminants for trace levelsHundreds of contaminants for trace levels

Presenter
Presentation Notes
The GAMA program, which is staffed by State Board, 

US Geological Survey, and Lawrence Livermore National Laboratory scientists, 

and relies on well owners to volunteer to have their wells sampled.

GAMA sampled over 4,000 wells - to date - for 100’s of potential contaminants - many at very low detection levels.



Presenter
Presentation Notes
We will be briefing the Board on the four Projects within GAMA over the coming months.



Status: Priority Basins ProjectStatus: Priority Basins Project

First statewide sampling cycle nearly First statewide sampling cycle nearly 
completecomplete
2,200 wells sampled2,200 wells sampled
Dozens of Reports, Fact Sheets publishedDozens of Reports, Fact Sheets published

USGS Presentation on Findings USGS Presentation on Findings -- MarchMarch
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Presentation Notes
The first GAMA project is being presented today by the USGS - the Priority Basin Project.



Status: Special Studies Status: Special Studies -- LLNLLLNL
Studies on nitrates from dairies, fertilizer, Studies on nitrates from dairies, fertilizer, 
human wastewater human wastewater 
Wastewater Indicator studies on effect of Wastewater Indicator studies on effect of 
septic systems on shallow groundwater and septic systems on shallow groundwater and 
areas influenced by recycled waterareas influenced by recycled water
Changes in chemistry of groundwater by Changes in chemistry of groundwater by 
recharge of surface water  recharge of surface water  

LLNL Presentation on Findings LLNL Presentation on Findings –– TodayToday

Presenter
Presentation Notes
Second is the Special Studies Project 

Lawrence Livermore has been studying 

nitrate, wastewater indicators, and movement of recharge water while 

developing cutting edge scientific methods.



Status: Domestic Well ProjectStatus: Domestic Well Project

1,067 Wells sampled by Board staff from 20031,067 Wells sampled by Board staff from 2003--09 09 
Key Results Key Results –– El Dorado, Yuba, Tehama, Tulare, El Dorado, Yuba, Tehama, Tulare, 

San Diego CountiesSan Diego Counties
•• Total Total ColiformColiform: 28% wells tested Positive: 28% wells tested Positive
•• Nitrate: Average 10% wells tested above MCL Nitrate: Average 10% wells tested above MCL 
•• Nitrate: 41%  Tulare County wells tested above MCL Nitrate: 41%  Tulare County wells tested above MCL 
•• RadionuclidesRadionuclides: 33% San Diego above MCL: 33% San Diego above MCL

Monterey County sampling to begin in MayMonterey County sampling to begin in May

Presentation on Findings Presentation on Findings –– July 19July 19

Presenter
Presentation Notes
The Domestic Well Project has sampled in 5 counties and will be sampling in Monterey County this Spring.  

 Bacterial indicators have been found in 28% of wells tested.

Nitrate is above the public drinking water standard in 10%. But in Tulare County, it was over 40%.  

San Diego County had over 30% of the wells above the MCL radionuclides, due in part to wells placed in granite.



GeoTrackerGeoTracker GAMA:GAMA: 
Groundwater Quality Data SystemGroundwater Quality Data System

Fulfills AB599 intent: Central Data SourceFulfills AB599 intent: Central Data Source

Data from CDPH, USGS, LLNL, DWR, Data from CDPH, USGS, LLNL, DWR, 
DPR, State and Regional Water BoardsDPR, State and Regional Water Boards

Water quality, water levels, contaminant Water quality, water levels, contaminant 
sources, groundwater publicationssources, groundwater publications

Groundwater quality data collected with Groundwater quality data collected with 
State funds must comply with AB 599 State funds must comply with AB 599 --
but electronic submittal not specifiedbut electronic submittal not specified

Presentation of System Presentation of System –– May 17May 17

Presenter
Presentation Notes
The function of sharing information with the public is done with well owners and interested parties

The data and reports are shared on the Internet-accessible information system called GeoTracker GAMA.  

Data - including from several other agencies - are displayed on a Google maps interface available to the Public, Local, Regional and State Decision Makers.

GeoTracker GAMA is used - by many - to better understand current water quality and trends.





In Summary:In Summary:

Most land uses negatively affect groundwaterMost land uses negatively affect groundwater

Shallow groundwater is poor in many areasShallow groundwater is poor in many areas

Deeper water has better quality, but contains Deeper water has better quality, but contains 
several contaminantsseveral contaminants--usually in trace amounts usually in trace amounts 

To sustain groundwater resource and reduce To sustain groundwater resource and reduce 
negative trend, action is needednegative trend, action is needed

Monitoring groundwater quality is critical to track Monitoring groundwater quality is critical to track 
impacts over timeimpacts over time
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Before we get to Ken’s talk, here are some important points:

 Most land uses can negatively affect groundwater

 Shallow groundwater is poor in many areas, and over time can move to deeper groundwater - especially in permeable soil, such as basins without aquitards - and in areas outside of basins that have fractured bedrock.

 Deeper groundwater generally has better quality and contains several contaminants - but usually in trace amounts.  Locally, deeper groundwater can be more affected. 

 To sustain groundwater resource and reduce the negative trend, action is needed



The following map shows…(next slide)



HydrogeologicallyHydrogeologically 
Vulnerable Areas Vulnerable Areas 

and and 
GAMA Priority GAMA Priority 

Basins  Basins  

Nitrate above MCL Nitrate above MCL 
in Public Supply in Public Supply 

WellsWells

Presenter
Presentation Notes
 In the Light Green the GAMA Priority Basins; 

 in Purple the Vulnerable areas - these are primarily areas without aquitards, and 

 The Red dots are Public supply wells tested since 2005 that have a nitrate detection above the MCL.  

Note -  the majority of these wells are within the Vulnerable areas.







Future FundingFuture Funding

Bond Funds run out 2013Bond Funds run out 2013

Without replacement funding, Without replacement funding, 
Priority Basin Project funding will end Priority Basin Project funding will end 

AB 2222 Report to Legislature: AB 2222 Report to Legislature: 
Options to extend GAMA to 2024Options to extend GAMA to 2024

Presenter
Presentation Notes
Finally, monitoring groundwater quality is critical to track impacts, and improvements, over time. 



Proposition 50 bond funds run out in 2013.  Without replacement funding the GAMA Priority Basin Project will end.  



The report to the legislature - required by AB 2222 – which provided potential funding options was released in January 2011.



GAMA Special Studies ProjectGAMA Special Studies Project

Dr. Bradley Dr. Bradley EsserEsser, LLNL, LLNL

Presenter
Presentation Notes
Now I am pleased to introduce Dr. Kenneth Belitz of the USGS.  



Ken earned his PhD at Stanford, has held faculty appointments at Stanford, Dartmouth, and Queens College, and is currently a research hydrologist and scientific supervisor with the 

USGS California Water Science Center.  



He authored the Framework document upon which the GAMA Priority Basin Project is based, among many other scientific publications. 

Ken currently leads the USGS GAMA effort.



GAMA Special Studies: Focused GAMA Special Studies: Focused 
Water Quality Investigations of Water Quality Investigations of 

State Wide RelevanceState Wide Relevance

A Presentation toA Presentation to
State Water Resources Control BoardState Water Resources Control Board

April 19, 2011April 19, 2011
byby

Bradley K. Bradley K. EsserEsser (LLNL)(LLNL)
Item 11Item 11



What is a GAMA Special Study? 

• A focused water-quality investigation
– Local scale and limited duration
– Specific water quality issue

• Of state-wide relevance
– Common or emerging water quality issue affecting 

groundwater used for drinking water

• Using innovative & scientifically credible methods
– Scientifically credible case studies using cutting-edge science
– Publications in peer-reviewed literature

• With outreach to the professional community & public
– Work with local agencies, well owners & stakeholders
– Involve & train students

Goal: ScienceGoal: Science‐‐Informed PolicyInformed Policy



A Focused Water Quality Investigation 

Municipal well

 
Is high nitrate 
from orchards or 
farm supply?

Small dairy farm

 
Transport & fate 
of dairy-derived 
nitrate to 
underlying aquifer

Managed 
Aquifer 
Recharge 
Operation

 
Is high arsenic 
caused by recent 
recharge 
operation? 

Groundwater 
basin

 
Sources of nitrate 
and impact of 
nutrient 
management plans



Of State-Wide Relevance

Nitrate in groundwater – sources, fate and transport
Nitrate impacts from point & non-point sources

Basins with nitrate management plans or PSW exceedences
Central Valley dairies
Municipal wells

Development & demonstration of source attribution for nitrate
Isotopic composition and co-contaminants

Groundwater recharge and transport
Water quality changes during groundwater recharge
Development of new age tracers for groundwater recharge

Introduced tracers (to replace SF6) and natural tracers
Identification of recharge area and surface/groundwater interaction

Wastewater impacts on groundwater
Development of new tracers of wastewater in groundwater

Pharmaceuticals (carbamazepine) and artificial sweeteners
Impact of septic discharge and recycled municipal wastewater



• Delineate groundwater recharge, flow & 
contaminant transport

• Proxy for aquifer susceptibility
• Tool for assessment of management practices

• Water source (stable isotopes of water)
• Water “tagging” (introduced gas tracers)
• Contaminant source (isotopic composition)
• Contaminant degradation (e.g. denitrification)

Groundwater Age 
Dating

Isotope & Dissolved 
Gas Geochemistry

Industrial VOCs & 
Emerging 

Contaminants

• Proxy for aquifer susceptibility
• Contaminant source tracers
• Emerging contaminant transport & 

degradation in subsurface

Using Innovative Approaches



Groundwater age tracers act as proxies for Groundwater age tracers act as proxies for 
groundwater susceptibilitygroundwater susceptibility

• Groundwater age by Tritium/Helium (3H/3He)
– To determine mean age

• Low Level VOCs
– To detect recent recharge

• Stable isotopic composition of water
– To distinguish sources of water Age in years

Contaminated
Recharge

Young 
vulnerable 
water

Older 
pristine 
water

Saturated zone

Vadose
zone



The tritium/helium (3H/3H) method measures groundwater age on 
an appropriate time-scale for water resource studies

3H/3He time‐scale

Nolan et al. (2002) ES&T.

• The method is useful over the last 50 
years with an uncertainty of 1-2 years.

• Tritium has both natural and 
anthropogenic sources in the atmosphere. 

Most public-drinking water wells in California 
produce water with measurable tritium.

3H 3He

T1/2 = 
12 years

A groundwater chronometer



Noble Gas Mass Spectrometry

TritiumTritium--Helium (Helium (33H/H/33He) age dating and noble gas geochemistry is a He) age dating and noble gas geochemistry is a 
signature LLNL capabilitysignature LLNL capability

LLNL is one of two high-throughput noble 
gas mass spectrometry labs in the 
country

– 500-1,000 samples per year
– 3He accumulation for 3H determination

Over the past 15 years, LLNL has 
made age-dating accessible to water 

resource managers 

Over the past 15 years, LLNL has 
made age-dating accessible to water 

resource managers 
The detection level for 3He is 1 Zeptomole 
(600 atoms).  LLNL routinely measures 105 

atoms of 3He.



GAMA validated using groundwater age as a proxy for susceptibility 
assessment in the California Aquifer Susceptibility Project

Significant findings of the California Aquifer Susceptibility project
• Coastal aquifers are well-protected from surface contamination
• Central Valley aquifers are not well-protected from surface contamination

MTBE Groundwater Age

In the Los Angeles Basin, old groundwaters are devoid of contamination, despite the 
ubiquity of leaking underground fuel tanks and their proximity to production wells

USGS data LLNL  data



Aquifer Storage and Recovery Projects are vital 
for California’s water supply

Investigated a groundwater banking 
project in California’s Central Valley:

• Introduced SF6 tracer
• Tritium/helium-3 age dating
• Geochemical modeling

Key Findings:
• Identification of suitable areas
• Travel times for banked water
• Water quality changes in banked high- 

quality water
• Transport of emerging contaminants 

associated with groundwater recharge

A key finding was that the highest groundwater arsenic 
concentrations occurred in the most recently recharged water. 



Water quality can be affected by groundwater banking 
under specific recharge conditions

Arsenic release is controlled by 
local geology and the composition 
of the recharge water

– Arsenic is rapidly released from 
naturally occurring iron oxides in the 
aquifer to recharge waters, which 
have higher pH than ambient water

Specific recommendations can be 
made on recharge management

– Low-oxygen conditions during 
recharge will result in dissolution of 
ferric oxides, and release of much 
higher concentrations of arsenic.

– High oxygen demand in recharging 
water should be avoided.

– The current operation is sustainable 
with monitoring

McNab WW, Singleton MJ, Moran JE, and Esser BK, 2009. Ion 
exchange and trace element surface complexation reactions 
associated with applied recharge of low-TDS water in the San 
Joaquin Valley, California. Applied Geochemistry 24, 129-137.

Izbicki et al. 2008. USGS OFR-2008-1272.



Nitrate contamination is a water-quality issue of 
state-wide relevance

Sources of nitrate are often co-located 
and non-point source.



Nitrate-contaminated groundwater:  Distinguishing sources

Shallow groundwater is contaminated by nitrate
• Deeper groundwater is primary source of drinking water

What is the source & age of the contamination?
• High-density septic systems?
• Legacy or current agricultural practices?

Chico



An isotopic approach: 
Distinguishing synthetic fertilizers, manure, and wastewater

Nitrogen & oxygen isotopic composition of 
nitrate in GAMA Special Study groundwatersThe dual-isotope approach can 

distinguish synthetic fertilizers from 
organic N sources, but cannot distinguish 

manure from septic sources

Nitrate from Chico falls mostly in the 
“manure and septic discharge” field



“Agricultural “
•Herbicides (1)
•Herbicide degradates (2)

“Septic”
•DEET (1)
•Caffeine (2)
•Surfactants (1)
•Carbamazepine (4)

Trace organics can be used to distinguish between septic & 
agricultural sources of nitrate 

“Agricultural”

“Septic”

Trace Organics

Current & future studies: 
boron isotopes, artificial sweeteners



“Agricultural”

“Septic”

Trace Organics

Tritium/helium-3 age dating can be used to distinguish between 
recent and past sources of nitrate

• Nitrate contamination in Chico
– High-density septic system 

discharge is a source of nitrate 
within the city limits

– Manure from agricultural operations 
is a source of nitrate on the 
periphery of the city

– Nitrate contamination is ongoing and 
associated with current practices

We used a similar approach to distinguish nitrate 
sources in the Livermore-Amador Basin:

The International Association of GeoChemistry selected 
the paper – “Moore et al. (2006) Sources of 
Groundwater Nitrate Revealed Using Residence Time 
and Isotope Methods” -- as the year’s most significant 
paper published in Applied Geochemistry, the IAGC’s 
monthly scientific journal. 



What are the general findings? 

• Groundwater age is a valuable tool
– as a predictor of groundwater susceptibility
– as a constraint on groundwater flow

• Multi-disciplinary approaches provide valuable new 
information and approaches for water management
– Managed aquifer recharge can impact water quality
– Contaminant attribution often requires multiple tracers



Current Studies

• We are developing new short time-scale tracers for artificial recharge
– Sulfur-35, a natural cosmogenic nuclide with an short half life (81 days)
– Helium as an introduced tracer using field-portable instrumentation

• We are developing a new tracers for wastewater recharge 
to distinguish septic/municipal from agricultural sources of nitrate
– Artificial sweeteners, e.g. saccharin and acesulfame
– Boron isotopic composition in domestic wells

• We are using tritium to identify un-affected “ambient” groundwater

• We are studying ground/surface water interactions in Salinas Valley



Future Studies

• Climate Change Impacts
– We are investigating the potential impact of climate change on recharge 

and groundwater quality in high-elevation basins 

• Groundwater Age Map:
– We will develop a map and database of groundwater age for all 

groundwaters collected by the GAMA project

• Geotracker Database:
– We are uploading archival data from the GAMA Special Studies and 

California Aquifer Susceptibility Projects to Geotracker



Technical Publications

Technical Reports Peer-reviewed Publications

Data collected by USGS

14 published
www.swrcb.ca.gov/water_issues/ 
programs/gama/gamadocs.shtml

9 published
Environmental Science & Technology
Applied Geochemistry
Ground Water



General Audience Publications

Fact Sheets

1 published

Non-technical publications

Southwest Hydrology
EPA Technology News & Trends
Hydrovisions



Presentations

Regulatory agency briefings

Scientific conferences

Stakeholder & professional 
workshops & meetings



LLNL GAMA Project Team
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UC Cooperative Extension
Numerous Water Districts
Numerous Well Owners

Acknowledgements

LLNL Student Programs
LLNL Summer Intern Program
LLNL Postdoc Program

University collaborations
California State University, East Bay
University of California, Davis
University of Arizona
University of Texas, Austin



For more information

State Water Board GAMA Program Website:
http://www.waterboards.ca.gov/gama

John Borkovich (SWRCB)
GAMA Program Manager

jborkovich@waterboards.ca.gov

Brad Esser (LLNL)
GAMA Special Study Project Lead

bkesser@llnl.gov

http://www.waterboards.ca.gov/gama
mailto:jborkovich@waterboards.ca.gov
mailto:bkesser@llnl.gov
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